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Abstract

Background This study compared the long-term efficacy and safety of dual mobility (DM) prostheses

versus conventional total hip arthroplasty (c-THA) in femoral neck fracture (FNF) patients. FNFs have a high rate
of post-surgical complications, with no consensus on the optimal prosthetic design. This analysis synthesizes
the available evidence to address this gap.

Methods We systematically searched Cochrane, PubMed, and Embase databases for studies comparing DM

and c-THA in FNF patients. Outcomes included dislocation, revision, heterotopic ossification, infection, mortality, peri-
prosthetic fracture, quality of life, and functional scores. Relative risk (RR) was used for binary endpoints, while mean
differences (MD) or standardized mean differences (SMD) were calculated for continuous endpoints. A random-effects
model with a 95% confidence interval (Cl) was applied. Statistical analyses were conducted using R version 4.4.0.

Results We included three randomized controlled trials and ten cohort studies, amounting to 21,585 patients,

of which 4887 received and 16,698 received c-THA. Compared to c-THA, DM showed lower dislocation (RR 0.47; 95%
Cl:0.34-0.65; p<0.001) and revision rates (RR 0.77; 95% Cl: 0.67-0.89; p < 0.001) but higher heterotopic ossification
(RR1.98; 95% Cl: 1.22-3.20; p < 0.05) and worse functional scores at six to nine months (SMD 1.65; 95% Cl: 0.75-2.55;
p<0.001). Meta-regression analysis showed no impact of the posterior approach on dislocation outcomes (p=0.76).
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Conclusion DM reduces dislocation and revision risks but increases heterotopic ossification and shows worse short-
term functional outcomes. Larger randomized trials are needed to validate long-term efficacy and safety.

Keywords Dual articulation, Dual mobility, Femoral neck fractures, Hip replacement, Total hip arthroplasty

Background

Femoral neck fractures (FNF) are debilitating injuries,
particularly prevalent among the elderly population [1].
Total hip arthroplasty (THA) has become the preferred
treatment for displaced femoral neck fractures,
particularly in elderly patients with poor bone quality
or osteoporosis, offering improved functional outcomes
and durability compared to other surgical options. This
preference is attributed to THA’s ability to provide
effective pain relief, promote early mobilization,
and support a faster return to pre-injury functional
levels [2]. Additionally, it offers better prosthetic
implant longevity by reducing acetabular erosion and
maintaining a low revision rate [3].

However, the decision approach to FNF varies
depending on the extent of the injury. It must be
chosen carefully as it is associated with post-surgery
complications such as dislocation and the need for
revisions [4]. In order to avoid these events, there
has been an increasing interest in the use of dual
mobility (DM) prostheses to enhance the stability
of hip replacements in femoral neck fractures [5, 6].
These prostheses aim to reduce dislocation rates by
combining two articular surfaces, with cementless or
cemented options available depending on bone stock
and surgeon preference [7]. Reports highlight the
superiority of DM in enhancing stability, particularly
in high-risk patients, such as those over 65 years old
or with muscular weakness. [8, 9]. However, the cost-
effectiveness ratio of prosthetic implants is a limiting
factor for the widespread use of DM in FNF [10].
Considering the accumulated costs associated with
the pricing of prosthetic implants and the indirect
costs due to patient absenteeism, there is a positive
cost—benefit relationship. However, DM is not cost-
effective when the annualized incremental probability
of unforeseen revision implants exceeds 0.29% of the
initial value [11].

Given the uncertainty of which approach is best
suited for FNF, the current study provides an analysis of
a substantial number of studies and patients, including
national registries in a field lacking a published meta-
analysis for this population. Therefore, we conducted
a systematic review and meta-analysis of DM against
c-THA in patients with FNF in order to provide concise
insights for guiding clinical decisions and enhancing
patient endpoints.

Methods

This systematic review and meta-analysis was registered
in the International Prospective Register of Systematic
Reviews and Clinical Trials (PROSPERO) under protocol
CRD42024611764 to promote transparency and reduce
the risk of bias. The study adhered to the guidelines of
the Cochrane Collaboration Handbook for Systematic
Reviews of Interventions and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement [12—-14].

