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Abstract – Purpose: The aim of this study was to describe the dislocation rates, reoperation rates and mortality
30 day and one year following THA with AVANTAGEÒ dual mobility cup among dementia patients with an acute
displaced intracapsular femoral neck fracture.
Patients and methods: From 2010 to 2014 we identified 20 hip fracture patients with dementia, who have had total hip
arthroplasty with the AVANTAGEÒ dual mobility cup. The primary outcome was dislocation. Secondary outcomes
were revision surgery, 30 days and one year mortality, time to surgery and length of hospital stay.
Results: Follow-up time was one year. None of the patients experienced dislocation or received revision surgery in the
follow-up period. The 30-days mortality rate was 25% (confidence interval (CI) 95%; 4–46%) and the one year
mortality was 45% (CI 95%; 21–69). Mean time to surgery was 27 h (CI 95%; 20–37 h) and mean length of hospital
stay was 5.5 days (CI 95%; 4, 0–7, 6 days).
Conclusion: THA with the dual-mobility cup seems favourable in the treatment of patients with a displaced femoral
neck fracture and patients with dementia. Correct placement of the cup is pivotal and technically demanding. Not all
orthopedic surgeons perform total hip arthroplasty while challenges regarding the logistics can be encountered since
time to surgery is known to affect the mortality negatively.
Key words: Arthroplasty, Dementia, Dislocations, Dual mobility cup, Femoral neck fracture.

Introduction
Hip arthroplasty is an accepted treatment for displaced
femoral neck fractures in elderly patients and is considered
to be better than internal fixation [1, 2]. However, hip dislocation after total hip arthroplasty (THA) for femoral neck
fractures (FNF) remains a serious complication. Dislocation
of THA was the third leading cause of revision between
1979 and 2002 in the Swedish National Hip register [3].
Especially people with dementia are challenging because of
difficulties understanding and keeping the necessary hip
regimes. Due to a demographic shift toward an older population, a significant growth in numbers of people with dementia
and hip fracture is expected over the next decades [4, 5]. It is
therefore necessary to identify treatments that can provide a
good and stable post-operative clinical result for patients
with an acute displaced femoral neck fracture and dementia.
*Corresponding author: andersgraversen18@hotmail.com

This patient group is challenging and has a high risk of
complications, morbidity, and mortality after hip fracture
[6, 7]. Previous studies have shown 9% dislocation rates for
THA and 3% for hemiarthroplasty after acute FNF [8, 9].
However, the dislocation rates may be even higher for patients
with dementia, but to our knowledge no studies have evaluated
this particular group of patients. The dual mobility acetabular
cup (DMC) was introduced with the aim of increasing implant
range of motion, stability, and proved secondarily to reduce hip
dislocations after THA. In elective patients treated with a THA
due to osteoarthritis, the DMC has been associated with
decreased dislocation rates [10–15]. The DMC has therefore
been suggested as a treatment option in patients with a high
risk of hip dislocation, i.e., patients with neuromuscular
diseases, cognitive dysfunction, high alcohol intake, high
American Society of Anesthesiologist (ASA) score, and
patients older than 75 years [10, 16]. To our knowledge no
studies have reported the results after THA with the DMC in
a selected group of patients with acute FNF and dementia.
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Figure 1. Showing the DMC concept. It consists of two distinct articulations, one between the polyethylene insert and the femoral head (M1)
and one between the insert and shell (M2). This allows greater range of motion before impingement of the femoral neck occurs. The figure is
the property of Biomet, which have granted their permission for usage in this article.

The primary aim of this study was therefore to describe the
dislocation rates after 30 days and one year after THA with
the AVANTAGEÒ dual mobility cup in elderly patients with
dementia and displaced FNF. Further, we aimed to describe
reoperation rates, mortality 30 day and one year following
FNF, time to surgery, and length of hospital stay.

