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Objective: The purpose of this study was to investigate the mid-term and long-term effects of the 
acetabular roof ring (ARR) and Burch-Schneider anti-protrusio cage (BSAPC) in acetabular revision 
for patients with acetabular bone deficiency and acetabular component loosening.
Methods: Between 1988 and 2007, ARR revisions were performed in 51 patients (25 women; average 
age: 46.9 years) and BSAPC in 18 patients (16 women; average age: 62.1 years). Grafts were used in all 
revisions. The patients were evaluated retrospectively. The bone defects were classified according to the 
classification of the American Academy of Orthopaedic Surgeons (AAOS). Harris Hip Score (HHS) 
was used for clinical evaluation. Radiolucent lines, implant sizes, osseointegration, and heterotopic os-
sification in the 3 regions defined by DeLee and Charnley were evaluated radiologically.
Results: The success rate of ARR revisions after an average follow-up of 8.93±4.10 years (range: 4–23 
years) was 87.9%, and the cumulative survival rate at year 10 postoperatively was 91%. Average HHS 
score increased to 83.70±8.98 postoperatively, from 40.10±2.49 preoperatively (p<0.01). The success 
rate of BSAPC revisions after an average follow-up of 7.06±2.39 years (range: 4–12 years) was 83.3%, 
and the cumulative survival rate was 78%. Average HHS score increased from 42.55 preoperatively to 
73.86 postoperatively (p<0.01). All failures of ARR revisions occurred in type 3 defects (p<0.05). In 
40 of the 47 patients in which an allograft was used, osseointegration occurred. No statistically sig-
nificant difference was found between the increase in HHS scores of patients who underwent femoral 
component revision with acetabular revision and those who did not (p=0.06). Patients who under-
went more than 1 revision had statistically significantly higher failure rates in comparison to patients 
undergoing revision for the first time (p=0.008).
Conclusion: The mid-term and long-term results of the use of ARR and BSAPC with allografts in 
bone deficient acetabular revisions are satisfactory. The implants facilitate graft osseointegration, in-
crease the bone stock, and make future revisions easier. ARR should be preferred in type 1 and type 2 
acetabular bone defects, while BSAPC should be preferred in type 3 and 4 defects.
Keywords: Acetabular revisions; acetabular bone deficiency; acetabular roof ring; Burch-Schneider 
anti-protusio cage.
Level of Evidence: Level III Therapeutic Study
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As the frequency of total hip arthroplasties (THA) has 
increased in recent years, hip revision surgeries have be-
come more common. The primary purpose of hip revi-
sion surgeries is to reorganize the hip center and con-
struct a functional anatomy, a process which requires 
extensive contact between the implant and the host, as 
well as adequate mechanical identification. One of the 
most significant problems that disrupts the contact be-
tween the implant and the host bone tissue is acetabular 
bone defects. These defects pose a challenge for surgeons, 
and their treatment has not yet been standardized. Ac-
quired acetabular traumas, prior surgeries, inflammatory 
joint diseases, developmental dysplasia of the hip, and 
natural aging are causes of acetabular bone defects. 

Preoperative evaluation of the acetabular bone de-
fect is one of the most important steps of revision sur-
geries and affects the success of the revision surgery.
[1] The American Academy of Orthopaedic Surgeons 
(AAOS) classification defined by D’Antonio and col-
leagues[2] was developed to categorize the bone loss of 
the femur and acetabulum according to location and 
pattern, and is the most commonly used classification in 
the literature (Table 1).[3] 

Type 1 segmental defects include the supportive por-
tion or the medial wall of the acetabular hemisphere. 
Type 2 cavitary defects do not disrupt the supportive 
portion of the acetabular hemisphere with a volumetric 
loss in the acetabular cavity or medial wall; integrity is 
preserved, and the external cortex is intact. In type 3 de-
fects, a combination of segmental and cavitary deficien-
cies is present. Type 4 defects, known as pelvic discon-
tinuity, is the disruption of the connection between the 
superior and inferior aspects caused by bone loss. Type 5 
defects include those with deformation of the hip anato-
my and make the accurate localization of the acetabulum 

difficult (Figure 1).[3] 
In acetabular revisions of acetabular bone damage, 

the primary objective is to place the implant on the wid-
est possible bone surface. Femur head allografts (FHA), 
spongious chips allograft (SCA), and autografts are 
used for this purpose. While SCA is sufficient for cavi-
tary defects, FHA should be used for segmental defects.
[4] When the surface between the graft and the implant 
is larger than the surface between the host bone and the 
implant, application of these grafts results in failure.[5]

Methods that have been used in acetabular revi-
sions with bone defects are cementing,[6] cementing 
with grafts,[7,8] cementless cups,[9,10] cementless cups and 
structural allografts,[11] jumbo cups,[12,13] trabecular met-
als,[14] rectangular bilobed components, custom pros-
theses, metal augment modular systems,[15,16] and im-
paction grafts.[17,18] Because many of these methods did 
not achieve the anticipated levels of success, the Burch-

Table 1.	 AAOS classification of acetabular bone deficiencies.