Eligibility criteria

In the study selection process, we started with
deduplication and independently screened all potentially
eligible studies. Three independent reviewers (FJ.A.,
EV.Z, EM.D.) and one validator (M.S.S.) collaborated in
combining outcomes from three databases and evaluated
the studies for inclusion. We excluded based on title and
abstract if they did not pertain to the subject of interest.
The remaining studies were then reviewed in full to verify
eligibility. We excluded trials not concluded, narrative
reviews, systematic reviews, non-comparative research,
scientific posters, study protocols, conference abstracts
not peer-reviewed, and any pre-clinical studies or those
not published in English.

We finished with a full independent reading of the
papers by two authors with the following inclusion
criteria: (1) peer-reviewed articles; (2) compared c-THA
versus DM; (3) involved neck femur fracture patients.
Studies were excluded if they (1) were ongoing trials,
not concluded; (2) were basic science research; (3) did
not provide data on FNF. We made no exclusions related
to the publication date. Data extraction was manually
performed.

Discrepancies were resolved through consensus
between the reviewers, and a third author (F.A.) made the
final decision in the event that divergence was reached.

Search strategy and data extraction

We systematically searched PubMed, Scopus, and
Cochrane Central Register of Controlled Trials
databases from inception to October 2024. We included
a combination of Medical Subject Headings terms and
keywords relating to “dual mobility’, “dual articulation’,
“arthroplasty”,  “replacement”,  “femoral’; “femur’,
“intracapsular’, “neck” and “hip” (Supplementary
Table 1). The references from all included studies,
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previous systematic reviews, and meta-analyses were
also searched manually for any additional studies. Two
authors (M.S.S and FA.) independently extracted the
data following predefined search criteria and quality
assessment.

Endpoints (outcomes) and sub-analyses

The main outcomes analyzed in this meta-analysis
were: (1) dislocation infection, (2) revision surgery,
(3) infection, (4) heterotopic ossification, (5) peri-
prosthetic fracture, (5) mortality, (6) functional score,
(7) quality of life (EQ-5D and SF 36 scores), and (8)
mortality. According to the available data in the studies,
we stratified for follow-up at 3, 6, and 12 months in (6)
functional score outcomes.

Statistical analysis

Relative Risk (RR) with the Mantel Haenszel method
was used to calculate binary outcomes. Mean differences
(MD) were used when scales were the same; otherwise,
a standardized mean difference (SMD) was applied, both
using the inverse method. The Restricted Maximum
Likelihood random effects were applied to synthesize
the pooled analysis along with 95% confidence intervals.
Cochran Q test and I? statistics were used to assess for
heterogeneity; P values inferior to 0.10, and I?>25%
were considered significant for heterogeneity [15]. A 0.5
continuous correction was applied to the data analysis
in the presence of zero events, and it was added when
performing the meta-regression and funnel plot. R
(version 4.4.0) was used for all statistical analysis [16—18].

Meta-regression

A meta-regression analysis was conducted to evaluate the
effect of the posterior approach in total hip replacement
on dislocation rates. The analysis employed restricted
maximum likelihood estimation and included Knapp-
Hartung adjustments to address small sample sizes.
Statistical significance was defined as a p-value of less
than 0.05 [19].

Trial sequential analysis (TSA)

We conducted a TSA on the included studies to evaluate
whether the cumulative evidence had sufficient statistical
power. Using the most prevalent dislocation outcome, we
analyzed binary data with a two-sided testing approach,
applying a 5% type I error rate and 80% power (1-f).
The analysis incorporated a variance-based correction
for heterogeneity within a random-effects model. A
z-score curve was generated to assess the confidence and
adequacy of the evidence. Furthermore, we performed a
sample size calculation to estimate the required sample
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size for the meta-analysis to confidently accept or reject
the intervention [20, 21].

