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Abstract

Background Hip dislocation after treatment of a femoral
neck fracture with a hemiarthroplasty remains an important
problem in the treatment of hip fractures, but the associa-
tions between patient factors and surgical factors, and how
these factors contribute to dislocation in patients who have
undergone bipolar hemiarthroplasty through an anterolat-
eral approach for femoral neck fracture currently are only
poorly characterized.

Questions/purposes We evaluated patients with bipolar
hemiarthroplasty dislocation after surgery for femoral neck
fracture treated through an anterolateral approach and
asked: (1) What are the frequency, characteristics, and risk
factors of bipolar hemiarthroplasty dislocations? (2) What
are the frequency, characteristics, and risk factors of
bipolar hemiarthroplasty dissociations?
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Methods A review of hospital records for patients who
underwent bipolar hip hemiarthroplasty for femoral neck
fracture at one hospital between July 2004 and August
2014 was conducted. During that time, 1428 patients were
admitted with a diagnosis of femoral neck fracture; 508 of
these patients underwent bipolar hip hemiarthroplasty, of
whom 61 died and 23 were lost to followup during the first
year, leaving 424 (83%) available for analysis. The
remainder of the patients during that time were treated with
internal fixation (512), unipoloar hip arthroplasty (17), or
THA (391). For each patient with dislocation, we selected
five control patients from the cohort according to sex, age
(£ 3 years), and year of entry in the study to eliminate
some confounding factors. We recorded patient character-
istics regarding demographics, medical comorbidities, Katz
score, American Society of Anesthesiologists score, Mini-
Mental State Examination (MMSE) score, and anesthesia
type. Medical comorbidities included diabetes, chronic
pulmonary disease, heart disease, neuromuscular diseases,
and dementia. Univariate analyses were used to search for
possible risk factors. Conditional logistic regression anal-
yses on dislocation or dissociation were performed to
estimate hazard rates (HRs) and corresponding 95% Cls
with covariates of a probability less than 0.1 in univariate
analysis.

Results In this cohort, there were 26 dislocations
including four that were also dissociations. The proportion
of patients experiencing a dislocation was 6% (26 of 424).
The mean interval from surgery to dislocation was 56
weeks (range, 0—433 weeks), and 18 dislocations (69%)
occurred within 3 months after surgery. Three variables
were independently associated with an increased risk of hip
dislocation: dementia (HR, 3.51; 95% CI, 1.19-10.38; p =
0.02), discrepancy of offset (HR, 1.72; 95% CI, 1.15-2.58;
p = 0.008), and lower MMSE score (HR, 0.93; 95% CI,
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0.88-0.98; p = 0.007). The proportion of patients experi-
encing a dissociation was 0.9% (four of 424). The result of
conditional logistic regression for dissociation showed that
cup size smaller than 43 mm was the risk factor (HR =
513.05). However, there was no statistical difference with
the probability equaling 0.47.

Conclusions After the anterolateral approach for treat-
ment of femoral neck fracture using bipolar
hemiarthroplasty, 6% of hips dislocated and 0.9% experi-
enced dissociation. Cognitive dysfunction and discrepancy
of offset were independent risk factors associated with an
increased risk of prosthetic dislocation. The small cup
without a safety ring may be the risk factor of dissociation.
Discrepancy of offset should be avoided during the oper-
ation by performing an accurate femoral osteotomy and
choosing an adequate femoral stem neck length. For
patients with cognitive dysfunction and a small cup,
suturing the joint capsule during the operation and rein-
forcing protective measures after surgery might reduce the
occurrence of dislocation and dissociation, however a study
addressing this is necessary to confirm this.

Level of Evidence Level 111, therapeutic study.

Introduction

Dislocation of a bipolar hemiarthroplasty in a patient who
received the implant to treat a hip fracture can be devas-
tating [5, 18]. The reported dislocation incidence of bipolar
hemiarthroplasty ranges from 1.5% to 11% and may be
associated with patient- and operation-related factors
[1, 17, 22].