Type 1	 Segmental deficiencies	 a) peripheral

		  b) superior

		  c) anterior 

		  d) posterior

		  e) central (medial wall defect)

Type 2	 Cavitary deficiencies	 a) peripheral

		  b) superior

		  c) anterior 

		  d) posterior

		  e) central (medial wall absent)

Type 3	 Combined deficiencies

Type 4	 Pelvic discontinuity

Type 5	 Arthrodesis

AAOS: American Academy of Orthopaedic Surgeons.

Fig. 1.	 AAOS classification of acetabular bone deficiencies.

Type 1 Type 2 Type 3 Type 4
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Schneider anti-protrusio cages (BSAPC) and acetabular 
roof rings (ARR) were developed. 

BSAPC was designed by Burch and modified by 
Schneider. Müller designed the classic ARR, and Ganz 
added the hook. BSAPC and ARR provide extensive 
contact between the implant and the bone tissue, opti-
mize the hip center, facilitate graft integration, and in-
crease bone tissue. ARR should be used in peripheral 
segmental or cavitary defects,[19] while BSAPC should 
be used in combined segmental and cavitary defects, 
protrusion, medial segmental bone losses, and pelvic dis-
continuities.[19,20]

The purpose of this study was to investigate the mid-
term and long-term results of ARR and BSAPC use in 
acetabular revision for patients with acetabular bone tis-
sue deficiency and acetabular component loosening.

Patients and methods
BSAPC and ARR were used in 74 hips of 74 patients 
who developed acetabular loosening after THA between 
1988 and 2007. These patients were evaluated retro-
spectively. Two patients who died during the follow-up 
period, 1 who underwent disarticulation for infection, 
1 who was unwilling to participate in the study, and 19 
who failed to complete follow-up were excluded from 
the study. Of the 51 patients included in the study, ARR 
was used in 33 and BSAPC in 18 patients.

Patients were evaluated clinically and radiologically 
pre- and postoperatively. Harris Hip Score (HHS) 
was calculated,[21] and subjective patient evaluation was 
performed. Anterior-posterior and lateral direct radio-
graphs were obtained. The acetabular defects were clas-
sified according to the AAOS system, based on preop-
erative graphs and observations during revisions. The 
types, localizations, numbers, and sizes of the defects 
were recorded. 

In the cases of no postoperative complications, ra-
diographs were obtained on day 1, month 3, and year 1 
after the revisions. Follow-up evaluation was performed 
at week 2, month 3, and year 1 postoperatively. Patients 
were seen for annual follow-up, and radiographs were 
obtained. 

The radiolucent lines between the bone tissue and 
the acetabular component were evaluated according to 
the 3 regions described by DeLee and Charnley.[22] The 
integration of allografts with bone tissue was described 
as complete osseointegration and partial osseointegra-
tion, according to the degree of resorption.[23] Hetero-
topic ossification (HO) was evaluated according to the 
Brooker classification.[24] Implant migration and screw 

integrity were evaluated.
Patients who underwent BSAPC and ARR were 

evaluated independently to determine the adequacy 
of the indications for use, according to the type of the 
bone defects. The BSAPC and ARR patients who un-
derwent acetabular component revision, with or without 
concurrent femoral component revision, were evaluated 
together to determine the effect of femoral component 
revision on outcomes, as well as the effect of number of 
prior revisions on failure rates.

Inclusion criteria were set as clinical and radiologi-
cal loosening in patients who underwent THA for ac-
etabular components, acetabular bone defects discov-
ered in radiographies, and the need for graft tissues. 
Exclusion criteria were death, unwillingness to partici-
pate, failure to complete follow-up, and amputations 
during follow-up for any reason. Failure criteria were 
set as aseptic loosening (a radiolucent line surround-
ing the implant, a progressive or symptomatic line that 
does not entirely surround the implant, migration of 
the implant with clinical findings, significant migration 
with no clinical findings), dislocation, mechanical dys-
function (broken screw and clinical positivity, broken 
implant) and infection.

In ARR and BSAPC patients, Kaplan-Meier sur-
vival analysis was used in survival analyses, and SPSS 
Version 15.0 (SPSS Inc., Chicago, IL, USA) was used 
in statistical analyses. The Fisher-Freeman-Halton test 
was used in the comparison of qualitative data, and the 
paired-samples t-test was used in pre- and post-opera-
tive evaluation of the parameters. Significance was evalu-
ated using the values p<0.01 and p<0.05.

