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Background and purpose — The original Miiller acetabular
reinforcement ring (ARR) was developed to be used for acetabular
revisions with small cavitary and/or segmental defects or poor
acetabular bone quality. Long-term data for this device are scarce.
We therefore investigated long-term survival and radiographic
outcome for revision total hip arthroplasty using the ARR.

Patients and methods — Between October 1984 and December
2005, 259 primary acetabular revisions using an ARR were
performed in 245 patients (259 hips). The mean follow-up time
was 10 (0-27) years; 8 hips were lost to follow-up. The cumulative
incidence for revision was calculated using a competing risk
model. Radiographic assessment was performed for 90 hips with
minimum 10 years’ follow-up. It included evaluation of osteolysis,
migration and loosening.

Results — 16 ARRs were re-revised: 8 for aseptic loosening, 6
for infection, 1 for suspected infection, and 1 due to malpositioning
of the cup. The cumulative re-revision rate for aseptic loosening
of the ARR at 20 years was 3.7% (95% CI 1.7-6.8%). Assuming
all patients lost to follow-up were revised for aseptic loosening,
the re-revision rate at 20 years was 6.9% (95% CI 4.1-11%). The
overall re-revision rate of the ARR for any reason at 20 years was
7.0% (95% CI 4.1-11%). 21 (23%) of the 90 radiographically
examined ARR had radiographic changes: 12 showed isolated
signs of osteolysis but were not loose; 9 were determined loose on
follow-up, of which 5 were revised.

Interpretation — Our data suggest that the long-term survival
and radiographic results of the ARR in primary acetabular
revision are excellent.

Revision total hip arthroplasty (THA) is a continuously
increasing procedure. One of the major challenges surgeons
are faced with is the reduced quantity and quality of the
remaining bone-stock. Numerous techniques as well as
different implant designs have been elaborated to address this
specific issue (Taylor and Browne 2012). In case of segmental
bone defects, bulk allografts in combination with a cemented
cup or impaction grafting are a reliable but technically
demanding option (Slooff et al. 1984, Schreurs et al. 2009,
Garcia-Cimbrelo et al. 2010, Ibrahim et al. 2013). Trabecular
metal buttresses in combination with trabecular metal cups
have shown good short-term results (Van Kleunen et al. 2009,
Ballester Alfaro and Sueiro Fernandez 2010, Molicnik et
al. 2014, Bruggemann et al. 2017), however, long-term data
for this expensive concept are still lacking. Depending on
the extent of acetabular defects, jumbo cups showed good
intermediate and long-term results (Wedemeyer et al. 2008,
von Roth et al. 2015). A further implant that has been shown
to be reliable in the management of extended acetabular bone
defects is the Burch-Schneider anti-protrusio cage (Wachtl et
al. 2000, Ilchmann et al. 2006, Regis et al. 2008, 2012).

The Miiller acetabular reinforcement ring (ARR) was
developed for complex primary hip replacements and
acetabular revisions with small cavitary and/or segmental
defects or when acetabular bone quality is poor (Gill et al.
1998). Long-term results for the ARR in primary THA have
recently been shown to be excellent (Sirka et al. 2016). The
ARR has not only been used in primary THA, but also for
revision THA in the past 3 to 4 decades, especially in Central
Europe, with varying results (Table 1) (Schatzker et al. 1984,
Haentjens et al. 1986, Rosson and Schatzker 1992, Gill et al.
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Table 1. Comparison of different studies concerning revision ARR (including Ganz ring) survival

Mean FU  Aseptic

Author Number of AAR Indication (year) loosening CRR (95%Cl) ARR
Rosson and Schatzker (1992) 46 (45 patients) Primary and revision THA 5 5 (11%) -
with acetabular deficiencies
Korovessis et al. (1999) 30 (29 patients) Primary and revision THA 9 3 (10%) 14% at 10 years
Schlegel et al. (2006) 164 (164 patients) Primary revision THA 6 6 (3.7%) 5% (1-16%) at 8 years
Kosters et al. (2015) 90 (86 patients) Revision THA with bone defects 10 4 (4.4%) -
(Paprosky 2)
Bruggemann et al. (2017) 96 (96 patients) Revision THA with acetabular 12 8 (8.3%) 4% (0—8%) at 6 years
deficiencies
This study 259 (245 patients) Primary revision of acetabular 10 8(3.1%) 2.0% (0.7-4.3%) at 10 years

component in THA

3.7% (1.7-6.8%) at 20 years

Figure 1. Flow chart of patients included in the study.