Quality assessment

Two review authors (EV. Z; D.V.S.C.) assessed the risk of
bias in each study by using the revised Cochrane risk of
bias (RoB2/ROBINS-I tools). The examination domains
included biases arising from the randomization process,
deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of
the reported result. After responding to the signalling
questions, one of three types of bias judgments was
selected, namely “low;” “high,” and “some concerns”” In the
case of conflicts, a third author (A.L.D.) was contacted as
an unbiased arbitrator. The layout was generated using
Robvis [22, 23].

The overall quality of evidence was evaluated using
the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) guidelines [24].
Outcomes were categorized as very low, low, moderate,
or high-quality evidence based on factors such as risk
of bias, consistency of results, directness, precision, and
potential publication bias. Downgrades were applied for
issues such as methodological limitations, heterogeneity,
or indirectness, while upgrades were considered for large
effect sizes, dose—response relationships, or adjustments
for plausible confounding factors. This structured
approach ensured a robust assessment of the certainty of
evidence supporting the study’s conclusions [25].

For the dislocation outcome, reported in nine studies
with data above zero (the most prevalent endpoint), we
assessed publication bias by visually inspecting the funnel
plot for asymmetry and conducting Egger’s regression
test. A p-value<0.05 was considered indicative of
significant asymmetry, suggesting the presence of
small-study effects [26]. These methods provided an
additional layer of rigor in evaluating the reliability and
generalizability of the findings.

Results

Study selection and characteristics

The initial search identified 1651 studies, of which 900
duplicates and 998 ineligible studies were excluded.
Following a full-text review of the remaining 53 articles,
40 studies were excluded based on predefined criteria
(Supplementary Fig. 1).

Ultimately, 13 studies comparing DM and c-THA
for fragility femoral neck fractures in the elderly were
included in the analysis [27-39]. A total of 4887 (22,64%)
patients received DM and 16,698 (77,36%) received
THA. The baseline characteristics are summarized in
Table 1. Of the 13 studies included in our systematic
review, three were three randomized clinical trials; ten
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Table 1 Baseline characteristics of the included studies
Author and year Study design Group Female Mean Sample size Mean Cup fixation Posterior Hardinge
follow- age approach approach
up(months) (years)
Achudan, 2022 Retrospective Cohort DM 91 241 42 68 Uncemented 129 0
THA 42,7 87 70,9
Agarwala, 2021 Prospective Cohort DM 53 12 52 75,5 Mixed cases 0 103
THA 51 733 (uncemented/
cemented)
Cnudde, 2022 Retrospective Cohort DM 102 12 172 779 MD 103 69
THA 379 605 72,3 262 372
Alberio, 2021 Retrospective Cohort DM 42 23 24 77 Uncemented 48 0
THA 24 783
Griffin, 2016 RCT DM MD 12 9 N/A Uncemented MD MD
THA 10
Hoggett, 2023 Retrospective Cohort DM MD 41 106 76 Cemented 102 4
THA 42 189 73 140 49
Hoskins, 2021 Retrospective Cohort DM 1265 24 1778 75 MD MD MD
THA 7123 40 8582 73
Parhamfar, 2023 RCT DM 42 18 40 63 MD 0 84
THA 44 64
Rashed, 2020 RCT DM 32 12 31 66,3 Cemented 62 0
THA 31 68
Rashed, 2020 Retrospective Cohort DM 240 12 223 72,3 MD 334 0
THA 1 72,1
Rogmark, 2022 Retrospective Cohort DM 1374 60 2242 76 Mixed cases 1114 4234
THA 4120 6726 752 (uncemented/ 2492 1128
cemented)
Sadozai, 2021 Retrospective Cohort DM MD 37 127 N/A Mixed cases MD MD
THA 195 (uncemented/
cemented)
Tarasevicius, 2013  Prospective Cohort DM 61 12 41 75 Cemented 84 0
THA 43 76

RCT, randomized clinical trial; DM, dual mobility; THA, total hip arthroplasty; MD, missing data

were cohorts from which two were prospective, and
eight were retrospective. In all cohorts included for
analysis, most patients were more than 68 years of age
with a cumulative average age of 72.9 years in the DM
group and 72.4 years in the c-THA group. Only three
studies reported neurological disorders and obesity as
the main comorbidities before the femoral neck fracture
[32, 37, 39]. On the other hand, Tarasevicius et al. [38]
reported the previous functional status, classifying
it as independent with or without supervision [38].
Considering cup fixation, nine studies reported the
use or not of cement and four studies did not make any
reference to prosthetic fixation (Table 1).

