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Femoral neck fracture is the second most common hip
fracture,1 and its high prevalence in older adults is only
increasing with increasing rates of osteoporosis in the older
population.2 Fractures of the femoral neck can be treated
with internal fixation if the fracture is nondisplaced or the
patient is very young, but hip arthroplasty remains the gold
standard treatment for most displaced fractures in older
patients.3 Among the arthroplasty options, hemiarthro-
plasty (HA) yields a higher reoperation rate but lower
postoperative dislocation rate compared with total hip
arthroplasty (THA).4–6 As treatment trends and guidelines
continue to change and tend to favor THA over HA for more
active patients, HA remains a viable and frequently used
treatment option especially for the most elderly patients
with lower functional demands. However, the choice

between unipolar and bipolar HA implants remains
controversial.7

While some studies have shown no differences in hip
function, complications, and dislocation risk3,8,9 between
unipolar and bipolar HA, bipolar HA is associatedwith better
health-related quality of life (HRQoL) and later onset of
acetabular erosion compared with unipolar HA.10 However,
the rare complication of intraprosthetic dissociation (IPD)
continues to occur in bipolar HA, frequently during disloca-
tion or reduction of the dislocated prosthetic hip. This
complication has previously manifested in a variety of
ways, for example, as dislodgement of the femoral
stem11,12 or dissociation of the two articulating surfaces of
the femoral ball head and polyethylene (PE) lined cup.13–15

IPD requires conversion from closed to open reduction to
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Abstract Hip hemiarthroplasty (HA) remains a frequently performed surgery for femoral neck
fractures especially in the oldest, lowest demand patients. Debate persists concerning
the optimal choice between unipolar and bipolar HA implants. A rare but important to
recognize complication unique to bipolar HA is intraprosthetic dissociation (IPD). We
review the literature on this rare phenomenon and identify predominant etiologies and
implant components most involved in IPD, notably the role of hip dislocation and
closed reduction in precipitating this complication. We also describe an elderly male
patient with Parkinson’s who experienced IPD of his bipolar HA during a closed
reduction attempt. IPD typically requires open reduction and possibly revision of
components, adding increased risk of reoperation/revision to those already frail and
vulnerable to surgical complications.
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repair or replace the prosthesis itself before reducing the hip
dislocation, which may contribute to the increased risk of
open reduction in bipolar HA.16

A recent study has shown an IPD rate of 13% during
manual reduction of dislocated bipolar HA,14 prompting
the need for further study of this phenomenon. We herein
describe a case of bipolar prosthetic dissociation during
manual reduction of a dislocated HA. We also review the
literature to discuss the consequences of this complication,
including risks with revision surgery and potential loosening
of the prosthetic’s mobile components.

Methods

Wereviewed the PubMeddatabase for the following keywords:
“bipolar,” “hemiarthroplasty,” “component,” “disassembly,”
“dissociation,”and “dislocation.”Our inclusioncriteria included
the publication formats of case reports, case series, observa-
tional studies, and randomized trials. We also required pub-
lications to be available in English. Our search yielded 18 case
reports/series11–13,15,17–30 collectively presenting 45 cases of
IPD among bipolar HA patients, as well as 4 observational
studies14,31–33 presenting 27more IPD cases. From each publi-
cation included in this literature review, we categorized the
described IPD cases bothby the implant component involved in
the dissociation and by etiology (►Table 1).

We encountered a case of IPD at our own institution in
April 2021. A 76-year-old male patient with a history of
Parkinson’s presented to our institution with a displaced
right femoral neck fracture after a fall. He was treated
with cemented bipolar HA using a posterolateral approach
(►Figs. 1 and 2) with proper restoration of leg length and
offset. Two months postoperatively, this patient flexed the
hip upon standing from a low seat, and his right hip
dislocated posteriorly (►Fig. 3). A closed reduction with
propofol sedation in the emergency department setting
was attempted, which resulted in a reduction clunk and
improvement in the leg’s clinical length and alignment, but
further imaging showed IPD of the bipolar prosthesis
(►Fig. 4). The specific form of IPD in this patient’s prosthesis
was dissociation of the outer femoral head from the inner
head caused by closed reduction maneuvers and levering of
the outer shell against the pelvis during traction maneuvers.
This required subsequent open reduction and revision of the
femoral head component. At the time of open reduction, the
femoral head was revised to a one-size-longer unipolar
prosthesis (►Fig. 5) and the patient has experienced no
further dislocation events at 6-month follow-up. The patient
has provided their informed consent for their relevant
medical information to be published in this journal article.