However, the available evidence on the factors con-
tributing to dislocation in patients who have undergone
bipolar hemiarthroplasty is limited. A large registry study
with unadjusted covariates found a high prevalence of
preoperative neurologic conditions in patients who expe-
rienced dislocation after bipolar arthroplasty [22]. Another
large registry study reported that using the posterior sur-
gical approach increased the risk of reoperation as a result
of dislocation in elderly patients with hip fracture [20],
however, this study did not distinguish between unipolar
and bipolar hemiarthroplasties. Another study showed that
postoperative global femoral offset and limb length dis-
crepancy were risk factors for prosthetic dislocation after
hemiarthroplasty through the posterolateral approach for
femoral neck fracture [17]. None of these previous studies
examined risk factors for bipolar hemiarthroplasty dislo-
cation after surgery for femoral neck fracture through an
anterolateral approach; in addition, there is no evidence
available, to our knowledge, regarding the associations
between patient factors and surgical factors and how these
predisposing factors contribute to dislocation.

Dissociation was a special type of dislocation after
bipolar hemiarthroplasty, in which the femoral stem and
head components separate after dislocation. We found little
information regarding this rare and serious complication
except for a few case reports [4, 7, 8, 13, 16].

We therefore evaluated patients with bipolar hemi-
arthroplasty dislocation after surgery for femoral neck
fracture through an anterolateral approach and asked: (1)
What are the frequency, characteristics, and risk factors of
bipolar hemiarthroplasty dislocations? (2) What are the
frequency, characteristics, and risk factors of bipolar
hemiarthroplasty dissociations?

Patients and Methods

This study was approved by the research and ethics com-
mittee of the PLA Army General Hospital. The cohort for
this retrospective nested case-control study consisted of
every bipolar hip hemiarthroplasty performed to treat
femoral neck fracture at the department of orthopaedics of
a general hospital between July 2004 and August 2014.
This analysis considered only patients older than 60 years.
During the study period, patients with stable hip fractures
(Garden Grade I or II) were treated with internal fixation
(512), and patients with unstable hip fractures were treated
with arthroplasty. In general, patients who could walk
independently before injury and who could tolerate the
slightly larger procedure underwent THA (391), whereas
the remainder underwent hemiarthroplasty (525). Early
during this period, unipolar arthroplasties were performed
sporadically (17); these patients were excluded from this
study, leaving 508 patients for consideration. Of those, 61
died and 23 were lost to followup during the first year,
leaving 424 patients (83%) available for analysis in this
report (Fig. 1).

Dislocation occurred in 26 patients treated with bipolar
hemiarthroplasty and four with dissociation (Table 1). We
chose a 10-year period (2004-2014) to obtain a recent
sample of patients with a large enough sample to include an
adequate number of patients with hemiarthroplasty
dislocation.

The inclusion criteria were age 61 to 99 years, primary
diagnosis of femoral neck fracture at admission, and sur-
gical repair of fracture with bipolar hip hemiarthroplasty.
The exclusion criteria were serious physical disease such as
a tumor during the past 6 months and hip fractures that
were treated with a unipolar hemiarthroplasty. The mean
duration of followup was 4 years (range, 1-10 years).

Bipolar hip hemiarthroplasty was performed using an
anterolateral approach modified from the Hardinge
approach. Patients were positioned in a lateral decubitus
position. An oblique incision of approximately 6 cm was
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1428 Patients With Femoral Head
Fracture Diagnosed Between 2004 and
2014

512 Patients Underwent Internal Fixation
391 Patients Underwent THA

A
525 Patients Underwent Hip
Hemiarthroplasty

Exclusions

17 Underwent Unipolar Hip Arthroplasty
61 Died During the First Year

23 Lost to Followup During the First Year

v

424 Patients Remaining of Whom 22
Had Dislocation and Four Had

Dissociation

]

26 Patients and 130 Matched Control
Subjects Were Included For Analysis

Fig. 1 The flow diagram shows our criteria for patient recruitment.
Of 1428 patients, 26 with dislocations were identified and 130
patients were matched as control subjects in this study.

made over the greater trochanter region; the angle between
the direction of the incision and the axis of the femoral
shaft was approximately 45°. The subcutis and fascia lata
were incised parallel to the skin incision, and the gluteus
medius were split between the anterior third and posterior
two-thirds along the line of their fibers. The anterior third
of the gluteus medius was stripped from the greater tro-
chanter. The joint capsule was exposed and routinely
excised, and the femoral head was removed. The choice of
cemented prostheses (270 patients) or cementless prosthe-
ses (154 patients) depended on the bone mass of the
proximal femur. After the bipolar hemiarthroplasty pros-
thesis was implanted, the gluteus medius was reattached
through drilling holes on greater trochanteric bone using
nonabsorbable Ethibond Excel® suture (Ethicon, Bridge-
water, NJ, USA). We did not remove the labrum or repair
the hip capsule. The fascia was closed, and the skin was
stapled.

