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Abstract The aim of the present study was to analyze the

clinical and radiographic outcomes and Kaplan–Meier

survivorship of patients who underwent revision surgeries

of the acetabular cup that had sustained aseptic loosening.

We reviewed 101 consecutive patients (120 hips; 10 men

11 hips; 91 women 109 hips; age at surgery 66 years; range

45–85) who underwent acetabular component revision

surgery, at a follow-up period of 15.6 years (range 10–32).

To evaluate the state of the acetabulum, acetabular bony

defects were classified according to the AAOS classifica-

tion based on intraoperative findings: type I (segmental

deficiencies n = 24 hips), type II (cavity deficiency

n = 48), type III (combined deficiency n = 46), and type

IV (pelvic discontinuity n = 2). The Harris hip score

improved from 42.5 ± 10.8 (mean ± SD) before surgery

to 74.9 ± 14.6 points at follow-up. The survival rates of

the acetabular revision surgery with cemented, cementless,

and cemented cups plus reinforcement devices were 74, 66,

and 82 %, respectively. The difference in the survival rate

between the cemented and cementless group was marginal

(p = 0.048 Gehan–Breslow–Wilcoxon, p = 0.061 log-

rank), probably due to the early-stage failure cases in the

cementless group. The cementless and reinforcement

groups included nine early-stage failure cases. To prevent

early-stage failure, we recommend the cementless cups for

types I and II acetabular bone defects with adequate contact

between host bone and acetabular component, and the

cemented cup with or without reinforcement devices,

together with restoration of bone stock by impaction or

structured bone grafting, for cases lacking such contact.

Keywords Revision total hip arthroplasty � Acetabulum �
Bony defect � Cementless cup � Cemented cup �
Reinforcement device � Bone grafting

Introduction

Total hip arthroplasty (THA) is one of the preferable

solutions for regaining ambulatory activity in patients with

end-stage osteoarthritis (OA), and the procedure is well

developed technically and large numbers of patients benefit

from THA worldwide [1–3]. However, despite the

improvements in implant designs and surgical techniques,

the revision rate remains high, and the number of revisions

is expected to increase in the future due to the increase in

the volume of primary THA and the proportion of younger,

more active patients who are likely to survive longer than

their prosthetic implants [4, 5].

Compared with primary THA, greater technical and

decision-making challenges face the surgeon at revision

THA, especially due to the need to manage acetabular bone

loss and uncertainties regarding implant choice, and fixa-

tion strategies [4]. Various procedures of revision surgery

and devices have been described for the reconstruction of

the acetabulum, such as cemented cups [6–8], cementless

cups [4, 9, 10] including the use of jumbo cups [11, 12],

and the combination of cemented cups and reinforcement

devices [13–15]. In addition, various techniques of bone

grafting for the acetabular bone defects have been reported

[16–18]. However, despite the number of proposed solu-

tions, reconstruction of the acetabulum in revision THA is

still a perplexing problem [4, 8, 17].
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The present retrospective study is a long-term follow-up

study (mean follow-up period of 15.6 years) designed to

characterize the clinical and radiographic outcome of

acetabular revision surgery. Specifically, we compared the

long-term survival rates of the cemented cups, cementless

cups, and cemented cups with reinforcement devices, after

acetabular revision surgeries.

Materials and methods

Patient demographics

This study was designed to review patients with follow-up

period of 10–32 years after acetabular cup revision sur-

gery. Between 1988 and 2005, 117 Japanese patients (137

hips) with THA that had sustained aseptic loosening

underwent acetabular revision surgery at our University

Hospital. In this series, 8 patients (9 hips) died prior to the

10-year follow-up visit without having undergone addi-

tional surgery, and 6 patients (6 hips) were lost to follow-

up before the 10-year period. These 14 patients (15 hips)

were excluded, but 20 patients (23 hips) who died after the

10-year follow-up examination were included in this study,

where the date of the last consultation was considered the

final examination. The cause of death was unrelated to

acetabular reconstruction. Fourteen patients who were lost

to follow-up after the 10-year follow-up examination were

also included in this study. Twenty-two patients who

underwent a second or third revision surgery were included

but only data of the first revision surgery were analyzed in

this case series. In addition, two hips with septic loosening

of the implants were excluded from the study. Thus, the

remaining 101 patients (120 hips) were the subjects of this

study.

