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Background:  Dislocation  is  one  of  the  leading  causes  for early  revision  surgery  after  total  hip arthroplasty
(THA).  To  address  this  problem,  the  dual  mobility  (DM)  cup  was  developed  in  the  1970s  by  the  French.
Despite  the increased  and,  in  some  countries,  broad  use  of  DM  cups,  high  quality  evidence  of  their  effec-
tiveness  compared  to traditional  unipolar  (UP) cups  is lacking.  There  are  a few  well-conducted  literature
reviews,  but  the level  of  evidence  of  the  included  studies  was  moderate  to  low  and  the  rates  of  revision
were  not  specifically  investigated.  Therefore,  we  did  a systematic  review  to  investigate  whether  there  is
a difference  in  the  rate  of  dislocations  and  revisions  after primary  THA  with  a DM  cup  or  a UP  cup.
Methods:  We  conducted  a systematic  literature  search  in  PubMed,  Embase  and  Cochrane  databases  in  July
2019. The  articles  were  selected  based  upon  their  quality,  relevance  and measurement  of  the  predictive
factor.  We  used  the  MINORS  criteria  to determine  the  methodological  quality  of  all  studies.
Results:  The  initial  search  resulted  in  702 citations.  After  application  of  the  inclusion  and  exclusion  cri-
teria,  eight  articles  met  our eligibility  criteria  and  were  graded.  Included  studies  were  of  medium  to low
methodological  quality  with  a mean  score  of  14/24  (11–16)  points  following  the MINORS  criteria.  In the
case-control  studies,  a total  of 549  DM  cups  and  649  UP cups  were  included.  In  the  registry  studies,  a
total  of 5.935  DM cups  and  217.362  UP cups  were  included.  In the case-control  studies,  one  (0.2%)  dislo-
cation  was  reported  for the  DM  cups and  46 (7.1%)  for  the  UP  cup  (p  = 0.009,  IQR  =  0.00–7.00).  Nine  (1.6%)
revisions,  of which  zero  due  to dislocation,  were  reported  for the  DM  cup  and  39  (6.0%),  of  which  30  due
to  dislocation,  for  the  UP cup (p  = 0.046, CI =  −16.93–5.73).  In the  registry  studies  161  (2.7%)  revisions
were  reported  for the  DM  cup,  of  which  14  (8.7%)  due  to dislocation.  For  the  UP  cup,  3.332  (1.5%)  revi-
sions  were  reported  (p = 0.275,  IQR =  41.00–866.25),  of  which  1.093  (32.8%)  due to dislocation  (p  = 0.050,
IQR  =  3.50–293.25).

Conclusion:  This  review  suggests  lower  rates  of dislocation  and  lower  rates  of  revision  for  dislocation
in  favor  of  the  DM  cups.  Concluding,  DM  cups  might  be  an  effective  solution  to reduce  dislocation  in
primary  THA.  To evaluate  the  efficacy  of  DM  cups  compared  to UP  cups,  an  economic  evaluation  alongside
a  randomized  controlled  trial  is needed  focusing  on  patient  important  endpoints.
Level of evidence:  III, systematic  review  of level  III studies.

©  2020  Elsevier  Masson  SAS.  All  rights  reserved.
� Prospero registry number: CRD42018091921.
∗ Corresponding author. Department of Orthopaedic Surgery, University Medical
enter Utrecht, PO Box 85500, 3508 GA Utrecht, The Netherlands.

E-mail address: ragna.jonker@gelre.nl (R.C. Jonker).
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877-0568/© 2020 Elsevier Masson SAS. All rights reserved.
1. Introduction

