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Abstract

Background Dislocation is a major complication of re-
vision THA after two-stage exchange for periprosthetic
joint infection (PJI). The likelihood of dislocation can be
particularly high if megaprosthetic proximal femoral re-
placement (PFR) has been performed during a second-
stage reimplantation. Dual-mobility acetabular compo-
nents are an established way of reducing the instability risk
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in revision THA; however, the likelihood of dislocation for
dual-mobility reconstructions in the setting of a two-stage
PFR has not been studied systematically, although patients
with these reconstructions might be at an increased risk.
Questions/purposes (1) What is the risk of dislocation and
revision for dislocation in patients who underwent PFR
with a dual-mobility acetabular component as part of two-
stage exchange for hip PJI? (2) What is the risk of all-cause
implant revision and what other procedures were per-
formed (apart from revision for a dislocation) in these pa-
tients? (3) What potential patient-related and procedure-
related factors are associated with dislocation?

Methods This was a retrospective study from a single
academic center including procedures performed be-
tween 2010 and 2017. During the study period, 220 pa-
tients underwent two-stage revision for chronic hip PJI.
Two-stage revision was the approach of choice for
chronic infections, and we did not perform single-stage
revisions for this indication during the study period.
Thirty-three percent (73 of 220) of patients underwent
second-stage reconstruction with a single-design, mod-
ular, megaprosthetic PFR because of femoral bone loss,
using a cemented stem. A cemented dual-mobility cup
was the approach of choice for acetabular reconstruction
in the presence of a PFR; however, 4% (three of 73) were
reconstructed with a bipolar hemiarthroplasty to salvage
an infected saddle prosthesis, leaving 70 patients with a
dual-mobility acetabular component and a PFR (84% [59
of 70]) or total femoral replacement (16% [11 of 70]). We
used two similar designs of an unconstrained cemented
dual-mobility cup during the study period. The median
(interquartile range) patient age was 73 years (63 to 79
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years), and 60% (42 of 70) of patients were women. The
mean follow-up period was 50 = 25 months with a minimum
follow-up of 24 months for patients who did not undergo
revision surgery or died (during the study period, 10% [seven
of 70] died before 2 years). We recorded patient-related and
surgery-related details from the electronic patient records and
investigated all revision procedures performed until
December 202 1. Patients who underwent closed reduction for
dislocation were included. Radiographic measurements of
cup positioning were performed using supine AP radiographs
obtained within the first 2 weeks after surgery using an
established digital method. We calculated the risk for revision
and dislocation using a competing-risk analysis with death
as a competing event, providing 95% confidence intervals.
Differences in dislocation and revision risks were assessed
with Fine and Gray models providing subhazard ratios. All p
values were two sided and the p value for significance was set
at 0.05.

Results The risk of dislocation (using a competing-risks
survivorship estimator) was 17% (95% CI 9% to 32%) at 5
years, and the risk of revision for dislocation was 12% (95%
CI 5% to 24%) at 5 years among patients treated with dual-
mobility acetabular components as part of a two-stage re-
vision for PJI of the hip. The risk of all-cause implant revision
(using a competing-risk estimator, except for dislocation) was
20% (95% CI 12% to 33%) after 5 years. Twenty-three
percent (16 of 70) of patients underwent revision surgery for
reinfection and 3% (two of 70) of patients underwent stem
exchange for a traumatic periprosthetic fracture. No patients
underwent revision for aseptic loosening. We found no dif-
ferences in patient-related and procedure-related factors or
acetabular component positioning for patients with disloca-
tion with the numbers available; however, patients with total
femoral replacements had a higher likelihood of dislocation
(subhazard ratio 3.9 [95% CI 1.1 to 13.3]; p = 0.03) and
revision for a dislocation (subhazard ratio 4.4 [95% CI 1 to
18.5]; p = 0.04) than those who received PFR.

Conclusion Although dual-mobility bearings might be an
intuitive potential choice to reduce the dislocation risk in
revision THA, there is a considerable dislocation risk for
PFR after two-stage surgery for PJI, particularly in patients
with total femoral replacements. Although the use of an
additional constraint might appear tempting, published
results vary tremendously, and future studies should
compare the performance of tripolar constrained implants
to that of unconstrained dual-mobility cups in patients with
PFR to reduce the risk of instability.

