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Abstract

Total hip arthroplasty (THA) is regarded as one of the most successful and cost-effective orthopedic procedures. However,
THA is a surgical procedure with potential intraoperative and postoperative risks. Dislocation is one of the common postop-
erative complications and remains one of the main indications for THA revision. The purpose of this systematic review was
to evaluate the role and the outcomes of dual-mobility implant to prevent dislocation in patients younger than <55 years in
primary THA. In this systematic review, we included observational, prospective, and retrospective studies that evaluated the
outcome and the complications of the dual-mobility cup in < 55-year-old patients. After applying exclusion criteria (femoral
neck fractures or THA revision, case series, reviews, and meta-analyses), ten articles were included in the study. The overall
number of participants in all the studies was 1530. The mean age of the participants was 50 years. The mean follow-up was
11.7 years. A total of 46 patients (2.7%) reported intraprosthetic dislocations, in which the polyethylene liner dissociates from
the femoral head, while 4.8% of revision was due to aseptic loosening. The mean revision rate at twelve years was 11%. The
mean value of Harris Hip Score increased from 50.9 pre-operatively to 91.6 after surgery. Dual mobility is a valid option for

young patients with extended survivorship and low rates of instability and dislocation after primary THA.
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Introduction

Total hip arthroplasty (THA) is one of the most successful
orthopedic surgical procedures. Each year, over 1 million
total hip arthroplasties are performed worldwide. Improv-
ing patient quality of life, the demand for THA will grow,
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and the number of THAS is projected to increase by 174%
by 2030 compared to 2005 [1]. Main clinical indications for
total hip replacement are osteoarthritis (which accounted for
90% of procedures), femoral neck fractures (5%), avascular
necrosis (2%), developmental dysplasia of the hip (DDH)
(2%), inflammatory arthritis (1%) and femoro-acetabular
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impingement syndrome (FAIS) [2]. Total hip arthroplasty
has excellent mid-term and long-term outcomes. The average
age is getting lower, and with advances in implant design,
THA has become an excellent option for young adults who
need to return to physically demanding activities to improve
their quality of life [3, 4]. However, THA is a surgical pro-
cedure that could present intraoperative risks. Dislocation
is one of the common complications and remains one of
the main indications for THA revision [5]. The surgical
approach, baseline diagnosis, surgical technique, surgeon
confidence, implant lifetime, and patient's compliance with
restrictions influence the risk of dislocation. The prevalence
of dislocation has ranged from 0.3 to 10% in primary THAs
and up to 28% in revision THAs [6]. To reduce the risk
of instability, more than 40 years ago, Gilles Bousquet and
André Rambert introduced the concept of dual mobility
(DM), associating the low friction concept of Charnley with
the Big Head principle of Mac Kee Farrar. With the benefit
of the damping effect of the polyethylene between both hard
materials, the couple of friction with polyethylene/metal or
polyethylene/ceramic avoids material break [7]. This type
of implant is well known for its low dislocation rate and
high mobility range in primary THA. These dual-mobility
implants are designed to reduce wear, restore near-normal
range of motion, and improve implant stability and range
of motion [8, 9]. This DM is usually performed in younger
patients who undergo primary total hip replacement, surgical
revision, and femoral neck fractures with excellent results.
Dual-mobility THA in the hemiplegic and elderly patients
provides both efficacy and stability with good functional
results [10]. Instead, the main indication in the young patient
is related to his high physical performance, to determine a
lower risk of complications and avoid subsequent revisions.
Therefore, this systematic review aims to determine the out-
comes of dual-mobility THA in younger patients <55 years
in primary total hip replacement.

Materials and methods

In this systematic review, we included observational, pro-
spective, and retrospective studies that evaluated the out-
come and the complications of the dual-mobility cup
in <55 years old patients. Studies were included if they
reported postoperative outcomes, survival, and dislocations
rate of the dual-mobility cup in primary THA. We excluded
studies that involved femoral neck fractures or THA revi-
sion; moreover, case reports, case series, reviews, and meta-
analyses were excluded.
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Search methods for identification of studies

