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Mueller reinforcement rings in acetabular revision

Outcome in 164 hips followed for 2-17 years
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Background In revision hip arthroplasty, cages are
commonly used for acetabular reconstruction in cases
with loss of bone stock. It is important to follow this
patient group closely, in order to better understand fail-
ure mechanisms and the chance of long-term success.

Patients and methods We followed our first 164 ace-
tabular revisions with the Mueller reinforcement ring
(ARR) in 164 patients, with an average follow-up period
of 6 (2-17) years. Mean age at surgery was 69 (29-92)
years. 39 patients died (39 hips) during follow-up, but
only 3 patients (3 hips) were lost to follow-up.

Results In the observation period, 13 of the hips had
to undergo acetabular re-revision for aseptic and septic
loosening. Overall survival at 5 years was 95% (CI:
89%-98%) and 90% (CI: 76%-95%) at 8 years using
acetabular re-revision or implant removal for all rea-
sons as endpoint. In addition, mechanical and clinical
failure was seen in 2 cases. The mean Harris hip score
was 70 points, whilst the Merle d’Aubigné score aver-
aged 7 points. Radiolucent lines according to DeLee and
Charnley were observed twice in zone I, 6 times in zone
IT and 14 times in zone IIL

Interpretation ~We found that mid- to long-term
survival of the ARR is acceptable. However, failure
of the implant due to allograft collapse/resorption or
deep infection, and also poor clinical outcome, remain
major concerns in acetabular revision arthroplasty. This
should be recognized when advising patients.

Acetabular revision following total hip arthroplasty
(THA) can be a challenging and complex problem,
especially in the presence of bone loss (Dennis
2003). Acetabular reconstruction aims to restore
the former hip center and anatomy in a functional
sense. Bone loss can be addressed with the use
of mega-implants (Koster et al. 1998, Chen et al.
2000, Christie 2002, Gross et al. 2002, Gotze et al.
2003, Popovic et al. 2003) or more commonly (in
Europe) with the use of bone graft. Various designs
of acetabular reinforcement rings combined with
different methods of bone grafting have been
described. We have reviewed our first 164 acetabu-
lar revisions with the Mueller reinforcement ring
(ARR) in 164 patients with an average follow-up
period of 6 (2—17) years. The results are compared
with other published series.

Patients and methods
Reinforcement ring

The implant used in all cases was the original ace-
tabular reinforcement ring according to M. E. Muel-
ler (Centerpulse Orthopedics, now Zimmer Inc.,
Warsaw, IN), which has been in clinical use since
1976 (Figure 1). The long- and mid-term reports
showed good clinical results in larger series (Gurt-
ner et al. 1993, Pascarel et al. 1993). This implant
is recommended for reconstruction of mainly cavi-
tary defects (Starker et al. 1998), is available in 12
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Figure 1. The original acetabular reinforcement ring
according to M. E. Mueller (Centerpulse Orthopedics, now
Zimmer Inc., Warsaw, IN).

sizes ranging from 36-58 mm and is made of pure
CP titanium (ISO 5832-2). Stable fixation to host
bone is achieved by 6.5-mm fully threaded cancel-
lous screws. The corresponding polyethylene cup
is fixed with cement within the ring, where it can
be freely positioned in appropriate anteversion and
inclination. In our series, the size of the implanted
ARR averaged 51 (44-58) mm.

Grafts

Bone grafting for augmenting actetabular bone
deficiency was mainly performed with femoral
head allografts, which had been retrieved at pri-
mary THA and cryoconserved at —70°C. For the
reconstructions we used morselized bone, bulk
grafts or a combination of both. Morselized graft-
ing was performed with washed and milled allog-
enous bone. Then the ring was hammered into the
graft, using the ring for impaction of the graft,
before screw fixation. When required to reconstruct
large defects, bulk allografts were fixed with K-
wires to the host bone and then reamed and shaped
to accommodate the ring. In cases with combined
bulk and morselized graft, bone chips were added
to fill remaining spaces, which were not covered
by the structural allograft. We added autogenous
cancellous iliac crest grafts in only 8 cases. In total,
there were 49 morselized and 75 bulk allografts,
combined grafts in 26 cases and no grafting was
necessary in 17 hips (Table 1).