Level of Evidence Level 11, therapeutic study.

Introduction

Periprosthetic joint infection (PJI) is a rare but dreaded
complication after total arthroplasty that occurs in

approximately 1% to 2% of patients [ 15]. However, the PJI
rate can be much greater in revision arthroplasty, reaching
as high as 50% in complicated, multiply revised patients
with a history of infection [16]. The increase in the number
of patients undergoing primary and revision arthroplasty
suggests that the number of associated revision procedures
will rise [14]. A common surgical approach for chronic hip
PJI is a two-stage exchange arthroplasty with first-stage
resection arthroplasty and removal of all foreign materials,
debridement of the surrounding soft tissue, and vigorous
lavage. Consequently, an intermediate cement spacer
construct is placed, and systemic antibiotics are adminis-
tered. After antibiotic treatment, second-stage reimplanta-
tion with a revision implant is performed; infection can be
controlled in approximately 80% to 90% of patients [22].

A frequent issue during staged hip reconstruction for PJI
is bone loss because of the need for an aggressive de-
bridement during the first stage of the surgery and the need
to remove femoral stems, which can lead to additional bone
loss, particularly for revision stems [3, 4, 7]. In patients
with severe bone loss of the proximal femur, mega-
prosthetic proximal femoral replacement (PFR) using
modular off-the-shelf implants is a viable choice to restore
bone continuity [3, 8, 13]. However, one of the main
complications of PFR is dislocation caused by the loss of
the abductor muscle insertion [26]. Furthermore, patients
who have undergone a two-stage exchange for infection
have already undergone debridement and resection of the
hip’s periarticular tissue envelope, and they are considered
at increased risk for dislocation after second-stage revision
THA. A recent study [19] found that 10% of 512 patients
with a two-stage hip exchange for PJI experienced dislo-
cations and concluded that dislocation remains a major
concern in two-stage revision THA.

Therefore, it would be reasonable to assume that pa-
tients who undergo two-stage revision THA for PJI using a
PFR have a particularly high likelihood of dislocation.

One potential approach to diminish the dislocation risk in
revision THA is to use dual-mobility acetabular compo-
nents, which have been proven to be successful in preserving
hip stability, even in high-risk cases [9]. One study [25]
found that in 216 patients who underwent revision THAs
and were considered particularly prone to instability because
of severe bone or soft tissue deficiencies and underwent
reconstruction with a cemented dual-mobility cup, 11% still
experienced dislocations. However, there were few details
about the type of femoral reconstruction in that study.
Therefore, although a higher risk can be assumed, it is un-
clear what likelihood of dislocation can be expected in a
presumed high-risk situation of a two-stage reconstruction
for PJI using a PFR [1], and to our knowledge, there are no
studies that systematically assess this issue in revision THA.

We therefore asked: (1) What is the risk of dislocation and
revision for dislocation in patients who underwent PFR with a
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dual-mobility acetabular component as part of two-stage
exchange for hip PJI? (2) What is the risk of all-cause implant
revision and what other procedures were performed (apart
from revision for a dislocation) in these patients? (3) What
potential patient-related and procedure-related factors are
associated with dislocation?

Patients and Methods
Study Design and Setting

In this retrospective, comparative study, we investigated all
patients who underwent a two-stage exchange for chronic
hip PJI at one academic general orthopaedic referral center
for revision arthroplasty between 2010 and 2017.

Patients

We identified 220 patients with a two-stage revision. Two-
stage revision was the approach of choice to manage all
chronic infections during the study period, and we did not
perform any single-stage exchange procedures for chronic
PJI. We identified 220 patients in this query, 33% of whom
(73 0f 220) underwent second-stage reimplantation using a
PFR or total femoral replacement (TFR) with a modular
megaprosthesis (MUTARS, Implantcast). Megaprosthetic
PFR was performed in all patients with full bone loss of the
greater and lesser trochanter, and all femoral stems were
cemented. Three patients underwent bipolar hemi-
arthroplasty as a salvage of a saddle prosthesis and were
excluded, leaving 70 patients with a dual-mobility ace-
tabular bearing and a PFR (84% [59 of 70]) or TFR (16%
[11 of 70]) for further analysis (Fig. 1).