Nineteen patients (one man; 18 women) had bilateral

lesions and 82 (nine men; 73 women) had unilateral aseptic

loosening. Isolated acetabular revision was performed in 68

cases, while the remaining 52 patients underwent revision

of both acetabular and femoral components. The mean age

of the patients at the time of revision surgery was

65.8 years (range 45–85). The primary diagnosis before

primary THA was osteoarthritis in 100 hips, rheumatoid

arthritis in 9, and avascular necrosis of the femoral head in

11.

Surgical technique

All surgeries were conducted through a standard posterolat-

eral approach with a reduced and curved skin incision,

removal of loose components, curettage of pseudomembrane,

and removal of previous cement to provide acetabular expo-

sure. Acetabular bone defects were classified based on the

following intraoperative findings and according to the clas-

sification of the American Academy of Orthopaedic Surgeons

(AAOS) [19]: type I (segmental deficiencies in periphery and/

or center of the acetabulum) in 24 hips, type II (cavitary

deficiency in periphery and/or center) in 48 hips, type III

(combined deficiency) in 46, and type IV (pelvic discontinu-

ity) in two.

The treatment strategies for acetabular reconstruction

were as follows. For type I acetabular defects, the acetab-

ulum was prepared using hemispherical reamers, and then,

the acetabular cup was either cemented into place or press-

fit into the acetabulum with the addition of screws placed

through the cementless cup with or without morselized

bone grafting from acetabular reaming. For type II defects,

any cavity defect in the center of the acetabulum was

packed with structural or crushed allograft before fixation

of the cement or cementless cup. On the other hand, for

type III defects and type II defects with large cavity defi-

ciency at the superio-lateral aspect of the acetabulum, we

used a reinforcement plate or ring with structural and/or

crushed allograft by forced impaction, followed by fixation

of the polyethylene cup with cement. For type IV bone

defects, a reinforcement device was selected after struc-

tural and/or impaction bone grafting, together with fixation

of the posterior column using a reconstruction plate.

However, since this study included elderly subjects,

impaction bone grafting was performed in only 12 cases,

and treatment of one patient with grade IV defect included

only the use of reinforcement plate. In addition, we tended

to use the cement cup before 1994, but this was gradually

replaced with the cementless cup. Furthermore, conven-

tional polyethylene liner was used in 48 hips before 1998,

but this was subsequently changed to cross-linked poly-

ethylene liner (72 hips).

A total of 37 acetabular cement cups were used, which

included 30 MC-1 cups (Stryker Orthopaedics, Mahwah,

NJ), 5 polyethylene acetabular cups (Stryker Orthopaedics),

and 2 sockets (KYOCERA Medical, Osaka, Japan). On the

other hand, 36 cementless cups were used, including 11

SecureFit PSL cups (Stryker Orthopaedics), 9 TriAD HA

cups (Stryker Orthopaedics), 7 ATH shells (KYOCERA

Medical), 4 APR cups (Zimmer, Warsaw, IN), 3

microstructured cups (Stryker Orthopaedics), and 2 AMS

HA shells (KYOCERA Medical). We used 47 reinforcement

devices, which included 34 KT plates (KYOCERA Medi-

cal), 8 Müller acetabular supporting rings (Zimmer), and 5

Kerboull acetabular cross-plates (Stryker Orthopaedics).

The operation time ranged from 1.5 to 6.2 h (mean 3.2 h) and

the mean blood loss was 632 g (range 200–4500). None of

the patients suffered insult to the sciatic nerve, deep venous

thrombosis, or developmental heterotopic ossification.

Ambulation was allowed 2–42 days after surgery, and

patients were discharged 20–85 days after surgery.
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Ten- to thirty-two-year follow-up study

Follow-up investigation was performed every 1 year after

the revision surgery and included evaluation of the Harris

hip score before surgery and at the latest clinical exami-

nation, and radiography. Radiological assessment was

performed on standard antero-posterior and lateral radio-

graphs taken after surgery and at each follow-up visit. The

acetabular component was classified as definitely loose if

the sum of horizontal and vertical migration was [5 mm,

if the change in the acetabular component was [5�, or if

there was a progressive radiolucent line[1 mm around the

whole acetabular component [20, 21]. The mean follow-up

period was 15.6 years (range 10–32).