A systematic literature search was performed using the
following databases: Pubmed-Medline, Scopus, and the
Cochrane Library. We used the following search strat-
egy "dual"[All Fields] AND ("mobilities"[All Fields]
OR '"range of motion, articular"[MeSH Terms] OR
("range"[All Fields] AND "motion"[All Fields] AND
"articular"[All Fields]) OR "articular range of motion"[All
Fields] OR "mobility"[All Fields]) AND "cup"[All Fields]
AND ("arthroplasty, replacement, hip"[MeSH Terms]
OR ("arthroplasty"[All Fields] AND "replacement"[All
Fields] AND "hip"[All Fields]) OR "hip replacement
arthroplasty"[All Fields] OR ("total"[All Fields] AND
"hip"[All Fields] AND "arthroplasty"[All Fields]) OR
"total hip arthroplasty"[All Fields]). The reference list
of the articles was screened manually. After duplicates
were removed, the abstracts of all relevant studies were
independently examined by two review authors (B.Z. and
G.F.P.). Any uncertainties or conflicts were reviewed with
the third reviewer to eliminate potential inaccuracies. Two
reviewers (B.Z. and G.F.P.) evaluated the articles to iden-
tify which ones should be included in the review.

Data collection, analysis, and outcomes

Data extraction was independently produced by two
reviewers (B.Z. and G.F.P.). We extracted the following
study characteristics: authors, year of publication, type of
study, number of patients, number of hips, mean follow-
up and lost at follow-up, mean age, diagnosis, surgical
information as the type of cup, stem, fixation, bearing,
and surgical approach, complications, and revision rate.
Revision rate is reported as prosthetic implant or compo-
nent revision rate due to complications or failure. Instead,
implant survivorship represents prosthetic implant survival
rate during the follow-up. Finally, outcomes included clin-
ical scores such as Harris Hip Score (HHS), visual analog
scale (VAS), return to activity, and implant survivorship.

Methodological quality assessment
Two reviewers (B.Z. and G.F.P.) used the Methodological

Index for Non-randomized Studies (MINORS) score to
assess the quality of the included non-randomized studies.
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Results
Results of the search

The literature search identified 1556 articles. Of these,
1437 articles were screened based on title and abstract
after 82 duplicates were removed. Then 41 articles were
read in full text, and 31 of these were excluded for the fol-
lowing reasons: evaluating femoral neck fracture (n=12),
patients aged more than 55 years (n=8), patients with

Records removed before
. . . screening:
Records 'dmnﬁfd from: Duplicate records removed (n
PubMed (n = 294) I =116
Scopus (n = 1238) =116)
; Cochrane Library (n = 24) Records removed for other
reasons (n = 3)
Records screened » | Records excluded
(n = 1437) (n = 1396)
Reports sought for retrieval »| Reports not retrieved
3 (n =41) (n= 0)
Reports assessed for eligibili Reports excluded:
(n ix:11) oy I Mainly evaluating femoral
neck fracture (n = 12)
Patients aged more than 55
years (n = 8)
Patients with associated
neurological disorders or
comorbidities (n =7)
Case reports (n = 4)
A 4
3 Studies included in review

g (n=10)

Fig. 1 PRISMA 2020 flow diagram

associated neurological disorders or comorbidities (n=7),
and case reports (n=4). Finally, we included in this review
ten articles, which were four prospective studies and six
retrospective studies (Fig. 1).

Demographic data

The overall number of participants in all the studies was
1530. Hips number included in the study was 1662. The
mean age of the participants was 50 years (41-55 years). The
most common diagnosis was primary osteoarthritis, with an
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incidence of 57.69%. The second common diagnosis was
hip dysplasia, with an incidence of 16.1%. Other diagnoses
included in the study were osteonecrosis of the femoral head
(ONFH) and rheumatoid arthritis. The mean follow-up was
11.7 years, ranging from 2 to 25.3 years. All demographic
data are compiled in Table 1.

Surgical data

Seven studies had reported a predominance of posterolat-
eral surgical approach, while in the remaining three studies,
the surgical approach was not reported (Table 2). Several
types of bearing were reported in the studies. Five stud-
ies combined metal-polyethylene bearing; 2 studies com-
bined ceramic—polyethylene bearing, while the remaining

Table 1 Demographic data

three studies used both combinations. Concerning the stem
fixation, cemented and uncemented femoral stems were
included.

Outcomes and complications

Of 1662 hips, only 25 have experienced early complica-
tions, including periprosthetic fracture, femoral fractures,
femoral unscrewing, and PJI. Only two studies reported no
intraoperative complications, while in the other studies,
the most frequent early complications, within 1.5 years,
were periprosthetic fractures and periprosthetic joint infec-
tions (PJI) (Table 3). The mean revision rate was 11%. A
total of 46 patients reported intraprosthetic dislocations
(IPD), while other revision cases were due to aseptic

Author Year Type of study LOE N. patients N. hips

Mean age Diagnosis
at surgery

Follow-up Lost at follow-up

2018 RS 26 30
2011 RS mnr 205 240

Assietal. [17]
Boyer et al. [16]

