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Abstract

Background Although it is understood that backside
damage occurs in polyethylene acetabular liners, the effect
of highly crosslinked polyethylene, which has completely
replaced conventional polyethylene, has yet to be examined.
Questions/purposes The purpose of this study was to
answer the following questions: (1) With conventional
polyethylene (CPE), did the acetabular design make a
difference in backside wear? (2) Is there a difference in
backside damage between CPE and crosslinked
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polyethylene (XLPE) liners? (3) With XLPE, is the dif-
ference in backside wear between designs still present? (4)
Is there any difference in backside damage in various zones
on backside of individual liners?

Methods This  single-institution  retrieval  analysis
involved visual damage scoring on the backside of 233
polyethylene liners implanted between 2002 and 2011. The
liners were retrieved from either polished/dovetail cups
(PD) or roughened/wire cups (RW) made by two different
manufacturers. The inserts were divided into four groups:
PD-CPE (n = 105), PD-XLPE (n = 16), RW-CPE (n = 99),
and RW-XLPE (n = 13). Aseptic loosening and poly-
ethylene wear were the predominant reasons for revision of
CPE liners, whereas instability and infection were the
common reasons for revision of XLPE liners. The time
in situ (TIS) was shorter for the XLPE liners as compared
with the CPE liners (PD-CPE: 8.5 years [SD 4.4]; RD-
CPE: 9.5 [SD 4.8]; PD-CPE: 3.8 [SD 3.7]; RD-XLPE: 4.0
[SD 4.3]). The backside of each liner was divided into five
zones and graded initially from a scale of O to 3 for seven
different damage modes by one observer. There was sub-
stantial interobserver (kappa 0.769) and intraobserver
(0.736) reliability on repeat scoring. To compare the effects
of crosslinking, a subset of the conventional polyethylene
liners was matched to the crosslinked liners based on TIS,
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resulting in 16 per group for the two PD types and 13 per
group for the two RW types.

Results Total damage scores in the RW-CPE (19 £ 7)
group were greater (p < 0.001) than the PD-CPE group (8 +
4). Damage was reduced with XLPE (p = 0.02) only for the
RW-XLPE (9 + 9) versus RW-CPE-type sockets (4 &+ 4).
There was no difference (p = 0.16) between the RW-XLPE
group and the PD-XLPE group. Damage scores in the
peripheral zone of the locking mechanisms were higher for
RW-CPE (4 £ 3) compared with PD-CPE (1.4 £ 1.0, p <
0.001) and RW-XLPE (1.3 £ 1.3, p = 0.02). Damage was
greater (p < 0.001) within the superior zones (7 £ 4) com-
pared with the inferior zones (3.0 & 2.8) of all liners.
Conclusions The current study shows greater backside
damage for CPE in the roughened, wire lock cups. XLPE
was shown to be more resistant to backside damage for
both socket designs.

Clinical Relevance Although the polished/dovetail cups
seem to cause less backside damage in the CPE liners than
roughened/wire cups, the use of XLPE liners has been
shown to protect the liner from backside damage in either
cup design. If an acetabular shell has a functional locking
mechanism, surgeons should not worry about cup design
when undertaking isolated liner revision using XLPE liners.

Introduction

Periprosthetic osteolysis, as a result of polyethylene wear,
has been an important cause of long-term failure in THA
using conventional polyethylene (CPE) and wear and lysis
remain open questions in the era of crosslinked polyethylene
(XLPE) [3, 14, 20, 21, 24, 42, 47]. Apart from the articular
side, the interface between the liner and metal socket is also
a potential source of polyethylene debris in modern modular
acetabular implants [1, 12, 23, 25, 28, 29, 36, 43, 45].
Although articular-sided wear of polyethylene has been well
documented and quantified [3, 14, 20, 21, 24, 42, 47], the
role of backside wear in modern modular prostheses con-
tinues to be controversial because even less is known about
backside wear with this newer material [1, 12, 25].

