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Background and purpose — The original Müller acetabular rein-
forcement ring (ARR) shows favorable medium-term results for 
acetabular reconstruction in total hip arthroplasty, where it is 
used when the acetabular bone stock is deficient. However, there 
are no data regarding long-term survival of the device. We there-
fore  investigated long-term survival and analyzed radiological 
modes of failure.

Patients and methods — Between 1984 and 2002, 321 consecu-
tive primary arthroplasties using an ARR were performed in 291 
patients. The mean follow-up time was 11 (0–25) years, and 24 
hips were lost to follow-up. For survival analysis, we investigated 
321 hips and the end of the follow-up was the date of revision, 
date of death, or the last patient contact date with implant still in 
situ. Radiological assessment was performed for 160 hips with a 
minimum of 10 years of follow-up and with radiographs of suf-
ficient quality. It included evaluation of osteolysis, migration, and 
loosening.

Results — 12 ARR THAs were revised: 1 isolated ARR revi-
sion for aseptic loosening, 4 revisions of the ARR and the stem for 
aseptic loosening, 6 for infection, and 1 for recurrent dislocation. 
The cumulative revision rate for all components, for any reason, 
at 20 years was 15% (95% CI: 10–22), while for the ARR only it 
was 7% (95% CI: 4–12) for any reason and 3.4% (95% CI: 1–9) 
for aseptic loosening. 21 (13%) of 160 ARR THAs examined had 
radiological changes: 7 had osteolysis but were not loose, and 14 
were radiologically loose but were not painful and not revised. 

Interpretation — Our data suggest that the long-term survival 
of the ARR is excellent.



During total hip arthroplasty (THA), fixation of the acetabu-
lar component can be a problem when acetabular bone stock 
shows quantitative or qualitative bone loss (Schatzker et al. 
1984, Haentjens et al. 1986, Rosson et al. 1992, Panski and 
Tauber 1997, Stockl et al. 1997). The acetabular reinforcement 
ring (ARR) was originally developed for acetabular revisions 
with small defects. Following this rationale, we used it from 
1984 onwards in complex primary hip replacements when 
acetabular bone quality was poor (Gill et al. 1998), and even 
occasionally in standard hip replacement. Despite the fact that 
the ARR has been used for the past 3 to 4 decades, especially 
in central Europe (Schatzker et al. 1984, Haentjens et al. 1986, 
Rosson et al. 1992, Gill et al. 1998, Schlegel et al. 2006), there 
are no data on long-term results. To our knowledge, no other 
previous study has investigated long-term implant survival 
data for the use of the ARR in primary THA (Aebi et al. 1989, 
Gill et al. 1998, Korovessis et al. 1999, Schlegel et al. 2006). 

The aim of this study was to assimilate and present long-
term data and radiological results.

Patients and methods

Between 1984 and 2002, 1,816 primary THAs were per-
formed at  Kantonsspital Baselland, Liestal, and followed 
prospectively using the in-house register, with a clinical and 
radiological examination every 5 years. About one-sixth (321) 
of all hips were treated with the ARR as the acetabular compo-
nent.  The indication for ARR use was bone deficiency, espe-
cially of the acetabular roof.  
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The implant used in all operations was the original ARR 
(formerly Protek, now Zimmer, Winterthur, Switzerland). 
The ring covered four-fifths of a hemisphere and the shape 
remained unchanged during the whole study period (Figure 
1) (Ochsner 2003). The first implants were made of steel, but 
since January 1987 they have been made of titanium with 3 
different surface roughnesses (Table 1). 286 all-polyethylene 
cups (Müller low-profile) and 35 PE cups with metal bearing 

surface (Zimmer Metasul) were cemented inside the ring. The 
preferred head sizes were 28 mm and 32 mm. In cases where 
the acetabulum was small, as in hip dysplasia, 22-mm heads 
were used (Table 1). The preferred stem system used was 
a variant of the cemented Müller straight stem (Müller and 
Virtec) and in the case of hip dysplasia, a cemented monobloc 
stem was used (CDH, Protek, Zimmer) (Table 1). Until 1995, 
Sulfix-6 (Sulzer) bone cement was used, from 1995 until 1997 
Sulfix-60 (Sulzer) was used, and from 1997 onwards Palacos 
R was used (Heraeus, Weinheim, Germany).

