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Abstract: Charnley’s low-friction principle of total hip arthroplasty (THA) is recognized as the gold standard. However,
complications may arise, and one of the major reasons for revising THA is dislocation. Under such a background, Pr.
Gilles Bousquet invented dual-mobility cups (DMC) in the 1970s to fight against hip instability. Despite the excellent
clinical results of DMC compared with conventional implants, the clinical application of DMC is limited by concerns
about the dual articulations, leading to rapid wear and the subsequent osteolysis and the wear on the retaining rim
of the liner due to its contact with the femoral neck causing intraprosthetic dislocation (IPD). As a result, the original
design of DMC has been upgraded by using highly cross-linked polyethylene, refining the geometry of the femoral
neck, etc. After the improvement, the wear rate of the contemporary DMC liners has been largely reduced compared
with the first generation DMC, and the IPD incidence rate has been controlled. However, with the increasing fret-
ting corrosion damage found at the taper-trunnion interfaces in conventional implants, the contemporary DMC may
face a similar problem. This is because the additional articulation and the larger head design of DMC gain the risk
of articulation wear and taper-trunnion interface corrosion. Since there are still many potential DMC engineering
issues that have not been extensively researched, future studies focusing on the wear and corrosion aspects are
required. The purpose of this review article is to summarize both the clinical and engineering issues for DMC with
possible directions for future research.
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Introduction According to published data, the risk of disloca-
tion ranges from 0.2% to 7% for primary proce-
dures, and the risk increases to 10% or higher
for revision arthroplasties [3]. Moreover, the
health-care cost for each dislocation revision
is estimated to be US $14,000 [4]. Since dislo-
cation has been the critical factor that affects
the success of the long-term results of THA,
determining how to reduce the risk of disloca-
tion is a concern for orthopedists. There are
two main approaches: surgical methods and
implant designs. The former uses a direct lat-
eral approach. The latter involves enlarging the
femoral head diameter, such as the constrained
liners, the larger diameter femoral heads, and
the dual-mobility cups (DMC). Because the con-
cept of DMC combines Charnley’s low friction’
principle and McKee’s the effect of big femoral
head theory, it can increase the effective head

Hip prosthesis was invented in 20" century as
a replacement for natural hip joints and to treat
severe hip diseases. Its clinical effectiveness
has been proved by years of clinical applica-
tion. The major hip prostheses on the market
normally consist of an acetabular shell, an ace-
tabular liner, a femoral head, and a femoral
stem. According to the 2019 annual report
from the American Joint Replacement Registry
[1], the cumulative number of total hip arthro-
plasties (THA) in America exceeded half a mil-
lion during the period 2012 to 2018 (The distri-
bution of the procedures from 2012-2018 is
shown in Table 10). It is obvious that THA is a
successful surgical procedure. However, some
of the patients undergoing THA need further
revision surgery. The contributing factors for
hip implant failure include loosening, metal

related pathology, fractures, infections, etc.
And one of the primary reasons for revision is
dislocation [2].

size with no harm to the liner thickness or the
range of motion. As a result, the DMC outper-
forms the constrained liners and the larger
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Table 1. The search strings and number of articles

Research focus Key Words Number of selected articles
Clinic ‘Bousquet’ or ‘dual-mobility’ or ‘DM cup’ and ‘survival rate’ 57
Wear ‘Bousquet’ or ‘dual-mobility’ or ‘DM cup’ and ‘wear’ 37
Fretting and corrosion ‘DM cup’ or ‘dual-mobility’ and ‘corrosion’ and ‘fretting’ and ‘Taper’ 2

Table 2. Dual mobility’s yearly number of implants by country

Country Organization

DMC yearly implanted

Percentage on THA

USA American Joint replacement Registry (2019) [1]

2012-2018)

Sweden  The Swedish Hip Arthroplasty Registry (2017) [31]

Australia Australian Joint Replacement Registry (2016) [32]

64 (Revision)

3,746 (Average primary THA yearly implanted number,

294 (Primary and Revision)

2640 (Primary)

7.6% (Primary)
16.3% (Revision)
39% (Cemented)

16% (Uncemented)

0.8% (Primary)

0.54% (Revision)