In vitro studies [4, 8, 15, 26, 28-30, 36, 44] have
evaluated different design aspects affecting the amount of
backside wear/damage. These have included: the shell-liner
conformity, the locking mechanism, the surface finish of
the inner surface of the metal socket, the use of screws, the
number of screw holes, the thickness of the liner and liner
type, and the role of XLPE versus CPE [4, 8, 15, 26, 28-30,
36, 44]. However, a cause-effect relationship has not been
clearly established by these in vitro studies. A few retrieval
studies [1, 12, 23, 25, 43, 45] have also been performed
involving direct visual/volumetric assessment of backside
wear. However, gaps persist in our knowledge, and there

are limited data regarding the in vivo backside wear
characteristics of polyethylene liners (especially that of
XLPE) and we have a limited understanding of what the
important factors are that contribute to backside wear.

Various design features of modern acetabular implants
can affect backside damage of polyethylene. Polished
acetabular components have been developed by some
manufacturers in an attempt to decrease backside poly-
ethylene wear. Although some in vitro studies have shown a
decreased amount of backside wear with polishing of the
acetabular surface [8, 30], others have shown no difference
[26, 36]. To our knowledge, no retrieval study has compared
backside damage in acetabular shells with roughened and
polished inner surfaces. Another potential design feature
affecting backside damage is the locking mechanism of
modular acetabular sockets. A poor locking mechanism
(associated with micromotion of acetabular liners) has been
implicated as a causative factor for increased backside wear
contributing to osteolysis [8, 15, 44]. Although there has
been one retrieval study [43] that showed higher backside
wear with poorly locked acetabular liners, none of the
studies have actually compared the in vivo backside damage
for flexible and rigid locking mechanisms in modern mod-
ular acetabular implants. Finally, the advent of XLPE has
clearly changed the articular-sided wear pattern in THA [5-
7,13, 27, 31, 39]. XLPE has been increasingly shown to be
more resistant to articular-sided wear in both in vitro and
in vivo studies [5-7, 13, 27, 31, 39]. In addition, XLPE may
have the potential to offset the effect of some of the design
features of modular acetabular implants associated with
higher backside wear.

The primary purpose of this retrieval study was to
determine if there were differences in visual damage scores
on the backside of modular polyethylene liners for two
commonly implanted acetabular sockets: Duraloc (DePuy,
Warsaw, IN, USA), which has a roughened inner surface
and flexible metal locking wire (Fig. 1A), and Reflection
(Smith & Nephew, Memphis, TN, USA), which has a
polished inner surface and tapered dovetail locking tabs
(Fig. 1B). The questions posed for this study were: (1)
With CPE, did the acetabular design make a difference in
backside wear? (2) Is there a difference in backside damage
between CPE and XLPE liners? (3) With XLPE, is the
difference in backside wear between designs still present?
(4) Is there any difference in backside damage in various
zones on backside of individual liners?

Materials and Methods
The current study was a retrieval analysis that involved

visual damage scoring of 233 modular polyethylene inserts
for Reflection (polished surface/dovetail locking tabs [PD])
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Fig. 1A-D This figure shows
photographs of the two cups
assessed in this study: (A)
Duraloc cup has a rough inner
surface; (B) Reflection cup has a
polished inner surface; (C) clo-
seup image of the Duraloc cup
shows its rigid dovetail locking
mechanism; (D) closeup image
of the Reflection socket shows
its  flexible wire locking
mechanism.

and Duraloc (rough surface/wire lock [RW]) acetabular
sockets (Fig. 1A-D). Structurally, the Duraloc shell has a
roughened (matte) inner surface as compared with the
Reflection shell, which is highly polished. The Duraloc and
Reflection shells also differ in their locking mechanism of
polyethylene liner. The Duraloc shell has a flexible metal
locking wire that prevents push-out of the liner. However,
there is no mechanism in the Duraloc shell to prevent
rotational slippage of the liner inside the metal shell and
there have been a few reports of failure of the locking ring
mechanism of the Duraloc shells leading to polyethylene
wear [33]. The Reflection shell, on the other hand, has
tapered dovetail peripheral locking tabs and achieves rigid
peripheral locking of the liner inside the shell.

