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Abstract
Background Liner malseating is well described in ceramic-on-ceramic total hip arthroplasties (THAs). However, limited 
information is known on this complication among dual-mobility articulations. As such, this systematic review analyzed liner 
malseating in dual-mobility THAs concerning prevalence, clinical implications, and associated risk factors.
Methods A PRISMA criteria-based systematic review was performed, and PubMed, Web of Science, MEDLINE, and 
Cochrane used as data bases. All original studies from 1980 to 2022 were considered eligible for inclusion, and Methodo-
logical Index for Nonrandomized Studies (MINORS) used for quality assessment.
Results In total, five retrospective cohort studies with 2330 patients (2673 dual-mobility THAs) were included. Mean age 
was 66.9 years, mean BMI was 29.8 kg/m2, and 35% of patients were female. Rates of malseating ranged from 0.15% to 
5.8%, with a total of 53 malseated liners identified throughout all studies (1.98%). Based on THA manufacturer, malseating 
occurred in 48 Stryker (1.96%) and 5 Biomet Zimmer (2.14%) THAs. Mean clinical follow-up was 2.2 years (mean range, 
1.3 to 6.4 years). Except one patient reporting of pain at 2 years, no revision or negative clinical implication was noted in 
any of the malseated liners, including normal ranged metal ions measured in four cases. A smaller acetabular component 
size was identified as a statistically significant risk factor for malseating in one study. Mean MINORS score was 9.8.
Conclusions Liner malseating is a rare finding in patients undergoing THAs with dual-mobility articulations. While prelim 
results demonstrate no negative clinical consequences to date, existing studies are limited, refer to short-term outcomes only, 
and do not prospectively follow-up affected patients.
Level of evidence: IV.

Keywords Dislocation · Hip instability · Metal ion · Trident liner · G7 liner

Background

Total Hip Arthroplasty (THA) is widely considered the 
surgery of the century [1] with number of primary THAs 
projected to increase by 71% annually through 2030, in 
the United States alone [2]. However, dislocation remains 
one of the most common complications with up to 2% of 
THAs experiencing prosthetic hip dislocation within the 
first postoperative year [3]. The dual-mobility articulation, 
developed in 1976 by French physician Giles Bosquet, has 
become increasingly popular in recent decades [4], allowing 
for reduced rates of dislocation compared to conventional 
designs, while demonstrating implant survivorship rates of 
over 90% at midterm [5].

Nonetheless, dual-mobility designs are not without com-
plications, including intraprosthetic dislocation, metallosis, 
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liner fracture, and liner malseating [6]. The latter has been 
described in detail in the context of ceramic-on-ceramic 
THAs with malseating rates ranging over 20% [7], while 
resulting in significant clinical complications [8]. However, 
limited is known on liner malseating among dual-mobility 
THAs, as well as potential clinical implications [6]. As such, 
we analyzed liner malseating in dual-mobility THAs con-
cerning overall malseating rate, patient characteristics, clini-
cal and functional implications, as well as associated risk 
factors in the first systematic review to date.

Patients and methods

The systematic review was performed on the basis of the 
PRISMA criteria (Preferred Reporting Items for System-
atic Reviews and Meta-analyses) [9], and PubMed, Web of 
Science, Ovid Medline, and Cochrane used as data bases. 
Search criteria were set as: “(liner malseating OR dual-
mobility liner malseating OR liner malseating hip arthro-
plasty)”. Inclusion criteria were: (1) Patients treated with 
a dual-mobility THA, (2) between 1980 and 2022, (3) and 
evaluation for liner malseating. Exclusion criteria were: (1) 
non-dual-mobility THAs, (2) experimental studies, and (3) 
non-English full texts. The search was performed by two 
independent reviewers (DK, HB). Duplicated search results 
were removed, and the remaining articles analyzed based on 
title, and if considered eligible as full text.

The quality assessment was performed using the Meth-
odological Index for Nonrandomized Studies (MINORS) 
score independently applied by the same two reviewers, and 
a final score between 0 and 16 reached by consensus [10]. In 
addition, localization, publication year, study type, and level 
of evidence based on Ackley et al. [11] were analyzed for 
the purpose of quality and potential bias assessment. Out-
come parameters included number and characteristics of 
dual-mobility THAs, number of patients and their baseline 
demographics (sex, age, BMI), definition and radiographic 
evaluation of liner malseating, clinical and functional out-
comes among affected patients, as well as factors associated 
with malseating. Results were descriptively summarized as 
means and ranges in case of continuous variables, as well as 
percentages and absolute numbers for categorical variables.