All patients had rehabilitation under the guidance of a
physiotherapist, with weightbearing being introduced
gradually after surgery. Patients were mobilized with two
crutches during the first month after surgery. All patients
were instructed to restrain hip ROM to less than 90° flexion
and 45° rotation and to avoid adduction of the hip. All
patients had standard AP and lateral radiographs taken
postoperatively and were followed up for at least 1 year.

@ Springer

The nested case-control study often is used when the
outcome is rare and the exposure of interest is difficult to
obtain, and some number of control patients are selected
for each patient from that case’s matched risk set in a
cohort. For each patient with dislocation, we selected five
control patients from the cohort according to sex, age (& 3
years), and year of entry in the study to eliminate some
confounding factors. We recorded patient characteristics
regarding demographics, medical comorbidities, Katz
score, American Society of Anesthesiologists (ASA) score,
Mini-Mental State Examination (MMSE) score, and anes-
thesia type. Medical comorbidities included diabetes,
chronic pulmonary disease, heart disease (myocardial
infarction, congestive heart failure), neuromuscular dis-
eases (cerebral infarction, Parkinson’s disease), and
dementia.

The Katz score is a simplified graded scale of the Index
of Independence in Activities of Daily Living in the areas
of bathing, dressing, toileting, transferring, continence, and
feeding with the total score ranging from zero to six [12].
The ASA score was used to measure the severity of the
patients’ health problems at admission. The MMSE was
used to determine the patients’ cognitive level. Anesthesia
type was divided into general or regional anesthesia. Sur-
gical characteristics included prosthesis type, cup size, and
discrepancy of limb length and offset. The Vario-Cup
(LubinusTM SPII'@, Link‘E; Waldemar Link, Hamburg,
Germany) was used and the prosthesis type was divided
into cemented (270 patients) or uncemented (154 patients)
stems. Patients were classified in two groups on the basis of
the diameter of the outer bearing of the bipolar prosthesis:
small cup (< 43 mm) and normal cup (> 43 mm), because
there is no safety ring between the outer head and the inner
head in the small cup. Discrepancy of limb length was
measured as the difference in perpendicular distance
between the top of the lesser trochanter to the line passing
through the lower edge of the teardrop points, and dis-
crepancy of offset was the difference in the distance
between the longitudinal axis of the femur to the center of
the femoral head [17]. The research endpoint was dislo-
cation of the bipolar hip hemiarthroplasty.