Table 3. Dual-mobility implants by manufacturer

ferent components (a femoral head, a

polyethylene liner, and an acetabular

Manufacturer Product
Aston Medical Tregor® Medial Cup®
Zimmer GmbH Stafit™ Cup

Amplitude

Wright Medical France

Smith & Nephew Orthopaedics AG
Stryker Orthopaedics

Saturne™ Cup
Collégia™ Cup
POLARCUP®

Active Articulation™ E1
Novae® Series Cups

Biomet Orthopedics
Serf Dedienne santé

Anatomic Dual-Mobility X3®
Modular Dual-Mobility X3®

component) (Figure 1). The concept of
dual-mobility bearings was first intro-
duced by Gilles Bousquet in the early
1970s [27, 28]. The DMC design com-
bines the advantage of Charnley’s low-
friction principle and McKee-Farrar’'s
theory of an increased femoral head-to-
neck ratio to provide a reliable solution
to dislocation complications. During the
procedure, the femoral ball head is

diameter femoral head design. However, DMC
introduced an additional articulation surface
which has the potential to cause more exces-
sive wear than the conventional implants, so
concerns about wear and corrosion still remain
for dual-mobility prostheses. To the authors’
knowledge, most studies about DMC are about
its short to mid-term clinical follow-up results
[5-20]. There are few systematic reviews from
its engineering aspects. And little is known
about how the liner wears or how the taper-
trunnion interfaces corrode in the DMC design
[21-26]. The aim of this review is to comprehen-
sively describe the dual-mobility prosthesis,
both from the clinical and engineering aspects,
and to analyze these outcomes to provide pos-
sible avenues for future studies on reducing
dislocation and improving the DMC lifetime.

Background of dual-mobility cups and their
current clinical use

Dual mobility bearings are comprised of two
unconstrained articulations between three dif-
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forced into the liner and captured by the
liner’s retentive rim. With the retaining
rim design of the polyethylene liner, the femoral
head is undergoing ‘safe’ movement within the
liner. Meanwhile this entire structure is mobile
within the acetabular component. This con-
struct provides a larger effective head size
than the conventional implants, and that is why
the dual mobility design limits the risk of
dislocation.

With a wide clinical range of DMC applications,
a complication called intraprosthetic dissocia-
tion (IPD) has been documented. IPD, a unique
complication of DMC, occurs when the femoral
head is separated from the liner. Mitchell et al.
[29] reported an acute IPD case and pointed
out that the causes for common IPD were
polyethylene wear, the obstructed movement
of the outer articulation, unexpected liner-neck
impingement, and acetabular loosening. So
some modifications have been applied on the
first generation of DMC. First, the material of
the polyethylene (PE) insert is changed from
ultra-high molecular weight PE to highly cross-
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Table 4. Major parameters of the different dual-mobility products

Product

Poly Insert Outer Diameter (mm)

Poly Insert Inner Diameter (mm)

Active Articulation™ E1
Pinnacle® Bi-polar head
POLARCUP®

Novae® Series Cups
Anatomic Dual-Mobility X3®
Modular Dual-Mobility X3®

38-60/2 mm per size
48-76/2 mm per size
43-67/2 mm per size
41-69/2 mm per size
36-58/2 mm per size