Revision THA
1984-2005
n=738

Excluded (n = 479):

- not primary revision, 139

— — mobile components only, 4

- stem revision only, 163

- other cup implants used, 173

Included
n =259
I
Unrevised Deceased Lost to FU Cup revision
n =235 n=162 n=8 I_ n=16
Alive >10-year FU J_ <10-year FU Aseptic loosening Other indication
n=73 n =65 n=97 n=8 n=8
I I | I
Radiographs: Radiographs: Radiographs: Radiographs, Radiographs, at revision:
- >10-year available, 54 | | - >10-year available, 28 | |- >10-year available, 1 last before revision: - >10-year available, 1
- <10-year, 17 - <10-year, 29 - <10-year, 6 - available, 6 -<10year, 7
- not available, 2 - not available, 8 - not available, 1 - not available, 2

1998, Schlegel et al. 2006, Bruggemann et al. 2017). The aim
of this study was to present long-term survival and radiographic
outcome of revision THA, using the ARR in patients with
small cavitary and/or segmental acetabular defects.

Patients and methods

Between October 1984 and December 2005 738 THA were
revised at our institution; 432 of them had a primary cup
revision. In 95 cases an anti-protrusio cage (Burch-Schneider),
in 11 cases a cemented PE cup, and in 67 various other primary
cups were used. In the remaining 259 hips (245 patients),
revision with an ARR was performed (Figure 1). The median
age at the time of the revision was 72 (31-91) years. 144
patients (153 hips, 59%) were male. The specific indications
for the index operation are summarized in Table 2. Patients had
a prospective clinical and radiographic follow-up according

Table 2. Indication for revision THA

Indication n %o

Aseptic loosening 159 61
Infection 59 23

Malposition of components 15 5.8
Periprosthetic fracture 8 3.1
Broken implant 7 2.7
Recurrent dislocation 7 2.7
Trochanter pathology 4 1.5

to our in-house standard; examinations were scheduled at 3
months, 1, 2, 5, and every 5 years after surgery. Patients’ death
date was obtained from the regional death register database.
In the case of a missing regular follow-up, the patient was
contacted by telephone to ensure that the implant was still in
situ.
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Table 3. Implant specifications
n %
ARR material
Steel 18 6.9
Titanium, smooth-blasted 101 39
Titanium, rough-blasted, first generation 26 10
Titanium, rough-blasted, second generation 114 44
Stem type
Figure 2. The ARR covers Mller-type stem 102 39
four-fifths of a hemisphere Uncemented stem 4 1.5
and the design remained Revision stem 70 27
unchanged during the Stem unrevised 83 32

whole study period.

Figure 3. Case description. A 44-year-old
female patient with aseptic loosening of the
primary THA 5 years after implantation for
developmental dysplasia of the hip with an
acetabular shelf graft. (A) Intraoperative defect
size AAOS 0, no additional bone grafting (A),
postoperative (B) and 25 years after revision A
(C).

Implants

The ARR (Zimmer, Winterthur, Switzerland) covers four-fifths
of the hemisphere (Figure 2); its design remained unchanged
during the whole study period (Ochsner 2003). Until January
1987 implants were made of stainless steel; thereafter they
were made of titanium with 3 different surface roughnesses
(Table 3) (Sirka et al. 2016). 240 all-PE cups (Miiller low-
profile, Zimmer, Winterthur, Switzerland) and 19 PE cups
with a metal bearing surface (Metasul low profile, Zimmer,
Winterthur, Switzerland) were cemented inside the ARR. For
all revision operations Palacos R+G cement (Heraeus, Hanau,
Germany) was used. Additional stem revision was performed
in 176 cases using various cemented and uncemented stems
(Table 3).