All surgeries were performed by the same 2 surgeons, 
using lateral or posterolateral incisions. Trochanteric os-
teotomies were not performed. After acetabular debride-
ment, the cartilage tissue was cleaned from the FHA un-
til reaching the subchondral bone. Femoral head grafts 
were applied to the acetabulum’s defective areas and 
the areas that would support the implant. These areas 
were shaped to fit the implant and were fixated with 1–2 
cancellous screws. Empty spaces were filled with SCA. 
The ARR and the spongious screws were placed superi-
orly on the acetabulum. The screws were positioned 20° 
from the longitudinal axis medially. While applying the 
BSAPC, the 3-cm area above the ilium and 1–2-cm area 
of the ischium were exposed. The inferior side of the 
implant was placed on the ischium. In the case that the 
inferior support was not present, a nest was made on the 
ischium. After the cage was placed, it was fixated with 
spongious screws. The first screw was placed in the ilium 
from the superior, with an angle of 5–10°, and a maxi-
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mal number of screws were positioned towards the ilium 
posterior column. Short screws were placed transversely 
to the ilium from the superior side. The polyethylene cup 
was fixated to the ARR with cement and placed at an an-
gle of 45° inclination and 10–15° anteversion, according 
to the normal pelvis and not the ARR or BSAPC. All 
patients were administered low molecular heparin for an 
average of 3 weeks postoperatively. Patients sat bedside 
on the first postoperative day. On the second day, they 
were lifted, and light weight-bearing on the toes was al-
lowed. Partial weight-bearing was allowed after an aver-

age of 6–8 weeks, and full weight-bearing was allowed 
after an average of 14–16 weeks.

Results
Of the 33 ARR patients (25 women, 8 men), mean age 
was 64.9 years (range: 48–83 years). Twenty-five pa-
tients (75.7%) underwent their first revision, 4 (12.1%) 
their second, and 4 (12.1%) their third (including the 
last ARR revision). According to AAOS classification, 
5 patients (15.1%) were classified as type 1, 16 (48.4%) 
were type 2, and 12 (36.3%) were type 3. 

 In 1 ARR patient, luxation occurred within 3 months 
postoperatively. One patient was treated for THA infec-
tion, which had relapsed by year 1 follow-up. In 1 patient 
who had 2 prior revisions for developmental dysplasia 
of the hip (DDH), the screw broke, and aseptic loosen-
ing had developed at year 5 (Figure 2). Aseptic loosening 
occurred in 1 patient at year 6. In one patient who had a 
broken screw, loosening did not occur (Figure 3). Sciatic 
nerve neuropraxia was identified in 1 patient at month 
5; however, the patient’s complaints resolved. It was ob-
served that all cases that failed were type 3.

Mean pre- and postoperative HHS values of ARR 
patients were 40.10±2.49 and 83.70±8.98, respectively. 
The average improvement of 43.61±8.84 in HHS val-
ues was found to be statistically significant (p<0.01). 
Patient satisfaction was very good in 48%, good in 36%, 
moderate in 6%, and poor in 6% of patients. According 
to DeLee and Charnley, radiolucent lines were observed 
in zones 2 and 3 in 2 patients and in all 3 zones in 2 
patients. According to the Brooker classification, type 1 
HO was identified preoperatively in 4 patients and post-
operatively in 5 patients; type 2 HO was identified post-
operatively in 1 patient.

In the 33 ARR patients, a total success rate of 87.9% 
was observed. The follow-up period was 8.93±4.10 
years (range: 4–23 years). The Kaplan-Meier cumulative 
survival rate (CSR) was 96% at year 5 postoperatively, 
91% at year 10, and 69% at year 15 (Figure 4a). 

Of the 18 BSAPC patients (16 women, 2 men), 
mean age was 62.1 years (range: 39–82). Seven patients 
(38.8%) underwent their first revision, 2 (11%) their 
second, 8 (44%) their third, and 1 (5%) their fourth (in-
cluding the last BSAPC revision). According to AAOS 
classification, the acetabular defects were identified as 
type 1 in 1 patient (5.5%), type 2 in 3 (16.6%), type 3 in 
12 (66.6%), and type 4 in 2 (11.1%).