Pooled analysis of all studies

DM was associated with a significantly lower risk of
dislocation (RR 0.47; 95% CI: 0.34-0.65; p<0.001;
I>=0%; Fig. 1) based on data from all included studies

and a lower risk of revision surgery (RR 0.77; 95% CI:
0.67-0.89; p<0.001; I>=0%; Fig. 2) based on eight
studies. The posterior and lateral surgical approach was
preferred according to the surgeon’s experience, and
there were 3 studies with missing data [25, 28, 33].

Heterotopic ossification was reported in three
studies, all of which utilised the posterior approach [30,
31, 39]. We found significantly higher rates in the DM
group compared to c-THA (RR 1.98; 95% CI: 1.22-3.20;
p<0.05; I=0%; Fig. 3).

Functional score analysis was reported in five
studies, depending on the follow-up analysis. We
found statistical significance at 6—9 months follow-up
favouring c-THA approach (SMD 1.65; 95% CI: 0.75—
2.55; p<0.001; I>=0%; Fig. 4). However, we found no
significant difference between groups at 3 months
(SMD 4.23; 95% CI: — 0.71 to 9.18; p=0.09; [*=91%;
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DM THA Risk Ratio
Study Event Total Event Total Weight RR 95% ClI MH, Random, 95% CI
Cohort
Agarwala 0 52 0 51 0.0%
Tarasevicius 0o M 2 43 1.1% 0.210 [0.010; 4.238]
Alberio 0 24 2 24 1.1% 0.200 [0.010; 3.954]
Achudan 0 42 4 87 1.2% 0.229 [0.013; 4.152]
Hogget 1 106 8 189 2.3% 0.223 [0.028; 1.758] —_—
Sadozai 2 127 10 195 4.4% 0.307 [0.068; 1.379] —a—
Cnudde 4 172 43 605 9.7% 0.327 [0.119; 0.899] ——
Hoskins 16 1625 154 7123 37.8% 0.455 [0.273;0.760] -.-
Rogmark 18 2242 85 6726 38.7% 0.635 [0.383; 1.054] 8 |
Total (95% CI) 41 4431 308 15043 96.3% 0.473 [0.343; 0.652] <

Heterogeneity: Tau? = 0; Chi = 3.53, df = 7 (P = 0.83); I° = 0%
Test for overall effect: Z = -4.57 (P < 0.001)

RCT

Griffin 0 9 0 10 0.0%

Rashed 0 31 0 31 0.0% :

Parhamfar 2 40 4 44 3.7% 0.550 [0.106; 2.842] —
Total (95% Cl) 43 4511 312 15128 100.0% 0.476 [0.347; 0.652] <&
Heterogeneity: Tau? = 0; Chi? = 3.56, df = 8 (P = 0.89); I° = 0%

Test for overall effect: Z = -4.62 (P < 0.001) 0.1 0512 10

Favors DM Favors THA

Fig. 1 Forest plot of comparison. DM x THA. Dislocation outcome Subgroup analysis: RCT and Cohort studies

DM THA Risk Ratio
Study Event Total Event Total Weight RR 95% CI MH, Random, 95% CI
Cohort
Agarwala 0 52 0 51 0.1% 0.981 [0.020; 48.494]
Achudan 0 42 4 87 0.2% 0.296 [0.016; 5.599]
Tarasevicius 0o 4 6 43 0.2% 0.095 [0.005; 1.670] -
Hogget 2 106 4 189 0.8% 1.274 [0.256; 6.343] ——
Cnudde 2 172 32 605 1.2% 0.279 [0.078; 1.001] :
Hoskins 56 1625 360 7123 26.6% 0.687 [0.522; 0.905] =
Rogmark 168 2242 572 6726 70.0% 0.827 [0.698; 0.980]
Total (95% Cl) 220 4280 976 14824 99.3% 0.752 [0.621; 0.911] ¢