Epinette et al. [21] 2016 PS I 321 321

2016 RS mr 31 40
2019 PS II 43 43
2016 RS I 174 212

Martz et al. 8]
Nam et al. [22]
Neri et al. [12]

Philippot et al. [13] 2008 PS I 384 384

Philippot et al. [14] 2017 RS 1 114 137

Puch et al. [23] 2016 PS 1I 105 119

Rowan et al. [24] 2017 RS I 127 136

549y
55y

48y

ONFH

OA (67%), dysplasia
(12%), ONFH (11%),
RA (3%), pseudoarthro-
sis (4%), hip arthrodesis
(3%)

OA (75.8%), ONFH
(17.2%), dysplasia
(5.9%), RA (1.1%)

ONFH

51 m /
22y 12 lost, 99 died

27y 1 died

44y
526y
53y

55y

41y

499y

485y

OA, ONFH

OA (74%), ONFH (12%),
dysplasia (11%), inflam-
matory arthritis, post-
traumatic (3%)

OA (50.1%), dysplasia
(23.7%), ONFH (12.6%),
post-traumatic (2%),
secondary OA (11.1%)

dysplasia (27%), post-
traumatic (24%), ONFH
(23%), epiphysiolysis
(12%), sequelae of
osteochondritis (9%),
OA (4%), neurogenic
osteoma (1%)

OA (54.3%), dysplasia
(25%), ONFH (12.9%),
other (7.8%)

OA (77.9%), dysplasia
(8.1%), ONFH (7.4%),
inflammatory arthritis
(2.2%), post-traumatic
(2.2%), protrusio acetab-
uli (1.5%), osteogenesis
imperfecta (0.74%)

116.8 m 11 deceased
24 m /
253y 12 lost, 76 deceased

153y

6 lost, 92 deceased

219y 7 lost, 11 deceased

11y 8 lost, 4 deceased

Retrospective Study, PS Prospective Study, LOE Level of Evidence, N number, y years, m months, Osteonecrosis of the Femoral Head, OA

Osteoarthritis, RA Rheumatoid Arthritis

@ Springer



Archives of Orthopaedic and Trauma Surgery

uarAyiektod 1ySrom-Temos[ow-ySiy-eniN FIMWHA ‘Piiodarjou "y ‘Yoeordde [erare] 10011 Y7 ‘yoroidde [erojeorssod 74

(%S°sP)
QUAIAIRATOd—TRIIN (%S +S)
(3dXTH) Sudlkyakod-omuesa)

(HdMINHN) Sus[AyIeA[0d—TeRIN

(HdMINHN) SUSIAYIRA[0d—TeIOIN

QUIIAYIRATOd—TeIPIN

(HdMINHN) SUSTAYIRA[0d—TeIIN
(%$°7€) QUS[AYIRK[Od—TeIRIN
(%S’ L9) PualAyIek[og—omurera)
(%$°L2)
sua[AIek[od—orurea) (%S L)
(HdMINH) SUSTAYIRAT0d—TeIIN

(3dXTH) 2uaffyok[od—omurera)

wa)s pajuawedun ‘dno Jy-ssarg

wa)s pajuawadun ‘dno 1y-ssaig
WIS PAMAIIS MAIDS
pue s3od om) Pim dno jg-ssaig
wals
PomaIds pajuswedun ‘sgod
pue ma10s yim dno Jy-ssaig
W) POMAIDS
‘[eo1u0o [99)s ssoquress ‘s3ad
pue ma10s PIm dno 1g-ssald
wo)s parede)
pajuowaoun ‘dnd Jy-ssaig

wa)s (%(9) PAIULWAdUN PUL
(%0%) paruawad ‘dnod 1y-ssaid

(%78) Wa)S PojudWAOUN PUE
(%81) paruawao ‘dno Jri-sso1g

W)S PAMAIDS pajuauradun ‘dno

uoneAoN ‘Ie[npowr INONS
‘refnpow 9yeuaAn(oy ‘rader-n

1JIN0ag ‘1ode) Oy A IGINOAS

(%7 1p) sudoT SO

“AVL (%£9S) Andod TIVIOD
PamaIds joq

‘J19S @ TIH0YUd PUE J19S @dd

128 papealy) wniuem Odd
pue popeaIy) [993s sso[urels @dd
198 @dd
I9YANS 9pe[0ddY

(@Y9101d 1d) Was

PAIUAWAD (@OINAWAS) PIeOd
AmedeAx0IpAy WIS SSAPUIWR)