The protocol for investigating the clinical outcome and

radiological findings was approved by the Ethics Review

Committee of Fukui University Faculty of Medicine, and a

written informed consent was obtained from all patients.

Statistical analysis

Changes in Harris hip score were evaluated with two-tailed

Student’s t tests. The Kaplan–Meier analysis was performed

to assess survival rates, in which the endpoint was defined as

re-revision surgery. Comparison of the survival rate of the

different groups (cemented cups, cementless cups, and

cemented cups with reinforcement devices) was performed

with the log-rank and Gehan–Breslow–Wilcoxon tests. A

significant difference was defined as p\ 0.05. Data were

expressed as mean ± standard deviation (SD). Changes in

Harris hip score were evaluated with two-tailed Student’s

t tests, and comparison of Harris hip score between the

groups was evaluated with analysis of variance (ANOVA).

All analyses were conducted using SPSS Statistics for Mac

OS version 21 software (IBM, Armonk, NY).

Results

Kaplan–Meier survival rate

Kaplan–Meier survival rate with re-revision at 10 years as

the endpoint was 95 % (95 % confidence interval [CI],

87–102) in the cemented group, 80 % (95 % CI, 75–97) in

the cementless group, and 84 % (95 % CI, 81–98) in the

reinforcement group. The rate at the final follow-up was

74 % (95 % CI, 34–97), 66 % (95 % CI, 31–90), and 82 %

(95 % CI, 66–94), respectively (Fig. 1). The survival rate

tended to be better in the cemented group than the

cementless group, but the difference was only marginal

(p = 0.048 by Gehan–Breslow–Wilcoxon test, p = 0.061

by log-rank test). There were no significant differences

among the other groups.

Clinical results

The mean preoperative Harris hip score improved signifi-

cantly after surgery in patients treated with the cemented

cup [from 43.5 ± 13.6 (range 16–58) to 77.2 ± 15.1

points (42–96)], cementless cup [from 43.6 ± 12.2 (12–60)

to 76.2 ± 14.4 points (38–92)], and reinforcement device

[40.9 ± 10.2 (18–58) to 72.1 ± 17.8 points (32–92)]

(p\ 0.001, each). There were no significant differences

among the groups.

Radiographic findings

In patients treated by cemented cups, radiolucency was

noted in 14 hips including 8 hips with cup migration. Of

these cases, re-revision was performed in 6 hips while no

treatment was provided in the remaining 8 hips (Fig. 2). In

patients treated by cementless cups, changes in the

acetabular component were observed within 2 years in 4

hips (Table 1; Fig. 3), and radiolucency was noted in 7

hips. Re-revision surgery was conducted in 8 hips while no

treatment was provided in 3 hips. All other cases showed

no significant radiolucency, though wear of the poly-

ethylene liner was noted. Patients treated by cemented cups

with reinforcement devices demonstrated breakage of the

reinforcement plates with absorption of the grafting bones

in 10 hips, dislodgement of the cemented cup within

2 years in one, and migration of the reinforcement ring in

one. Breakage of the reinforcement plates occurred within

2 years in 4 cases (Table 1; Fig. 4). Re-revision surgery

was conducted in 8 cases, while the other 4 have not yet

undergone such surgery.

Discussion

This 10–32 year follow-up study of acetabular revision

surgeries, which compared the survival rates of the

cemented cups, cementless cups, and cemented cups with

reinforcement devices, demonstrated a trend toward the

cemented group to have a better survival rate than the

cementless group; however, the difference was only mar-

ginal (p = 0.048 Gehan–Breslow–Wilcoxon, p = 0.061

log-rank). We considered that this marginal difference was

due to the early-stage failure of the cementless group. In

addition, there was no significant difference in the survival

rate between the cemented and reinforcement group;

however, Kaplan–Meier curves of these groups were sim-

ilar including several early-stage failure cases. Because of

the limitation of this non-randomized retrospective study, it

was difficult to compare the survival rate between the

groups simply; however, the decrease in survival rate after

10 years in all groups was dependent on the wear of
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standard polyethylene liner [21], and the cementless and

reinforcement group included several early-stage failure

cases.