Statistical analyses were performed using a statistical
software package (IBM SPSS Statistics for Windows,
Version 20.0; IBM Corp, Armonk, NY, USA). Standard
descriptive statistics were calculated including frequencies,
percentages, means, and SD. The cohort was converted to
nested case-control data based on a 1:5 ratio. Univariate
analyses were used to search for possible risk factors.
Conditional logistic regression analyses on dislocation or
dissociation were performed to estimate hazard rates (HRs)
and corresponding 95% Cls with covariates of p less than
0.1 in univariate analysis.
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Table 1. Data for patients with dislocated or dissociated bipolar prostheses
Patient Sex Age Mechanism of Type of Diabetes Chronic pulmonary Heart Neuromuscular ~ Dementia
number (years)  dislocation dislocation disease disease disease
1 Male 69 Atraumatic Anterior No No No No No
2 Female 72 Atraumatic Anterior Yes No No No No
3 Female 75 Atraumatic Anterior No Yes Yes No No
4% Female 76 Atraumatic Posterior No No No Yes No
Female 78 Atraumatic Anterior Yes No Yes No Yes
Female 79 Atraumatic Anterior No Yes Yes No Yes
Female 80 Atraumatic Anterior No No No Yes Yes
Female 81 Fall Posterior No Yes Yes No No
9* Female 81 Atraumatic Anterior No No No No No
10* Male 82 Fall Anterior No Yes No No No
11 Female 82 Atraumatic Anterior No No Yes No No
12 Female 82 Atraumatic Anterior No No Yes No Yes
13 Male 83 Atraumatic Anterior No No No No No
14 Female 84 Atraumatic Posterior Yes No Yes No No
15 Male 84 Atraumatic Anterior No No No No No
16 Female 86 Atraumatic Anterior No No No Yes Yes
17 Male 87 Atraumatic Anterior No No No No Yes
18* Female 91 Atraumatic Anterior Yes No Yes No Yes
19 Female 94 Fall Posterior No No No No No
20 Male 71 Atraumatic Anterior Yes No Yes Yes No
21 Female 76 Atraumatic Anterior No No Yes No No
22 Female 79 Fall Anterior Yes No No No No
23 Female 81 Atraumatic Posterior Yes No Yes No No
24 Female 83 Atraumatic Anterior No Yes No No No
25 Female 84 Fall Anterior No No No Yes No
26 Male 90 Atraumatic Anterior Yes No No Yes No
*Dissociation.
Results
Dislocation

A total of 26 (seven men, 19 women) of the 424 patients
available at 1 year or greater experienced dislocation (6%)
(Fig. 2) including four of which also were dissociations.
The mean age of these patients was 81 & 6 years (Table 2).
The mean interval from surgery to dislocation was 56
weeks (range, 0—433 weeks), and 18 dislocations (69%)
occurred within 3 months after surgery. Fourteen patients
(54%) sustained recurrent dislocations. The mechanism
leading to dislocation in 21 patients (81%) was atraumatic,
and the other five (19%) were the result of falls. Anterior
dislocations (21 patients; 81%) accounted for the majority.

Univariate analyses were performed (Appendix 1. Sup-
plemental material is available with the online version of
CORR™.). After controlling for relevant confounding

Fig. 2 The radiograph shows a bipolar hemiarthroplasty dislocation
in a female patient.
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Table 2. Characteristics of patients with dislocation and dissociation and control subjects

Characteristic

Dislocations/dissociations (n = 26)

Control subjects (n = 130)

Age, (SD)

Male

Uncemented type

Regional anesthesia

Medical comorbidities
Diabetes
Chronic pulmonary disease
Heart disease
Neuromuscular disease
Dementia

Katz score (SD)

MMSE score (SD)

Cup size < 43 mm

Discrepancy of leg length (SD)

Discrepancy of offset (SD)

81.15 (5.92)
7 (27%; 7/26)

10 (36%; 10/26)
20 (77%; 20/26)

8 (31%:; 8/26)

5 (19%; 5/26)
10 (39%; 10/26)
6 (23%; 6/26)

7 (27; 7/26)
4.08 (1.65)
23.08 (9.70)

4 (15.4; 4/26)
1.77 (3.98)

0.62 (1.68)

77.62 (10.46)

35 (27%; 35/130)
47 (36%; 47/130)
105 (81%; 105/130)

37 (29%; 37/130)
27 (21%; 27/130)
47 (36%; 47/130)
14 (11%; 14/130)
12 (9%; 12/130)
4.7 (1.22)

27.24 (5.48)

5 (4%; 5/130)
0.45 (1.97)

0.02 (0.66)

MMSE = Mini-Mental State Examination.

variables, we found that decreasing Katz score, decreasing
MMSE score, neuromuscular disease, dementia, cup size
smaller than 43 mm, greater leg length difference, and
greater offset difference were associated with an increased
risk of dislocation. Conditional logistic regression was
performed with these covariates of p less than 0.1 in uni-
variate analysis to estimate HRs and 95% Cls.