All patients had a minimum follow-up of 24 months with a
mean follow-up period of 50 = 25 months. Patients who
reached one of the study endpoints (dislocation or revision
surgery) before 2 years and those who died before 2 years
without reaching an endpoint were included. Twenty-seven
percent (19 of 70) of patients died of unrelated cause after a
mean time of 37 = 28 months after second-stage surgery.

Descriptive Data

Sixty percent (42 of 70) of patients were women and the
mean age at revision surgery was 73 = 6 years. These pa-
tients had undergone a mean of 5 * 2 previous revision THA
procedures and 2 = 0.8 previous operations for PJI (Table 1).

Treatment Approaches and Diagnosis of Infection

Assuming an increased dislocation risk, the general ap-
proach for acetabular reconstruction in patients undergoing
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PFR or TFR was to use one of two cemented, noncon-
strained, dual-mobility cups with a similar design
(Avantage, Biomet, until 2012 [n = 23] and Ecofit 2M,
Implantcast, from 2013 onward [n = 47]) and, if needed,
porous metal wedges (10% [seven of 70]) or cage-based
reconstructions (34% [24 of 70]) for more extensive de-
fects. Both designs feature an asymmetric design with 10°
asymmetry for increased head coverage. The median
(interquartile range) diameter of the acetabular component
was 53 mm (IQR 50 to 56 mm), the median diameter of the
dual-mobility head was 46 mm (IQR 44 to 50 mm), and the
median femoral head size was 28 mm (IQR 28 to 32 mm).
A synthetic mesh was not used in any patient. The
MUTARS features a 35-mm offset in the femoral compo-
nents that can be varied with different neck lengths using
different heads with 3.5-mm intervals. The median neck
length used was 3.5 mm (IQR 0 to 3.5 mm). We used 0-mm
heads in 24% of patients (17 of 70).

Beginning in 2011, the diagnosis of PJI was based on the
criteria of the Musculoskeletal Infection Society [21], and
before 2011, the diagnosis was based on the Centers for
Disease Control criteria using clinical, laboratory, and mi-
crobiological findings [12]. An infection was considered
chronic if the last surgery was more than 6 weeks prior, if
patients had symptoms for that period, or if a fistula was
present. During the first-stage surgery, all infected tissue was
debrided or resected, a minimum of three tissue samples
were taken for microbiology culture, and an antibiotic-
loaded handmade articulating spacer was inserted. These
were manufactured using 6-mm titanium rods that were bent
to re-create leg length and femoral offset. During the study
period, polymethyl methacrylate cement (Copal, Heraeus
Medical) was used, and antibiotics were added depending on
antibiotic resistance. For sensitive organisms, 1 g of clin-
damycin and 1 g of gentamicin was added, whereas for
gram-positive resistant organisms, 2 g of vancomycin per
40 g of cement was added. For gram-negative infections, 2 to
4 g of meropenem was added per 40 g of cement. All patients
underwent a minimum of 6 weeks of combined systemic
intravenous and oral antibiotics.

Second-stage reimplantation was planned if all wounds
had healed and serum infection parameters had reduced.
Systemic antibiotic therapy was continued for 2 weeks after
reimplantation if the wound healed without problems and
long-term culture results were negative. Long-term sup-
pression therapy was not used during the study period, and
eradication of infection was defined by the Delphi consensus
criteria requiring healed wounds, no further surgeries for
infection, and the absence of PJI-related mortality [6].