Sternheim et al. [8] followed their patients for 18 years

after surgery and reported that the 20-year survival rates of

the cemented and cementless cups were 36 and 76 %,

su
rv

iv
al

 ra
te

cemented cup
cementless cup
cemented cup with reinforcement device

years

Fig. 1 Kaplan–Meier survival curves with re-revision as the end-

point. The survival rates of the acetabular revision surgery with

cemented cups, cementless cups, and cemented cups with reinforce-

ment devices were 74, 66, and 82 %, respectively. The survival rate

for cemented group was statistically better than that of the cementless

group with marginal difference [p = 0.048 by Gehan–Breslow–

Wilcoxon test, p = 0.061 by log-rank test (asterisks)], due to the

initial failure of the cementless group

Fig. 2 Serial antero-posterior radiographs taken a 1 week,

b 10 years, c 20 years, d 25 years, and e 30 years after right-side

cemented revision THA in a 58-year-old woman. The acetabulum

with AAOS type II bone defect was reconstructed by Socket

(KYOCERA Medical), which was a cemented standard polyethylene

cup, with structural bone grafting. Radiolucency between the cement

and bone was observed with cup migration 25 years after the revision

surgery (d), but the patient did not complain of pain or any disability
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respectively. However, they also described that patients of

the cemented cup group predated those of the cementless

group and suggested that the reason for the finding was in

part related to the use of small-diameter cups in some

patients. While high failure rates of the cemented

acetabular components have been reported [4, 8], others

reported that the use of cemented cups together with

impaction bone grafting in patients with rheumatoid

arthritis during revision surgery was associated with sig-

nificant improvement in the long-term survival rate (85 %

Table 1 Demographic data of patients with failed revision THA within two years

Patient Age

(years)

Sex Initial

diagnosis

Type of AAOS

bone defect

Acetabular

implant

Bone grafting at

revision surgery

Time after revision

surgery (months)

Reason for failure

1 72 F OA 2 TriAD HA

(cementless)

None 24 Instability

2 51 F OA 2 SecureFit PSL

(cementless)

Chip bone grafting 6 Instability

3 70 F OA 1 SecureFit PSL

(cementless)

None 18 Instability

4 68 M ANF 3 TriAD HA

(cementless)

Impaction allografting

with HA granule

8 Instability with

allograft

absorption

5 66 F OA 3 KT plate and

cemented cup

Chip bone grafting 18 KT plate breakage

6 68 F OA 2 KT plate and

cemented cup

Structural bone

grafting

20 KT plate breakage

7 64 F OA 2 KT plate and

cemented cup

Chip bone grafting 24 KT plate breakage

8 60 F OA 3 Kerboull plate and

cemented cup

Chip bone grafting 24 Kerboull plate

breakage

9 58 F OA 4 Müller ring and

cemented cup

Impaction allografting

with HA granule

16 Cemented cup

dislodgement

OA osteoarthritis, ANF avascular necrosis of the femoral head, AAOS American Academy of Orthopaedic Surgeons, HA hip arthroplasty

a b c

d e f

g

Fig. 3 Serial antero-posterior (a, b, c) and lateral (d, e, f) radiographs

taken 1 week (a, d), 3 months (b, e), and 8 months (c, f) after left-side

acetabular revision surgery by cementless cup in a 68-year-old man

(Patient 4, Table 1). Impaction bone grafting with hydroxyapatite was

performed for AAOS type III bone defect (a, b), and the space

between the acetabular component and impacted mixture of

hydroxyapatite and allograft demonstrated impacted allograft (arrows

in d). Eight months after the revision surgery, a clear zone was

observed on the lateral view of the radiograph (arrowhead in f).
Intraoperative photograph just after removal of the loose cementless

cup showed that the acetabular surface was covered by granulation

tissue (g)
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at 8–19 year follow-up) in comparison with other tech-

niques [7]. In our case series, the cemented cup was mostly

used before 1994, while the conventional polyethylene

cups were used before 1998. We considered that these

practices in the selection of preferred implants might have

influenced the survival rate of the cemented cup.