Materials and methods
From September 2010 to March 2014 we identified 20
patients (18 females, 2 males) median age of 83 years
(interquartile range 81–88 years), who were treated with the
AVANTAGEÒ dual mobility cup (Biomet) due to an acute
displaced (Garden type 3 or 4) FNF. All patients had a
dementia diagnosis and were considered unable to follow the
rehabilitation program with restriction of hip flexion and
external rotation. Patients were operated at the Regional
Hospital Horsens, Denmark which is a teaching hospital
covering about 203,000 inhabitants. Annually, approximately
200 hip fracture patients are treated surgically at the hospital.
Surgical procedure

The dual mobility cup offers intra-joint stability through a
large diameter mobile liner and large cup coverage. It consists
of a combination of two distinct articulations. One constrained
articulation between the femoral head and the polyethylene
liner, and another unconstrained articulation between the liner
and the shell. Flexion occurs mainly in the small inner
articulation, and abduction/adduction and rotation starts in
the small articulation (Figure 1). This configuration allows
for greater range of motion before impingement of the femoral
neck occurs and thereby increases implant stability [10, 17].
The cemented AVANTAGEÒ cup also has an expansion at
the posterior rim which makes it even more difficult to
dislocate (Figure 2). All procedures, except one cementless,
were performed using a cemented AVANTAGEÒ (Biomet)

dual mobility cup (Figure 2) and all except one LUBINUSÒ
stem were treated with an EXETERÒ stem. Femoral head size
was 28 mm when the cup size was 50 mm (n = 13) and
22.2 mm when the cup size was <50 mm (n = 7). With the
patients in lateral decubitus the posterior Moore approach with
repair of the short external rotators was performed in all
patients. Reattachment of the posterior joint capsule (posterior
repair) was operator dependent and done in two patients.
Patients were allowed immediate weight bearing mobilization
the first postoperative day and guided physiotherapy was
commenced. All patients were given the same standard instructions concerning motion restriction. Further, all patients
received seven days of postoperative thromboprophylaxis with
low molecular heparin and antibiotic prophylaxis with IV
750 mg Cefuroxime three times the first postoperative day.
Outcome measures and preoperative data were collected by
systematic review of the Danish national medical records from
March 2015. Preoperative data included age at operation,
gender, date of hospitalization, date of operation, and an
American Society of Anesthesiologists (ASA) score.
Intraoperative data consisted of operating time and surgeon
experience divided into consultant and senior resident (Table 1).
Furthermore, the cup inclination and the cup position were
determined on the postoperative supine antero-posterior and
axial cross-table X-rays. We divided the cup position according
to Lewinnek et al. [18] in normal (15° anteversion ± 10°),
retroversion (<5° anteversion), and anteversion (>25° anteversion) and the inclination in <30°, between 30–50° and >50°,
safe zone as between 40° ± 10 (Table 2). The primary outcome
was dislocation during a minimum of one-year follow-up
period. Secondary outcomes were any additional revision
surgery, 30 days and one-year mortality, time to surgery, and
length of hospital stay. Time to surgery was defined as time
in hours from hospital admission to operation. Length of
hospital stay was defined as the time span from hospital
admission to hospital discharge or from hip fracture occurrence if the patient was already hospitalized. The discharge
date was defined as the date of discharge to home, a nursing
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Figure 2. The cemented AVANTAGEÒ Cup. The 3 mm thick cup cylindro-spherical design is characterized by a superior ‘‘cap’’. The figure
is the property of Biomet, which have granted their permission for usage in this article.