WIdJS O0[qouoW / JB[NPOJA

(%¥'81)
@NAN (%9'18) ®INAY 1o¥Ang

DA uonerauag pug

JI9S @JLAON
JI9G [991S Ssa[uIR)S @IBAON

pue 10§ wnrueir @3LAON

JI9S @9BAON

1YAns @INAN

JI9S @ILAON 10 @IYUNS SBAON

(%8°SP)
OWAN (%T¥S) @AY AN

T1d  [pe] uemoy

(%8¢) Texare] oSuIpre (%cL) 1d [€2] yong

AN [p1]10ddiyq
AN [g1]30ddiiyq
1d [Z1] 1oN

1d [ze] weN

(%S1) Te1ae] (%58) 1d [8] zneN

IN [12] sneurdyg

CUCIANRRINGY oy L 2) A uonexy [epodin pue 1y-ssaig 39S ®@dd JI9S @9'AON (%L1) [e1o1e1 19311p (%€8) 1d [91] 10kog
(%€) DNH

LUEIINIEIN(VE Ehltiita i) wa)s poyuawdd dnd Jny-ssaid IN ‘(%) omenQ) ‘(%06) dSeIueAy 1d [L1] 188V

Suureog uonexiy wals dnp yoeoidde [eo131ing oy

eyep [eo13InS g 9|qel

pringer

a's



Archives of Orthopaedic and Trauma Surgery

Table 3 Outcomes and complications

Author Early complications Revision rate % Revision etiology HHS Pre  HHS Post Survivorship
Assi [17] 1 periprosthetic fracture 0 N.R N.R 98.7+2.7 100%
Boyer [16] 5 femoral fractures (2%) 17.2 20 Aseptic loosening 65+10.3 92+8.4 73.9%
(8.3%), 2 septic loosen-
ing (0.8%), 10 retentive
failure (4.1%), 5 liner
wear (2%), 5 stem loos-
ening 2%)
Epinette [21] 1 periprosthetic fracture 3.7 2 impingement acetabular N.R 93.60+8.48 99.7% overall, 97.51% for
components (0.6%), 8 revision
ARMD (2.5%), 1 aseptic
loosening (0.3%), 1
sepsis (0.3%)
Martz [8] 1 early PJI, 1 heterotopic 0 N.R 50.8+15.5 95.7+69 65% overall, 100% for
ossification, 1 LLLD revision
Nam [22] no intraoperative compli- 0 N.R 54.1+20.5 91.2+10.8 100%
cations
Neri [12] 2 PI1 (0.94%) 21.22 17 aseptic loosen- 51.1 83.6 90.6%
ing (8.02%), 10 IPD
(4.71%), 9 polyethyl-
ene wear (4.24%), 7
periprosthetic fracture
(3.3%)
Philippot [13] 9 femoral unscrewing, 1 11.5 13 aseptic loosening, N.R N.R 95.9%
femoral mobilization (3.3%), 14 IPD (3.6%),
7 polyethylene wear
(1.8%)
Philippot [14] 1 femoral stem fracture 32.1 20 cup aseptic loosen- 48.30 85.1 77%
(0.79%), 1 PI1 (0.79%) ing (14.7%), 15 IPD
(10.9%), 6 polyethylene
wear, 3 femoral aseptic
loosening (2.25%)
Puch [23] 1 PIT (0.8%) 4 2 stem loosening (1.6%),  39.5 98.0 96.1%
2 cup loosening (1.6%)
Rowan [24] no intraoperative compli- 19.8 1 periprosthetic fracture, 2 47.7+14.4 87.2+16.6 N.R

cations

stem aseptic loosening,
24 ARMD

PJI Periprosthetic Joint Infection, LLLD Lower leg length discrepancy, N.R. not reported, /PD intraprosthetic dislocation, ARMD Adverse Reac-

tion to Metal Debris, HHS Harris Hip Score

loosening. Harris Hip Score was reported in 9 studies. The
main value of HHS increased from 50.9 pre-operatively to
91.6 after surgery. VAS score was not evaluated in these
studies. All studies reported a high survival rate range,
ranging from 73.9% to 100%, with an average of 88.7%.
Rates of return to activity and sport were not mentioned
in the studies.

Methodological evaluation
This systematic review involved only non-comparative stud-
ies. Therefore, only the first eight items of the MINORS

score were adopted to assess the methodological quality.
The mean value of the included studies is 13.2 (Table 4).