Postoperatively, patients were given hip precautions for
6 weeks, with no flexion greater than 90° and no adduction
more than 0°. Dislocation was managed with closed re-
duction under general anesthesia and postoperative ab-
duction splinting or a hip orthosis for 12 weeks. If closed

Copyright © 2023 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



Volume 481, Number 9

Dislocation of Proximal Femoral Replacement 1795

Completed reimplantation of a two-
stage exchange for periprosthetic hip - 147 reconstructions not
joint infection —> involving megaprosthetic PFR
n=220
Y Excluded
e e xclude
AS:S(;S;ed for eligibility s| - Three acetabular reconstructions
n without a dual-mobility bearing
y
Included and available for analysis
n=70

Fig. 1 This flow diagram highlights the inclusion and exclusion criteria for this study.

reduction was not successful, open reduction was per-
formed and the position of the modular component was
evaluated. If soft tissues had elongated, a longer head or
modular component was implanted to achieve greater soft
tissue tension and stability. If necessary, the modular
component rotation was modified.

We obtained data from patients’ electronic medical re-
cords, including demographics, surgical details, and mi-
crobiology (Table 2). Furthermore, cup positioning was
determined on AP supine pelvic radiographs that were
obtained during the hospital stay. Cup version and in-
clination were measured using Trauma CAD digital plan-
ning software (Brainlab) [17, 20]. The median cup
inclination was 38° (IQR 34° to 42°), and the median
anteversion was 17° (IQR 4° to 23°).

Primary and Secondary Study Outcomes

Our primary study goal was to assess the percentage of
patients who were treated for dislocation and the risk of
revision surgery for that reason. To address this question,
we accessed patient records and operating room records to
identify those who underwent closed reduction or had re-
vision surgery for a dislocation.

Our secondary study goals were to determine the overall
risk of implant revisions for reasons other than a dislocation as
well as to identify factors that are potentially associated with a
greater risk of dislocation or revision. For this purpose, patient
records and operating room records were investigated, po-
tentially associated patient-related and procedure-related
factors were extracted, and an increase or decrease in risk
was calculated with the statistical methods described below.

Ethical Approval

Ethical approval for this study was obtained from the
Ethikkommision der Arztekammer Westfalen-Lippe und

der Westfaelischen-Wilhelms Universitaet Miinster (ref-
erence number 2019-650-F-s). The study was performed in
accordance with the ethical standard of the 1964
Declaration of Helsinki.

Statistical Analysis

Frequencies were analyzed and are given as the absolute
percentage and number. All numerical variables were
tested for normality using the Kolmogorov-Smirnov test.
Considering normality of the tested variables, the mean and
standard deviation are presented, and comparative testing was
done using a t-test. For nonparametric distributions, we pre-
sent the median with a 25% to 75% IQR, which we compared
using the Mann-Whitney U test. Categorical variables were
compared using crosstables and the chi-square test. The risk
of dislocation, revision for dislocation, and all-cause implant
revision were evaluated using a competing-risk approach with
death as a competing event. This was done using the com-
mand stcrprep in Stata (Stata Corp). Fine and Gray models

Table 1. Patient demographics

Variable Value
Age in years 73+ 6
Ccd 4+15
ASA 3+1
BMI in kg/m? 26 * 4
Number of previous revision hip 5+x2
arthroplasties

Number of previous operations for 2+08
infection

Length of the femoral component in 200 * 86

mm

Data are presented as the mean = SD. CCl = Charlson
comorbidity index; ASA = American Society of
Anesthesiologists score.
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Table 2. Microbiological findings at first-stage explantation

Percentage (n) of patients

Culture microbiology (n=70)
CoNS 26 (18)
Staphylococcus aureus 11 (8)
Culture-negative 17 (12)
Streptococci 1(1)
Gram-negative 14 (10)
Polymicrobial 33 (23)
Other 7(5)

Data are presented as % (n). CoNS = coagulase-negative
Staphylococcus.

with death as a competing event were used to calculate dif-
ferences in the dislocation and revision risk between TFR and
PFR, along with subhazard ratios. All values are given with
corresponding 95% confidence intervals. All p values were
two-sided, and the p value for significance was set at 0.05.