Heterogeneity: Tau? = 0.0082; Chi® = 6.67, df = 6 (P = 0.35); I* = 10%
Test for overall effect: Z =-2.92 (P = 0.004)

RCT .
Parhamfar 2 40 2 44 0.7% 1.100 [0.201; 6.021] ——

Total (95% Cl) 223 4320 979 14868 100.0% 0.775 [0.672; 0.893] ¢

Heterogeneity: Tau? = 0; Chi® = 6.83, df = 7 (P = 0.45); 1> = 0% ' I I |
Test for overall effect: Z =-3.52 (P < 0.001) 0.01 0.1 1 10 100

Favors DM Favors THA
Fig. 2 Forest plot of comparison. DM x THA. Revision surgery outcome Subgroup analysis: RCT and Cohort studies



Santiago et al. Journal of Orthopaedic Surgery and Research (2025) 20:405 Page 6 of 12

DM THA Risk Ratio
Study Event Total Event Total Weight RR 95% CI MH, Random, 95% CI
Cohort
Alberio 4 24 4 24 141% 1.286 [0.358; 4.611] —
Rashed 60 223 14 111 83.3% 2.077 [1.227; 3.514] . 5
Total (95% CI) 65 247 18 135 97.4% 1.937 [1.191; 3.151] <>

Heterogeneity: Tau? = 0; Chi? = 0.46, df = 1 (P = 0.50); I* = 0%
Test for overall effect: Z = 2.67 (P = 0.008)

RCT

Rashed 2 3 0 31 26% 5.000 [0.250; 99.954]

Total (95% Cl) 68 278 18 166 100.0% 1.985 [1.228; 3.208] -
Heterogeneity: Tau? = 0; Chi? = 0.84, df = 2 (P = 0.66); I* = 0% ' '

Test for overall effect: Z =2.80 (P = 0.005) 0.1 0512 10

Favors DM Favors THA

Fig. 3 Forest plot of comparison. DM x THA. Heterotopic Ossification outcome

Std. Mean Difference

Author Year SMD 95% CI n.e n.c Weight IV, Random, 95% CI
Functional score at 3 months L
Parhamfar 2023 059 [-0.40; 1.58] 40 44 442% i8]
Rashed 2020 6.29 [-2.59;15.17] 31 31 16.5% L]
Agarwala 2021 730 [4.67; 9.93] 52 51 39.2% —-
Total (95% CI) 423 [-0.71; 9.18] 123 126 100.0% T
Heterogeneity: Tau® = 14.5441; Chi’ = 23.1, df =2 (P <0.01): I’ = 91%
Test for overall effect: Z = 1.68 (P = 0.093)

a
Functional score at 6 - 9 months
Parhamfar 2023 156 [0.62; 250] 40 44 43.4% -]
Achudan 2022 209 [1.24; 542] 42 87 355% -+—il—
Rashed 2020 466 [-2.40;11.72] 31 31 21.1% ——
Total (95% CI) 165 [0.75; 2.55] 113 162 100.0% L 4

Heterogeneity: Tau? = 0; Chi? = 0.8, df = 2 (P = 0.67); I = 0%
Test for overall effect: Z = 3.60 (P < 0.001)

Functional score at 12 months

Achudan 2022 -0.77 [-3.59; 2.05] 42 87 221% —?

Parhamfar 2023 066 [-0.07; 1.39] 40 44 25.6%

Alberio 2021 264 [-3.55; 883] 24 24 14.0% —
Rashed 2020 6.18 [0.84;11.52] 31 31 15.9% —a—
Agarwala 2021 10.80 [8.11;13.49] 52 51 22.4% ——
Total (95% CI) 3.83 [-0.57; 8.22] 189 237 100.0% T

Heterogeneily: Tau® = 21.3643; Chi’ = 56.54, df = 4 (P < 0.01); I° = 93%
Test for overall effect: Z=1.71 (P = 0.088)
c | | | | | |
-15 10 -5 0 5 10 15
Favours DM Favours THA

Fig. 4 Forest plot of comparison. DM x THA. Functional Score outcome at 3 a, 6/9 b, and 12 months ¢
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Fig. 4) and 12 months (SMD 3.83; 95% CI: — 0.57 to
8.22; p=0.08; I =93%; Fig. 4) of follow-up.