Table 1. Grafts

Type of graft Hips, n (%)
Morselized 49 (30)
Bulk 75 (46)
Combined 26 (16)
No bone graft 14 (9)
Table 2. Revision diagnosis
Revision diagnosis Hips, n (%)
Loosening 143 (87)
Infection 13 (8)
Trauma 6 (4)
Recurrent dislocation 2(1)

Patients and follow-up

Our study design was retrospective but consecutive,
and included 164 patients (164 hips; 121 women),
who had undergone acetabular revision between
1984 and 1999, with an average follow-up period
of 6 (2-17) years. In cases with bilateral revision,
only the first operated hip was included. Mechani-
cal failure was the cause of revision in 143 cases,
septic loosening in 13 cases and 6 were revised for
traumatic reasons, whereas the remaining 2 had
recurrent dislocation (Table 2). 25 patients had
undergone previous acetabular revision prior to
the index operation: in 8 cases an isolated acetab-
ular revision had been performed, and in 5 cases
an acetabular reinforcement device had also been
used. Furthermore, in 12 cases a combined revi-
sion of stem and cup had previously been carried
out. In 13 cases an infection was present and was
the cause of loosening. Average age at the interven-
tion was 69 (29-92) years; body mass index aver-
aged 26 (16—40). 39 patients died during follow-up
and 3 patients were lost to follow-up (Figure 2).
In all patients who had died during the follow-up
period except 2, the device had not been removed
at the time of death; for the latter 2, the information
about the implant’s fate in terms of fixation was not
available. Clinical and radiographic follow-up data
could be retrieved for 109 patients. This informa-
tion was collected by the first author in 97 cases,
and 12 patients were examined radiographically
and clinically by orthopedic surgeons elsewhere,
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Hips

Radiographic evaluation

Acetabular bone stock deficiency
was graded according to the AAOS
(D’ Antonio et al. 1989). Defect classi-
fication was done on preoperative stan-

FU Lost to Died Acetabular dard AP and lateral radiographs by two
follow-up before FU rerevision . .
0 s %9 13 senior orthopedic surgeons. Average
! radiographic follow-up was 5 (2-16)
years. All radiographs (AP and lateral)
were evaluated for radiolucent lines in
Rad'°|§ljaph'° the 3 regions according to DeLee and
76 Charnley (1976), for heterotopic ossi-
fication (Brooker et al. 1973), for ring
/ \ inclination and for integrity of graft
— — 3 and screws. Radiographic failure of
Clinical and || Clinical and Clinical FU Aseptic Deep R
radiogr. FU || radiogr. FU loosening infection the device was defined as a complete
Heidelberg elsewhere . . . .
64 19 39 6 7 radiolucent line surrounding the ring,
migration of the implant more than 5
Figure 2. Patient data. mm, and breakage of at least 1 screw
(Bohm and Banzhaf 1999).
Statistics

who sent us radiographs and clinical data. For 33
patients, the only clinical follow-up information
obtained was by patient questionnaire. For evalu-
ation of patients who presented for examination,
standard AP and lateral radiographs were taken; in
addition, a questionnaire and clinical examination
were used to calculate Harris hip score and Merle
d’ Aubigné score.

Surgeons

The operations were performed by 29 orthopedic
surgeons. Almost half (49%) of the revisions (80
operations) were performed by 3 surgeons, who
each perform a minimum of 30 acetabular revi-
sions with reinforcement rings per year.

Clinical assessment

Clinical evaluation included documentation of
range of motion (ROM), Trendelenburg’s sign,
leg length, limp, walking distance and Charnley
class. The Visual Analogue scale was used for pain
assessment; activity in daily living was recorded in
4 grades (Devane et al. 1997) and patient catego-
ries were documented according to Charnley. In
addition, both Harris hip score (Harris 1969) and
Merle d’Aubigné score (D’Aubigné 1954) were
calculated.

Continuous data are described by median and range.
Two Kaplan-Meier analyses were carried out: one
considering revision or removal for any reason as
an endpoint, and the second using aseptic revision
or removal as endpoint. The 95% confidence inter-
vals (CIs) for 5- and 8-year survival were calculated
with the upper limit according to the proposition of
Rothman, whereas the lower confidence interval
was given according to Simon and Lee (Marubini
1987) as recommended by Dorey and Korn (1987).
All analyses were performed using SAS version
8.2 (SAS Institute Inc., Cary, NC).

Results

Survival

The overall survival rate was 95% (CI: 89%-98%)
at 5 years and 90% (CI: 76%-95%) at 8 years.
For aseptic loosening, the survival was 98% (CI:
93%-99%) at 5 years and 95% (CI: 84%—-99%) at
8 years (Figure 3).

Clinical data

The median Harris hip score of the patients
at follow-up was 70 (20-100), whereas Merle
d’Aubigné and Postel scores reached a median of
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Figure 3. Kaplan-Meier chart of prosthetic survival.
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Figure 4. Postoperative pain levels (VAS).