@ Springer

Discussion

THA is an extremely successful operation, but dislocation
remains one of the leading causes of failure with consider-
able negative consequences on the patients' quality of life
[11]. The primary aim of this review was to evaluate the effi-
ciency and the outcomes of dual-mobility THA in younger
patients < 55 years in primary total hip replacement.
Considering the studies included in our review, we
observed an extremely low rate of complications. The mean
revision rate was 11% (3.7-32.1%). The mean survival rate
was 88.7% ranged from 73.9% to 100%. Dislocations have
been described only in 3 studies. Neri et al. [12] showed
ten revisions for IPD (4.71%), while Philippot et al. [13]
reported 14 revisions for IPD (3.6%) after 8.9 years. In
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Table4 MINORS score

Author Stated aim Inclu- Collec-  Endpoints Unbiased assess-  Follow-up Loss to follow- Prospective Total
sion of tion of  appropriate to  ment of the study up less than calculation of the
patients  data the aim endpoint 5% study size

Assi [17] 2 2 2 2 2 1 2 0 13

Boyer [16] 2 2 2 2 0 2 2 2 14

Epinette [21] 2 2 2 2 0 1 2 2 13

Martz [8] 2 2 2 2 0 2 2 1 13

Nam [22] 2 2 2 2 0 1 2 2 13

Neri [12] 2 2 2 2 0 2 1 2 13

Philippot [13] 2 2 2 2 0 2 2 2 14

Philippot [14] 2 2 2 2 0 2 1 2 13

Puch [23] 2 2 2 2 0 2 1 2 13

Rowan [24] 2 2 2 1 1 1 2 2 13

another study [14], the same research group reported a rate
of 10.9% for IPD. In these cases, IPDs were caused by wear
of the liner's retention collar, resulting in loss of the lin-
er's retaining ability. The factors influencing instability are
related to the patient's condition and technical factors [15].

On the other hand, most of the studies included showed
excellent survivorship with no episode of dislocation in
young patients treated with DM THA. All clinical scores
improved significantly at the final follow-up. Outcomes
evaluated in these studies showed excellent results. HHS
had an increase of about 45%. Nine studies showed a high
range of survival rates. Survivorship ranged from 73.9% at
an average follow-up of 22 years, as described by Boyer
et al. [16], to 100%, as shown by Assi et al. [17], with a mean
follow-up of 51 months. DM THA showed excellent clinical
and radiological results with very few complications and has
demonstrated to be a decisive treatment to avoid dislocation,
the leading cause of revision.

Similar to our results, Walker et al. [18] found that THA
had an excellent response to symptoms, improving func-
tional ratings in patients aged 30 or less, regardless of
implant choice or fixation technique. They demonstrated
significant HHS findings and a revision rate comparable to
the older population. Darrith et al. [1] analyzed 24 stud-
ies of dual-mobility primary THAs with 10,783 THAs with
an average follow-up of 8.5 years. They found that the DM
THA is a viable alternative to standard implants with good
overall survivorship and a low dislocation rate of 0.46 per-
cent (41 hips).

In a study by Jgrgensen et al. [19], the clinical outcomes
at 5 years of follow-up of 44 patients who underwent
THA with anatomic DM monoblock have been observed.
The authors proved good survival rates for the implants
in patients with different ages, showing good clinical out-
comes, low polyethylene wear rate and well monoblock cup
fixation.

Gardner et al. [20] in their study analyzed the pooled esti-
mates of all-cause survival rate following THA DM, evalu-
ating estimates of unadjusted dislocation rate and revision
due to instability, fracture and infection. The pooled survival
estimate at 10 years was 96.3% from registry data and 95.7%
from case series. The revision estimate for THA DM was
0.8% for instability, 0.4% for infection and 0.3%, for fracture.

Limitations

The limitations of this study are linked to the small number
of studies, the presence of different clinical and radiological
outcomes, the heterogeneity of the sample populations, the
different types of implants and surgical approaches, and the
poor evaluation of return to activity and sport.

Moreover, the included studies involved only a group of
patients who underwent THA DM. Therefore, there was no
possibility to compare these patients' survival rates and clini-
cal outcomes with other kinds of THA or different surgeries
to evaluate the effectiveness of THA DM in young adults.
As the sample comprises young patients, an assessment of
return to physical activity and sports would be helpful to
obtain strong evidence on the performance and effectiveness
of THA DM.

Conclusion

Dual-mobility THAs are a valid option for young patients
with extended survivorship and low rates of instability after
primary THA. The rate of complications is relatively low,
while the survival rate of the implant is increased, and the
revision surgery is no longer difficult. Therefore, this study
demonstrated the efficacy and longevity of THA DM in

@ Springer
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patients younger than 55 years old, concerning low compli-
cation rate and high survival rate.
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