Table 1. Baseline characteristics.
Median age (years)
Gender (number %)
Female
Male
Cemented
Uncemened
Stem
Exeter
Lubinus SP-2
ASA 2
ASA 3
Capsular repair
Yes
No
Surgeons
Consultant
Senior resident
Median time of surgery (min)

Table 2. Cup position.
83 (IQR: 81–88)
18 (90%)
2 (10%)
19 (95%)
1 (5%)
19 (95%)
1 (5%)
8 (40%)
12 (60%)
2 (10%)
18 (90%)
6 (30%)
14 (70%)
108 (IQR: 90–123)

ASA = American society of Anesthesiologists; IQR = Interquartile
range.

home, or death. During the study period senior residents
performed 70% of the surgeries and 30% were performed by
a consultant.
Statistical analyses

Time to surgery and length of hospital stay were analyzed
as one sample from a normal distribution. We used a natural
log transformation to correct for the right skewness in time
to surgery and length of hospital stay. The assumption of
normality was checked by a QQ plot. Otherwise nonparametric
statistic was used, presented as medians with interquartile
range (IQR). Mortality, dislocation, and revision were analyzed
using exact methods for binomial data. All estimates are given

Cup inclination**
>50°
30°–50°
<30°
Anteversion (+25°)
Normal (15° ± 10°)
Retroverted (<5°)
**

4 (24%)
13 (76%)
0 (0)
4 (24%)
12 (70%)
1 (6%)

Three patients had not pelvis X-ray and could not be assessed.

with a 95% confidence interval (95% CI). Stata statistical
Software version 12.0 (Stata Corp LP, College Station, Texas,
USA) was used for statistical analysis.

Results
A total of 20 acute FNF treated with the AVANTAGEÒ
dual mobility cup were identified in patients with dementia.
The median follow-up time was 12.1 (0.4–47.6) months.
Patient characteristics are outlined in Table 1. Eight patients
(40%) had an ASA score of 2 and 12 patients (60%) had an
ASA score of 3. None of the patients experienced dislocation
or received revision surgery in the follow-up period. Five
people died within 30 days and the 30-day mortality rate was
25% (95% CI; 4–46%). After one year, nine people had died
and the one-year mortality rate was 45% (95% CI; 21–69%)
as shown in Table 3. Geometric mean time to surgery was
27 h (95% CI; 20–37 h) and median operative time was 108
min (IQR (90–123 min)). Geometric mean length of hospital
stay was 5.5 days (95% CI; 4.0–7.6 days). Mean cup inclination was 48° (95% CI; 47–50°), but four were out of the safe
zone with an inclination above 50°. One DMC was retroverted
and four were anteverted (Table 2). We did not experience any
deep infection.
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Table 3. Dislocation, revision and mortality.
Dislocation
Revision
Mortality
Time to surgery (hours)
Length of hospital
stay (days)

30 days 95% CI
None
None
25% (4–46)
27 (95% CI; 20–36)
5.5 (95% CI; 4.0–7.6)

1 year 95% CI
None
None
45% (21–69)

Discussion
To our knowledge, this is the first study concerning a
highly selected population of patients with dementia treated
for an acute displaced femoral neck fracture with a THA and
DMC. The results seem promising with respect to dislocation
and revision rate after THA with the AVANTAGEÒ DMC,
however the 30-day and one-year mortality rate is high for this
group of patients. Even though surgeries were performed by
surgeons with variable experience, none of the patients
experienced a hip dislocation in the follow-up period.
We therefore recommend the DMC in displaced femoral neck
fractures in patients with dementia. Two previous studies have
used the AVANTAGEÒ DMC with a good clinical outcome in
FNF patients. Tarasevictus et al. [19] compared dislocation
rates of the AVANTAGEÒ DMC with conventional cups in
two comparable groups during a period of four years in 98
patients with FNF using the posterior surgical approach.
Experienced orthopedic surgeons performed all THAs.
At one-year follow-up eight dislocations occurred among 56
conventional THAs whereas no dislocations were reported
among the 42 patients treated with a DMC. Four of the eight
patients experienced more than one dislocation. None of the
dislocations was associated with a significant trauma. However,
these patients were not selected as patients with a particularly
high risk for dislocation. Similarly, Adam et al. [20] reported
three cases of dislocation (1.4%) at nine-month follow-up
in a series of 214 randomly selected elderly patients aged
70 and older (mean age 83 years) after treatment for an acute
FNF with a DMC. All dislocations occurred between the
large articulation of the DMC between the polyethylene liner
and the metallic shell. Only one study has reported the results
after THA with a DMC in patients with a high risk of
dislocation. Sanders et al. [21] reported on 10 hips (eight
patients) with cerebral palsy using the AVANTAGEÒ DMC
and they reported no dislocations after a mean follow-up of
39 months.
Another proposed option used to decrease dislocation in
high risk patients is the acetabular cups inserted with
constrained liners which are now used in THA patients with
frequent dislocations. The functional outcome can, however,
be negatively affected due to the expected lesser range of
motion and theoretically there is a risk of cup loosening or
cup dislocation. However, results from Hernigou et al.
indicate that constrained liners provided excellent results
concerning dislocation rates in neurologic and cognitively
impaired patients as well as patients with displaced FNF.