In 1 BSAPC patient, dislocation occurred 1.5 
months postoperatively. Aseptic loosening occurred af-
ter 3 years in 1 patient who underwent 4 revisions for 

(a)

(b)

Fig. 2.	 (a) Posterior-anterior direct radiograph showing that the 
bone tissue reserve is sufficient and that 1 screw had broke at 
Year 5 postoperatively after revision using ARR. (b) Posterior-
anterior direct radiograph after revision was performed using 
porous coated components without requiring the use of ARR 
or BSAPC.
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DDH. In 1 patient who had visible radiolucent lines in 
all 3 zones, screw breakage and aseptic loosening oc-
curred. In 2 patients, screw breakage occurred without 
any clinical findings of loosening. In 1 patient, sciatic 
nerve neuropraxia was identified at month 12; however, 
the patient’s complaints resolved.

In the BSAPC patients, the average pre- and postop-
erative HHS values were 42.55±4.78 and 73.86±19.06, 
respectively. The mean improvement in HHS values of 
31.30±18.68 was found to be statistically significant 
(p<0.01). Patient satisfaction was very good in 33%, 
good in 33%, moderate in 16%, and poor in 16% of pa-
tients. According to DeLee and Charnley, in 2 patients 
radiolucent lines were present only in zone 3. These pa-
tients had no clinical complaints. Radiolucent lines were 
present in all 3 zones in 2 patients. According the Brook-

er classification, HO type 1 was identified preoperatively 
in 3, type 2 in 3, and type 3 in 2 patients; HO type 1 was 
postoperatively identified in 7, type 2 in 2, and type 3 in 
3 patients.

In 18 BSAPC patients, total success rate of 83.3% was 
obtained. Mean follow-up period was 7.06±2.39 years 
(range: 4–12 years). The Kaplan-Meier CSR was 88% at 
year 5 postoperatively and 78% at year 10 (Figure 4b). 

Of 51 patients who underwent revision and BSAPC 
or ARR, 32 underwent their first revision, and 19 had 
undergone more than 1 revision. The failure rate of pa-
tients who had undergone more than one revision was 
statistically significantly higher than the failure rate of 
patients who underwent their first revision (p=0.008). 

Grafts were used in all BSAPC and ARR patients. 
For 6 type 1 patients, 6 SCA were used; for 19 type 

(a) (b) (c)

Fig. 3.	 (a) Medial migration of the acetabular component and acetabular component loosening, (b) direct 
radiograph at Month 6 postoperatively after reconstruction with ARR and allografts, (c) breakage of 1 
screw without loosening at Year 5.
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Fig. 4.	 (a) Kaplan-Meier survival chart for ARR patients. (b) Kaplan-Meier survival chart for BSAPC patients.
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2 patients, 17 SCA and 2 autografts were used; for 24 
type 3 patients, 8 SCA, 6 FHA, 8 FHA-SCA, and 2 
autografts were used; and for 2 type 4 patients, 2 FHA-
SCA were used.

The radiological evaluation of bone graft maturation 
is very challenging. It may take up to 7 years for the graft 
tissue to mature.[25] Apart from the 4 patients to whom 
autografts were applied, the osseointegration duration 
varied between 6 months and 7 years in the 29 patients 
in whom complete osseointegration was achieved. In the 
11 patients where partial osseointegration was achieved, 
it took between 6 months and 7 years for the osseointe-
gration to be radiologically present. Allograft osseointe-
gration did not occur in 7 patients. 

Femoral component revision was performed in 32 
of the BSAPC and ARR patients. The HHS value im-
provement of patients who underwent femoral com-
ponent revision was 37.44±6.9, while the HHS value 
improvement of the 19 patients who did not undergo 
femoral component revision was 43.71±6.25. Although 
the HHS value improvement was higher in patients 
who did not undergo femoral component revision, the 
improvement was not statistically significant (p=0.06). 

Deep vein thrombosis (DVT) did not occur in any 
of the BSAPC or ARR patients. 

Discussion
It is not precisely known which method is most effec-
tive for acetabular bone defect revision, which is a com-
plicated topic for orthopedic surgeons. Initially, only 
cement was used, and failure was observed at 2.1 years 
postoperatively.[6] In studies that used grafts in combina-
tion with cement, 11.4%[7] failure was observed at year 5 
and 15% at year 14[8] postoperatively. In revisions with 
cementless components, in cases where baseline stability 
and adequate component bone contact can be achieved, 
successful long-term results can be obtained.[9,10] While 
large cups can be used for extensive defects, they may 
increase bone loss.[12,13] Cementless cups with allografts 
may provide biological fixation in extensive defects and 
may facilitate ideal revisions for extensive acetabular de-
fects.[14] Rectangular bilobed components designed for 
advanced bone loss have failed to provide the anticipated 
adaptation to the acetabular surface. Although custom 
prosthetics have solved this adaptation issue, they are not 
advantageous due to their high cost, the difficulty of pre-
operative planning, and prolonged procedures. Studies 
of modular metal augment systems that were developed 
as an alternative for these implants have shown favorable 
results.[15,16] Impaction bone grafting facilitates restora-
tion but is a technically challenging method. Success-