Total hip arthroplasty (THA) for end-stage osteoarthritis of the
hip is one of the most successful orthopedic surgical procedures.
It treats pain, improves function and thereby increases quality-of-

life [1]. However, dislocation is the leading cause for early revision
surgery after THA [2]. Most dislocations occur during the first year
after surgery, of which approximately half within the first three
months after surgery [3–5]. Hip dislocation is a major problem that

https://doi.org/10.1016/j.otsr.2019.12.019
http://www.sciencedirect.com/science/journal/18770568
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esults in reduced functioning and a deterioration in quality-of-life
6]. After a first dislocation, there is an increased chance that the
HA will re-dislocate again, with rates reported up to 60% [7–9].
n addition to the negative consequences for a patient, dislocations
lso increase healthcare costs. For an uncomplicated single dislo-
ation, these costs were estimated at 19% of total hospital costs,
hen revision surgery was required these costs increased up to

48% [10,11].
To address the problem of dislocation, Gilles Bousquet devel-

ped the dual mobility (DM) cup in France in the 1970s [12]. This
esign is a combination of the low friction arthroplasty by Sir John
harnley [13] and a large diameter head by Mac  Kee [14]. The DM
up consists of two articulations between three different compo-
ents; a metallic acetabular shell, a mobile polyethylene liner and a

emoral head. The mobile liner articulates both with the acetabular
hell and the femoral head. This should provide more stability and
iomechanically reduce the risk of dislocation [15–17]. Dislocation
ates reported for the DM cup range from 0 to 3.6% [16–21], which
eems slightly lower than the 0.5 to 6% reported for the standard,
nipolar (UP) cups [22–26]. Also, the use of DM cups for revision
urgery in patients with recurrent dislocation has shown promising
esults [3,27,28]. Internationally, DM cups are used widely for revi-
ion surgery [29–31] and as primary THA in patients at high risk for
islocation [32,33]. In France, DM cups are used in an estimated 30%
f all primary THAs [34]. In the Netherlands, DM cups are mostly
sed in case of specific patient characteristics, such as cognitive

mpairment, neuromuscular diseases or as a standard procedure
or revision surgeries due to recurrent dislocations [35]. These
haracteristics might negatively affect the risk for dislocation and
evision surgery compared to the general THA population. Poten-
ial disadvantages of DM cups are known to include; increased
iner wear [36], loosening [37,38] and intra prosthetic dislocation
IPD) [37,39]. These disadvantages may  result in revision surgery at
onger follow-up. However, when used for revision surgery, there
eems to be a significantly lower re-revision rate for the DM cup
t 5 years of follow-up [40]. Higher implant costs in several coun-
ries compared with many conventional UP cup implants [41] are
f topic, but a systematic review of Rudy et al. [42] states that DM
ups are cost-effective.

Despite the increased and, in some countries, extensively use
f DM cups, high quality evidence of their effectiveness is lack-
ng [19]. There are a few well-conducted literature reviews, but
he level of evidence of the included studies is moderate to low
nd the rates of revision were not specifically investigated. These
tudies did not make a distinction between case-control and reg-
stry studies, which is important because dislocations resolved by
losed reduction will be missed in registry studies with revision
s endpoint. Some of these reviews report on outcomes of the DM
up in revision surgery [43,44], or included patients with femoral
eck fractures [45]. There are also reviews that did not make a direct
omparison between the DM cup and UP cup [12,19,43–49], partic-
larly regarding the rate of revision. Therefore, the aim of this study
as to perform a systematic review of the literature to investigate
hether there is a difference in the rate of dislocations and revi-

ions after primary THA for degenerative diagnoses, between a DM
up or a UP cup.

. Methods

.1. Search strategy and selection criteria
We  performed a systematic review of literature in order to iden-
ify articles reporting ondislocation rates in both DM cups and UP
ups for patients undergoing primary THA. We  conducted a lit-
rature search of the PubMed, Embase and Cochrane databases
: Surgery & Research 106 (2020) 509–517

in July 2019. To improve the search quality, a medical librarian
assisted in the literature search. The search terms in PubMed for
[Title/Abstract] were (((dual OR double) AND mobility) OR mobile
bearing OR tripolar) AND hip. In Embase the search included: 1.
dual mobility OR double mobility OR tripolar OR mobile bearing
/ 2. dislocat* / 3. hip / 4: 1 + 2 + 3. In Cochrane we searched for:
(((dual OR double) AND mobility) OR tripolar OR mobile bearing)
AND dislocat* AND hip (in title, abstract & keywords).