Revision rate surgery was reported in eight studies.
We found significantly lower rates in the DM group
compared to c-THA (RR 0.77; 95% CI 0.67-0.89;
P<0.001; 1:0%; Fig. 2). The leading causes of revision
surgery were dislocation for recurrent instability,
infection, peri-prosthetic fracture and loosening.

We found no significant differences in infection (RR
0.98; 95% CI: 0.81-1.18; P=0.84; I*=0%; Fig. 5a), peri-
prosthetic fracture ( RR 0.80; 95% CI: 0.48-1.31; P=0.38;
I>=0%; Fig. 5b), mortality (RR 1.54; 95% CIL 0.93 to
2.56; P=0.08; 1?=42%; Fig. 5c) and quality of life (MD
0.05; 95% CI: — 4.06 to 4.16; P=0.984; I*=28%; Fig. 5d)
outcomes.

Subgroup analysis

We performed a sensitivity analysis stratified by study
design. We found significantly lower rates for the DM
group in the observational subgroups for dislocation
(RR 0.47; 95% CI 0.34—0.65; P<0.001; 1%:0; Fig. 1) and
heterotopic ossification (RR 1.93; 95% CI 1.19-3.15;
P<0.05; 1:0%; Fig. 3). However, these results were not
significant in the randomized subgroup for dislocation
and heterotopic ossification.

Meta-regression

We analyzed data from multiple studies to assess whether
the dislocation outcome influences the relationship with
the posterior surgical approach across studies. Our meta-
regression analysis showed no statistically significant
association between the covariates and the pooled effect
size. These findings suggest that the posterior approach
was not a significant predictor of dislocation, with a
regression coefficient of 0.23 (95% CI: — 2.94 to 0.72;
p=0.72), implying that other unmeasured factors may
contribute to the variability in the effect size, as shown in
Supplementary Fig. 2.

Trial sequential analysis (TSA)

Considering our main outcome, we performed a TSA
for the dislocation endpoint. While our analysis did
not meet the required information size (RIS) calculated
for 4,639 patients, the cumulative Z-curve crossed the
superior monitoring boundary. This indicates that the
effect of DM is statistically significant for lower rates of
dislocation, with sufficient evidence to conclude a benefit
without the need for further observational trials in this
specific PICOTT (Supplementary Fig. 3). Still, more
RCTs are needed to confirm these findings at the level of
causality.

(2025) 20:405
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Quality assessment and publication bias

The GRADE evaluation for various clinical outcomes
revealed high-quality evidence from both randomized
controlled trials (RCTs) and non-randomized studies of
interventions (NRSI) in several domains: (1) dislocation
(12 studies), (2) revision rates (8 studies), (3) heterotopic
ossification (3 studies), and (4) infection (3 studies).
(5) Mortality data, however, were of low quality, based
on 4 NRSI studies, indicating significant limitations.
(6) Functional outcomes measured by the Western
Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) or the Harris Hip Score (HHS)
demonstrated a contrast in evidence quality [40, 41];
studies assessing functional scores at 12 months had
very low-quality evidence, whereas those at 6—9 months
provided high-quality evidence. These findings
highlight a strong evidence base for certain clinical
outcomes, with variability in the quality of evidence for
functional measures and mortality, as demonstrated in
Supplementary Fig. 4.

The Rob2 evaluation indicated a low risk of bias
for studies by Griffin et al. [35], Pahamfar et al. [34],
and Rashed et al. [30] (Supplementary Fig. 5a). In the
ROBINS-I assessment, studies by Achudan et al. [27],
Cnudde et al. [32], and Hoggett et al. [36] showed some
concerns in Domains D1, D2, and D5, while Hoskins
et al. [28] showed concerns in Domain D1. Conversely,
studies by Rashed et al. [35], Rogmark et al. [37], Sadozai
et al. [33], Alberio et al. [39], Agarwala et al. [29] and
Tarasevicius et al. [38] demonstrated a low risk of bias, as
illustrated in Supplementary Fig. 5b.