These inserts have been collected during revision THAs
performed at our institution between 2002 and 2013 and
stored in our large ongoing institutional review board-
approved implant retrieval laboratory. Demographic data
were obtained from patient records for each retrieved liner
and included age at the time of revision, sex, side, time
in situ for the liners, body mass index (BMI), and reason for
revision.

The inserts were divided into two broad types: PD
(n = 121) and RW (n = 112); and subdivided into four
groups: PD-CPE (n = 105), PD-XLPE (n = 16), RW-CPE
(n = 99), and RW-XLPE (n = 13) depending on the type of
polyethylene material used. Thus, the PD-CPE group
included conventional polyethylene inserts from Reflection
sockets; the PD-XLPE group included highly crosslinked
polyethylene inserts from Reflection sockets; the RW-CPE
included conventional Enduron polyethylene inserts from
Duraloc sockets; and the RW-XLPE included highly cross-
linked Marathon polyethylene inserts from Duraloc sockets.

@ Springer

Table 1. Demographic profile of liners

Liner Number Age BMI Time in vivo
(years £ SD) (kg/m2 + SD) (years £ SD)

PD-CPE 105 58 £ 15 306 85+ 4

PD-XLPE 16 64 + 12 37+ 4 38+4

RW-CPE 99 61 £ 14 29+6 95+5

RW-XLPE 13 60 £ 16 31 £10 40+ 4

p value 0.22% 0.09" < 0.0001"*

* One-way analysis of variance test; 'Kruskal-Wallis test; *statisti-
cally significant; BMI = body mass index; PD = polished/dovetail
cups; CPE = conventional polyethylene; XLPE = highly crosslinked
polyethylene; RW = roughened/wire cups.

The demographics (Table 1) and reasons for revision
(Table 2) were similar among the four groups with the
exception of time in situ. The XLPE groups were
implanted for a shorter duration than the CPE groups.
There was no difference in time in situ between PD-CPE
and RW-CPE or between PD-XLPE and RW-XLPE.
Therefore, to compare the effects of surface roughness and
locking mechanisms, the implants were compared sepa-
rately within the CPE and XLPE groups. To compare the
effects of crosslinking, a subset of the conventional poly-
ethylene liners was matched to the crosslinked liners based
on time in situ, resulting in 16 per group for the two PD
types and 13 per group for the two RW types.

The backside of each insert was divided into five zones
(Fig. 2): anterosuperior (AS), anteroinferior (Al), posteroin-
ferior (PI), posterosuperior (PS), and peripheral (PR). The 12
o’clock position was approximately identified for this pri-
marily based on markings by the retrieving surgeon. This
was secondarily confirmed by site of extraction marks in the
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Table 2. Reasons for revision in various subgroups

Group Infection Polyethylene wear Aseptic loosening Instability Periprosthetic fracture Others* Total
RW-CPE 6 35 32 6 8 12 99
PD-CPE 12 35 20 18 13 7 105
RW-XLPE 4 0 1 2 1 13
PD-XLPE 10 0 1 1 16
Total 31 71 54 32 24 21 233

* Unknown pain, impingement, thigh pain, psoas bursitis (acetabular retroversion), etc; RW = roughened/wire cups; CPE = conventional
polyethylene; PD = polished/dovetail cups; XLPE = highly crosslinked polyethylene.

Fig. 2 Grid used for damage scoring has been shown in this image:
1 = anterosuperior; 2 = anteroinferior; 3 = posteroinferior; 4 =
posterosuperior; and 5 = peripheral.

insert, articular side wear pattern, and position of the lip, if
present. After identification of the 12 o’clock position, the
backside of the liners was divided into four equal quadrants
and numbered clockwise (left) or counterclockwise (right).
The PR zone was the site of the locking mechanism.