Results

IPD refers to the dissociation ormisalignment of components
within a bipolar HA prosthesis that can arise from prosthetic
dysfunction or damage, and is typically associated with
manual reduction after a dislocation event. From a review
of the literature, we have found that this is a broad

and diverse group of complications. IPD can arise spontane-
ously,26 with trauma such as prosthesis disloca-
tion,11,13,15,23,24 and during reduction maneuvers for a
dislocated prosthesis.12 IPD has also been found to occur
after erosion or fracture of the PE liner.18,31 Dissociation can
be further categorized according to the specific component
that has dissociated from its proper position, including the
outer head, PE liner, locking ring, and femoral stem. For
instance, one research group has identified three different
subtypes of locking mechanism failure alone: detached ring,
dissociation of inner and outer heads, and the cooccurrence
of both.31

We found that the majority (61.1%) of cases involved the
inner head or outer head/cup of the implant, while the PE
liner or locking ring was involved in 36.1% of cases. In
contrast, the femoral stem or neck of the implant was rarely
involved in IPD events. The predominating etiology for IPD
was spontaneous (48.6%), in which there was no identifiable
preceding trauma on thehip joint. Several IPD cases occurred
due to trauma, of which the majority was specifically hip
dislocation (18.1%) when the outer head/cup of the prosthe-
sis was displaced from the acetabulum, while another quar-
ter of cases occurred iatrogenically as a result of closed
reduction maneuvers (26.4%).

Discussion

Despite general consensus on choosing HA over THA in older
patientswith lower ambulatory demand, the choicebetween
unipolar and bipolar HA remains controversial. A 2005
international survey of operative management of femoral
neck fractures showed that surgeons had varied preferences
in their choice of arthroplasty for older patients with Garden
type IV fractures, with 32% preferring unipolar HA and 41%
preferring bipolar.7 Managing a patient using HA involves
weighing a variety of implant options, including cemented
and uncemented femoral stems, fixed-neck and modular-
neck, and unipolar and bipolar femoral head designs.34 With
each category of implant options, several factors about the
case such as the patient’s bone health, age, potential comor-
bidities, surgeon preferences and familiarity, patient priori-
tieswhenweighing quality of life against risk of revision, and
implant cost must all be reviewed in making a final decision
on HA implant design. While surgeons performing THA, as
opposed to HA, may consider the risk of IPD in choosing a
dual-mobility implant due to the more robust body of work
on this prosthetic’s risk,35 we reinforce that this phenome-
non also has the potential to occur in HA when selecting a
bipolar implant and must be similarly considered as a
potential risk to the patient by treating physicians.

IPD of dual mobility implants in THA has been docu-
mented in the literature as early as 2007,36 nearly three
decades after the first implant was introduced in Europe in
1979.37 Some aspects of IPD in dual mobility THA implants
are similar to those in bipolar HA implants. Both implants
have a femoral component that consists of a femoral stem or
neck with a small-diameter head that articulates within a PE
outer head or liner, and the outer head is then involved in a
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large-diameter articulation with the acetabulum.35 With
such similarities in the dual-articulation design, IPD of
both implants frequently manifests as a separation of the
smaller femoral head from the outer head,38 at times with
migration of the outer head from the acetabular space as in
our case. However, IPD of bipolar implants has demonstrated
its difference from dual mobility IPD by also involving intra-
prosthetic interfaces other than the two articulating heads,
such as the femoral stem25,28 and the locking ring within the
PE liner.31 IPD cases in dual mobility implants may occur due
tomechanical loosening fromwear of the PE liner,38 typically
in late IPD, or from traumatic causes such as closed reduction
attempts in early IPD35 which involve the “bottle-opener”
mechanism.13 While IPD in bipolar HA has occurred from
these two causes (►Table 1), it has also occurred spontane-
ously with no erosion of the PE liner.26 The unique etiologies
and components involved in IPD of bipolar implants high-

light the need for further study of IPD in HA as it has been
widely studied in dual mobility THA.