ful results have been reported, but recent studies show 
that this technique is less successful in cases of massive 
bone loss.[17,18] Successful results have been obtained in 
the use of BSAPC and ARR since they were first imple-
mented. Gurtner et al.[26] reported an 87% success rate 
in their study, which included 150 ARR patients with a 
mean follow-up period of 7 years. Schatzker et al.[19] re-
ported an 87.5% success rate at a mean follow-up of 8.3 
years and Kaplan-Meier survival rates as 92.3% at year 
10 and 75.5% at year 12 postoperatively. Schlegel et al.[25] 
reported a 90% survival rate of 122 ARR patients at a 
mean 6-year follow-up. Berry et al.[27] reported a 75% 
success rate in 42 BSAPC patients at a mean follow-up 
of 5 years. Schatzker et al.[19] reported a 5.4% failure rate 
in 83 BSAPC patients at a mean follow-up of 6.6 years 
and 91.7% Kaplan-Meier 10-year survival rates. Syme-
onides et al.[28] reported success rates of 89.5% at a mean 
follow-up of 11.5 years in 54 BSAPC patients. Cos-
cujuela-Mana et al.[29] reported Kaplan-Meier survival 
rates at year 13 postoperatively as 92.4% in 91 BSAPC 
patients, with a mean follow-up of 8.1 years. Regis D. et 
al.[20] reported the CSR at 18.9 years postoperatively of 
type 3A and type 3B groups according to the Paprosky 
classification[30] as 80% and 84.6%, respectively. In our 
study, in the 33 ARR patients, the success rate at a mean 
follow-up of 8.9 years was 87.9, Kaplan-Meier CSR at 
Year 5 postoperatively was 96%, survival rate at year 10 
was 91%, and survival rate at year 15 was 69%. In the 
18 BSAPC patients, the success rate at a mean follow-
up of 7 years was 83.3%, Kaplan-Meier CSR at year 5 
postoperatively was 88%, and CSR at Year 10 was 78%. 
The results obtained in our study are in accordance with 
other studies conducted in the same field. These findings 
demonstrate that BSAPC and ARR are more successful 
than other methods used in the treatment of acetabular 
bone defects. 

According to AAOS, 5 of the ARR patients (15.1%) 
were type 1, 16 (48.4%) were type 2, and 12 were 
(36.6%) type 3. Of the BSAPC patients, 1 (5.5%) was 
type 1, 3 (16.6%) were type 2, 12 (66.6%) were type 3, 
and 2 (11.1%) were type 4. In the ARR patients, the 2 
aseptic loosenings, 1 septic loosening, and 1 dislocation 
that occurred were classified as type 3, and statistically 
significant difference was present (p<0.05). No statisti-
cally significant difference was identified in the success 
rates according to types in BSAPC patients (p>0.05). 
As the defect type grows, the success of ARR decreases, 
while the frequency of complications increases. Survival 
rate at 12 years postoperatively decreased to 75.5%, and 
the 12.5% negative outcomes reported by Schatzker et 
al.[19] were attributed to inadequate implant selection. 
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We recommend BSAPC use for large medial segmental 
and cavitary defects, and the development of protrusio 
acetabuli and pelvic discontinuity (Figure 5). Although 
our ARR patients had longer follow-up periods, the suc-
cess rates were higher than in the BSAPC patients be-
cause they were selected for smaller defects.

BSAPC and ARR restore the hip center, protect 
bone grafts, and facilitate the construction of bone re-
serves.[31] The restoration of bone stock was evaluated 
in 50 ARR and BSAPC patients with allografts that 
required subsequent revision, and it was observed that 
bone structure restoration occurred in 31 hips. It was 
reported that 17 of these patients underwent revision 
using simple acetabular components without allografts, 
ARR, or BSAPC.[32] In 1 of our patients to whom ARR 
was applied during the third revision, screw breakage af-
ter a forceful move occurred at 5 years postoperatively. 
Revision was performed because the clinical findings 
were consistent with loosening. The graft osseointegra-
tion was good, so porous coated AC was used (Figure 
2). BSAPC and ARR provide short-term stabilization 
until long-term ossification is achieved and simplify fu-
ture revisions. 