Each zone was subjectively graded from a scale of 0 to 3
for seven different damage modes (burnishing, abrasion,
cold flow, scratching, pitting, delamination, and embedded
debris). The damage score was 0 for no damage, 1 for <
10% area affected (Fig. 3A), 2 for 10% to 50% area
affected (Fig. 3B), and 3 for > 50% of area affected
(Fig. 3C). The scoring system was based on previously
established and validated protocols for damage scoring in
retrieved polyethylene specimens [11, 22, 32]. The maxi-
mum possible damage score by this method was 105.
Initially a single observer (KB) graded all the 233 poly-
ethylene inserts based on the scoring system. To ensure the
validity of the damage scoring results, rescoring was per-
formed for Zone 1 in a sample of 46 polyethylene liners
taken evenly from the four groups (12 each from PD-CPE
and RW-CPE and 11 each from PD-XLPE and RW-

XLPE). This sample size was based on established guide-
lines for achieving adequate power in reliability studies
[37, 38]. Scoring by a second observer (MGT) was done to
confirm the interobserver agreement and by the first
observer again to confirm the intraobserver reliability. Both
observers were blinded to previous results at the time of
rescoring. For interobserver reliability, the weighted kappa
score was 0.769, indicating substantial agreement. For
intraobserver reliability, the weighted kappa score was
0.736, also indicating substantial agreement in the repro-
ducibility of results for the primary observer. Because the
weighted kappa scores showed high interobserver and
intraobserver reliability for the 46 polyethylene liners, no
further rescoring was performed.

The D’ Agostino and Pearson omnibus normality test was
used to assess the distribution of the data, and the appropriate
parametric or nonparametric tests were applied. Demo-
graphics between implant groups were assessed using a one-
way analysis of variance (age) or Kruskal-Wallis test (BMI
and implantation time). Unpaired comparisons of damage
were performed using an unpaired t-test or Mann-Whitney
test. Paired comparisons of damage were performed using a
paired t-test or Wilcoxon matched-pairs signed-rank test.
Correlation between damage scores and age, BMI, and time
in vivo was performed using Spearman correlation and linear
regression. Because the CPE groups had a longer implanta-
tion time (described later in the Results section), the XLPE
groups were matched in a pairwise fashion to the CPE groups
based on implantation time and age. A p value < 0.05 was
taken as statistically significant.

Results

With CPE, there was more backside damage with the rough
surface/wire lock socket design than with the polished sur-
face/dovetail socket design. Total damage scores (Table 3)
in the RW-CPE (19 £ 7) group were greater (p < 0.001)
than the PD-CPE group (8 + 4). The two most common
damage modes were abrasion and burnishing, with
scratching much more prevalent in the RW-CPE group.
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Fig. 3A—C This figure shows various grades and types of backside damage (arrows) in some of the retrieved liners: (A) shows Grade 1 (< 10%
area) scratching; (B) shows Grade 2 (10%-50% area) cold flow; (C) shows Grade 3 (> 50% area) burnishing.

Table 3. Total damage scores by group

Group Damage score p value
(mean & SD)

RW-CPE 19+7 < 0.001

PD-CPE 8§+4

RW-XLPE 9+9 0.16

PD-XLPE 4+4

RW = roughened/wire cups; CPE = conventional polyethylene; PD =
polished/dovetail cups; XLPE = highly crosslinked polyethylene.

Crosslinking reduced backside damage for the rough
surface/wire lock socket design but not the polished sur-
face/dovetail socket design. The total damage was reduced
(p = 0.02) with crosslinked polyethylene for the RW-XLPE
(9 £ 9) versus RW-CPE-type sockets (4 £+ 4). However,
there was no difference between CPE and XLPE liners in
the PD-type sockets (p = 0.26). The three most common
damage modes were abrasion, scratching, and pitting. The
PD-XLPE group had more embedded debris and pitting
than the RW-XLPE group.