Surgical technique

All patients were operated in a supine position via a
Hardinge approach or an extended trochanteric osteotomy
(Bircher et al. 2001), according to the surgeon’s preference.

B . C

If extended defects (AAOS 4 and 5) (D’ Antonio et al. 1989)
were encountered intraoperatively or where no fixation was
possible, an anti-protrusio cage (Burch-Schneider) instead
of an ARR was used. In cases where an ARR was inserted
into the acetabulum, primary press-fit with firm contact to
host bone was aimed for. Caution was taken to ensure that the
center of the hip was placed at its original place or—in case
of too much bone loss—somewhat more cranial but on the
connecting line between the anatomic center of the hip and the
center of the iliosacral joint. The ARR was additionally fixed
using 2-5 cancellous bone screws oriented in the direction of
the iliosacral joint (Figure 3). Steel screws were chosen to fix
the ARRs made of steel and, likewise, titanium screws were
used to fix the ARRs made of titanium. In case of bone defects,
either autologous (removed ossifications during approach or
acetabular bone from reaming) or allogenic morselized bone
grafts were used to fill preexisting cavitary defects. Finally,
the PE cups were fixed in the ARR with cement using hand-
mixed, high-viscosity bone cement (Palacos R+G) without
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the use of a jet-lavage or pressurizing prior to insertion of the
cup. Postoperatively, patients were mobilized with full-weight
bearing as tolerated from the first postoperative day using 2
crutches.

Radiographic follow-up

Standardized anterior—posterior (ap) views centered on the
symphysis, showing the entire prosthesis, were taken at each
follow-up. For detailed radiographic follow-up, all available
radiographs of unrevised patients with follow-up of > 10 years
(n = 83) or patients with a re-revision of the ARR (n = 7) were
analyzed. The last radiograph prior to the index operation and
the first radiograph in the immediate postoperative period,
as well as the radiograph taken at the last follow-up, were
investigated (Figure 3).

Allradiographs were analyzed using DICOM software (Agfa
IMPAX v6.5.3.117; Agfa HealthCare, Mortsel, Belgium).
Measurements were performed using AGFA-Orthopaedic-
Tools (AGFA-Orthopaedic-Tools Version 2.10 (Build 4);
Agfa HealthCare N.V., Mortsel, Belgium). Radiographs were
calibrated with the known true femoral head size.

Preoperative acetabular defects were classified using the
system of the American Academy of Orthopedic Surgeons
(D’ Antonio et al. 1989). Postoperatively, the radiographs were
analyzed for osteolysis, signs of loosening, and migration.
Signs of loosening and osteolysis were analyzed on both the
acetabular and the femoral side; migration was analyzed only
on the acetabular side.

Osteolysis around the ARR was defined as being radio-
graphic appearance of bone resorption = 2 mm in the 3
zones described by DeLee and Charnley (1976), which was
not evident on the first postoperative radiograph (Zicat et al.
1995). The ARR was classified as loose if there was breakage
of more than 50% of the screws or if a complete progressive
radiolucent line was present around the cup and/or more than
50% of the screws (Sirka et al. 2016). To further identify
loosening, migration of the ARR was measured. This was done
by measuring the vertical displacement of the center of the cup
relative to the inter-teardrop line or horizontal displacement of
the cup center relative to the ipsilateral teardrop line (Nunn et
al. 1989). Finally, a change in the inclination angle of the cup
of more than 4° and a change of vertical and/or of horizontal
position > 3 mm were taken as evidence of a loose cup (Joshi
et al. 1998).