Results
Dislocation Risk and Risk of Revision for Dislocation

The risk of dislocation (using a competing-risks survivor-
ship estimator) was 17% (95% CI 9% to 32%) at 5 years
(Fig. 2), and the risk of revision for dislocation (again,
using a competing-risks survivorship estimator) was 12%
(95% CI 5% to 24%) at 5 years (Fig. 3) among patients
treated with dual-mobility acetabular components as part
of a two-stage revision for PJI of the hip. All patients who
underwent revision underwent exchange of the femoral
head and dual-mobility inlay as well as the modular
proximal femur component. One patient underwent cup
revision for a late dislocation 73 months after second-stage
reimplantation. There were no intraprosthetic dislocations
of the femoral head and dual-mobility inlay.

Risk of All-cause Implant Revision and
Revision Procedures

The risk of all-cause implant revision (using a competing-
risk estimator, except for dislocation) was 20% (95% CI
12% to 33%) after 5 years (Fig. 4). A total 0f23% (16 of 70)
of patients underwent revision surgery for reinfection, and
3% (two of 70) of patients underwent stem exchange for a
traumatic periprosthetic fracture. No patients underwent
revision for aseptic loosening. In three patients with in-
fection, implant salvage was attempted with single-stage
debridement, component exchange, and irrigation fol-
lowed by antibiotics; however, this was unsuccessful in all
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of these patients. All patients who experienced a re-
infection ultimately underwent repeat implant removal.

Potential Patient-related and Procedure-related Factors
Associated With Dislocation

Patients with TFR had a higher risk of dislocation than
those with PFR (subhazard ratio 3.9 [95% CI 1.1 to 13.3];
p=0.03). Likewise, the risk of revision for dislocation was
higher in patients with a TFR than in patients with a PFR
(subhazard ratio 4.4 [95% CI 1 to 18.5]; p=0.04). With the
numbers available, there was no difference in inclination or
anteversion between patients with dislocation and those
without (40° versus 37°; p = 0.52 and 15° versus 18°;
p = 0.31). Furthermore, there was no difference in the
median size of acetabular components (53 versus 52 mm;
p =0.61), dual-mobility head (46 versus 45 mm; p = 0.25)
or femoral head size (28 versus 28 mm; p = 0.39), or head
length (0 versus 3.5 mm; p=0.19). There was no difference
in the mean BMI (26 kg/m? versus 28 kg/m?; p=0.2), mean
age (72 versus 73 years; p = 0.55), mean comorbidity score
(4 versus 4; p=0.75), mean proximal femur reconstruction
length (160 versus 170 mm; p = 0.56), or mean number of
previous revision arthroplasties (3 versus 3; p = 0.69) be-
tween patients with dislocation and those without.

Discussion

Dual-mobility acetabular components are an option to re-
duce the dislocation risk in revision THA. Given that the
likelihood of dislocation is higher in patients who undergo
megaprosthetic PFR and those who undergo second-stage
reimplantation surgery as part of a two-stage exchange for
PJI, it appears intuitive for surgeons to consider the use of a
dual-mobility bearing in such cases. However, in this

Dislocation-free survival; n=70)

T

75

25

0 20 40 60
Time from surgery (months)

| 95% CI Survivor function |

Fig. 2 This competing-risk survival curve shows dislocation-
free survival.
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Revision-free implant survival for dislocation; n=70)
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Fig. 3 This competing-risk survival curve shows revision-free
survival for implant dislocation.

study, we found a dislocation risk of 17% after 5 years in
these patients; the 5-year probability of revision for dislo-
cation was 12%. The dislocation risk and risk of revision
for a dislocation were alarmingly high in patients who
underwent TFR compared with those who underwent PFR
in this study (subhazard ratio 3.9 and 4.4, respectively).
These findings can help surgeons in the decision-making
process when such complex reconstructions are being
considered and to adequately counsel affected patients.
Although the use of additional constraint (liners or cups)
might appear tempting, published results vary tremen-
dously [5, 25] and it is unclear whether constrained liners or
cups will reduce the risk of instability in patients with a
PFR or TFR after two-stage exchange.