When crosslinked polyethylene was used, there was no
difference (p = 0.16) between the rough surface/wire lock
socket design and the polished surface/dovetail socket. Age
(r=-0.09, p =0.16) and BMI (r = —0.02, p = 0.78) did not
correlate with total damage scores for all the inserts
(Fig. 4). However, a longer time in vivo was associated
with higher total damage scores (r = 0.43, p < 0.001). After
matching the RW-XLPE and PD-XLPE group demo-
graphics, the total damage score in the matched RW-CPE
group (n = 13) was 15 & 7 and 6 £ 5 in the matched PD-
CPE group (n = 16).

The damage scores in the peripheral zone, which may
reflect the effect of differences between locking mecha-
nisms of the two socket designs, were higher for RW-CPE-
type sockets as compared with the PD-CPE type (p <
0.001) and the RW-XLPE type (p = 0.02). The mean
damage scores in the PR zones were 4 + 3 for RW-CPE,
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1.3 £ 1.3 for RW-XLPE, 1.4 & 1.0 for PD-CPE, and 0.9 £
1.1 for PD-XLPE. Within the other zones (Table 4),
damage was greater (p < 0.001) within the superior zones
(AS + PS, 7 &+ 4) compared with the inferior zones (Al +
PI, 3.0 £ 2.8). There was no evidence of rim fractures or
cracking in any of the polyethylene inserts.

Discussion

Backside wear in polyethylene liners continues to be con-
troversial and there is a lacuna in the literature addressing
the effect of cup design and polyethylene material (CPE or
XLPE) on backside wear [4, 8, 15, 26, 28-30, 36, 44]. The
Reflection and Duraloc sockets have been among the
commonly implanted acetabular implants over the last two
decades [9, 10, 18, 19, 34, 40, 41]. As such, surgeons
performing revision THA will continue to deal with these
sockets, especially in scenarios with the possibility of
isolated liner revision where a well-fixed socket might be
retained. We therefore asked the following: (1) With CPE,
did the acetabular design make a difference in backside
wear? (2) Is there a difference in backside damage between
CPE and XLPE liners? (3) With XLPE, is the difference in
backside wear between designs still present? (4) Is there
any difference in backside damage in various zones on the
backside of individual liners?

There are a few limitations of the current study. We did
not perform correlations of our findings with articular wear
in the current study. In addition, the cause of revision
(especially infection and instability) may play a role in the
amount of backside wear and this was not analyzed in the
current study. Furthermore, visual backside damage (as
measured in the current study) may not completely corre-
spond with true volumetric wear. However, damage
scoring is a valid and common method in retrieval studies
[11, 22, 32] and we found substantial inter- and intraob-
server reliability of this method. The two socket designs
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Fig. 4A-C This figure shows the correlation between damage scores and demographics with respect to (A) patient age; (B) BMI; and (C) time
in situ. Linear regression has been set to intersect at 0,0 resulting in a slope of y = 1.3x + 0.

Table 4. Total damage across all implants by zone

Zone Damage score (mean & SD)
Anterosuperior 4+2
Anteroinferior 2+2
Posteroinferior 1+2
Posterosuperior 3+£2

examined in this study were distinctly different with respect
to both inner socket surface finish and locking mechanism;
this makes it difficult to know the relative effect of each of
these variables. Also, the alteration in wear properties can
change the biological response to wear debris. Reactivity of
the wear particles may depend on particle size and we did
not study this. In addition, other factors that can potentially
influence backside polyethylene wear in modular acetabular
liners were not assessed, including differences in manufac-
turing and sterilization techniques, shell-liner conformity,
the use of screws, the number of screw holes, the thickness
and size of the liner used, evidence of neck impingement,
radiographic parameters (ie, acetabular inclination/version),
and clinical parameters (such as activity level of patient).
Inclusion of all these factors would be challenging to eval-
uate in a study of this size, although we believe the large
numbers (233 inserts) in the current study, in which only two
acetabular designs were examined, were sufficient to support
our conclusions with respect to backside polyethylene wear.
As more crosslinked liners are revised over time, this will
enable researchers in retrieval centers to examine such liners
in greater numbers than the present study (n = 13 and 16 in
the Duraloc and Reflection groups, respectively) and to
examine additional factors.