7 (0-12) points. In the Merle d’ Aubigné score, 15
patients (22%) showed good to very good results,
while 37 patients (55%) had a poor clinical out-
come. In the Harris hip score, 52% of the patients
reached a score under 70 points (which is consid-
ered a poor result according to the original article).
Regarding the Charnley class, half of the patients
were grouped as class A; however, a noteworthy
number were classified as C (Table 3). The ADL
assessment showed that most patients were limited
to doing office work or light physical work (Table
4). VAS for the affected side revealed that almost
half of the patients never experienced any pain, as
shown in Figure 4. A considerable or moderate limp
was present in 33 cases (41%), and in 17 patients
(21%) a mild limp was present. Trendelenburg’s
sign was strongly positive in 19 patients (23%),
and weakly positive in 10 other cases (12%). Leg

Table 3. Charnley class

Charnley Class Hips, n (%)

Class A 40 (49)

Class B 17 (21)

Class C 24 (29)
Table 4. ADL

Activity Patients, n (%)

Heavy physical work
Light physical work
Office work

Work sitting

Table 5. Leg length

Leg length discrepancy Hips, n (%)
None 43 (52)
5-15 mm 20 (24)
15-30 mm 13 (16)

> 30 mm 6 (7)

Table 6. Heterotopic ossification (Brooker)

Heterotopic ossification Hips, n (%)
Group 0 41 (55)
Group 1 16 (21)
Group 2 3 (4)
Group 3 13 (17)
Group 4 2 (3)

length discrepancies > 30 mm were rarely present;
no discrepancy could be detected in more than half
of the cases studied (Table 5).

Radiographic findings

At radiographic follow-up, no heterotopic ossifi-
cations according to Brooker were found in more
than half of the radiographs examined, however a
noteworthy number of grade 3 ossifications was
identified (Table 6). Radiolucent lines accord-
ing to DeLee and Charnley were found mainly in
zone III (Table 7). Radiographic and mechanical
failure (which had not yet been re-revised) was
detected in only 2 patients. Inclination was 40-45°
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Table 7. Radiolucent lines (DeLee/Charnley)

Radiolucent lines Hips, n (%)
Zone | 2 (3)
Zone |l 6 (8)
Zone Il 14 (19)

Table 8. Percentage of interfaces with radiolucent lines

Percentage Cases, n
0% 53
0-50% 22
51-99% 0
100% 13

Table 9. Acetabular defects

AAOS classification Hips, n (%)
Type 1 (segmental) 11 (9)
Type 2 (cavitary) 33 (20)
Type 3 (combined) 92 (56)
Type 4 (pelvic discontinuity) 8 (5)
Type 5 (arthrodesis) 0(0)

No deficiency 20 (12)

in 46 (61%) of the cases, whereas in all other hips
the reinforcement ring was implanted out of that
range: > 45° in 15 (20%), and < 40° in 14 (19%).
Of 6 hips that were re-revised for aseptic loosen-
ing, we found screw breakage and migration in all
cases. Additional graft collapse was present in 3
of the 6 cases revised for aseptic reasons. Among
the 7 hips that were re-revised for deep infection,
we found graft collapse in 2 cases—in which addi-
tional screw breakage and migration of the implant
was visible. In one other case, only screw breakage
without further dislocation could be seen. Isolated
migration without graft collapse or screw break-
age was present in another hip with deep infec-
tion. In the remaining 3 septic revisions, none of
those complications could be identified. Regarding
defect classification according to the AAOS, in
the 13 cases of re-revision there were 2 cavitary
and 9 combined defects before primary revision,
whereas another 2 defects were classified as pelvic
discontinuities (Table 9).

Discussion

Reconstruction of acetabular defects remains a
challenge in revision THA. Especially large defi-
ciencies with combined cavitary and segmen-
tal bone loss may pose complex problems when
bridging and filling of the defect is required. The
acetabular reinforcement ring (ARR) was designed
to address these problems and to provide stable
fixation for the polyethylene liner. However, when
substantial loss of structural bone in the cranial part
of the acetabulum is present, the ARR will lead to
a more cranial reconstruction and hence a high
hip center (Starker et al. 1998). As the ring lacks
design features for distal support, cases with severe
deficiencies may lead to a horizontal positioning of
the implant—and thus to implant loosening. Seg-
mental integrity of the acetabulum should always
be ensured before using this device. Former reports
of large series have described widely different sur-
vival rates of this type of implant. Gurtner et al.
(1993) presented a cumulative survival rate of 87%
when following 150 of these implants over a period
of 7 years, whereas Pascarel et al. (1993) followed
141 ARR over 5 years and found an overall sur-
vival of 99%. In the literature overview by Starker
etal. (1998) of 11 published articles (see Table 10),
11% of the ARR failed clinically and radiographi-
cally after 6 years, whereas an additional 8% had
been revised in the same time period (Schatzker et
al. 1984, Haentjens et al. 1986, Korovessis et al.
1992, Gurtner et al. 1993, Dihlmann et al. 1994,
Panski and Tauber 1997, Stockl et al. 1997).