Inclusion criteria for our review were:

• Patients receiving a primary THA, due to a degenerative diagno-
sis (e.g. osteoarthritis, necrosis of the femoral head, rheumatoid
arthritis, dysplasia)

• DM cup used as an intervention
• UP cup used as a control
• Dislocation and/or revision described as outcome

There was no selection in time period. Studies published in
English or French were eligible for inclusion in this review. To gain
reliable results on dislocation rates, we  set a minimum follow-up
period of 6 months. Exclusion criteria included the use of the DM
cup in revision or trauma surgery primarily and reports of the same
patient cohorts in different journals.

Two authors (RJ and LvB) performed all data screening and data
extraction, using the mentioned selection criteria. Both reviewers
screened the full-text articles of the papers found eligible in the
first round. In case of different opinions, consensus was  reached by
discussion between both reviewers. Included articles were divided
into two groups; case-control studies and registry studies.

2.2. Methodological quality assessment

We  used Methodological Index for Non-randomized Studies
(MINORS) to assess methodological quality [50]. This validation
index was  developed to determine the quality of observational and
non-randomized studies. Two investigators (RJ and LvB) indepen-
dently assessed the quality of each study, scoring the 12-item scale.
In case of discussion, a third investigator (NW) was  consulted. An
item was  scored as ‘0′ when not reported, ‘1′ when it was  inade-
quately reported, and ‘2′ when it was  adequately reported, with a
maximum and ideal score of 24 for comparative studies. This sys-
tematic review conforms with the PRISMA guidelines [51] and was
registered at Prospero (registry number CRD42018091921).

2.3. Statistics

For descriptive statistics, we  used totals, means and medians.
Statistical analyses were performed using SPSS version 21. A test
for normality was  performed. With normally distributed data, an
independent t-test was  performed and the 95% confidence interval
(CI) was given. In case of no normality, a Mann-Whitney-U test was
used and the interquartile range (IQR) was  given. A p value < 0.05
was considered significant.

3. Results

3.1. Study selection
The initial search identified 702 articles, of which, after screen-
ing for title, abstract and full-text, a total of eight articles met  our
inclusion criteria and were eligible for inclusion in this systematic
review [15,18,35,52–56] (Fig. 1).
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Table 1
Study characteristics of included studies.

Author Year Country Type of study Surgery period Pre-operative diagnoses Approach Implant head size

Bouchet et al. [15] 2011 France Retrospective case-control,
single center, One surgeon

DM:  2005–2007
UP: 2003–2005

DM:  osteoarthritis (n = 95), trauma (n = 4),
osteonecrosis (n = 3), other (n = 3)
UP: osteoarthritis (n = 100), osteonecrosis
(n = 8)

Posterolateral DM:  not specified
UP:  28 mm

Caton  et al. [18] 2014 France Retrospective case-control,
one surgeon

04/2000–09/2002 DM:  osteoarthritis (n = 95), osteonecrosis
(n = 6), fracture (n = 4)
UP: osteoarthritis (n = 209), osteonecrosis
(n = 2), rheumatoid arthritis (n = 4)

Posterolateral DM:  22.2 mm
UP:  22.2 mm

Epinette  et al. [52] 2015 France Prospective comparative
cohort study. One surgeon

02/2007–12/2011 DM:  osteoarthritis (n = 134), osteonecrosis
(n = 7), other (n = 2)
UP: osteoarthritis (n = 111), osteonecrosis
(n = 12), other (n = 7)

Posterolateral DM:  28 mm
UP:  28 mm

Homma et al. [53] 2016 Japan Retrospect case-control,
single centre. Age matched
control group

DM: ?/2013–01/2015
UP: 10/2011–?/2013

DM:  osteoarthritis (n = 41), osteonecrosis
(n = 3), fracture (n = 14), other (n = 2)
UP: osteoarthritis (n = 55), osteonecrosis (n = 2),
fracture (n = 3)

Direct anterior DM:  not specified
UP:  32 mm (n = 46)
and 36 mm (n = 14)

