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Background/Purpose: Revision total hip arthroplasty has become more and more challenging in recent
years due to the lengthened lifespan of the patients and greater number of revision total hip surgeries.
The hydroxyapatite (HA)-coated cup was reported to reduce the radiolucent line after total hip arthro-
plasty. However, it was also reported that HA particles increased the risk of polyethylene (PE) liner wear,
resulting in osteolysis. Therefore, we wanted to know which cup coating would result in a lower loos-
ening rate and better longevity after revision total hip surgery.
Methods: We reviewed a series of revision total hip arthroplasties in our department from 2000 to 2009.
A total of 321 patients underwent 374 revision hip arthroplasties with cup replacement. Cases of revision
total hip arthroplasty with cup revision caused by aseptic loosening were included in our study. In all,
148 cases fulfilled our criteria and were enrolled into our study. Revision due to aseptic loosening
after prior revision surgery was defined as [[lifespan of revision implant??]]<comment>Compuscript:
This appears to be a comment left from Elsevier. </comment>. We checked the revision rate and
implant longevity of HA-coated TRIDENT (Stryker, Mahwah, NJ, USA), porous-coated DURALOC (Depuy,
Warsaw, IN, USA) and fiber-metalecoated TRILOGY (Zimmer, Warsaw, IN, USA) cups after revision hip
arthroplasty.
Results: Of the 148 cases, 73 were revised with HA-coated, 32 with porous-coated and 43 with fiber-
metalecoated cups. Fiber-metal coating, to a significant extent, had the highest incidence rate and
shortest implant survival of the three groups. In terms of high degrees of pre-operative acetabular
defects, HA-coating and porous coating preserved more bone stock than fiber-metal coating.
Conclusion: HA-coated implants were regarded as beneficial to bone ingrowth after hip arthroplasty,
especially with regard to the cup and stem components. Porous-coated cups had similar results. Fiber-
metalecoated cups had a significantly higher loosening rate and lower implant survival, especially
with large pre-operative acetabular bone defects with Paprosky classifications IIIA and IIIB.
Revision total hip arthroplasty with HA-coated or porous-coated cup components revealed better results,
greater longevity, and a low incidence of repeated revision, especially in cases with large bone defects.
Copyright � 2012, Taiwan Orthopaedic Association. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Total hip arthroplasty (THA) is one of the most effective ortho-
pedic operations of recent years. However, the longevity of THA has
been taken into consideration because of the prolonged lifespan of
the patients.1
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Generally speaking, THA requires revision in circumstances that
include infection, periprosthetic fracture, recurrent dislocation,
liner wear, osteolysis, and most common of all, aseptic loosening.2

Osteolysis is a very important factor related to the longevity of
arthroplasty. Osteolysis may occur as a result of various mecha-
nisms, but particles from a worn liner play a big role. Polyethylene
(PE) particles from the liner may induce backside wear and third
body wear.3 Newly designed PE and highly cross-linked PE can
reduce liner wear. Other bearing materials, such as ceramic on
ceramic, metal on metal, or ceramic on PE are able to decrease
osteolysis from PE particles.4 Liner problems are improving
lished by Elsevier Taiwan LLC. All rights reserved.
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Table 1
Implant profile.

Implant Coating Liner Manufacturer

TRILOGY Fiber metal Longevity Zimmer, Warsaw, IN, USA
TRIDENT Hydroxyapatite Crossfire X3 Stryker, Mahwah, NJ, USA
DURALOC Porous Altralink Depuy, Warsaw, IN, USA

Table 2
Demographic data.

HA Porous Fiber Metal

Sex, N (M/W) 73 (35/38) 32 (13/19) 43 (12/31)
Mean age, y (min/max) 59.23 (26/83) 62.49 (33/85) 57.51 (26/84)
Loosening numbers 6 3 11
Mean follow-up (mo) 38.50 35.34 63.30

HA¼ hydroxyapatite.
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gradually. Another important factor of osteolysis is cup design.
Different cup designs, especially different coatings, lead to different
results in THA. Coating material may be the key factor in different
cup designs. We often use porous coating, hydroxyapatite (HA)
coating or fiber-metal coating acetabular components for THA.
Choice of coating material is still debated and most investigations
have focused on primary hip arthroplasty with different coatings.
No large series report on coating material in revision hip arthro-
plasty can be found.

Besides, bone loss after repeated revision hip arthroplasties is
challenging during operation. Acetabular bone defects after hip
arthroplasty affect the revision surgery and operative method.5

Bone stock preservation is another important issue in revision hip
arthroplasty. An ideal implant should have the following charac-
teristics: good bone purchasing, a low failure rate, and bone stock
preservation.6 The HA-coated femoral stem is widely used in
revision THA and has proved to be very successful. However, the
issue of which cup coating provides better results for revision THA
is still debated. Therefore, we wanted to know if different kinds of
coating on the cups would yield different results in revision THA.
2. Materials and methods