The current study found lesser backside damage for CPE
in Reflection sockets with polished inner surfaces and a
more robust locking mechanism. Previously published
studies have not fully established the effect of polishing of
the inside surface of modular sockets. In their respective

in vitro studies involving long-term simultaneous sinu-
soidal and static loading, Lieberman et al. [30] and Chen
et al. [8] showed less backside polyethylene wear in
modular sockets with polished inside surfaces. However,
contrary to these findings, the in vitro studies by Shepard
et al. [36] and Kurtz et al. [26] did not show any relation
between backside wear and polishing of the inner surface
of modular sockets. None of the acetabular liners had
severe backside damage. The maximum possible backside
damage score by the system used in the current study was
105; however, the mean damage scores in the study ranged
from only from 4 for PD-XLPE to 19 for RW-CPE. This
reflects minimal to very low backside damage, which is
comparable to the retrieval studies by Akbari et al. [1] and
Krieg et al. [25]. However, the backside of the liner con-
tinues to be a source of particulate debris in THA and
whether this backside wear is important enough to cause a
strong osteolytic response in modern modular sockets
remains to be answered.

We also found reduced backside damage in XLPE liners
in comparison to the CPE liners. Although XLPE has been
increasingly shown to be more resistant to articular-sided
wear than the CPE [5-7, 13, 27, 31, 39], there have been no
studies comparing backside wear in combination with
surface treatment and locking mechanisms. We found
similar backside damage for XLPE liners implanted in
Duraloc sockets as compared with XLPE and CPE liners in
Reflection sockets. Only the CPE liners in Duraloc sockets
had higher backside damage scores. This finding suggests
that XLPE seems to be more resistant to backside damage
and tends to offset the deleterious effects of a roughened
socket with a flexible locking mechanism. Although not
proven by the current study, there may be a beneficial
effect of XLPE on wear and potentially on osteolysis,
which is reflected in the causes for revision of the retrieved
implants in our study. Although polyethylene wear and
aseptic loosening were important reasons for failure of
CPE inserts, these were not seen with the XLPE inserts
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Table 5. Summary of various retrieval studies on backside wear in acetabular liners

Authors Year Numbers Shell type Mean TIV Results
Huk et al. [23] 1994 19 CPE 4 HG-I 2 years Back surface of liner source of generation of
10 HG-II® particulate debris
2 ATHH
1 each of Optifix,™
Mallory head,’
and APR®
Yamaguchi 1999 90 CPE  Osteonics' 3 years Backside wear may not be the result of micromotion
et al. [46] at interface but the viscoelastic nature of
polyethylene; acetabular osteolysis does not
correlate with backside wear
Della Valle 2005 36 CPE 9 each of Implex,® 2 years Significant reduction in the backside wear of modern
et al. [12] HG-1," HG-11," modular (Trilogy) and nonmodular (Implex)
and Trilogy"" acetabular components when compared with first-
generation modular designs (Harris-Galante
Types I and II)
Wasielewski 2005 55 CPE 25 HG-I' 3 years Severe backside damage can occur with locking
et al. [43] 9 HG-IT* mechanism failure; severe backside wear
9 PCA" correlates more strongly with osteolysis than does
. articular-sided wear with osteolysis
5 Omnifit
5 Duraloc**
2 Optifix '

Krieg et al. [25] 2009 35 CPE  SL cup? 5 years Rate of backside volumetric change (predominantly
creep) only 2.8% of the rate of volumetric
articular wear

Akbari et al. [2] 2010 53 CPE 16 Impact,"' 13 years (Impact), Backside damage higher for Impact and Ringloc

6 Ringloc,’ 10 years (Ringloc) liners as compared with Microseal liners
31 Microseal* 9 years (Microseal)

Akbari et al. [1] 2011 56 CPE  Microseal* 6 years Half of liners exhibited minimal damage, half
exhibited no damage, and none exhibited severe
damage; backside damage correlated only to liner
age in vivo