All patients were operated in a standardized manner with a 
lateral transgluteal approach in supine position. The ARR was 
inserted into the acetabulum, aiming for a press-fit. In addi-
tion, it was fixed using 2–5 cancellous bone screws oriented 
in the direction of the iliosacral joint (Figure 2). Steel screws 
were used for the ARRs made of steel and titanium screws 
were used for the ARRs made of titanium.

For survival analysis, we investigated all 321 THAs with 
ARR implanted in 291 patients. All revisions were docu-
mented, including their indications. Of 291 patients (321 hips) 
included in the survival analysis, there were 104 males and 
187 females with a mean age of 67 (31–93) (SD 12) years. 
The indications were osteoarthritis (OA) in 53% (172 hips). 
The remaining 47% had a diagnosis that might affect the fixa-
tion of the cup: hip dysplasia in 16% (51 hips, 25 of them 
Crowe type-1, 17  type-2, 3 type-3, and 6 type-4), avascular 
necrosis in 11% (34 hips), fracture in 6% (19 hips), rheuma-
toid arthritis in 4% (14 hips), acetabular protrusion in 3% (9 
hips), tumour in 2% (7 hips), posttraumatic arthritis in 2% (7 
hips), epiphyseolysis in 1% (4 hips), Perthes’ disease in 1% 
(3 hips), and Paget’s disease (1 hip). The average length of 

Figure 1.  The ARR (view inside the ring). In 
the present study, ARRs made of steel and 
ARRs made of titanium were used. The shape 
remained the same.

Figure 2. 70-year old female with hip dysplasia (Crowe 4). A.  Preoperative radiograph. Dotted 
line: reaming for the ARR. B. 1 year postoperatively. Dotted line shows border between acetabu-
lar bone stock and shelf graft with a bone block out of the femoral head. Horizontal screws to fix 
shelf graft, oblique screws to fix ARR. C. 15 years postoperatively. Unchanged integration of ARR 
without any screws broken or radiolucent line. Integrated shelf graft. The patient died shortly after-
wards. Technical note: in dysplastic acetabula, a segment of the resected femoral head is fixed 
with horizontal screws to complete the acetabular edge. The ARR is placed closely lateral to the 
teardrop figure. It is fixed tightly on the bone stock with 2–4 cancellous screws directed towards 
the center of the iliosacral joint. Remaining cavities are filled with autologous bone.

Table 1. Implant specifications

Implant specifications n

ARR material
 steel  10
 titanium, smooth-blasted 154
 titanium, rough-blasted, first generation 61
 titanium, rough-blasted, second generation 96
Head material and diameter, mm 
 steel 32 5
  28 4
  22 27
 CoCr 32 21
  28 39
  22 29
 ceramic 32 49
  28 147
Stem type
 Müller straight stem 123
 Müller CDH stem 56
 Müller SL cemented 66
 Müller SL straight stem uncemented 10
 Virtec straight stem 62
 Spotorno straight stem, CLS 3
 Wagner SL1 revision stem 1

 A  b  C
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follow-up for survival analysis was 11 (0–25) (SD 6.1) years. 
For survival analysis, failure was defined as revision of any 
component for any reason. 180 of 291 patients (56%) died 
during follow-up, for reasons unrelated to surgery. Patients’ 
death date was obtained from a regional death register data-
base. Of the 111 patients who were still alive in 2012, 70 had 
scheduled follow-up. The remaining 41 were contacted by 
telephone and none of these patients had been revised since 
the last in-house clinical check-up. The end of the follow-up 
was the date of death or the last date of patient contact with 
implant still in situ. 22 patients (with 24 THAs) could not be 
reached; their mean follow-up time was 4.7 (0.1–9.3) years 
and the end of follow-up in these patients was defined as the 
date of the last in-house radiographic examination (Figure 3). 