Screws provide strong and secure fixation initially, 
but this is a temporary effect. Screws contribute to the 
adaptation process, but long-term fixation is provided 
by graft integration.[19,31] Screw breakage does not al-
ways cause loosening and require revision. In a study 
including 52 BSAPC patients, screw breakage occurred 
in 4 patients, with only 1 patient requiring revision.[28] 
Screw breakage occurred in 3 of our ARR patients, 1 of 
who underwent revision with porous coated AC. In 1 
case, aseptic loosening occurred 6 years postoperatively. 
In the third patient, it was not regarded as loosening, as 
no clinical findings were present, and the patient was 

monitored. Screw breakage was observed in 3 BSAPC 
patients. Aseptic loosening occurred in 1 patient with 
radiolucent lines visible in all 3 zones. The clinical and 
radiological evaluation of the other 2 cases with screw 
breakage was inconsistent with loosening. 

Radiolucent lines were present only in zones 2 and 3 
in 2 ARR patients, and radiolucent lines were observed 
only in zone 3 in 2 BSAPC patients. These patients were 
monitored, and no clinical complaints were reported. 
Radiolucent lines were present in all 3 zones in 2 ARR 
patients and 2 BSAPC patients; all 4 of these cases un-
derwent revision. In some patients, it was observed that 
no osteolytic areas were present, although screw break-
age had occurred. If radiolucent lines 2 mm or wider are 
visible in all 3 zones, it can be regarded as loosening.[33] 
The revision decision must be made in patients who are 
symptomatic, even when radiolucent lines are not visible 
in all zones, and in asymptomatic patients who mani-
fest radiolucent line progression.[3] Radiolucencies that 
are unlikely to progress early should not be regarded as 
implant loosening.[34]

In 95 patients with bone defects, revisions were per-
formed with allografts and ARR. The patients were 
reviewed retrospectively, and it was observed that graft 
integration was good in 60% of them.[35] In a study that 
evaluated 45 patients, it was reported that graft integra-
tion was good in 40 ARR and allograft patients.[36] In a 
study of 65 cases, patients with acetabular bone defects 
underwent reconstruction using BSAPC and allografts, 
and graft union occurred in 48 patients.[20] Of the 47 of 
our patients treated with allografts, allograft host bone 
tissue osseointegration occurred in 40. This is a substan-
tially acceptable result when compared to other results. 
In patients with bone defects undergoing acetabular 
reconstructions, the use of allografts with BSAPC and 
ARR implants facilitates the successful construction of 
bone tissue reserves. 

In all BSAPC and ARR patients, the failure rate of 
patients who underwent more than 1 revision was statis-
tically significantly higher than that of patients undergo-
ing revision for the first time (p=0.008). No data on this 
topic was found in the literature. 

Among all BSAPC and ARR patients, although 
HHS value improvement in patients who did not un-
dergo femoral component revision was higher than 
those who did, this improvement was not statistically 
significant (p=0.06). 

In ARR patients, no type 3 HO was observed. In 3 
BSAPC patients, type 3 HO was observed postopera-
tively. The higher number of revisions and requirement 

(b)(a)

Fig. 5.	 (a) Implant luxation and acetabular component loosening. 
(b) No signs of loosening are present after BSAPC use at Year 
12 postoperatively.
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for wider surgical openings increases the incidence of 
type 3 HO in BSAPC patients. Additionally, history of 
HO, soft tissue damage during surgery, and history of 
surgery increase the risk for HO.[37]

We primarily preferred using the posterolateral inci-
sion because it increases the ease of dissection in the in-
ternerval plane, preserves the abductor mechanism, and 
can be extended or used for trochanteric osteotomies 
when needed. The number of dislocations is higher with 
this incision than with lateral incisions.[38] Some studies 
suggest that the modified Harding midlateral approach 
can decrease the risk of dislocation.[39] The superior glu-
teal nerve may be damaged in this approach, causing 
Trendelenburg positivity.[40] The posterolateral incision 
was preferred in our 2 cases of dislocation. The rate of 
total sciatic neuropraxia was 3.9%, which can be reduced 
by trochanteric osteotomy.[19]

The results obtained in the mid-term and long-term 
use of BSAPC and ARR are satisfactory and acceptable 
when compared to the results of other studies in the lit-
erature. We recommend the use of BSAPC and ARR 
because they have favorable results when used with ap-
propriate techniques in cases with suitable indications.

Conflicts of Interest: No conflicts declared.

References
1.	 Noordin S, Masri BA, Duncan CP, Garbuz DS. Acetabu-

lar bone loss in revision total hip arthroplasty: principles 
and techniques. Instr Course Lect 2010;59:27–36.

2.	 D’Antonio JA, Capello WN, Borden LS, Bargar WL, Bi-
erbaum BF, Boettcher WG, et al. Classification and man-
agement of acetabular abnormalities in total hip arthro-
plasty. Clin Orthop Relat Res 1989;243:126–37.