Because dementia and MMSE were factors reflecting
cognitive function in the elderly, we did not include the
two variables in conditional logistic regression simultane-
ously. First, the six variables (decreasing Katz score,
neuromuscular disease, dementia, cup size smaller than 43
mm, greater leg length difference, and greater offset dif-
ference) excluding the MMSE, were included in the
conditional logistic regression and the result showed that
two variables were independently associated with an
increased risk of hip dislocation: dementia (HR, 3.51; 95%
CI, 1.19-10.38; p = 0.02) and discrepancy of offset (HR,
1.72; 95% CI, 1.15-2.58; p = 0.008). Sensitivity analysis
was performed with the MMSE score as an alternative to
dementia; the results showed that lower MMSE score was
independently associated with an increased risk of hip
dislocations (HR, 0.93; 95% CI, 0.88-0.98; p = 0.007)
whereas discrepancy of offset remained fairly constant
(HR, 1.74; 95% CI, 1.16-2.60; p = 0.007) (Table 3).

Dissociations
The proportion of patients who experienced bipolar dis-

sociations was 0.9% (four of 424), including one man and
three women with a mean age of 83 &+ 6 years (Fig. 3). All
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patients with dissociation underwent open reduction.
Among the patients with dissociations, there were two with
a cup size smaller than 43 mm (50%), one with dementia
(25%), and one with neuromuscular disease (25%). The
result of the conditional logistic regression performed with
the covariates of Katz score, MMSE score, neuromuscular
disease, dementia, cup size smaller than 43 mm, leg length
difference, and offset difference showed that cup size
smaller than 43 mm was the risk factor of dissociation (HR
= 513.05). However, there was no statistical difference (p =
0.47) (Table 3).

Discussion

The bipolar hemiarthroplasty has been used to treat dis-
placed femoral neck fractures in older patients, and it has
been reported to provide patients with pain relief, func-
tional improvement, and low revision rate [10, 21].
Dislocation and dissociation are relatively uncommon but
devastating complications. To the best of our knowledge,
there are no published studies examining risk factors for
bipolar hemiarthroplasty dislocation and dissociation after
surgery for femoral neck fracture through an anterolateral
approach. This retrospective nested case-control study
showed that approximately 6% of patients treated with
bipolar hip hemiarthroplasty through an anterolateral
approach for femoral neck fracture experienced dislocation
of the hip at some point after the procedure, and approxi-
mately 0.9% experienced a prosthetic dissociation.
Cognitive dysfunction and discrepancy of offset were
associated with an increased risk of prosthetic dislocation;
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Table 3. Results of the conditional logistic regression analysis

Analysis B (regression coefficient) Standard error  p Value  Hazard ratio  95% CI for Hazard ratio
Conditional logistic regression 1*
Step 1
Discrepancy of horizontal offset 0.552 0.209 0.008 1.736 1.153-2.613
Step 2
Discrepancy of horizontal offset 0.543 0.206 0.008 1.720 1.150-2.575
Dementia 1.256 0.553 0.023 3.511 1.188-10.379
Conditional Logistic regression 2*
Step 1
Discrepancy of horizontal offset 0.552 0.209 0.008 1.736 1.153-2.613
Step 2
Mini-Mental State Examination —0.073 0.027 0.007 0.930 0.881-0.981
Discrepancy of horizontal offset 0.552 0.205 0.007 1.738 1.162-2.598
Conditional logistic regression 3*
Step 1
Cup size 6.240 8.630 0.470 513.048 0.000-1.138 x 10"

*Conditional logistic regression 1 = conditional logistic regression for the risk factors of dislocation without MMSE; 2 = for the risk factors of
dislocation without dementia; 3 = for the risk factors of dissociation.

Fig. 3 The radiograph shows a bipolar hemiarthroplasty dissociation
in a female patient.

other factors such as age, sex, anesthesia type, prosthesis
type, cup size, and other comorbidities such as diabetes,
chronic obstructive pulmonary disease, and heart disease
were not.

Our study has some limitations. Selection bias in the
choice of control subjects was inevitable in the process of
selecting the control group according to sex, age, and year
of entry in the study for each patient with dislocation. All
procedures were done by two high-volume surgeons (ZL
and TS), therefore our results might underestimate the
overall proportion of dislocations. There also was selection

bias in that younger, healthier patients were treated pri-
marily with other methods such THA. Our findings related
to less-active, less-healthy patients. We could not stan-
dardize the postoperative radiographs for all patients, and
we did not use the blind method for patients versus control
subjects when measuring leg length discrepancy length and
discrepancy of offset, which would bring measurement
error to the study. There was a selection bias owing to the
high number of patients lost to followup, therefore the
cumulative incidence of dislocation might be different
from the rate indicated. This study lacked information
regarding other risk factors for hip dislocation, including
rotation of the prosthesis and fall risk score. The results of
the study therefore should be interpreted cautiously.