137 patients (160 hips) had a radiographic follow-up of at 
least 10 years and were included in the long-term (> 10-year) 
radiographic analysis. Standardized anterior-posterior pelvic 
view radiographs were taken and investigated by one of the 
authors (AS) to determine signs of loosening and osteolysis on 
both the acetabular side and the femoral side. A Müller ARR 
was classified as loose if there was screw breakage, if a com-
plete progressive radiolucent line around the screws was vis-
ible, or if migration of more than 2 mm was observed (Sieben-
rock et al. 2005). Osteolysis around the Müller ARR was 
defined as the radiographic appearance of any focal area of 
bone resorption greater or equal to 2 mm that was not evident 
on the radiograph obtained immediately after surgery (Zicat 
et al. 1995). On the acetabular side, radiolucent lines and/or 
signs of osteolysis were assessed in the 3 zones and the date 
of the first radiographic appearance was noted (DeLee et al. 
1976). Migration was measured as the vertical displacement 
of the center of the cup relative to the inter-teardrop line, and 
medial migration was measured as the horizontal displace-
ment of the cup center relative to the ipsilateral teardrop line 
(Nunn et al. 1989).

Radiolucent lines around the femoral component were 
assessed in the 7 Gruen zones and defined as being osteolysis 
or not. Newly developed endosteal bone loss with a diameter 
of greater than 3 mm, either with scalloping or with a bead-
shaped lucency at the cement-bone interface, was defined as 
being osteolysis (Joshi et al. 1998). Radiographic loosening of 

the femoral component was defined as extension of the osteo-
lytic zones to more than 50% of the cement-bone interface in 
at least 4 of the 7 zones.

All radiographs were analyzed using DICOM software 
(Agfa IMPAX v6.5.3.117; Agfa HealthCare, Mortsel, Bel-
gium). Radiographic measurements were performed using 
IMAGIC IMS software (Imagic Company, Glattbrugg, Swit-
zerland). Measurements were calibrated with the known true 
femoral head size.

Statistics
Of the 291 patients, 30 had bilateral surgeries. Both hips 
were included, as it has been shown that bilaterality is not an 
important issue when estimating survival after hip and knee 
arthroplasty (Robertsson and Ranstam 2003, Lie et al. 2004). 
Kaplan-Meier survivorship analysis was performed to deter-
mine the cumulative revision rate (CRR) of the ARR for asep-
tic loosening, of the ARR for any reason, and of any com-
ponent for any reason as endpoint. The time to revision was 
calculated as the time between the date of implantation and 
the date of revision. Patients without any revision were cen-
sored at the date of last contact or death. Greenwood’s formula 
was used to determine 95% confidence intervals (CIs) around 
the survivorship curves. Any p-value less than 0.05 was con-
sidered significant. We used SPSS software version 21.0 for 
the calculations.

Results

At final follow-up, 28 hips had been revised (Table 2). Con-
cerning ARR survival, there were 5 ARRs (1.6%) that had 
been revised for aseptic loosening after 10, 10, 11, 16, and 
25 years (mean 15 years). The diagnosis for these 5 cases was 
OA in 4 cases and DDH (Crowe 2) in 1. 1 was made of of 
steel, 2 were made of smooth-blasted titanium, and 2 were 
made of rough-blasted titanium. 1 had a Metasul insert. At 20 
years, the CRR for aseptic loosening of the ARR was 3.4% 
(CI: 1–9). 6 ARRs were revised for infection after a mean of 6 
(2–15) years and 1 was revised for recurrent dislocation after 
7 years. In total, 12 ARRs were revised for any reason; at 20 

THA with ARR
1984–2002

321 hips (291 patients)

Excluded or lost (161 hips, 154 patients):
– deceased before the 10-year follow-up, 100 hips (95 patients)
– excluded for insu�cient quality radiographs, 19 hips (19 patients)
– lost to follow-up, 24 hips (22 patients)
– revised before 10 the 10-year follow-up, 18 hips (18 patients)

Complete radiological
follow-up

160 hips (137 patients)

Figure 3. Flow chart of patients included in the radiological analysis.

Table 2. Overall reasons for revision

Reason for revision (n = 28) n

Aseptic loosening with revision of ARR:
 ARR and stem 4
 isolated ARR 1
Infection (both components) 6
Recurrent dislocation (both components) 1
Stem and PE without revision of ARR  7
Stem only 9

PE: polyethylene.
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years, the overall CRR of the ARR for any reason was 7% (CI: 
4–12) (Table 2 and Figure 4). 