3.	 Deirmengian GK, Zmistowski B, O’Neil JT, Hozack WJ. 
Management of acetabular bone loss in revision total hip 
arthroplasty. J Bone Joint Surg Am 2011;93:1842–52. 

4.	 Callaghan JJ, Rosenberg AG, Rubash HE, (editors). The 
adult hip.  Güney N, Mahiroğulları M, (Translation edi-
tors). [Erişkin kalça. Asetabular revizyon artroplastisinde 
yapısal allogreft kullanımının endikasyonları tekniği ve 
sonuçları]. Vol. 2, Section 94. 2nd ed., İstanbul: Doğan 
Tıp Kitapevi; 2008. s. 1399.

5.	 Paprosky WG, Martin EL. Structural acetabular allograft 
in revision total hip arthroplasty. Am J Orthop (Belle 
Mead NJ) 2002;31:481–4.

6.	 Amstutz HC, Ma SM, Jinnah RH, Mai L. Revision of 
aseptic loose total hip arthroplasties. Clin Orthop Relat 
Res 1982;170:21–33.

7.	 Slooff TJ, Buma P, Schreurs BW, Schimmel JW, Huiskes 
R, Gardeniers J. Acetabular and femoral reconstruction 
with impacted graft and cement. Clin Orthop Relat Res 

1996;324:108–15.
8.	 Marti RK, Schüller HM, Besselaar PP, Vanfrank Haas-

noot EL. Results of revision of hip arthroplasty with ce-
ment. A five to fourteen-year follow-up study. J Bone Joint 
Surg Am 1990;72:346–54.

9.	 Della Valle CJ, Berger RA, Rosenberg AG, Galante JO. 
Cementless acetabular reconstruction in revision total hip 
arthroplasty. Clin Orthop Relat Res 2004;420:96–100.

10.	Hallstrom BR, Golladay GJ, Vittetoe DA, Harris WH. 
Cementless acetabular revision with the Harris-Galante 
porous prosthesis. Results after a minimum of ten years of 
follow-up. J Bone Joint Surg Am 2004;86:1007–11.

11.	Paxton ES Jr, Keeney JA, Maloney WJ, Clohisy JC. Large 
acetabular defects can be managed with cementless revision 
components. Clin Orthop Relat Res 2011;469:483–93. 

12.	Whaley AL, Berry DJ, Harmsen WS. Extra-large un-
cemented hemispherical acetabular components for 
revision total hip arthroplasty. J Bone Joint Surg Am 
2001;83:1352–7.

13.	Dearborn JT, Harris WH. Acetabular revision arthroplas-
ty using so-called jumbo cementless components: an aver-
age 7-year follow-up study. J Arthroplasty 2000;15:8–15.

14.	Sporer SM, Paprosky WG. Acetabular revision using a 
trabecular metal acetabular component for severe acetabu-
lar bone loss associated with a pelvic discontinuity. J Ar-
throplasty 2006;21(6 Suppl 2):87–90.

15.	Siegmeth A, Duncan CP, Masri BA, Kim WY, Garbuz 
DS. Modular tantalum augments for acetabular de-
fects in revision hip arthroplasty. Clin Orthop Relat Res 
2009;467:199–205. 

16.	Van Kleunen JP, Lee GC, Lementowski PW, Nelson 
CL, Garino JP. Acetabular revisions using trabecular 
metal cups and augments. J Arthroplasty 2009;24(6 Sup-
pl):64–8. 

17.	Buttaro MA, Comba F, Pusso R, Piccaluga F. Acetabular 
revision with metal mesh, impaction bone grafting, and a 
cemented cup. Clin Orthop Relat Res 2008;466:2482–
90.

18.	Gilbody J, Taylor C, Bartlett GE, Whitehouse SL, Hubble 
MJ, Timperley AJ, et al. Clinical and radiographic out-
comes of acetabular impaction grafting without cage re-
inforcement for revision hip replacement: a minimum ten-
year follow-up study. Bone Joint J 2014;96:188–94. 

19.	Schatzker J, Wong MK. Acetabular revision. The role of 
rings and cages. Clin Orthop Relat Res 1999;369:187–97.

20.	Regis D, Sandri A, Bonetti I, Bortolami O, Bartolozzi P. 
A minimum of 10-year follow-up of the Burch-Schneider 
cage and bulk allografts for the revision of pelvic disconti-
nuity. J Arthroplasty 2012;27:1057–63. 