Limitations

First, this was a retrospective analysis that relied on follow-
up data; patients might have undergone revision surgery
elsewhere, unknown to us. We tried to mitigate this effect
by defining a minimum follow-up period. However, no
patients who did not reach one of the study endpoints were
lost before 2 years. Additionally, because these complex
procedures are usually performed in specialized institu-
tions in our country, it is likely that many patients are
referred to the center that performed that surgery when
there are complications. Nonetheless, the reported revision
risk should be considered a low-end estimate. Although the
calculated Cls are somewhat broad at 5 years considering
the limited number of patients and events, the upper
boundary of the 95% CI for dislocation risk was greater
than 30% and the risk of revision was almost 25%.
Second, although we could identify TFRs as a potential
risk factor for dislocation, other potential risk factors might
not have been detected in the analysis because of the lim-
ited number of patients available and the limited number of

patients presenting with a certain risk factor. These sparse
data bias should caution readers when assessing potential
influencing factors for revision surgery. Larger studies are
needed to account for other relevant factors. Third, al-
though patients were followed for more than 4 years, there
are no routine functional scores available retrospectively
for this cohort. Although it appears desirable to determine
whether functional outcome potentially differs in patients
who had dislocations, the numbers available are still small,
and this aspect must be addressed in future studies. Finally,
although this study used similar designs of unconstrained
dual-mobility cups that were commonly used in our region
at the time of surgery, our results cannot be generalized to
different implant types or components with an additional
constraint.

Dislocation Risk and Risk of Revision for Dislocation

The risk of dislocation and revision for dislocation was
high in this study, as would to some extent be expected in
patients with infection and severe bone loss. We were
nonetheless surprised by how high the risk was, despite the
routine use of dual-mobility cups that were expected to
mitigate that risk. The dislocation risk in PFR has been
investigated in previous studies. One study investigated 57
patients who underwent PFR for infection as part of a
single-stage exchange; those patients had an 8.8% dislo-
cation risk compared with a matched group without PFR
who had a 10.5% dislocation risk [2]. However, 95% of
patients in the group with PFR had a constrained liner or a
cemented dual-mobility cup compared with only 37% in
the control group. Additionally, that study [2] did not
further discuss the dislocation risk in the group with a dual-
mobility cup. In addition, the type of femoral re-
construction varied because not all proximal femoral

Revision-free implant survival (except for dislocation; n=70)

k\—\_\_“—\— 5|
wn
2
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n
QA
©

0 20 40 60

Time from surgery (months)
[ 95% Cl Survivor function |

Fig. 4 This competing-risk survival curve shows revision-free
implant survival, excluding dislocations.
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defects were reconstructed with a megaprosthetic implant.
Therefore, although it is difficult to compare the results
from the present study, nonetheless, their results [2] should
be appreciated as support for an increased use of constraint
or dual-mobility cups in the setting of revision THA for
infection to avoid instability. Another recent study in-
vestigated 46 patients with PFR, 19 of whom underwent
reconstruction for second-stage reimplantation in a two-
stage exchange procedure for PJI [23]. Those authors
found no dislocations when dual-mobility cups were used.
However, this was only the case for two patients who un-
derwent PFR after PJI and six patients in the entire cohort.
Considering the relatively small number of patients with
reconstruction for PJI in their study, it is unclear whether
the differences in dislocation risk might be biased, and
surgeons should be aware that even with a dual-mobility
articulation, the dislocation risk might be high in patients
with PFR after surgery for PJI.