Osteointegration of allografts was analyzed and considered
as present when there was evidence of trabecular bridging
of the host—graft interface, return of graft density to normal
(Azuma et al. 1994) and no evidence of fragmentation or
radiolucent lines (Morsi et al. 1996). A clear reduction in
density or breakdown of the transplanted bone was defined as
bone resorption (Kondo and Nagaya 1993).

Statistics
In 14 patients with bilateral surgeries, both hips were included

in the analyses (Robertsson and Ranstam 2003, Lie et al. 2004).
A survival analysis of the ARR with death as a competing
risk and various endpoints was performed to determine the
cumulative revision rate (CRR): (i) aseptic loosening of the
ARR, (ii) worst-case scenario, assuming that all ARR lost to
follow-up had been revised for aseptic loosening at the date of
the last contact, and (iii) revision of the ARR for any reason.
There was no exchange of the PE alone in this series of patients.
The time to revision was calculated as the time between the
date of implantation and the date of revision. Patients without
any revision were censored at the date of last contact. 95%
confidence intervals (CI) are given. Data are presented with
median (range). SPSS® software version 23.0 (IBM Corp,
Armonk, NY, USA) and R statistical package version 3.1.3 (R
Core Team 2015) were used for all statistical analysis.

Ethics, funding, and potential conflicts of interest
Ethical approval for this study was obtained by the local
ethical committee (2016-00559).

No external funding was received.

No competing interests were declared.

Results

8 patients were lost to follow-up (3 came from abroad, 3 had
moved and could not be traced, and 2 were assumed dead,
being >100 years old at the time of analysis) after 5.3 (0-15)
years. 155 patients (162 hips) died during follow-up for causes
not related to the revision after 8.2 (0-27) years.

At final follow-up, 16 ARRs had been re-revised (Table 4).
8 ARRs (1 stainless steel, 5 smooth-blasted titanium, and 2
rough-blasted titanium) were re-revised for aseptic loosening
after 6.0 (1.5-14) years. 6 ARRs were re-revised for infection
after 4.8 (0.5-14) years. 1 ARR was re-revised due to
suspected infection after 4.9 years, which was not confirmed
through intraoperative samples. A further ARR was re-revised
in another hospital after 11 years during a stem revision for
isolated aseptic loosening of the stem with the intraoperative
finding of a malpositioned cup.

Survival analysis

The CRR for aseptic loosening of the ARR at 10 years
was 2.0% (CI 0.7-4.3%). At 20 years, the CRR for aseptic
loosening was 3.7% (CI 1.7-6.8%) (Figure 4A). In contrast,
the competing risk for death at 10 years and 20 years was 40%
(CI 34—46%) and 74% (CI 67-80%), respectively.

A worst-case scenario, assuming that the 8 ARRs lost to
follow-up had additionally been revised for aseptic loosening,
resulted in a CRR at 20 years of 6.9% (CI 4.1-11%) (Figure
4B).

At 20 years, the overall CRR of the ARR for any reason was
7.0% (CI 4.1-11%) (Figure 4C).
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Table 4. Specific data on re-revision of the ARR

Table 5. Preoperative defect
classification (D’Antonio)

Age at  Acetabular Time to
Reason for index defect Indication for re-revision AAOS n %
re-revision UPN  Sex surgery (AAOS) revision surgery (years)
0 93 36
Aseptic loosening 101 F 37 Unknown Aseptic loosening £S5 1 9 3.5
119 M 64 0 Aseptic loosening 23 2 77 30
202 F 60 2 Septic loosening 3.1 3 21 8.1
78 M 64 0 Aseptic loosening 5.9 4 0 0
150 M 51 2 Aseptic loosening 6.0 5 0 0
66 M 58 0 Aseptic loosening 14 Unknown 59 23
15 F il Unknown Aseptic loosening 14
68 F 71 Unknown Aseptic loosening 14
Septic loosening 2412 M 82 0 Septic loosening 0.5
75 F 77 3 Aseptic loosening 1.2
221 F 82 0 Aseptic loosening 1.3
1522 M 74 0 Septic loosening 3.7
24 M 73 Unknown Malpositioning 8.1
165 F 65 2 Aseptic loosening 14
Suspected infection 195 M 63 2 Septic loosening 4.9
Malpositioning 245 M 68 2 Septic loosening 11
a2 of 59 cases revised for septic loosening showed a persistence of infection.
UPN = unique patient identification number.
CRR - aseptic loosening cup CRR - worst case aseptic loosening cup CRR - any cup revision
0.20 0.20 0.20
At risk: 205 130 55 20
0.15{ 0.15 0.15|
0.10- 0.10{ 0.10-|
0.05 | 0.05- 0.05-|
0 : ‘ ‘ ‘ ‘ 0 : ‘ ‘ ‘ ‘ 0 : ‘ ‘ ‘ ‘
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
A Years after index operation B Years after index operation C Years after index operation