Close to half of reported IPD in bipolar HA has occurred due
to hip dislocation or during reduction maneuvers (44.5%,
►Table 1), which indicates that reducing the frequency of
dislocationmay be a critical step toward decreasing the risk of
IPD. There has been extensive study of hip HA surgical
approaches and their impact on postoperative dislocation
rates. Surgeons commonly use three surgical approaches in
hip HA39: anterior approach (AA), in which access to the
anterior joint capsule is obtained using the plane between
the sartorius, rectus femoris, and tensor fascia lata40–42; lateral
approach (LA), in which the capsule is accessed by movement
of the gluteus medius insertion43,44; and posterior approach
(PA), inwhich the gluteusmaximusmuscle is divided along its
fibers for posterior access to the joint.45,46 The posterolateral
approach (a type of PA) has been associated with a higher risk
of dislocation than the anterolateral approach (considered
either AA or LA), even when performing posterior repair to
reattach the short external rotators and posterior joint
capsule.47 Other studies and meta-analyses have had similar

Fig. 1 Immediately postoperative anteroposterior radiograph
showing right bipolar hemiarthroplasty implant with pelvic view.

Fig. 2 Radiographs postoperative 1.5 months showing right bipolar hemiarthroplasty implant in correct position using anteroposterior views of
the (A) pelvis and (B) lateral view of the right hip.

Fig. 3 Anteroposterior radiograph showing dislocation of the right
bipolar hemiarthroplasty implant.
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findings, with the PA found to be associatedwith higher risk of
dislocation,48–50 higher risk of reoperation due to disloca-
tion,51 and higher risk of both dislocation specifically and
reoperation in general39 compared with other surgical
approaches, particularly the anterolateral and direct AAs.
The PA may have advantages over other approaches such as
decreased operative time49; however, other proposed advan-
tages such as decreasedwound infections, lesspain, and better
quality of life52 have been less consistently reported.39,50,53

With the PA introducing consistently higher rates of disloca-
tion, we recommend surgeons consider performing hip HA
using the AA or LA to reduce postoperative dislocations, and
thus reduce the likelihood of IPD.

A significant proportionof IPDhasoccurreddue to failureof
the implant’s lockingmechanism, consistingofaPE ringand, in
some manufacturer’s models, a metal locking ring
(36.1%, ►Table 1). Bipolar implant locking mechanisms may
be divided into single and dual locking categories, bothwithin
the classic design of a metallic bipolar shell/outer cup con-
taining a liner or insert of PE. In a single lockdesign, a PE ring is
placed around the smaller-diameter neck of the femoral head
after it has been inserted into theouter shell (►Fig. 6A); this PE
ring replaced the locking leaflets of older prosthetics such as
the Bateman UPF-I.30 The PE ring then expands to fit into a
matching groove near the peripheral rim of the PE liner which
serves to lock the femoral head within the shell during hip
articulation. In a dual locking mechanism, there is an addi-
tional metal locking ring anchored in the outer surface of the
PE liner that enhances its close fit within the metal shell
(►Fig. 6B). Prosthetics such as the Bencox Bipolar Cup (Cor-
entec, Cheonan, South Korea), Bencox Bipolar Head (Aesculap,
Tuttlingen, Germany), and Bencox Self-Centering Cup (DePuy,
Warsaw, IN) are equipped with a single locking mechanism,
while others like the Multipolar Cup and Modular Bipolar
System (Zimmer, Warsaw, IN) and RINGLOC Cup (Biomet,
Warsaw, IN) have a dual locking mechanism.14 In many cases
of IPD, failure of the locking mechanism has largely been
attributed to macroscopic wear of the PE ring. The PE ring
may degrade due to persistent impingement of the femoral
neck on the ring from wider oscillations of the hip,31 for
example,withdeepflexionandextension, or followingnatural
wear of a thinner PE liner18 that permits looser articulation of
the femoral headwithin theouter cupconstruct. As thePE ring
degrades from theperipheral rim, there is further opportunity
for dislodgement of the metal locking ring in dual locking
implants,withorwithout visibledeformity in themetal ring.31