Rowan  et al. [54] 2017 United States of
America

Retrospective matched
case-control, single center

DM:  12/2011–12/2013
UP: 02/2007–06/2014

DM:  osteoarthritis (n = 106), dysplasia (n = 11),
osteonecrosis (n = 10), inflammatory arthritis
(n = 3), trauma (n = 3), other (n = 3)
UP: osteoarthritis (n = 111), dysplasia (n = 11),
osteonecrosis (n = 9), inflammatory arthritis
(n = 4), trauma (n = 1)

Posterolateral DM:  22.2 mm
(n = 9) and 28 mm
(n = 127)
UP:  28 mm (n = 13),
32 mm  (n = 90) and
36 mm  (n = 33)

Tarasevicius et al. [55] 2017 Lithuania Retrospective registry
study of the Lithuanian
Arthroplasty Register
(LAR). DM systems
compared to the Exeter
cemented system

01/2011–12/2014 DM:  osteoarthritis (n = 371), fracture (n = 138),
rheumatoid arthritis (n = 4), hip dysplasia
(n = 16), post-traumatic osteoarthritis (n = 22),
osteonecrosis (n = 40), other (n = 29)
UP: osteoarthritis (n = 1.614), fracture (n = 365),
rheumatoid arthritis (n = 6), hip dysplasia
(n = 38), post-traumatic osteoarthritis (n = 50),
osteonecrosis (n = 88), other (n = 9)

DM:  posterolateral (n = 573)
and anterolateral (n = 47)
UP: posterolateral (n = 2.074)
and anterolateral (n = 96)

DM:  not specified
UP:  28 mm

Kreipke  et al. [56] 2019 Denmark Retrospective registry
study of the Nordic
Arthroplasty Register
Association (NARA).
Matched cohort

1995–2013 DM:  all osteoarthritis
UP: all osteoarthritis

DM:  posterolateral (n = 2.162)
and anterolateral or other
(n = 115)
UP: posterolateral (n = 1.905)
and anterolateral or other
(n = 372)

DM:  not specified
UP:  28 mm, 32 mm
or 36 mm (not
specified)

Bloemheuvel et al. [35] 2019 Netherlands Retrospective registry
study of the Dutch
Arthroplasty Register
(LROI)

2007–2016 DM:  osteoarthritis (n = 1.688), fracture
(n = 424), late posttraumatic (n = 406), other
(n = 476)
UP: osteoarthritis (n = 185.062), fracture
(n = 7.065), late posttraumatic (n = 4.415),
Other (n = 14.163)

DM: posterolateral (n = 2.607),
anterior (n = 96), anterolateral
(n = 41), direct lateral (n = 254),
other (n = 9)
UP: posterolateral
(n = 128.275), anterior
(n = 21.102), anterolateral
(n = 15.801), direct lateral
(n = 44.249), other (n = 706)

DM:  22–28 mm
(not specified)
(n = 2.784)
UP:  22–28 mm
(n = 66.703), 32 mm
(n = 93.619), 36 mm
(n = 4.002),
≥ 38 mm (n = 1.452)

DM = dual mobility, UP = unipolar.
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Fig. 1. Flowchart of 

.2. Study characteristics and methodological quality assessment
The eight articles we included were published between 2011
nd 2019, with a reported surgery period from 1995 to 2016.
ive of the included articles were case-control studies of which
selection procedure.

three were single surgeon reports published by French authors

[15,18,52]. The two  other case-control studies were single cen-
ter studies from Japan [53] and the United States of America [54].
We included three registry studies reporting on dislocation of the
DM cup [35,55,56]. Head size differed from 22.2 mm  to ≥ 38 mm
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Table  2
Quality assessment of non-randomised studies, using MINORS [50] criteria.