28

28, 32, 36, 40, 44

22,28
22,28
22,28

Table 5. Summary of the DMC survival rates

Researcher Test Subjects Survival rate Researcher  Test Subjects Survival rate
Alain [5] 437 hips 100% at 4 years Alain [14] 321 patients  97.51% for all cause revision at 5 years
Massimo [6] 33 hips 97% at 5 years Boyer [15] 240 hips 74% at 22 years
Aron [7] 40 hips 96% at 5 years Bousquet [16] 135 hips 95.4% at 12 years
Hean [8] 66 hips 98% at 5 years Schneider [17] 96 patients 95.6% at 8 years
Heumen [9] 50 hips Survival rate after 4.6 years was ~ Vermersch [18] 100 patients 100% at minimum 5 years
100% based on dislocation
Langlais [34] 85 cups 94.6% at 5 years Philippot [19] 438 hips 96.3 at 15 years
Prudhon [10] 105 hips 95% at 10 years Philippot [35] 106 hips 94.6% at 10 years
Simian [11] 74 hips 90% at 5 years Philippot [36] 384 hips 95.9% at 18 years
Massin [12] 2601hips 95% at 10 years Steven [37] 453 hips 99.6% at mean 3.3 years
Michael [13] 32 patients 78% at 2 years and 60% at 5 years Leclercq [38] 109 hips 99% at 10 years
Table 6. Summary of the DMC dislocation rates
Researcher Test Subjects Dislocation rate Researcher Test Subjects Dislocation rate
Boyer [15] 240 hips 0% Leclercq [38] 200 hips 0%
Bousquet [16] 135 hips 0% Tarasevicius [39] 42 hips 0%
Alain [5] 437 hips 1.10% Michael [13] 10 hips 0%
Philippeau [38] 71 cups 9.80% Langlais [34] 85 hips 1.10%
Wegrzyn [40] 994 hips Dislocation rate: 1.5% Wackenheim [41] 59 hips 1.70%
IPD rate: 0.2%
Philippot [35] 106 hips 0% Guyen [42] 54 hips 1.80%
Philippot [36] 384 hips 0% Hailer [43] 228 hips 2%
Philippot [19] 438 hips 0% Philippot [44] 163 hips 3.70%
Terrier [45] 167 hips 0% Mertl [46] 145 revision hips  Dislocation rate: 4.8%
IPD rate: 1.4%
Hamadouche [47] 51 hips 2% Alain [14] 321 patients 0%

linked PE to reduce liner wear. Second, the
femoral neck is designed thinner and polished
smoother than before to reduce the liner-neck
impingement. Furthermore, the coating tech-
nology is altered from the alumina coating to
the bilayer coating (porous titanium and
hydroxyapatite) to enhance the acetabular sta-
bility [30].

Since the United States Food and Drug

Administration approved DMC in 20009, it has
become popular worldwide, especially for
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revising THA [1, 31, 32] (Table 2). Because of
this, most global orthopedics companies have
developed their own dual-mobility designs (list-
ed in Table 3), which are usually matched with
the outer diameters of the 22 mm or 28 mm
femoral ball heads (Table 4).

Literature search strategy
In this study, all the relevant papers were

searched in the PubMed database on 28th
February 2020. The search strings and nhumber
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Table 7. Summary of the in-vivo wear studies (All the values listed below are the mean values)

Researcher Test subjects

Results

Testing technique

Geringer [58] 12 explants of DMC

Imbert [22] 8 explants of DMC
Boyer [23] 35 explants of DMC
Adam [24] 40 retrieved DM liners
Deckard [25] 34 implants of DMC

Leonard [26] 129 retrieved DM liners

Convex: 36.7+29.1 mm?3/year
Concave: 22.1+39.2 mm?®/year
Total wear rate: 53.9+50.3 mm3/year
Convex: 29.72 mm?3/year
Concave: 15.96 mm?3/year
Convex: 25 mm?3/year
Concave: 12 mm?/year
convex: 28.9 mm?3/year
concave: 25.5 mm?3/year

total wear rate: 54.3 mm? year
Mean volumetric wear:

783 mm3/year at 1 year

555 mm?3/year at 2 years

104 mm?3/year at 5 years

The lever-out force for same manufacturer:
272.6+68.7 N and mixed manufacturer:

In-vivo test (CMM)

In-vivo test (CMM)

In-vivo test (Light Surface Scanner)

In-vivo test (Surface analysis)

Martell methodology at regular postoperative intervals

Lever-out test

299.2+89.0 N

Table 8. Summary of the in-vitro wear studies

Researcher Test subjects Results

Testing technique

Gaudin [64] Standard bearings with UHMWPE vs. Wear volume

DM bearings with UHMWPE

In vitro test (Multiple Hip Simulator Test)

DM liner: 97.34 mm? at 5 million cycles

Conventional liner: 99.57 mm? at 5 million cycles

Saikko [65]
bearings (Allofit Alpha)

DM bearings (Stafit) vs. Conventional Shell position at the abduction angle of 45°
DM: 21.49+3.21 mg/million cycles

In vitro test (Multiple Hip Simulator Test)

Conventional: 19.63+1.59 mg/million cycles

Shell position at the abduction angle of 60°
DM: 17.81+4.64 mg/million cycles
Conventional: 20.79+1.29 mg/million cycles