Figure 4. A. Cumulative revision rate (CRR) with 95% CI of the ARR for aseptic loosening as endpoint. B. Worst-case scenario assuming all
patients lost to follow-up revised for aseptic loosening. C. CRR for any cup revision.

Radiographic analysis
The preoperative defects are classified in Table 5.

For detailed long-term (> 10-year) radiographic analysis, 90
ARRSs (8 bilateral) with a median follow-up period of 12.2 (2.2—
27) years were analyzed (Figure 1, numbers in bold). 69 (77%)
had no signs of loosening and 12 showed isolated osteolysis
but were not loose. According to the previously determined
definition, 9 ARRs were classified as being radiographically
loose on follow-up; 5 of them were revised. The remaining 4
radiographically loose ARRs were not revised: 2 of these had
at least 3 broken screws and additional vertical migration, but
no change in cup inclination, 1 showed signs of osteolysis in
2 zones, and 1 showed an isolated change in cup inclination
of more than 8°.

29 of 90 ARRs were implanted without additional bone
grafting. For the other 61 cases, a bone graft was used and
graft incorporation was rated trabecular (n = 50) or partially
sclerotic (n = 9). In 2 cases a graft resorption was observed;
both ARRs needed revision due to aseptic loosening.

Discussion

The treatment of acetabular bone defects encountered in
revision arthroplasty is discussed controversially. It has been
suggested to treat acetabulae with >50% available bone stock
by (oversized) spherical press-fit cups (Della Valle et al. 2004,
Hallstrom et al. 2004, Brooks 2008). However, with this
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strategy the acetabulum has to be further reamed, resulting in
additional weakening of the anterior and/or posterior column.
This bears the risk of larger defects or even pelvic discontinuity
in case of re-revision.

In contrast to spherical press-fit cups the ARR covers
only 4/5 of the hemisphere. It is flexible and can get an oval
deformation during impaction, facilitating press-fit without
removal of additional bone anteriorly and/or posteriorly.
The orientation of the ARR can be chosen rather liberally
and adapted to the existing acetabular bone, resulting in
optimal press-fit. Furthermore, the pressure of the ring against
the acetabular roof is enhanced and secured by the screws.
Additionally, angular stability of the screws is achieved by
locking the screw heads with the cement used to fix the cup
(Laflamme et al. 2008).

Segmental or cavitary defects can be augmented optionally
by either morselized auto- or allografts. This is comparable to
impaction bone grafting, which contributes to the conservation
or restoration of the bone stock. The orientation of the PE cup
can be optimized independent of the ARR orientation, which
might explain the low re-revision rate due to dislocation
when compared with revisions using spherical press-fit cups
(Bruggemann et al. 2017). Disadvantages of the ARR might
be the longer time of operation (Bruggemann et al. 2017)
and the use of screws that can perforate the bone and cause
complications (Ochsner 2003, Rue et al. 2004).