21.	A. Hakan Eren. Harris hip score. Acta Orthop Traumatol 
Turc 1991;31: 285–8.

22.	DeLee JG, Charnley J. Radiological demarcation of ce-
mented sockets in total hip replacement. Clin Orthop 



Demir et al. Acetabular roof ring and Burch-Schneider anti-protusio cages 605

Relat Res 1976;121:20–32.
23.	Morsi E, Garbuz D, Gross AE. Revision total hip arthro-

plasty with shelf bulk allografts. A long-term follow-up 
study. J Arthroplasty 1996;11:86–90.

24.	Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. 
Ectopic ossification following total hip replacement. Inci-
dence and a method of classification. J Bone Joint Surg Am 
1973;55:1629–32.

25.	Schlegel UJ, Bitsch RG, Pritsch M, Clauss M, Mau H, 
Breusch SJ. Mueller reinforcement rings in acetabular re-
vision: outcome in 164 hips followed for 2-17 years. Acta 
Orthop 2006;77:234–41.

26.	Gurtner P, Aebi M, Ganz R. The acetabular roof cup in 
revision arthroplasty of the hip. [Article in German] Z 
Orthop Ihre Grenzgeb 1993;131:594–600.

27.	Berry DJ, Müller ME. Revision arthroplasty using an anti-
protrusio cage for massive acetabular bone deficiency. J 
Bone Joint Surg Br 1992;74:711–5.

28.	Symeonides PP, Petsatodes GE, Pournaras JD, Kapetanos 
GA, Christodoulou AG, Marougiannis DJ. The Effective-
ness of the Burch-Schneider antiprotrusio cage for acetab-
ular bone deficiency: five to twenty-one years’ follow-up. J 
Arthroplasty 2009;24:168–74. 

29.	Coscujuela-Mañá A, Angles F, Tramunt C, Casanova X. 
Burch-Schneider antiprotrusio cage for acetabular revi-
sion: a 5- to 13-year follow-up study. Hip Int 2010;20 
Suppl 7:112–8. 

30.	Paprosky WG, Perona PG, Lawrence JM. Acetabular de-
fect classification and surgical reconstruction in revision 
arthroplasty. A 6-year follow-up evaluation. J Arthroplasty 
1994;9:33–44.

31.	Rosson J, Schatzker J. The use of reinforcement rings 
to reconstruct deficient acetabula. J Bone Joint Surg Br 
1992;74:716–20.

32.	Abolghasemian M, Sadeghi Naini M, Tangsataporn S, 
Lee P, Backstein D, Safir O, et al. Reconstruction of mas-
sive uncontained acetabular defects using allograft with 

cage or ring reinforcement: an assessment of the graft’s 
ability to restore bone stock and its impact on the outcome 
of re-revision. Bone Joint J 2014;96:319–24. 

33.	S. Terry C, James HB. (Editörler) Campple’s Operative 
Orthopaedics. Mustafa B, Cemil Y, (Çeviri Editörleri) 
Bölüm 7, Kalça Artroplastisi (s:425) Güneş Tıp Kitape-
vleri 2011.

34.	Lamo-Espinosa J, Duart Clemente J, Díaz-Rada P, Pons-
Villanueva J, Valentí-Nín JR. The Burch-Schneider anti-
protrusio cage: medium follow-up results. Musculoskelet 
Surg 2013;97:31–7. 

35.	Philippe R, Gosselin O, Sedaghatian J, Dezaly C, Roche 
O, Sirveaux F, et al. Acetabular reconstruction using mor-
selized allograft and a reinforcement ring for revision ar-
throplasty with Paprosky type II and III bone loss: survival 
analysis of 95 hips after 5 to 13 years. Orthop Traumatol 
Surg Res 2012;98:129–37.

36.	Krishnan KM, Longstaff L, Partington P. Acetabular re-
construction using morcellised bone with ring support-
-medium-term results at three to nine years. Acta Orthop 
Belg 2011;77:61–7.

37.	Kjaersgaard-Andersen P, Hougaard K, Linde F, Christian-
sen SE, Jensen J. Heterotopic bone formation after total 
hip arthroplasty in patients with primary or secondary 
coxarthrosis. Orthopedics 1990;13:1211–7.

38.	Masonis JL, Bourne RB. Surgical approach, abductor 
function, and total hip arthroplasty dislocation. Clin Or-
thop Relat Res 2002;405:46–53.

39.	Wade FA, Rapuri VR, Parvizi J, Hozack WJ. Isolated ac-
etabular polyethylene exchange through the anterolateral 
approach. J Arthroplasty 2004;19:498–500.

40.	Bülbül M, Ayanoğlu S, Beytemür O, Gürkan V, Esenyel 
CZ, Gürbüz H. The relationship between morpho-
metric parameters and Trendelenburg sign following 
the Hardinge incision. Acta Orthop Traumatol Turc 
2010;44:124–6.