Table 9. The effect of the major fretting and corrosion performance parameters on the conventional

bearings

Parameters

Corrosion

Materials of articulation
Load & torque

Femoral head diameter
Assembly compression force
Implantation time

Depends on the materials
Positive correlation
Positive correlation
Negative correlation
Positive correlation

Depends on the materials
Positive correlation
Positive correlation
Negative correlation
Positive correlation

of articles are summarized in Table 1. The
exclusion criteria are: conference proceedings
with summary data only, articles not written in
English, duplicate publications, articles with
unclear results, and articles not related to the
main topic of this study. After screening, 96
articles were selected for this review. As
displayed in Table 11, the number of articles
rose from 2010 to 2020, which indicates the
increasing popularity of dual mobility bearings,
particularly since 2015.
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Clinical manifestations
Summary of the clinical results

DMC has a rich experience in clinical applica-
tion, especially in its birthplace France. Prudhon
et al. [10] reported a 95% survivorship of the
contemporary DMC at ten years follow-up with
no dislocations found. Similarly, Bousquet et al.
[16] demonstrated that the survivorship at 12
years follow-up was 95.4% of 135 THAs with

Am J Transl Res 2021;13(8):9383-9394
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Table 10. The distribution of hip procedures in America

from 2012 to 2018 [1]

clinical outcomes is provided in Tables 5
and 6 and Figure 2. The clinical results

Distribution of hip procedures The cumulative volume of THA

implicate that dual-mobility bearings

have a much lower dislocation rate and
equivalent survivorship rate than the
conventional implants.

Because of DMC’s excellent short to
mid-term clinical stability, it has been
typically used for revision procedures

Primary knee 829.0 k

Primary hip 498.1 k

Hemiarthroplasty 69.4 k

Revision knee 58.4 k

Revision hip 45.0 k

Hip resurfacing 5.2k
B %

G O
\7\‘ 0

N
\ \4: l

%/

h S

Figure 1. Exploded view of DMC (picture courtesy of
Chunlizhengda Medical Corporation, China).

Table 11. The number of selected articles by
year

Year Number of articles
2010 8
2011 10
2012 18
2013 6
2014 8
2015 10
2016 22
2017 25
2018 18
2019 15
2020 2

DMC. Martz et al. [33] reviewed 40 cases of
DMC in young patients, and the survival rate
was 100% without any long-term dislocations
at ten years follow-up. A summary of the DMC
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and also as a good option for ‘risky’ pri-
mary arthroplasty [37]. Nicholas et al.
[48] reviewed twenty-nine limited revisions by
converting the failed monoblock metal-on-met-
al (MoM) THA to DMC without acetabular com-
ponent extraction. The radiographic outcomes
of limited revisions show no aseptic loosening
or osteolysis, with lower complication rates
than the complete revisions (the control group).
Similarly, Moreta et al. [49] reported 10 THA
revisions with DMC cemented into an existing
well-fixed acetabular shell. At a mean follow-up
of 3.5 years, the Harris Scores improved from
49.3 to 71.3. Among all the 10 revisions, 1
case was found with a postoperative recurrent
dislocation, 2 cases with late polyethylene
wear, but no cases of IPD or aseptic loosening.
Jason et al. [50] reviewed seventy-one surger-
ies converting hip resurfacing arthroplasty to
total hip arthroplasty, among which 27 cases
used DMC and retained the existing acetabular
component and 44 used conventional bearings
for complete revision. The results showed that
a higher complication rate was detected in the
‘complete revision group’ than in the ‘retained
acetabular component group’, and there was
no significant difference in the pre-conversion
and post-conversion metal ion levels between
the two groups. Overall, in the knotty revision
cases, combining the existing well-fixed acetab-
ular component with the DMC demonstrated
good results compared with the standard revi-
sion THA.

On the other hand, the literature reported that
IPD appeared to be an exclusive DMC complica-
tion. From the radiographs, if there is an eccen-
tric position of the femoral head lying against
the outer articulation of the shell, then IPD is
diagnosed. Jean et al. [51] found that the inci-
dence rate of IPD is almost 5%. Clinical obser-
vations and an analysis of the cause of IPD
were performed and recorded in the literature.
Christian et al. [52] found that the blocked
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100%

sequent IPD still remain. And

95%

that is why some experts sug-

gest caution should be exer-

920% —

cised with younger and active
patients when they are using

85%

DMC [27]. More research

80%

\ about the wear of DMC and

Survival rate

75%

70%

- the further optimization of its
design are needed.