Results

A total of 39 studies were identified based on PubMed 
(n = 17), Web of Science (n = 13), Ovid MEDLINE (n = 8), 
and Cochrane (n = 1) search (Fig. 1). After removal of dupli-
cates, 17 articles were screened for study inclusion, and 12 
records considered to be possibly eligible based on their title. 
After exclusion of 7 studies on non-dual-mobility THAs, 

5 retrospective cohort studies, published between 2019 
and 2021, were included in the final analysis (Table 1) [6, 
12–15]. Except one multicenter study, all were single insti-
tution cohorts, and all conducted at major university-based 
US institutions between 2010 and 2020. Mean MINORS 
score was 9.8 (range, 8 to 11), and no study fulfilled level of 
evidence III or above.

There were a total of 2330 patients (range, 219 to 1322) 
treated with 2673 dual-mobility THAs (2440 Stryker shells, 
233 Zimmer Biomet shells). Mean age was 66.9  years 
(range, 65.8 to 68), mean BMI was 29.8 kg/m2 (range, 28.3 
to 31 kg/m2), and 35% of patients were female (based on 
studies with available sex differentiation only).

In all but one study [14], linear malseating was evalu-
ated by at least 2 independent reviewers, and at least a third 
reviewer used for confirmation and/or consensus. Patients 
without both an AP and cross table lateral radiograph were 
excluded in all studies. Radiographic follow-up was précised 
by 3 studies only, with two using a minimum of 6 weeks [6, 
15], one reporting of a mean follow-up of 6 and 10 months 
for Stryker and Zimmer Biomet implants, respectively [13]. 
Liner malseating was defined in 4 studies, with all propos-
ing a similar definition of gap, asymmetry, angulation, or 
disruption between liner and acetabular component [6, 12, 
13, 15]. In total, 53 malseatings were identified among the 
2673 THAs (1.98%), with the rates among studies ranging 
from 0.15% to 5.8% [6, 14]. Referred to implant type used, 
48 malseatings occurred with Stryker (1.96%; Fig. 2) and 5 

Fig. 1  PRISMA based search of eligible studies
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with Biomet Zimmer shells (2.14%; Fig. 3). Differentiation 
based on sex was performed in 2 studies, with 35 malseat-
ings occurring in females, 9 in men [6, 12].

Clinical follow-up was described inconsistently among 
studies with 3 reporting of a mean follow-up (overall mean 
2.2 years) [12, 13, 15], 4 including a minimum follow-up 

(overall mean 1.27 years) [12–15], and another 4 report-
ing of a maximum follow-up (overall mean 6.36 years) 
[6, 12, 13, 15]. Except one patient reporting of pain at 2 
years [6], no clinical consequence was noted in the group 
of malseated liners, including no revision or negatively 
impacted functionality. Among patients with malseated 

Fig. 2  A well seated Stryker Trident liner (left) compared to a mal-
seated liner with asymmetry and a gap (right) (from Guntin et  al. 
[12] redistributed in accordance with CC BY-NC-ND 4.0. Open-
access article redistributed in accordance with the terms of the Crea-
tive Commons Attribution Non-Commercial No Derivatives (CC 
BY-NC-ND 4.0) licence, which permits the copying and redistribu-
tion of the work only, and provided the original author and source 

are credited. See https:// creat iveco mmons. org/ licen ses/ by- nc- nd/4. 
0/. Attribution—Appropriate credit was given, a link to the license is 
provided, no changes were made. NonCommercial—The material is 
not used for commercial purposes. NoDerivatives—The material was 
not remixed, transformed, or build upon. No additional restrictions—
There are no legal terms or technological measures that legally 
restrict others from doing anything the license permits)

Fig. 3  A well seated Zimmer Biomet G7 liner (left) compared to a 
malseated liner with gaps (right) (from Guntin et  al. [12] redistrib-
uted in accordance with CC BY-NC-ND 4.0. Open-access article 
redistributed in accordance with the terms of the Creative Commons 
Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0) 
licence, which permits the copying and redistribution of the work 
only, and provided the original author and source are credited. See 

https:// creat iveco mmons. org/ licen ses/ by- nc- nd/4. 0/. Attribution—
Appropriate credit was given, a link to the license is provided, no 
changes were made. NonCommercial—The material is not used for 
commercial purposes. NoDerivatives—The material was not remixed, 
transformed, or build upon. No additional restrictions—There are no 
legal terms or technological measures that legally restrict others from 
doing anything the license permits)

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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liners, 4 patients had a metal ion measurement, all of them 
within a normal range [6, 12, 14]. Functionality was evalu-
ated in 2 studies, with one demonstrating no differences 
between malseated and non-malseated liners [12].