With PEwear comes the dispersal of debris within the acetab-
ular space, which has been observed alongside acetabular
osteolysis18 leading to implant failure.

Based on these proposed etiologies for PE ring degrada-
tion, surgeons may mitigate this process by cautioning their
patients about wide hip oscillationmovements and selecting
thicker PE liners as a part of their implant construct. Prelimi-
nary research has also suggested that implants with a single
locking mechanism are associated with increased risk of IPD
during closed reduction compared with those with a dual
locking mechanism (7 IPD cases out of 55 hips, 6 with single
locking mechanism, p¼0.04).14 While further studies are

Fig. 4 Anteroposterior radiograph showing intraprosthetic
dissociation of the right bipolar hemiarthroplasty implant following
attempted closed reduction maneuvers. Dissociation occurred
between the outer and inner heads of the prosthesis.

Fig. 5 Immediately postoperative anteroposterior radiograph of the
pelvis, showing right femoral head revised with a unipolar hemi-
arthroplasty implant and the prior dislocation reduced.

Fig. 6 Manufacturer images of bipolar implant constructs, depicting
(A) single locking mechanism (Bencox Bipolar Cup, Corentec54) and
(B) dual locking mechanism with metal ring (Modular Bipolar Sys-
tem®, Zimmer55).
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needed to control for potential confounding factors, evaluate
the biomechanics of locking mechanism failure, and
compare failure rates between implant manufacturers, the
existing data suggest that surgeons may decrease the rate of
locking mechanism failure and thus decrease IPD risk by
selecting dual locking implants.

Nearly, if not all, IPD cases require open surgery to correct
the complication. This potential intervention is risky for
bipolar HA patients precisely because they are typically
preselected for being the oldest, least active adults with
femoral neck fractures, and thus are less tolerant of surgical
procedures in general. The risk of surgical intervention for
IPD partially negates the potential benefit of slower acetab-
ular wear with bipolar HA prostheses (compared with uni-
polar), and surgeonsmust weigh both factors in selecting the
best prosthetic for a patient. In cases of outer head dissocia-
tion, correction via intraoperative reassembly of the dissoci-
ated component with the rest of the prosthesis may
introduce an increased risk of future IPD by using the
same components for repair. For example, outer head disso-
ciation may indicate a degree of wear on the PE liner that is
not clearly apparent on radiographic imaging, but may
predispose the same prosthetic components to dissociate
again. Because of this, the authors recommend replacing the
entire femoral head construct when possible.

Conclusion

In conclusion, the risk of IPD must be considered when
deciding whether a unipolar or bipolar HA implant is the
better treatment for a patient’s femoral neck fracture. The
potential advantages of bipolar compared with unipolar HA,
such as slower acetabular erosionandbetterHRQoL, havebeen
inconsistent across the literature. Other advantages of bipolar
HA are manufacturer-specific, in that some device companies
offermore customizationoptionswithbipolar versus unipolar
in terms of head/neck length and head circumference. Factors
like thepotentially higher cost and the complication riskof IPD
remain consistent disadvantages that are exclusive to bipolar
HA.When performing hip HA, surgeonsmaywant to consider
choosing unipolar prosthetics over bipolar to reduce future
operative risks to thepatient related to IPD, and they shouldbe
aware of this potential complication when choosing implants
and especially when performing closed reduction maneuvers
on dislocated bipolar HA implants.
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