We achieved a high follow-up rate in our series,
as only 3 patients/hips (2%) were lost to follow-up.
According to Britton et al. (1995), patients lost to
follow-up have worse results than patients in regu-
lar assessment, whereas patients who die during
the period of follow-up are similar to the surviving
population. With the number of patients lost being
lower than the number of failures, the data pre-
sented in this study can be regarded as being reli-
able according to Murray et al. (1997). The main
criticism and weakness of our study is the lack of
preoperative clinical scores. There are also other
limiting factors: several patients already under-
went multiple acetabular revisions prior to the
index revision followed up in this series, which is
another factor possibly contributing to poor clini-



Acta Orthopaedica 2006; 77 (2): 234—241

239

Table 10. Literature overview (Starker et al. 1998)

Author Mueller Patientage Follow-up Loosening Revision  Revision
rings (years) (years) septic aseptic
Dihimann 1994 42 71 2.5 0 0 0
Gurtner 1993 150 64 7 15 10 9
Haentjens 1986 14 68 3.3 1 1 0
Korovessis 1992 30 61 25 0 0 0
Pascarel 1993 141 63 8 9 2 0
Rosson 1992 46 63 5 16 5 0
Schatzker 1984 20 X 2.4 1 1 0
Stockl 1997 47 68 6.4 2 2 2
Panski 1997 14 61 8. 4 2 0
Starker 1998 41 X 6.6 2 2 0
Our data 164 69 6 2 7 6

cal outcome. With regard to pain (VAS), 42% of the
patients did not experience any pain in the revised
hip. This finding is apparently not sufficiently rep-
resented in the currently used clinical scores.

The clinical results with poor hip scores in our
study are of concern, and are definitely worse than
previously reported for this reinforcement device
(Haentjens et al. 1986, Gurtner et al. 1993, Pas-
carel et al. 1993, Korovessis et al. 1999). Gurtner
et al. (1993) found 53% good to excellent results
in the relative Merle d’Aubigné score, whereas
we found only 22% of the patients in that range
(absolute score). Altogether, more than half of
the patients in our series showed a poor clinical
outcome in the Merle d’Aubigné score and the
Harris hip score. A possible factor contributing to
the poor results could be the high proportion of
patients with additional systemic disease or con-
comitant pain in other joints, graded as Charnley
class C. All clinical data in our study, except for
the ROM, was retrieved independently—as the
patients had filled in a questionnaire. The scoring
of results in this setting may be lower than those
obtained with the assistance of a physician (as
an unpublished pilot study in our institution has
suggested). It is well known that with ageing, a
“natural” deterioration in clinical scores occurs.
It would therefore be unjustified to attribute the
poor clinical results to the type of implant under
investigation. Although the value of our clinical
data is limited by the lack of preoperative scores,
the results may still provide some information of
value regarding the outcome that can be expected
in such a patient group.

Radiolucent lines in the implant-bone inter-
face according to the classification by DelLee and
Charnley (1976) were present in 22 cases, which
is worrisome, but matches the experiences of
other authors (Rosson and Schatzker 1992, Gurt-
ner et al. 1993). It has to be contemplated that an
accurate assessment and interpretation of those
radiographic findings is difficult, especially when
additional bone grafting has been done. However,
although important to record, these lines have to
be interpreted with care, as the maturation process
of the graft may take up to 7 years (Gordon et al.
1985, Shih et al. 1994) and radiolucencies might be
present during the entire period.

Classification of acetabular bone stock deficiency
is important, to allow comparison of results. There
is serious doubt, however, that the current classifi-
cation systems for loss of bone stock are reliable,
as inter- and intraobserver agreement is obviously
poor (Campbell et al. 2001). In our patients with
mainly large combined defects and a small number
of pelvic discontinuities the description of defects
intraoperatively was poor. Accurate intraoperative
defect description and classification is certainly
desirable, but this is difficult to implement in cen-
ters with many surgeons.

Despite all the limitations of our study, the out-
come data represent a multisurgeon scenario, and
acceptable long-term survival rates were obtained
with Miiller acetabular reinforcement rings and
allografts in acetabular revision—even in the man-
agement of large defects, to which flanged rein-
forcement rings are probably more suited. Poor
clinical outcome, infection and graft collapse with
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consecutive failure remain major concerns in ace-
tabular revision arthroplasty. This should be con-
sidered when advising patients preoperatively.
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