Therefore constrained cup liners can be a relevant alternative
to both DMC and hemiarthroplasties [22, 23]. In patients with
osteoarthritis Combes et al. [24] reported 22 dislocations
(0.88%) in 2179 procedures with a DMC after a mean seven
years of follow-up. The dislocations occurred between the
large articulation in 15 cases whereas seven dislocations
occurred between the small articulation. The dislocation
between the head and the polyethylene has been of concern
because the shell is not designed as a metal-on-metal
articulation. This may therefore increase wear dramatically
after dislocation. Hemiarthroplasty is a commonly accepted
treatment for displaced femoral neck fracture with reported
low dislocation rates (3–3.4%) in a general nonselected
patient population [9, 25]. You would expect higher dislocation rates for patients with dementia, but currently this information is lacking. The functional outcome and pain after
THA has been described as better than hemiarthroplasty
[26]. Aseptic loosening and osteolysis has been of concern
due to the two articulations in the DMC and a thinner liner
which could accelerate polyethylene wear [16, 17, 24]. Concerning our patient population with vulnerable demented
elderly people with a low activity level and short remaining
time of life, the risk of polyethylene wear and associated
aseptic loosening seems of minor importance. For these
patients a pain-free joint and a decreased risk of dislocations,
revision surgery and readmission seem more important.
Knowing the high risk of nosocomial infections, deliria,
and mortality during hospitalization of elderly demented
patients we find it important to treat the patients with a safe
and reliable THA with as few complications as possible. In
that context the AVANTAGEÒ DMC seems to be a good
option. The overall 30-day mortality after hip fracture in
patients 65 years old and older in a Danish cohort has been
reported to be between 10 and 13.2% [27]. For our patient
category, the mortality rates were higher, which is expected
since our patients have dementia, were relatively old and with
higher ASA scores, which are all known predictors for mortality [7]. Comparing our one-year mortality for this specific
patient group with van Dortmont et al. [28] our mortality
rates are comparable. Another important predictor for mortality is time to surgery [29]. Our surgical delay was 27 h since
not all orthopedic surgeons on call perform total hip arthroplasty. Challenges regarding the logistics can be encountered.
When interpreting the results of this study, some limitations
should be taken into account. The cohort was small and lacking a control group. Further, information concerning the functional outcome as well as patients reported outcome measures
would have been of interest for future study. However, these
outcomes may not be feasible nor easy to interpret in a
cohort of demented patients. In contrast, the external validity
of this study seems high as the surgeries were performed by
several surgeons with varying experience and we therefore
find our results very promising. In conclusion, we recommend the DMC in the treatment of patients with dementia
and an acute displaced FNF. At our department DMCs are
the first choice if the logistics permits it for patients with
dementia and displaced FNF. Correct placement of the cup
can be difficult and if not positioned within the safe zones
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dislocation can occur together with decreased range of
motion and soft tissue irritation [18, 20, 30].
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