Quality evaluation criteria* Bouchet 2011 Caton 2014 Epinette 2015 Homma  2016 Rowan 2017 Tarasevicius 2017 Kreipke 2019 Bloemheuvel 2019

Clearly stated aim 2 2 1 2 2 2 2 2
Inclusion of consecutive
patients

2 2 0 1 1 2 2 2

Prospective collection of data 0 0 1 0 0 1 0 0
Endpoints appropriate to the
study aim

2 2 1 2 2 2 2 2

Unbiased assessment of the
study endpoint

0 0 0 0 0 0 0 0

Appropriate follow-up period 2 2 2 1 2 1 2 2
Loss  to follow-up less than 5% 0 1 2 0 0 0 0 0
Prospective calculation of the
study size

0 0 0 0 0 0 0 0

Adequate control group 2 2 2 2 2 2 2 2
Contemporary groups 1 2 2 1 1 2 2 2
Baseline equivalence 1 1 1 1 1 1 1 1
Adequate statistical analysis 2 2 1 1 2 2 2 2
Total 14 16 13 11 13 15 15 15
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he items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported
omparative studies.

or the UP cup and was 22.2 mm,  28 mm or not specified for the
M cup (Table 1). Implants used for the DM cup were; Novea by
erf, Quattro by Lepine, Avantage by Biomet, ADM and MDM  by
tryker, Stafit by Zimmer, Saturne by Amplitude, Polarcup by Smith

 Nephew, Selexys DS by Mathys and Gyros-cup by Depuy. The
ean MINORS score for the assessment of methodological quality
as 14 points (58% of ideal score), ranging from 11 to 16 (Table 2).
o meta-analysis was performed, because there was  too much dis-

imilarity in the methodology of the studies, resulting in clinical
nd methodological heterogeneity.

.3. Case-control studies: dislocation and revision rates

A total of 1.198 hips were included, of which 549 were DM cups
nd 649 were UP cups (Table 3). Mean age at surgery was  68.2
ears for the DM cups and 65.9 years for the UP cups. Follow-up
iffered from a minimum of 6 months up to 10 years. Only one
islocation was reported for the DM cup group (0.2%), in contrast
o 46 reported dislocations for the UP cup group (7.1%) (p = 0.009,
QR = 0.00–7.00). The overall revision rate was nine (1.6%) in the DM
roup and 39 (6.0%) in the UP group (p = 0.046, CI = −16.93–5.73). All
ause revisions reported in the DM group were for aseptic loosening
cup; n = 1, stem; n = 3, total; n = 4), periprosthetic fracture (n = 4)
nd groin pain (n = 1). All cause revisions for the UP group were for
nstability (n = 30), aseptic loosening (cup; n = 2, stem; n = 3, both;

 = 1, total; n = 6), infection (n = 2) and periprosthetic fracture (n = 1).
verall cup revision rate (aseptic cup loosening, dislocation and
roin pain) for the DM cup was two (0.4%) and 33 (5.1%) for the UP
up (p = 0.081, IQR = 0.00–3.25).

.4. Registry studies: revision for dislocation and overall revision
ates

A total of 223.297 hips were included, of which 5.935 were DM
ups and 217.362 were UP cups (Table 4). Mean age at surgery was
1.4 years for the DM cups and 69.1 years for the UP cups. The
edian follow-up time differed from 2.5 to 3.2 years. The overall
evision rate was 161 (2.7%) in the DM group and 3.332 (1.5%) in
he UP group (p = 0.275, IQR = 41.00–866.25). There were 14 revi-
ions for dislocation reported in the DM cup group (8.7%) and 1.093
eported in the UP cup group (32.8%) (p = 0.050, IQR = 3.50–293.25).
dequate). The global ideal score being 16 for non-comparative studies and 24 for

4. Discussion

Dislocation remains one of the most common complications of
THA. Risk factors for dislocation can be patient-related, procedure-
related or implant-related. Because patient related factors cannot
be changed, investigation on procedure-related or implant-related
factors have been a topic of research. This systematic review
presents an overview of literature comparing the results of dis-
location and revision rates between two  principally different types
of acetabular components for primary THA; the DM cup and the UP
cup. Key findings of this systematic review are a lower rate of dislo-
cation and lower rate of revision surgery for dislocation in DM cups,
when used in primary THA, based on level 3 quality of evidence.