65%

Retrieved studies on the in-

Vivo uses

60%
2 3 4 46 5 8 10

Year

Figure 2. Survival rate versus implantation year for DMC (summarized from

the literature from Oct 1985 to June 2014).

movement of the outer articulation and cup
loosening might be the cause of IPD. lvan et al.
[53] reviewed 19 THAs from 16 articles. They
found the previous attempted closed reduction
could be the possible iatrogenic etiology for
early IPD. The late IPD was related to polyethyl-
ene wear and the subsequent failure of the
capture mechanism. Similarly, Neri et al. [54]
studied 93 retrieved DM liners, and they found
IPD was highly related to the wear of liner, par-
ticularly the wear from the outer surface of the
liner’s retaining rim.

Since polythene wear and the design of femoral
neck and retaining rim are the acknowledged
causes if IPD, optimizations have been done on
the first generation DMC. Blakeney and Epinette
et al. [14-55] found that, due to the excellent
clinical results of contemporary DMC with high-
ly cross-linked PE, it seemed that the wear
problem had been overcome. Darrith et al. [30]
reviewed 10,783 THAs using DMC and no IPD
was found with contemporary DMC. However,
Andrew et al. [56] reported a case of early IPD
in contemporary DMC. The main cause should
be the ceased movement of the outer articula-
tion with the succeeding impingement between
the femoral neck and the retentive rim. And
Koper et al. [57] observed an IPD and a higher
level of metal ions from the contemporary DMC
follow-up, which indicates that the wear or cor-
rosion of the metal components is the root
cause of IPD in contemporary DMC. The con-
temporary DMC does reduce the polyethylene
wear and the incidence rate of IPD but does not
eliminate them. Concerns about wear and sub-
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18 22 As DMC has extra articulation

between the liner and the ace-
tabular component, and the
liner's wear is found highly
related to IPD, some research-
ers predicted that wear would
be higher in DMC compared with conventional
implants. The most straightforward way to
verify this hypothesis is through in-vivo evalua-
tions. Boyer et al. [21, 23], Imbert [22] and
Adam [24] have analyzed retrieved DM liners
to study the DMC clinical wear. The wear
volumes of the liner’s two articulations can be
directly measured using a coordinate measur-
ing machine (CMM) or a light surface scanner.
They all found the wear rate of the internal sur-
face (Convex) was larger than the external sur-
face (Concave), which means the motion of the
inner articulation is dominant.

The median annual wear rate for traditional
metal-on-polyethylene bearings is between 39
and 98 mm3/year, and Boyer et al's [23]
research found that the median annual wear
rate of DMC was 38 mm?3/year. Deckard et al.
[25] used Martell methodology to analyze the
head penetration of 34 DM bearings. The out-
comes show that the penetration of DMC is
larger than conventional bearings at the early
stage, but after 2 years the penetration rate of
DMC is close to the conventional ones. These
findings from in-vivo tests prove that the long-
term wear rate of DMC is similar with conven-
tional bearings.

Additionally, Leonard et al. [26] studied 129
retrieved DM liners using a lever-out test. The
lever-out force of the liners from the same and
mixed manufacturers shows no difference. This
finding could support the use of mixed manu-
facturers of DM liners and femoral heads in
revision surgeries, which doesn’t increase the

Am J Transl Res 2021;13(8):9383-9394



The clinical and engineering performance of the dual-mobility cup

risk of IPD. The results of the in-vivo tests are
summarized in Table 7.