We found that the proportion of bipolar hemiarthro-
plasty prostheses that dislocated was 6% in our patients.
We defined dislocation as the prosthetic femoral head
component coming out of the acetabulum, whereas disso-
ciation refers to uncoupling of the modular femoral head
from the femoral stem (which also usually is associated
with a dislocation). These are major complications of hip
arthroplasty performed on patients with displaced femoral
neck fractures [1, 22]. The posterior surgical approach
clearly increases the risk of dislocation, as supported by
several clinical studies on patients with hip fracture
[6, 19, 20]. Enocson et al. [6] reported a higher dislocation
proportion of 13% using the posterolateral approach than
the 3% with the anterolateral approach in 720 patients with
femoral neck fractures, and Pajarinen et al. [19] reported a
16% dislocation rate after surgery through the posterior
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approach compared with 7% after the anterior approach in
338 hip fracture surgeries. The proportion of dislocations in
the 508 patients in our study after surgery through the
anterolateral approach was 6%, which was less than the
11% dislocation rate reported after surgery through the
posterior approach in another recent cohort study [17].

We found that cognitive decline, including dementia and
lower MMSE score, was associated with an increased risk
of hip dislocations. It was difficult to maintain patients with
impaired cognitive function in a suitable posture postop-
eratively, which may have led to dislocation of the hip
during the early postoperative period [2]. In the current
study, another factor significantly associated with an
increased risk of hip dislocation was discrepancy of offset;
this could give rise to poor soft tissue tension and therefore
contribute to the increased risk of dislocation. Other studies
have found that lower offset was a risk factor for disloca-
tion of unipolar hemiarthroplasty prostheses [14, 18].
Mukka et al. [17] reported that patients with single dislo-
cations had no difference in postoperative femoral offset
compared with age- and sex-matched control subjects, but
there was a smaller femoral offset compared with offset in
the patients with recurrent dislocations. Neurologic
impairment affects the position of the hip in the resting
state and leads to hip imbalance owing to paresis, spas-
ticity, contractures, or tremors [9]. Some studies have
suggested that these patients had high risks of hip dislo-
cation ranging from 11% to 45% after bipolar
hemiarthroplasty for hip fracture [3, 22, 24]. In contrast,
Suh et al. [23] and we observed similar proportions of
dislocation in patients with and without neuromuscular
disease, but their study and our study might lack enough
patients with neuromuscular conditions to really test the
question with adequate statistical power.

The proportion of our patients experiencing a dissocia-
tion was 0.9%. Dissociation must be treated with open
reduction. Dissociation is rare and has been reported in
only a few case reports [4, 7, 8, 13, 16]. The reasons for
disassociation after hemiarthroplasty have been reported as
component selection and alignment, surgical technique,
and patient factors [4, 7, 8, 11, 13, 15, 16]. Varley and
Parker [25] reported that dissociations accounted for 12%
of all dislocations in bipolar prostheses. We found that 15%
(four of 26) of all dislocations also were dissociations, and
two of the four dissociations were in patients with small
cups (50%; HR = 513) that had no safety ring between the
outer and inner head. The number of dissociations was too
small to do a statistical analysis of risk factors.

After the anterolateral approach for treatment of femoral
neck fractures using bipolar hemiarthroplasty, 6% of hips
dislocated, and 0.9% experienced dissociation. Cognitive
dysfunction and discrepancy of offset were independent
risk factors significantly associated with an increased risk
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of prosthetic dislocation. The small cup without a safety
ring may be the risk factor of dissociation. Discrepancy of
offset should be avoided during the operation by per-
forming an accurate femoral osteotomy and choosing an
adequate femoral stem neck length. For patients with
cognitive dysfunction and a small cup, suturing the joint
capsule during surgery and reinforcing protective measures
after surgery might reduce the occurrence of dislocation
and dissociation, but further study is necessary to confirm
this contention.
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