We found evidence of a small study effect in our meta-
analysis. Our assessment with Egger’s test showed the
presence of funnel plot asymmetry, which may indicate
significant publication bias (p=0.018), as illustrated
in Supplementary Fig. 6. The Egger’s test showed the
presence of funnel plot asymmetry, which indicates
significant publication bias (p=0.018; 95% CI: — 1.47 to
—0.41).

Discussion

In this systematic review and meta-analysis, we included
3 RCTs and 10 observational studies comprising a
total of 2121,585 patients, of which 4887 underwent
dual-mobility (DM) repair and 16,698 underwent
conventional total hip arthroplasty (c-THA). Although
DM demonstrated a significant advantage over THA
in reducing the incidence of posterior dislocation, it
was associated with a higher incidence of heterotopic
ossification. Functional score analysis revealed no
difference between groups at 3 and 12 months, with the
DM showing inferior results at 6—9 months. We found no
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DM THA Risk Ratio
Study Event Total Event Total Weight RR 95% CI MH, Random, 95% CI
Cohort {
Hoskins 18 1625 58 7123 12.2% 1.311 [0.771; 2.231) -
Rogmark 120 2242 378 6726 85.7% 0.950 [0.777;1.160] L ]
Total (95% CI) 137 3867 436 13849 97.9% 1.012 [0.787; 1.302] -
Heterogeneity: Tau® = 0.0101; Chi® = 1.24, df = 1 (P = 0.27); ¥ = 19% {
Test for overall effect: Z = 0.08 (P = 0.926)
RCT
Parhamfar 4 40 5 44 2.1% 0.700 [0.197;2.492) 1
Total (95% CI) 140 3907 442 13893 100.0% 0.981 [0.815; 1.181] -
Heterogeneily: Tau® = 0; Chi* = 1.52, df = 2 (P = 0.47). 1> = 0% J !
Test for overall effect: Z = -0.20 (P = 0.841) 02 05 1 2 5
Favors DM Favors THA
DM THA Risk Ratio
Study Event Total Event Total Weight RR 95% ClI MH, Random, 95% CI
Cohort
Agarwala 0 52 0 51 1.6% 0.981 [0.020; 48.494]
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Fig. 5 Forest plots comparing outcomes between dual mobility (DM) and total hip arthroplasty (THA) for a Infection, b Peri-prosthetic fracture, ¢
Mortality, and d Quality of life
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difference in revision and infection rates between groups
or quality of life measures.

Whilst c-THA is widely regarded as one of the safest
and most effective orthopaedic procedures, dislocation
remains a significant complication, with an estimated
rate to range between 0.2 and 10% annually [42, 43].
To address the issue of instability following THA, DM
cups were developed by employing a dual articulation
mechanism consisting of a smaller inner bearing and a
larger outer bearing designed to enhance joint stability
[44, 45]. A recent meta-analysis has demonstrated that
DM cups significantly reduce the risk of instability and
dislocation, regardless of the surgical approach used
[46—48]. These findings are consistent with our results,
which showed a reduced rate of dislocation with DM
in a significantly larger sample size, likely attributed to
the superior stability provided by the dual articulation
mechanism. Furthermore, our meta-regression analysis
confirmed that the posterior approach did not influence
the dislocation outcome, underscoring the robust effect
of DM implants on joint stability across a bigger number
of studies.

On the other hand, hip arthroplasty is a well-
recognized risk factor for HO, as the trauma inflicted on
soft tissues during surgery accelerates this pathological
process [49-51]. There is ongoing debate regarding
whether different surgical approaches—such as the
direct lateral, posterolateral, and anterolateral—result in
varying rates of HO [52, 53]. Additionally, available data
suggest that DM cups may be associated with a higher
risk of HO, although evidence remains limited [30]. Our
meta-analysis, which included three studies reporting
this outcome, demonstrated an increased incidence of
HO with DM implants, which is similar to what we find
in clinical practice. This may be attributed to the larger
implant size of DM cups, which necessitates additional
manipulation during surgery, as well as the greater range
of motion they provide.