Pang et al. [32] 2015 13 CPE  Reflection® 5 years No difference in backside damage between groups;

13 XLPE the wear rate was three times greater in the CPE
group, significantly higher than the XLPE group

Current study - 204 CPE 121 Reflection® 9 years Reflection CPE; Higher backside damage for CPE in Duraloc-type

29 XLPE 112 Duraloc™" 4 years Reflection XLPE; roughened cups with flexible wire locking

10 years Duraloc CPE;
4 years Duraloc XLPE

mechanism; Reflection-type cups with a polished
inner surface and a rigid locking mechanism more
protective against damage; XLPE more resistant
to backside damage for both socket designs

* Signal Medical Corp, St Louis, MO, USA; 7nBiomet, Warsaw, IN, USA; ME Miiller, Zimmer GmbH, Winterthur, Switzerland; §Zimmer,
Warsaw, IN, USA; "Howmedica, Rutherford, NJ, USA; "Osteonics, Allendale, NJ, USA; **DePuy, Warsaw, IN, USA; TRichards, Memphis,
TN, USA; ij:Kinamcd, Newbury Park, CA, USA; §§Interrnedics, Austin, TX, USA; "Smith & Nephew, Warsaw, IN, USA; TIV = time in vivo;
CPE = conventional polyethylene; XLPE = highly crosslinked polyethylene.

(Table 2). We found no evidence of an increased propensity
for rim fracturing or cracking with the XLPE liners, which
has been reported in some previous studies [16, 17, 35].
We also specifically evaluated the damage scores in the
peripheral zone of the liner that contacts with the locking
mechanism in the shell. Higher damage scores in the
peripheral zones of Duraloc socket suggest higher in vivo
micromotion of liner in this socket as compared with the
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Reflection socket. As far as the locking mechanism is con-
cerned, Fehring et al. [15] and Williams et al. [44] reported
less micromotion for liners with Reflection shells as com-
pared with the Duraloc shells during in vitro testing.
Decreased micromotion has also been shown to be associ-
ated with less backside polyethylene debris generation in
laboratory testing [8, 44]. However, none of the studies have
compared the in vivo backside damage for these two cups
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with differing locking mechanisms. The damage scores were
also higher in the superior zones as compared with the
inferior zones on the backside. This correlates with the
direction of joint reaction forces in the hip and higher
articular-sided polyethylene wear vector in vivo [46].

Considering the enormous number of modular cement-
less sockets that have been implanted worldwide, there are
relatively few studies examining backside polyethylene
wear. We have summarized these studies (Table 5). The
relatively small number of retrieved liners reported on
coupled with the lack of comparative groups within these
studies limits their ability to draw solid conclusions. The
current study, with much larger number of retrieved liners,
shows higher backside damage in CPE liners, higher
backside damage with rough/flexible wire-type sockets,
and an apparent protective effect of XLPE on backside
damage in any kind of acetabular socket. We also noted a
correlation of backside damage scores with linear time
in vivo for the inserts. The age of the patient, height,
weight, or BMI had no correlation with damage scores.
These results were in line with the previous retrieval study
by Akbari et al. [1]. Most of the other retrieval studies have
not commented on the correlation of wear with patient
demographics.

In conclusion, the current study notes the influence of
both design and materials on backside polyethylene dam-
age in modern modular acetabular sockets. Although the
backside wear is, in general, low for retrieved acetabular
liners, CPE liners have higher associated backside damage.
This may be particularly relevant for CPE liners implanted
in Duraloc-like roughened cups with a flexible wire locking
mechanism; and this is a combination that should be
carefully watched for the sequelae of backside damage. A
socket with a polished inner surface and a rigid locking
mechanism appears be a better design with in the setting of
CPE. The use of XLPE liners, however, has been shown in
the current study to protect the liner from backside damage
in either cup design. With a competent, intact locking
mechanism, and use of crosslinked polyethylene, revision
arthroplasty surgeons may not need to worry about cup
design when undertaking isolated liner revision.
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