On the other hand, several reports [4, 8, 9, 11, 12, 16]

described satisfactory long-term outcome using the

cementless components in acetabular cup revision sur-

gery. Sternheim et al. [8] argued that the favorable out-

come of the cementless cup could be due to the biologic

fixation achieved by bone ingrowth onto the cementless

cups. In the present study, the 10- to 25-year survival rate

of the cementless cups was 66 %. The survival rate

gradually decreased, similar to that of cemented cups, but

the cementless group included four cases with failure

occurring within 2 years after revision surgery, and such

failure was due to implant instability. In this regard, Patel

et al. [16] stressed the importance of achieving at least

more than 50 % host bone contact in the part of the dome

and posterior column. We considered that the cause of

instability of the acetabular components in Patients 2 and

4 (Table 1) was lesser contact between the component

and host bone. In other words, inadequate bone grafting

was the cause of instability in Patient 2, and implant

instability was due to the contact between the component

and impacted allograft at most areas of the component. In

Patients 1 and 3 (Table 1), the contact between the

acetabular components and host bone was adequate;

however, the bone quality of the acetabulum was rela-

tively low. We believe that the selection of the cementless

cup in acetabular revision surgery should be limited to

patients with adequate acetabular bone stock at the

superio-lateral and posterior acetabulum, with confirmed

good bone quality. Such selection strategy should ensure

satisfactory early outcome, which in turn could improve

long-term outcome of the cementless cups.

Reconstruction of acetabula with considerable pelvic

bone stock deficiencies, such as AAOS type III and IV

bone defects, in revision arthroplasty, requires complex

reconstructive techniques. Bone grafting is one of the most

effective procedures for reconstruction of acetabula with

massive bone defects. However, van Haaren et al. [17]

reported postoperative failure in 34 % of patients who

undertook revision THA with impaction bone grafting and

cemented cups for AAOS type III or IV acetabular bone

defects during 7.2-year follow-up period. They reasoned

the high failure rate of the cemented impaction grafting

technique to the extent of bone defect and especially the

lack of bony support behind the graft in case of large

segmental defects. In the present study, we used rein-

forcement plate or ring in the majority of cases with type

III and IV bone defects except in two cases with type III

defects. The survival rate of the cemented cups with rein-

forcement devices was 82 % for the 10–17 year follow-up.

In this group, five patients developed failure within

2 years, including dislodgement of the cemented cup from

the Müller ring in one hip, and breakage of reinforcement

plate in four. A reinforcement plate or ring, such as Ker-

boull plate, KT plate, or Müller ring, must be used and

placed as close as possible to the original acetabular

position. It should also be used in combination with a

morselized and/or structural bone graft for bone defects to

prevent future failure [13–15]. In this regard, only chip

allograft was used to fill the acetabular defects in four cases

who developed breakage of the reinforcement plate. We

emphasize here the importance of impaction allografting

and/or structural bone grafting for type III acetabular

defect, especially to the weight-bearing portion to prevent

early-stage failure.

Fig. 4 Serial antero-posterior radiographs taken a 1 week,

b 6 months, c 1 year, and d 2 years after right-side revision THA

with KT plate (KYOCERA Medical) and polyethylene acetabular cup

(Stryker Orthopaedics) in a 56-year-old woman. The acetabulum with

AAOS type II bone defect was reconstructed after allograft bone

grafting without impaction (a). Collapse of the grafted bone and

breakage of the KT plate occurred 2 years after the revision surgery

(d)
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Conclusions

In conclusion, we reported that the mean 15.6-year follow-

up (range 10–32) survival rates of acetabular revision with

cemented cups, cementless cups, and cemented cups with

reinforcement devices were 74, 66, and 82 %, respectively.

While the survival rate of the cemented cups tended to be

better than those of the cementless group, the difference

was only marginal (p = 0.048 Gehan–Breslow–Wilcoxon,

p = 0.061 log-rank). The marginal difference was due to

the early-stage failure cases of the cementless group. Nine

cases of the cementless and reinforcement groups showed

early-stage failure. To prevent such failures, we believe

that the use of cementless cups should be limited to types I

and II acetabular bone defects with adequate contact of

host bone and acetabular component. On the other hand,

the cemented cup with or without reinforcement devices,

together with restoration of bone stock by impaction or

structured bone grafting, should be selected for those cases

with inadequate contact between the host bone and

acetabular component.
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