In-vitro studies
The kinematic studies of DMC

Since DMC has additional articulation, so
how the inner and outer articulations move
becomes critical to understand the kinematics
of DMC. Rowe et al. [59] investigated how
the motion was distributed between the two
articulations from both the cadaveric and in-
vivo studies. They found the lubricant condition
largely influenced the motion of DMC, and all
the motion occurred at the inner articulation
when the two articulations were well lubricated
in cadaveric tests. However in the human
body, they found the preponderance of outer
articulation motion in most patients. This may
be because more synovial fluid is reserved in
the outer articulation and the femoral neck and
liner impingement. Some other kinematic stud-
ies were performed on a computer. Febry et al.
[60] found the inner bearing was the main artic-
ulation of DMC, and the eccentric design can
improve the stability of DMC. Gao et al. [61]
found that the motion of DMC is highly depen-
dent on the friction coefficient ratios and the
initial clearances/interferences between the
liner and the acetabular shell. The results show
the threshold value of the friction coefficient
ratio between the inner and the outer articula-
tions is 1.43, and the larger radial clearance
promotes the motion of outer articulation.
Overall, among the factors that affect the
motion distribution of DMC, the radial clear-
ance and lubricant conditions are the most
important factors. Because the contact area
and sliding distance at the outer articulation
are larger than the inner articulation, some
researchers believe that if the outer articula-
tion is dominant, then the wear of DMC could
be higher than the conventional bearings [61].
Because the polyethylene wear of DMC may be
related to its motion, the studies on DMC wear
could help us figure out which articulation is
predominant.

The studies on DMC wear

Contemporary DMC shows excellent wear per-
formance compared with the first generation
DMC from experimental studies. Loving et al.
[62] used contemporary DMC (ADM of Stryker)
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to investigate its wear performance. They
found the condition of the inner articulation
and the polyethylene material to be the critical
factors that determine the DMC wear. And the
contemporary DMC with highly cross-linked PE
can reduce the maximum wear of 75% com-
pared with conventional bearing of UHMWPE.
Likewise, Netter et al. [63] tested the wear per-
formance of highly cross-linked PE DM liners
under some extreme situations. They found
contemporary DMC with highly cross-linked PE
showed a good wear tolerance for third-body
particles and micro-separation.

As stated in section 4.2, the DMC wear rate is
similar to conventional bearings. It can also be
corroborated by laboratory data. In the hip
simulator test, Gaudin et al. [64] compared the
wear of UHMWPE liners from conventional
bearings and DM bearings. The results demon-
strate that the wear of DMC is slightly smaller
than conventional bearings. Similarly, Saikko et
al. [65] analyzed the wear of DMC and conven-
tional bearings at different acetabular shell
positions. The wear rates of both designs are
not correlated with the abduction angle, and
there is no significant difference in the data
between the two designs. The summarized in-
vitro results are listed in Table 8. According to
the results of the wear studies, the wear rate of
DMC is similar to conventional bearings, which
implies that the inner articulation dominates in
the motion distribution of DMC.

DMC fretting and corrosion studies

DMC has been used commercially for many
years but little is known about its fretting and
corrosion at the taper-trunnion interfaces. With
increasing findings of fretting corrosion at the
taper-trunnion interface for conventional total
hip implants, the same problem may also occur
for the DMC. The occurrence of corrosion dam-
age between the taper-trunnion interfaces may
release metal ions, leading to osteolysis.
Though there are only a few reported adverse
events of corrosion failure in terms of DMC,
concerns about corrosion still remain. This is
because theoretically the larger diameter head
design could lead to larger forces on the femo-
ral trunnion, accelerating the corrosion [66].
Recently, Lombardo et al. [67] studied 18
retrieved DMC. The results demonstrate that
DMC may have the same fretting and corrosion
problems with conventional bearings. The fret-
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Applied Load

Material loss at the l Toggle
proximal-superior end

Material loss at the
distal-inferior end

Applied motions

A/A
F/E

Figure 3. A demonstration of the main wear area and
toggling motion

ting and corrosion scores are highly related,
and the corrosion score is moderately correlat-
ed with the presence of embedding on the PE
liner. On the other hand, Tarity et al. [68] inves-
tigated the fretting and corrosion between the
interfaces of the acetabular shells and the
metal inserts. The results indicated the fretting
and corrosion damage observed was more
severe in the metal-on-metal THAs than that in
the DMC, which may indicate that the taper
engagement mechanism of DMC can prevent
significant fretting and corrosion damage
between the shell-insert interfaces.