Based on our findings, the use of constrained liners or
tripolar constrained may be considered when performing
revision THA deemed to be at high risk of dislocation. These
implants were used in our department in the past but were
abandoned because of the perception that the revision fre-
quency and risk of recurrent instability was high, although
this has not been reviewed systematically [7]. Although this
perceived risk of complications does not replace a compar-
ative study design that cannot be provided with the setting of
our study, there are other studies that investigated con-
strained acetabular components in revision THA. One study
that included 49 patients with recurrent dislocations (in-
cluding 25 patients with PJI and some with previous dual-
mobility reconstructions) who were perceived to be at high
risk and underwent revision THA using a constrained liner
found a risk of revision of 41%; 31% of the study population
experienced recurrent instability [25]. Although the authors
noted a high rate of mechanical complications associated
with the bipolar component they used, they found no dis-
locations in the subgroup treated for PJI. Similarly, a recent
study on 52 patients treated with a constrained tripolar liner
for revision THA including 13 patients with PJI found that
16% of'the constrained liners underwent revision, mostly for
recurrent dislocation [5]. Although both author groups
mentioned the complexity of the patients they included and
cautioned against attributing the revision risk to the implant
alone, it remains questionable whether a constrained liner
would lead to a greatly reduced risk of instability or revision
in patients with proximal femoral bone loss and compro-
mised soft tissues, as we saw in the patients in our study.
However, considering that the cited studies only used de-
scriptive statistics and the included patients had heteroge-
neous indications, we await prospective studies with an
adequate statistical design before making stricter recom-
mendations about what kinds of articulations to use in this
setting.
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Risk of All-cause Implant Revision and
Revision Procedures

Although the dislocation risk was high in our study, the
predominant reason for revision was infection in 23% of
patients. This is comparable to a study that investigated 40
megaprosthetic hip reconstructions after surgery for PJI
and reported that 17% developed reinfection [3]. The slight
difference between their study and ours may have been a
function of antibiotic suppression, which those authors
favored. Nonetheless, the reinfection risk of PFRs, partic-
ularly if performed after PJI, can be as high as 47%, as
noted by another study [23]. These studies noted that sur-
gical options to manage these challenging situations can be
limited, and usually older patients, who often have many
comorbid conditions, may either decline further interven-
tions or be deemed unfit for further operations.
Consequently, surgeons should strongly consider sup-
pressive antibiotics or evaluate other ways to reduce the
infection risk in these patients.

Potential Patient-related and Procedure-related Factors
Associated With Dislocation

Although identifying potential dislocation risk factors is
difficult and our study should be interpreted with caution
considering the potential sources of bias that come with
limited patient numbers, nearly half of the patients in this
study who had a TFR experienced a dislocation. Although
TFRs are infrequently performed, it is assumed that with
expanding indications for megaprosthetic reconstructions,
the use of TFR might increase as well [10]. Most publi-
cations on TFR are limited to small case series; however,
in a multi-institutional study [10] that included 166 patients
treated over a 34-year period, mainly for oncologic indi-
cations, the authors noted that 33% of patients among 61
TFRs performed as a revision underwent early rerevision,
with infection as the most common reason for revision.
Contrary to the present study’s findings, instability was not
the cause of any of the revision TFRs. We can only spec-
ulate on the reasons for this, because it would be intuitive to
assume that TFR complications would partly mirror the
ones encountered in PFR, but it is possible that there are
some methodologic differences. Considering the multi-
center approach of the aforementioned study [10], it is
unclear whether they investigated the type of acetabular
reconstruction and whether they included closed reduction
without additional surgery as an event. The absence of
instability might therefore be explained by the potentially
high percentage of hemiarthroplasty reconstructions with
the addition of synthetic mesh soft tissue reconstructions
reported by the same group for oncologic PFR [11], which
is a favored approach to reduce instability in oncologic
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PFR and TFR [18, 24]. Considering the heterogeneity
among patients treated with this approach and the limited
number of studies available, it is unclear whether dual-
mobility bearings are sufficient to mitigate the dislocation
risk in patients with a TFR. Surgeons should be aware of
the potentially high dislocation risk in revision THA with a
TFR and should explore possible ways to mitigate this risk.

Conclusion

Although dual-mobility bearings might be a sensible choice to
reduce the dislocation risk in revision THA, there is a con-
siderable dislocation risk for PFR after two-stage surgery for
PJI. Additionally, revision procedures for recurrent infection
must be expected. Surgeons should explore additional means
of increasing hip stability, particularly in patients with TFRs,
in whom we found the risk of dislocation to be especially
severe. Although the use of an additional constraint might
appear tempting, published results vary tremendously, and
future studies should investigate the performance of (tripolar)
constrained implants compared with that of unconstrained
dual-mobility cups in patients with PFR to potentially reduce
the risk of instability.
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