A worst-case scenario was calculated for the 24 hips that 
were lost to follow-up, assuming that the ring had been revised 
1 month after the last contact. Inclusion of these together with 
any other reasons for revision of the ARR resulted in a CRR at 
20 years of 15% (CI: 10–22).

In 7 cases, the PE insert was changed during stem revision 
(at a mean of 8 (1–21) years) because of incompatible head 
size. The ARR remained in place and none of these THAs had 
radiological changes. 9 hips had an isolated stem revision. In 
total, 28 hips were revised after a mean of 10 (1–25) years. 
The CRR for all components, for any reason, at 20 years was 
15% (CI: 10–22) (Figure 4). 

For detailed long-term (> 10-year) radiographic analysis, we 
investigated 160 hips (in 137 patients) with an average follow-
up period of 14 (10–25) (SD 3.6) years (Figure 1). After more 
than 10 years of follow-up, there were 10 further revisions. 4 
of these were ARR revisions: 1 was an isolated ARR revision 
for aseptic loosening, 1 was a revision for aseptic loosening of 
ARR and stem, and 2 were ARR and stem revisions for late 
infection. 

By the end of the study period (2012), none of the THAs 
that were excluded due to insufficient quality of radiographs 
or loss to radiological follow-up had been revised. 

139 (87%) of the 160 ARRs had no signs of loosening, and 
7 had osteolysis but were not loose. 14 ARRs were radiologi-
cally loose, 4 of which had been revised, as mentioned above 
(2 for aseptic loosening: 1 of them had osteolysis around 
the screws and lateral migration of more than 2 mm and the 
other 1 had progressive osteolysis around the screws; and 2 
for infection: 1 of them was radiologically loose with 3 of 5 
screws broken and extensive osteolysis medially and superi-

ing as endpoint and of 7% with revision for any reason at 20 
years as endpoint. Even for the whole hip system used, the 
long-term survival must be considered good. Compared to the 
published survival data of successful acetabular component 
systems used in unselected primary THA, our data show a low 
revision rate in the long-term (Table 3). 

Only half of the patients were treated because of primary 
OA, and a high percentage of the patients were complex cases 
with acetabular bone stock deficiency—which affects sur-
vival of the cup negatively (Gill et al. 1998). The definition of 
“complex” is somewhat arbitrary, but the atypical distribution 
of diagnoses in the our patient population shows that the ARR 
was being used in the more complex cases. All complex cases 
were treated by one of the authors (PEO), and no additional 
complex cases were operated with a standard implant. About 
one-sixth of all THR patients were treated with an ARR. 
About half of the 321 THAs performed with ARR would have 

Table 3. Selected registry data on survivorship of acetabular com-
ponents in comparison to the present study 

Reference   FU Surv a

 Acetabular component Year n years %

Swedish Arthroplasty Register  
 Cemented (Lubinus) 1992–2011 80,401 20 90
Norwegian Arthroplasty Register 
 Cemented (Charnley) 1987–2010 42,638 23 93
Swedish Arthroplasty Register 
 Uncemented (Trilogy HA) 1992–2011 1,266 15 88
Present study 
 ARR + PE b 1984–2002 321 20 93

a Survival of acetabular component, %
b PE: polyethylene.

Figure 4. A. Cumulative revision rate (CRR) of the ARR with revision for any reason as endpoint. 12 
ARRs had been revised, 5 of them for aseptic loosening. At 20 years, the CRR for the ARR with revi-
sion for any reason was 7% (95% CI: 4–12). B. Cumulative revision rate (CRR) of all hips with revision 
of the cup and/or stem for any reason as endpoint. At 20 years, the CRR was 15% (95% CI: 10–22).

A b

orly, and the other had osteolysis 
around the screws. The remain-
ing 10 radiologically loose ARRs 
were not revised: 5 of these had at 
least 1 broken screw and no other 
changes, 2 had 1 broken screw and 
migration, 2 had 1 broken screw 
and radiolucent lines medially 
and superiorly, and 1 had migra-
tion alone without any screw being 
broken.

9 stems out of 160 were classi-
fied as radiologically loose, and 8 
of them were revised. 

Discussion

For the ARR, the survival concern-
ing fixation was excellent with a 
CRR of 3.4% with aseptic loosen-
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been suitable for a standard cup, with favorable results also. 
However, the ARR was popular at that time and the surgeons 
relied on the more complex implant, even though it may not 
have been indicated. 