The summarized major parameters which
affect the fretting and corrosion of the conven-
tional bearings are listed in Table 9. Previous
studies about fretting and corrosion for conven-
tional bearings may give us an idea to investi-
gate the fretting and corrosion of DMC.
Bhalekar et al. [69] did a large amount of work
on fretting and corrosion studies of ‘metal-on-
polyethylene’ and ‘ceramic-on-ceramic’ THAs.
They tested the contemporary ‘metal-on-poly-
ethylene’ and ‘ceramic-on-ceramic’ prosthesis
on hip simulators and used a CMM system to
measure the material loss in the taper-trunnion
junction. The results demonstrate that the
metal ions released for both ‘metal-on-polyeth-
ylene’ (MoP) and ‘ceramic-on-ceramic’ (CoC)
prostheses are mainly from taper-trunnion
interfaces. Additionally, in ‘MoP’ THAs, the wear
of the ball head (CoCrMo) and the femoral
stem (Ti6GAI4V) in the taper-trunnion junction is
similar. The reason may be that the oxide layer
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is destroyed and electrochemical corrosion
occurs. In the case of ‘CoC’, they found the
wear of the articulation bearing was similar to
the wear of the taper-trunnion junction. Thus
the wear in the taper-trunnion junction cannot
be neglected for ‘CoC’ THAs. Other studies
about the explants show that the wear of the
taper-trunnion interfaces mainly appears at the
proximal-superior end and the distal-inferior
end of the trunnion. This means the material
loss at the taper-trunnion junction is correlated
with the ‘toggling’ movement [70]. A demon-
stration of the ‘toggling’ movement is shown in
Figure 3.

Summary

In summary, fretting and corrosion damage
between the acetabular shell-metal insert
interfaces seems non-critical for DMC. But
compared with the conventional bearings, DMC
may face even worse corrosion damage from
the taper-trunnion interfaces. This is because
its larger diameter head design could increase
the rotation torque that contributes to the cor-
rosion. More research on the fretting and corro-
sion of DMC are needed in order to understand
its mechanisms.

Efforts have been made to improve the lifetime
of THA over the years. Charnley’s low-friction
principle has achieved excellent clinical results
and has been regarded as the gold standard.
However dislocation was found as one of the
major reasons for revising THA. Pr. Gilles
Bousquet invented DMC in 1970s to deal with
dislocation. Compared with other approaches,
DMC seems to have innate advantage to solve
the instability. This is because it combines
Charnley’s ‘low friction’ principle and McKee’s
‘the effect of big femoral head’ theory. The
advantage of reducing dislocation in DMC has
been corroborated by the excellent clinical
outcomes. With the increasing use of DMC, a
unique complication called IPD appeared.
Because IPD limits the clinical application of
DMC, some modifications on first-generation
DMC have been applied. After the improve-
ment, it demonstrated a favorable rate of wear
and a low incidence rate of IPD compared with
the first-generation DMC. The literature also
reports that the wear rate of contemporary
DMC is similar with the conventional hip
implants. It is likely that the inner articulation
bearing is predominant in most cases. However,
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the kinematics of DMC are highly related to the
condition of inner articulation, lubrication, and
radial clearance etc., and the dominance of the
articulation bearings in the movement of the
human body is not changeless, and it might
vary with the affecting factors. On the other
hand, the design of DMC may have some disad-
vantages which could lead to potential engi-
neering issues. For example, the additional
bearing of DMC has the potential to cause the
excessive wear comparative to the single bear-
ing prosthesis. And the larger diameter head
design of DMC may produce larger forces on
the femoral trunnion, which can promote fret-
ting and corrosion. Future studies may consider
evaluating the metal ion levels in patients to
trace the DMC corrosion and wear damage.
And future studies should also focus on compu-
tational and experimental approaches. For
example, using finite element analysis to simu-
late the movement of DMC can predict its
dynamic forces, slide distances, and wear
depths. With the application of the hip simula-
tor, a long-term DMC wear study can be simu-
lated. After the in-vitro simulation, CMM allowed
the measuring the volumetric wear from the
pre-test and post-test of the taper-trunnion
interfaces. Analyzing these computational and
laboratorial data can help us explore the wear
and fretting corrosion mechanisms of DMC. If
the concerns on the wear and corrosion of DMC
can be eliminated, the widespread use of DMC
can be expected.
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