The case-control studies of this systematic review, reported only
one [18] dislocation (0.2%) for the DM cup and 46 dislocations (7.1%)
for the UP cup. Although research has shown that the use of a larger
femoral heads may  provide more stability and thereby reduce the
risk of dislocation [14,57–59], three out of five case-control studies
used heads of 28 mm or smaller for the UP cup [15,18,52]. Caton
et al. [18] in particular reported a high rate of dislocation (12.1%)
with the use of small size 22.2 mm heads in this group, operated
with a posterolateral approach. In contrast, Homma et al. [53],
reported only on one dislocation in their UP group, using 32 mm
(n = 46) and 36 mm (n = 14) heads and a direct anterior approach.
Despite their great benefits on stability and range-of-motion, a
potential disadvantage of a large femoral head in combination with
a thin polyethylene liner may  be the increased risk of liner fracture
[60] and wear [61]. However, specifically in newer, highly cross-
linked polyethylene DM liners, no implications of high failure rates
due to wear have been reported [62–64]. Another factor that could
have contributed to the low rate of dislocation reported by Homma
et al. [53], may  be the direct anterior approach. Although, various
studies have shown benefits of the direct anterior approach on dis-
location rate [65,66], a systematic review of Higgens et al. [67] did
not confirm any clear superiority on dislocation compared to the
well known posterior approach.

Rates of revision surgery in the case-control studies also seem
to be considerably lower in the DM cup group; 1.6% versus 6.0%. In
the UP cup group, 30 out of 39 (76.9%) revisions were performed
for recurrent instability. Despite the fact that this large share may
probably be due to a selection bias for articles reporting on dislo-

cation rates, other studies confirm that instability in UP cups is one
of the most common reasons for revision surgery [2,3].

In contrast to the case-control studies, the registry studies
showed higher rates of revision surgery for the DM cup. Whereas
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Table 3
Results of included case-control studies.

Author Total
operated
hips (n)

DM cup (n) UP cup (n) Mean age
DM cup
(years)

Mean age
UP cup
(years)

Gender DM
cup (M/F)

Gender UP
cup (M/F)

Follow-up
DM cup

Follow-up
UP cup

Dislocations
DM cup (n)

Dislocations
UP cup (n)

Total
revisions
DM cup (n)

Total
revisions
UP cup (n)

Cup
revisions
DM cup (n)

Cup
revisions
UP cup (n)

Bouchet et al. [15] 213 105 108 76.6 74.2 45/60 52/56 Mean 28 months Mean 52 months 0 5 0 1 0 1
Caton  et al. [18] 320 105 215 78 70.8 42/63 91/124 Minimum 10 years Minimum 10 years 1 26 2 26 1 23
Epinette  et al. [52] 273 143 130 70.6 65.5 49/87 53/72 Maximum 4.45 years Maximum 6.71 years 0 7 4 9 1 7
Homma  et al. [53] 120 60 60 75.6 74 12/46 7/50 Minimum 6 months Minimum 6 months 0 1 0 1 0 0
Rowan  et al. [54] 272 136 136 48.5 48.4 43/74 48/79 Median 3.2 years Median 3.4 years 0 7 3a 2 0 2

DM = dual mobility, UP = unipolar, M = male, F = female.
a 24 recalled modular femoral stems were excluded because of a specific stem-type complication.

Table 4
Results of included registry studies.

Author Total
operated
hips (n)

DM cup (n) UP cup (n) Mean age
DM cup
(years)

Mean age
UP  cup
(years)

Gender DM
cup (M/F)

Gender UP
cup (M/F)

Follow-up
DM cup

Follow-up
UP cup

Revisions
for
dislocation
DM cup (n)

Revisions
for
dislocation
UP cup (n)

Total
revisions
DM cup (n)

Total
revisions
UP cup (n)

Tarasevicius et al. [55] 2.790 620 2.170 63.2 68 237/383 787/1.383 Median 2.5 years Median 2.5 years 4 52 14 86
Kreipke  et al. [56] 4.554 2.277 2.277 75.5 75.5 896/1.381 914/1.363 Median 2.99 years Median 3.2 years 2 24 97 72
Bloemheuvel et al. [35] 215.953 3.038 212.915 70 69 1.104/1.934 70.144/14.771 Median 3 years Median 3 years 8 1.017 50 3.174