Periprosthetic joint infection (PJI) remains a serious
and undesirable complication following total hip
arthroplasty [54]. Even considering the occurrence of PIJ
as a potential risk in joint reconstruction with or without
dual mobility, our study did not find an increased risk of
PJI with DM implants compared to c-THA, likely because
infection risk is more heavily influenced by sterility and
surgical technique rather than implant type. Dislocation,
heterotopic ossification, and infection are among the
leading causes necessitating revision surgery. Although
revision surgery is typically considered a last resort due to
its technical challenges, high cost, and significant impact
on a patient’s quality of life, it remains a critical option
when standard treatments fail to address infections or
mechanical complications. This is particularly relevant
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in cases of PJI requiring revision [55]. Our findings
indicated a lower risk of revision surgery, aligning with
the results of the meta-analysis by Mufarrih et al. [48],
which compared dual mobility cups to hemiarthroplasty.

Studies have reported improved quality of life and
functional outcomes, such as higher Harris Hip Scores,
in patients with DM cups [56, 57]. Additionally, one study
highlighted better functional outcomes, specifically in
patients with failed internal fixation of a proximal femoral
fracture who underwent revision surgery with DM
implants [58]. The concept of dual mobility is centered on
reducing the risk of prosthetic dislocation by providing
a greater range of motion without compromising joint
stability. However, our findings differ from the existing
literature, as we observed improved functional scores
in the c-THA group at 6-9 months follow-up. When
analyzing the mortality register in the use of primary hip
prostheses, we did not observe statistical significance
when comparing the two prosthetic groups in our
systematic review.

This study demonstrates several notable strengths.
Independent screening, data extraction, and quality
assessment by multiple reviewers, with a structured
resolution process for discrepancies, enhanced the
reliability and objectivity of the findings. Rigorous
quality assessment tools, including RoB2, ROBINS-I,
and GRADE, were employed to systematically evaluate
the risk of bias and the strength of evidence. Statistical
techniques, such as meta-regression, trial sequential
analysis, and sensitivity analyses, were used to address
heterogeneity, explore the influence of study-level factors,
and assess the robustness of the results. At the end of
the analysis of the results, the data from this systematic
review corroborate the findings in clinical practice, as
there is a lower number of dislocation events and surgical
revision rate in the DM group.

A significant limitation of our meta-analysis is the
strong evidence of publication bias, as indicated by the
asymmetry observed in the funnel plot for dislocation,
supported by Egger’s test results. These discrepancies
pose challenges in ensuring study comparability and
may limit the generalizability of our findings to broader
populations. Additionally, the lack of a statistically
significant association between covariates and the pooled
effect size in the meta-regression further highlights that
the tested covariates do not account for the observed
heterogeneity. This implies that other unmeasured
or confounding factors could be contributing to the
variability, complicating the interpretation of the results.
These limitations emphasize the need for cautious
interpretation and suggest the necessity of further
subgroup or sensitivity analyses to explore the sources of
heterogeneity and enhance the robustness of our findings.
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Finally, while we advocate for an individualized approach
to patients with FNEF, the lack of detailed demographic
data in each study presents a limitation, hindering our
ability to stratify recommendations effectively.

Conclusion

Our findings indicate that while DM implants
demonstrate better efficacy in reducing dislocations and
revision rates, this benefit comes at the expense of higher
adverse events and without significant impact on the
quality of life. Specifically, the DM approach is associated
with increased rates of heterotopic ossification and lower
functional hip scores compared to c-THA. Given the
substantial financial costs associated with DM implants,
we advocate for a more individualized approach when
selecting the surgical method. Using a subgroup for a
posterior approach to the dislocation outcome in more
studies could allow better analysis with meta-regression.
Further large-scale, randomized clinical trials with a
larger number of patients and extended follow-ups are
essential to understand better the long-term survival,
safety, and feasibility of DM implants in the management
of femoral neck fractures.
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