Taking the unfavorable selection of more complex patients 
into account, our reported CRR is even more remarkable. We 
could not analyze risk factors for subgroups of diagnoses, as 
only 5 of the 321 using ARR were revised for aseptic loosen-
ing—4 of 172 hips with OA as diagnosis and 1 of 51 hips 
with DDH as diagnosis. As we used the ARR in many stan-
dard cases too, this led to greater experience in handling of the 
implant, which may have contributed to the excellent survival, 
even in the more complex patients. 

Our findings are in line with previously reported data on 
excellent medium-term survival of THAs with ARR. Aebi et 
al. (1989)  reported a revision rate of 0.7% for aseptic loosen-
ing of the ARR in primary hip replacement at a mean follow-
up of 8 years. Similarly, Gill et al. (1998) used the ARR in 
123 cases of hip dysplasia; 11 had a dislocated hip (Crowe 
IV), and in these complex cases only 2 ARRs were revised 
for aseptic loosening after a mean follow-up of 9 years. This 
demonstrates that the implant is reliable—even in the long-
term—in patients with extensive loss of acetabular bone stock 
and/or hip dysplasia. 

In survival analysis, a limitation of the study was that we 
only analyzed revision rates. This might be considered to be 
bias, since there is a lower tendency to revise complex cases. 
However, of 160 radiologically analyzed ARRs after a mean of 
14 years, there were only 10 unrevised ARRs that were radio-
logically loose, and 5 of them had isolated screw breakage. In 
addition, 7 ARRs had osteolysis. All patients had scheduled 
follow-up examinations, but our data on clinical results were 
incomplete and are therefore not presented. However, even 
without detailed clinical evaluation, those patients were exam-
ined in the outpatient department and it can be assumed that 
those who were suitable for revision were revised.

Another limitation may be that patients who died might 
have been revised elsewhere before their death. But this is 
rather improbable, as most of the patients were local people 
who preferred to be treated at the local hospital, especially 
when becoming older. 

Most of the patients who were lost to follow-up were people 
living elsewhere who could not be traced. It is improbable 
that these patients would have been revised elsewhere, as 
they wanted the primary operation at our hospital and would 
presumably have come there for revision also. As there is no 
national death register in Switzerland, it is probable that some 
of these patients died elsewhere and therefore could not be 
traced. Even in the worst-case scenario, taking all hips that 
were lost to follow-up as having been revised for any reason, 
the CRR of the ARR at 20 years would be 15%, which can be 
considered to be good.

Even if radiological changes are taken as pending failure, 
the CRR remains favorable. Furthermore, radiological data 

cannot be obtained from national registers, so pending failure 
cannot be quantified and compared.

10 ARRs were classified as being radiologically loose; 5 of 
them only had broken screws. The screws are angularly stable 
due to locking of the screw heads with cement (Laflamme et 
al. 2008). Screws may be under tension when being inserted: 
micromotion of a well-fixed shell can cause oscillating forces 
on the screw through the locking mechanism and lead to 
breakage, which in return may be wrongly classified as loos-
ening. Furthermore, some ARRs with signs of radiological 
loosening may have been asymptomatic, as the ring and the 
screws create a complex implant-bone interface and serve as a 
load-distribution device preventing clinical symptoms.

In 7 hips, the polyethylene insert of the ARR had to be 
changed during stem revision because the bearing surfaces 
were not compatible. None of the ARRs had to be considered 
as being loose and the insert exchange can be compared with 
a liner exchange in modular cups. 

A limitation of our study may have been that 4 generations 
of the Müller ARR were combined with different bearing sur-
faces and a variety of stems. However, revisions were evenly 
distributed among the ARRs of different material and with dif-
ferent surfaces—as well as the various combinations of the 
different inserts used. We could not investigate whether any of 
the particular types of ARRs or bearings affected the overall 
survival, due to the limited number of revised cases. 

We conclude that THA with ARR is a reliable procedure in 
the long term. This was demonstrated for standard cases and 
in complex situations with deficient acetabular bone stock, as 
in patients who suffered from hip dysplasia. When there is 
a questionable or difficult acetabular situation, the use of the 
ARR can be recommended.
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