DM = dual mobility, UP = unipolar, M = male, F = female.
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islocation (32.8%) is the leading reason for revision of UP cups,
nfection (29.8%) seems to be a common reason for revision of DM
ups. Literature on the relation between DM cups and revision for
nfection is not consistent and based on observational data [68,69].
ecause DM cups are regularly used in frail patients at risk for dis-

ocation, this risk of infection and overall increased rate of revision
urgery in DM cups is probably due to confounding for patient char-
cteristics and co-morbidities. Patient characteristics reported by
loemheuvel et al. [35] confirm this suspicion, with an ASA-score
f three and four in 31% in the DM cup group, compared to only 13%
n the UP cup group.

The DM cup is becoming increasingly utilized worldwide. It is
egularly selected in revision surgery to treat instability [29–31]
nd at present often used as primary THA in patients at high risk
or dislocation [32,33,70]. Since the DM cup was already developed
n the 1970s, many long-term results of case series with DM cups
n primary THA have been published [16,17,20,21,38,71]. To our
nowledge, there are only a few other systematic reviews reporting
n the DM cup [12,19,42–49]. A network meta-analysis of four dif-
erent bearings was performed by Pituckanotai et al. [46] in which
ll preoperative diagnoses were included for both primary THA and
evision surgery. Batailler et al. [12], Martino et al. [48], Darrith et al.
19] Rudy et al. [42] Reina et al. [47] and Levin et al. [43] reported on
utcomes of the DM cup in primary THA and revision surgery. How-
ver, no direct comparison between the primary THA with both
M cup and UP cup was made. Faldini et al. [44] only reported
n revisions. Romagnoli et al. [45] included patients with femoral
eck fractures and revision surgery. De Martino et al. [48] excluded
rench language articles. De Martino et al. [49] only reported on
atients with early IPD.

There are some limitations applying to this study. Only eight
rticles met  our inclusion criteria for comparing results of the DM
up to the UP cup. Although, the DM cup was already developed
n France in the 1970s, we did not find any French comparative
tudies before 2011. Looking at the results of the MINORS-criteria,
anging from 11 to 16 points, the methodological quality of the
ncluded articles may  be rated as medium to low depending on
he cut-off points [72,73]. Furthermore, we need to make two sub-
tantive remarks on the included studies. First, we must note that
4 stem revisions in the study of Rowan et al. [54] were excluded
Table 3), because of a specific stem-type complication. This specific
tem was only used in the DM group and because of the potential
isk of fretting and corrosion at the modular neck junction, volun-
arily recalled by its own  manufacturer [74,75]. Secondary, we must
ote that there may  be a selection bias by differences in population
election of the registry studies. Bloemheuvel et al. [35] reported
n their entire study population, whereas Tarasevicius et al. [55]
hose an implant selected control group and Kreipke et al. [56] a
ex, age, component fixation and year of surgery matched control
roup. Results of this systematic review suggests lower rates of
islocation and lower rates of revision for dislocation in favor of
he DM cups. However, because included studies were of medium
o low methodological quality, no clear conclusion on the use of
M cups for primary THA can be drawn. Therefore, level 1 studies

randomized controlled trials) should be conducted to confirm the
esults of the current literature.

. Conclusion

This systematic review assed dislocation and revision rates of
M cups compared to UP cups in primary THA for degenerative

iagnosis in five case-control studies and three registry studies.
he case-control studies reported overall lower rates of dislocation
nd revision for DM cups. However, this finding is not confirmed
n the registry studies, which may  be due to biased, patient specific
: Surgery & Research 106 (2020) 509–517 515

indication, for using DM cups. Though rates of revision for dislo-
cation in DM cups seem considerably lower in the registry studies.
Further research is necessary to evaluate the possible advantages
using a DM cup in patients with hip osteoarthritis.
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