Three studies performed a statistical analysis to iden-
tify factors associated with liner malseating. Guntin et al. 
[12] identified a component size of 50 mm or less to be 
associated with malseating. Likewise, Romero et al. [6] 
reported of a smaller cup size, as well as females, and a 
lower BMI as statistically significant risk factors, although 
no significance was noted in the course of a multivariable 
logistic regression analysis. Finally, Siljander et al. [13] 
could not show a significant difference between Stryker 
and Zimmer Biomet liners.

Discussion

This is the first systematic review on liner malseating in 
patients undergoing dual-mobility THAs. We found a low 
rate of malseated liners (1.98%) in 2330 patients based on 
5 different studies. Importantly, no revision or other nega-
tive clinical impact was noted in any of the aforementioned 
patients at short-term.

Liner malseating is not a new phenomenon and has pre-
viously been described with ceramic-on-ceramic liners. 
Of note, these prior reports demonstrated a substantially 
higher rate of malseating, ranging from 7.2% up to 25% 
at short-term [7, 16–19]. An explanation on this discrep-
ancy is difficult, as the malseating mechanism itself is not 
understood in its entirety. Inferior interposition of soft tis-
sue [6], deformation of acetabular components with under-
reaming [20], and prominent screw heads are among the 
most common mechanisms discussed [15]. As such, the 
aforementioned discrepancy might be attributable to surgi-
cal factors, as suggested by Salem et al. [14]. Moreover, 
the authors believe low interobserver and intraobserver 
reliability [12], as well as studies limited to high-volume 
university centers only, to offer a potential explanation on 
differences in malseating rates between dual mobility and 
ceramic-on-ceramic THAs.

Malseating goes beyond a pure radiographic finding. 
Prior investigations on malseated ceramic-on-ceramic 
liners identified significant complications, including liner 
dissociation, metal fretting, implant interface motion, 
complete liner dislocation, liner fracture and penetra-
tion of the femoral head through the acetabular shell [8, 
21–24]. In our analysis none of these complications were 
noted, although we acknowledge inconsistent and short-
term follow-ups. Moreover, Romero et al. [6] identified 
earlier fretting onset compared with well-seated liners in 
the experimental arm of their study, suggesting possible 
long-term effects not analyzed in current investigations.

Factors associated with malseating are essential, as they 
might allow for risk factor modification before undergo-
ing THA. In the course of our investigations, one study 
reported of smaller sized cups as a risk factor for mal-
seating [12]. This is in contrast to findings on malseating 
in ceramic-on-ceramic THAs that identified higher age, 
reduced preoperative flexion, and THA for osteoarthritis, 
but not implant size, as significant risk factors [7]. No fur-
ther factors, including sex, preoperative BMI, or implant 
design, were noted in our review, although analysis was 
limited by low event rates of malseated liners throughout.

This article had a number of limitations. Foremost 
included studies were retrospective cohort studies with 
none reaching level of evidence III or above. This was 
also reflected in a moderate quality assessed by two inde-
pendent reviewers using the MINORS score. In addition, 
studies reported outcomes in one country only, including 3 
studies from the same clinic (Hospital for Special Surgery) 
[6, 14, 15], limiting generalizability. Moreover, both radio-
graphic and clinical follow-up were defined inconsistently 
throughout studies, and affected patients not followed up 
in detail. In specific, metal ions were only available in 4 
cases, and functionality not compared to unaffected hips 
in all studies.

In conclusion, this systematic review found liner mal-
seating to be a rare finding in dual-mobility THAs. While 
no direct clinical consequences were noted in any patient, a 
short-term clinical and inconsistent radiographic follow-up 
must be acknowledged. Detailed follow-up of affected liners 
at mid-term, including multiple radiographic controls, metal 
ion measurements, and functional assessments are necessary 
before drawing final conclusions.
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