The purpose of this study was to investigate retrospectively the
long-term follow-up of patients who had undergone revision THA.
For patients with THA with different types of cups, we wanted to
know the revision rate due to aseptic loosening, implant longevity,
and bone stock preservation after the first revision surgery. All
patients underwent revision hip arthroplasty by a single surgeon
(W.M.C.) from 2000 to 2009. The same operative approach and
soft-tissue dissection was used in all surgeries. All patients ach-
ieved initial stability postoperatively and were followed at least
two years. Our inclusion criterion was that the patients had
undergone revision hip arthroplasty or a revised acetabular
component operation due to aseptic loosening. Those patients with
the following were excluded: infection, periprosthetic fracture,
recurrent dislocation, which required revision, linen wear without
loosening, revisionwith a cemented technique, or revision required
due to neoplasm. The endpoint of the implant was defined as it
being loosened enough to be revised, based on imaging findings.
We measured bone stock using Paprosky acetabular classification.
The implants used included the porous-coated DURALOC (Depuy,
Fig. 1. The authors’ implants. (A) TRILOGY (Zimmer, Warsaw, IN, USA); (B) DUR
Warsaw, IN, USA), HA-coated TRIDENT (Stryker, Mahwah, NJ, USA),
and fiber-metalecoated TRILOGY (Zimmer, Warsaw, IN, USA). See
Table 1 and Fig. 1 for more information. Choices of implant
depended on several factors. First was the previous type of hip
arthroplasty. When performing revision hip arthroplasty, we tried
to replace the implant as little as possible to preserve more bone
stock. Hence, if there was only cup loosening with a well-fixed
stem, only cup revision was required. And the choice of cup was
based on the original one. Some kinds of hip arthroplasty use a long
stem and diaphyseal locking mechanism that makes them more
appropriate for a long stem defect. Therefore, the choice of cup
would change with the selection of the stem. A hybrid combination
of cup and stem is permitted in certain kinds of implants.7 The
incidence rate and bone stock preservation were calculated via
Student’s t-test, chi-square test, and F-test. Longevity of the implant
was compared using the Kaplan-Meier method. We used MEDCALC
(version 12.0.3.0) for statistical analysis.

3. Results

From 2000 to 2009, 333 revision operations were performed;
148 cases were enrolled into our study and 185 were excluded.
Most of the exclusions were because of infection and periprosthetic
fracture and dislocation. There were 58 men and 90 women; the
mean age of all patients was 59.5 years. Forty-three hips were
revised with the TRILOGY (fiber-metalecoated), 73 with the
TRIDENT (HA-coated), and 32 with the DURALOC (porous coated).
Of the 43 patients treated with the TRILOGY, 12 were men and 31
women, with a mean age of 59.4 years. Of the 73 patients using the
TRIDENT, 35 were men and 38 women, with a mean age of 59.4
years; the 32 patients using the DURALOC included 13 men and 19
women, with a mean age of 60.0 years. There was no significant
difference in the demographic data collected from the medical
records and chart reviews of the three groups (Table 2).

The incidence rate of aseptic loosening after the first revision
differed among the three groups, and included six cases (6/43) with
the TRIDENT,11 (11/43) with the TRILOGY, and three (3/32) with the
DURALOC. The fiber-metal group had the highest loosening rate
(p¼0.03). Odds ratio analysis also showed a higher loosening rate
for the fiber-metalecoated cups compared with the two other
types of implants (Tables 3 and 4). Implant survival was calculated
ALOC (Depuy, Warsaw, IN, USA); (C) TRIDENT (Stryker, Mahwah, NJ, USA).



Table 3
Chi-square plot of loosening incidence in three groups.

Coating Loosening Stable Total Estimated

Porous 3 29 32 4.32
Fiber metal 11 32 43 5.81
HA 6 67 73 9.86
Total 20 128 148 p¼ 0.038

HA¼ hydroxyapatite.

Table 4
Odds ratio between groups.

Porous Fiber Metal HA

Porous 3.32 0.92
Fiber metal 0.301 0.35
HA 1.08 2.86

HA¼ hydroxyapatite.

Table 6
Pre-OP acetabular defect.

HA Coating Porous Coating Fiber-Metal Coating

2A 2 2A 0 2A 1
2B 15 2B 9 2B 12
2C 21 2C 9 2C 10
3A 10 3A 9 3A 9
3B 25 3B 5 3B 11

HA¼ hydroxyapatite; OP¼ operation.

Table 7
Survival in different acetabular defects.

Table 8
Acetabular defect changes in loosening implants.

Fiber-Metal Coating Porous Coating
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via the Kaplan-Meier method. The HA-coated group and the
porous-coated group had a similar survival curve (p¼ 0.68).
Survival in the HA-coated group was superior to that in the fiber-
metal group (p¼ 0.03). The porous-coated group had a better
result compared with the fiber-metal group, but not to a significant
extent (p¼ 0.06; Table 5).