In some of the cases in our series with minor bone defects, a
primary press-fit cup could have been an alternative. However,
in our institution, the ARR was used in both primary and
revision THA, supported by the excellent survival of the ARR
in primary THA (Sirka et al. 2016). Superior to the previously
published data, this study suggests that long-term survival (20
years) for the ARR in primary revision is excellent, with a
CRR of 6.2% for aseptic loosening and 11% for revision for
any reason as endpoint.

We used the ARR only with viable host bone and sufficient
primary press-fit. If this press-fit could not be achieved or the
ARR could not be placed with correct anatomic hip center or
somewhat cranial to it and in case of more extended defects
(type 4 and 5) we consequently used an anti-protrusio cage
(Burch-Schneider). Acetabular defect classification might
be slightly different if other classification systems like the
Paprosky system (Paprosky et al. 1994) had been used, and
some of the cases treated with an anti-protrusio cage might
have been suitable for the use of an ARR too. Anyhow, the
decision for using the ARR instead of an anti-protrusio cage
was not mainly based on radiographic findings but on the
above-mentioned criteria. Therefore strict patient selection
might in part explain the superior survival data as compared
with other studies (Table 1).

In our series there were 4 radiographically loose ARRs that
were not revised. 2 of them showed broken screws without
detectable migration or osteolysis around the implant. Angular
stability of the screws is achieved by locking the screw heads

with the cement used to fix the PE cup (Laflamme et al. 2008).
Micro-motions of a well-fixed ring can cause oscillating forces
on the screws through the locking mechanism and may lead
to breakage, which may be wrongly classified as loosening
(Sirka et al. 2016). Other radiographic changes around the
ARR were rare and comparable to the use of the ARR in
primary THA (Sirka et al. 2016). Thus the risk of pending
failure of the remaining ARRs seems small.

Concerning defect classification 23% of the hips could not
be classified, which might be considered as a limitation of our
study. As there were only 8 revisions for aseptic loosening
and these cases were not related to more extended defects
our results are excellent, even if assuming that all unclassified
defects had been grade 0.

In the whole cohort, no ARR or PE cup had to be revised
for recurrent dislocations. As mentioned earlier, one big
advantage of the ARR is that the ring is inserted into the
acetabular bone, ensuring optimal stability. The PE cup can
then be freely oriented in the ARR, ensuring optimal joint
stability. As closed reductions have not been monitored in our
register we cannot comment on the absolute dislocation rate.

Treatment for periprosthetic joint infection (PJI) was done
according to our well-established algorithm (Zimmerli et al.
2004). Only 2 of 59 cases treated for PJI showed a persistence
of infection. All PE cups were cemented using Palacos R+G
independent from the causative bacteria (Born et al. 2016,
Ilchmann et al. 2016).

155 patients (162 hips) died during the study period, while
only 16 ARR were revised. Therefore cumulative incidence
functions were used to analyze revision rates (Gooley et al.
1999, Schwarzer et al. 2001, Ranstam et al. 2011).

Another limitation may have been that patients who had
died during the follow-up period might have been revised
elsewhere before their death. This, however, is rather unlikely,
as most of the patients were elderly people who preferred to
be treated at their nearby hospital (Sirka et al. 2016). Of the 8
patients who were lost to follow-up, 6 patients live abroad and
could not be traced. Even in the worst-case scenario, rating
all hips that were lost to follow-up as having been revised for
aseptic loosening, the CRR of the ARR at 20 years would be
6.9 (95% CI 4.1-11%), which can be considered as excellent.

In summary, these data suggest that primary cup revision
with the ARR showed excellent outcome, regarding long-term
survival and radiographic results. This was achieved, amongst
other reasons, by following strict rules in the implantation
technique and limiting the use of the ARR to cases where
direct contact with the existent bone is possible.

PMG: radiographic analysis, writing of the manuscript; IM: clinical data
preparation, data analysis, writing of the manuscript; PEO: study design,
writing of the manuscript; TI: writing of the manuscript; LZ: data analysis,
preparation of illustrations, writing of the manuscript; MC: idea, design, and
planning of study, data analysis, writing of manuscript.
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