For bone stock preservation, we measured the preoperative and
implant endpoint Paprosky classification. The preoperative
acetabular defects in the 3 groups were not significantly different
(Table 6). The preoperative Paprosky classification was related to
implant survival (p¼ 0.03; Table 7)dthe higher the classification
was, the shorter the survival. At the time of the next implant
revision, four (4/11) patients in the fiber-metal group showed
progression of the acetabular bone defect after the first revision
surgery. One (1/6) patient in the HA-coated group and none in the
porous group developed acetabular defect progression after revi-
sion surgery (Table 8). With regard to the high grades of acetabular
defects (Paprosky 3A and 3B), there was a significantly higher
loosening rate and shorter survival in the fiber-metal group (9/20)
compared with the HA-coating (4/35) and porous-coating (2/14)
groups (Tables 9 and 10).

4. Discussion

There are many factors that can change the result in THA. In
aseptic loosening that leads to revision, young age may be a risk
Table 5
Implant survival.
factor for a high revision rate.8 This may be due to the longer life-
span of patients, which results in a greater likelihood of revision.
Otherwise, no significant patient factor was reported to be related
to aseptic loosening after primary hip arthroplasty or revision hip
arthroplasty. In our series, age and sex did not contribute to aseptic
loosening after revision hip arthroplasty.

In a literature review, HA coating was found to have good bone
ingrowth and strong fixation, and the least foreign body reaction.9
Pre-OP Post-OP Pre-OP Post-OP

2B 3A 2C 2C
2B 3B 3A 3A
3A 3A 3B 3B
3A 3B HA coating
3A 3B Pre-OP Post-OP
3B 3B 2C 3B
3B 3B 2C 2B
3B 3B 3B 3B
3B 3B 3B 3B
3B 3B 3B 3B
3B 3B 3B 3B

HA¼ hydroxyapatite; OP¼ operation.

Table 9
Chi-square plot for loosening incidence in advanced acetabular defects.

Coating Loosening Stable Total Estimated

Porous 2 12 14 3.04
Fiber metal 9 11 20 4.34
HA 4 31 35 7.60
Total 15 54 69 p¼ 0.029

HA¼ hydroxyapatite.



Table 10
Implant survival in advanced acetabular defect (Paprosky 3A, 3B).
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However, osteolysis induced by PE wearing accelerated by HA
particles is a serious concern, and some investigations have shown
inferior results in primary hip arthroplasty.10,11 Porous coating is
good for bone ingrowth and high friction interference, which
provides initial component stability.12 Fiber-metal coating is also
Fig. 2. A man aged 58 years with a series of revision surgeries. (A) Status post left THR
loosening; (D) revision with an HA-coated cup and fixed well.
HA¼ hydroxyapatite.
reported to be good for bone ingrowth.13 However, the shedding of
fiber metal has been reported, and the shedding of titanium is a risk
factor for osteolysis.14 In our series, we discovered a superior result
with revision cups with HA-coating and porous coating. We think
good bone fixation and ingrowth are important for stability and the
prevention of loosening after revision surgery. HA-induced
osteolysis was not clearly found in our cases, probably due to the
application of a new-generation PE. Fiber-metal coating had the
highest loosening rate after revision surgery in our series, which
implied that the fiber-metalecoated cupmay not be appropriate for
revision hip surgery (Fig. 2).

In some large series of primary THA, revision or loosening often
occurred in the second decade after primary hip arthroplasty.15

However, it is unclear when aseptic loosening occurs after revi-
sion hip arthroplasty. In our series, we found a similar loosening
incidence in the first 20 months after revision in the three different
coating groups, but during the 20th to 59th month, implant failure
developed rapidly in the fiber-metal group and implant survival
dropped from 90% to 70%. During the same period, survival in the
HA group and porous group was maintained at 90%. Therefore, we
think the first 5 years is an important period for observation of
loosening and implant survival in revision hip arthroplasty. Fiber-
metalecoated cups had the shortest survival in our series.

Acetabular defect is an important factor in revision hip arthro-
plasty. The Paprosky classification not only describes acetabular
defects, but also suggests different operative methods and results.5

In our series, it was reasonable that the cases with a more advanced
with acetabulum defect; (B) revision with a fiber-metal cup; (C) 8 months later, cup
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Paprosky classification had a high loosening rate and inferior
survival. Among patients with a large acetabular defect of Paprosky
classification 3A or 3B, we found the fiber-metal group had a very
high incidence of looseningdnine in 20 cases. With regard to
implant survival in cases with large bone defects, we found the
fiber-metal group had a poor result, and that survival dropped to
50% in 5 years. Hence, we consider that in revision surgery with
a large pre-operative acetabular bone defect, the fiber-
metalecoated implant is not appropriate.

Bone stock preservation is another important issue after revi-
sion hip arthroplasty. Among the cases with loosening after revi-
sion surgery, we found the fiber-metal group had a greater
likelihood of aggravating the acetabular defect (4/11) compared
with the HA-group (1/6) or porous group (0/3). The fiber-
metalecoated cups preserved less bone stock, and the HA- and
porous-coated cups preserved more bone stock and even restora-
tion, though without statistical significance.

5. Conclusion

Revision hip arthroplasty takes place more and more frequently
and is increasingly challenging. Acetabular component coating
materials are very important to implant survival in revision surgery.
In our study, HA-coated and porous-coated cups both showed
promising results and better bone stock restoration. Fiber-
metalecoated cups were not appropriate for revision surgery,
especially for large acetabular bone defects preoperatively.
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