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ABSTRACT

Introduction Hip fractures treated with total hip
arthroplasty (THA) are at high risk of prosthesis instability,
and dislocation is the most common indication for
revision surgery. This study aims to determine whether
dual mobility THA implants reduce the risk of dislocation
compared with conventional THA in patients with hip
fracture suitable to be treated with THA.

Methods and analysis This is a cluster-randomised,
crossover, open-label trial nested within the Australian
Orthopaedic Association National Joint Replacement
Registry (AOANJRR). The clusters will comprise hospitals
that perform at least 12 THAs for hip fracture per annum.
All adults age >50 years who meet the Australian and
New Zealand Hip Fracture Registry guidelines for THA

will be included. The intervention will be dual mobility
THA and the comparator will be conventional THA. Each
hospital will be allocated to two consecutive periods, one
of dual mobility THA and the other of conventional THA in
random order, aiming for an average of 16 patients eligible
for the primary analysis per group (32 total per site),
allowing different recruitment totals between sites. Data
will be collected through the AOANJRR and linked with
patient-level discharge data acquired through government
agencies. The primary outcome is dislocation within
1year. Secondary outcomes include revision surgery for
dislocation and all-cause, complications and mortality at 1,
2 and 5 years. If dual mobility THA is found to be superior,
a cost-effectiveness analysis will be conducted. The study
will aim to recruit 1536 patients from at least 48 hospitals
over 3 years.

Ethics and dissemination Ethics approval has been
granted (Sydney Local Health District - Royal Prince
Alfred Hospital Zone (approval X20-0162 and 2020/
ETH00680) and site-specific approvals). Participant
recruitment is via an opt-out consent process as both
treatments are considered accepted, standard practice.
The trial is endorsed by the Australia and New Zealand
Musculoskeletal Clinical Trials Network.

Trial registration number ACTRN12621000069853.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is a multicentre, registry-nested trial with a
cost-effective design requiring minimal changes to
standard practices, maximising generalisability.

= The crossover design reduces between-cluster
variations.

= Dislocations and adverse events were captured at
the site level and with linked administrative data and
not direct patient contact.

= Patient-reported outcomes (eg, pain, function and
quality of life) were not collected.

= Surgeons and patients were not blinded to treat-
ment allocation.

INTRODUCTION
Hip fractures are the most serious and costly
fall-related injury suffered by older people,
affecting more than 18700 Australians at a
cost of $A908 million in 2016." * Nearly half
(45%-50%) of hip fractures occur in the
subcapital (femoral neck) region, of which
the majority are displaced.” Displaced femoral
neck fractures have a high rate of failure with
internal fixation® and are therefore treated
with arthroplasty,” which involves either
complete or partial replacement of the hip
joint. Hip fracture practice guidelines recom-
mend total hip arthroplasty (THA) over
hemiarthroplasty (HA) for independently
mobile, active patients with minimal comor-
bidities prior to injury.”® THA is increasingly
being used in Australia to treat femoral neck
fractures compared with HA, increasing from
19.7% to 26.4% of arthroplasties between
2000 and 2016.”

Currently, there are several prosthesis
options available to orthopaedic surgeons
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performing THA for hip fractures. In Australia, conven-
tional THA designs that substitute the ball of the hip
joint with a metal femoral prosthesis and the acetabular
socket with a static metal and polyethylene cup are the
most commonly used."" THA lacks the inherent stability
of the natural hip joint and dislocation may occur.
Dislocation involves separation of the prosthetic femoral
head from the acetabular cup and is the most common
complication after THA for hip fracture. Accumulated
evidence from randomised controlled trials reports a
dislocation rate of 4.8%," but this may underestimate the
true incidence. Observational studies using arthroplasty
registry data suggest an overall dislocation incidence of
8.4%'* following THA for hip fracture, approximately
two to three times higher than when THA is performed
electively for osteoarthritis."”” Dislocations are associated
with significant additional hospital costs and decreased
patient quality of life,'®'” and require closed reduction
of the prosthesis to restore the patient’s ability to ambu-
late. More than half of patients who experience recur-
rent dislocations will require revision surgery to prevent
further episodes of hip instability."® '’ In Australia, recur-
rent dislocations in patients with hip fracture are the
most common reason for revision surgery in the first 5
postoperative years.''

Due to concerns about dislocation, orthopaedic
surgeons are increasingly using an alternative THA design
that features a mobile rather than static articulating poly-
ethylene liner between the prosthetic femoral head and
the acetabular cup.” The mobile polyethylene liner of the
‘dual mobility” THA theoretically increases prosthetic hip
stability by increasing the effective head to neck ratio and
jump distance (ie, head displacement required for dislo-
cation) compared with conventional THA, as well as by
allowing an increased range of motion of 10°-15° in all
directions before dislocation occurs.*” Dual mobility THA
therefore may have the potential to reduce the incidence
of dislocation when THA is used for hip fracture. The
benefits of preventing dislocation are therefore twofold.
First, patients are less likely to experience difficulties in
self-care and anxiety associated with recurrent disloca-
tion.'® Second, increased implant stability would reduce
the cost burden associated with treatment of dislocation.

Clinical and arthroplasty registry studies are divided
as to whether dual mobility THA reduces the incidence
of dislocation and subsequent revision surgery. A recent
systematic review of nine retrospective studies reported
an incidence of dislocation of 1.5% for dual mobility THA
when used for femoral neck fracture at a mean follow-up
of 2.5years.?! This compares to a dislocation rate of 4.8%
for conventional THA at 2 years."”In a meta-analysis, the
authors reported a 74% lower risk of dislocation in three
studies that directly compared dual mobility with conven-
tional THA. However, these studies were judged to be at
moderate to serious risk of bias.”’ Arthroplasty registries
do not show a clear reduction in revision surgery with the
use of dual mobility THA for femoral neck fracture. An
analysis of the Nordic Arthroplasty Register Association

(NARA) data, which featured a propensity score-matched
cohort of 9040 patients with hip fracture (4520 dual
mobility and 4520 conventional THA) from Denmark,
Norway and Sweden, reported that dual mobility reduces
the incidence of all-cause revision by 25% and revision
for dislocation by 55% at a median follow-up of 2.4years
(range 0-l4years).” However, two additional registry
studies, one from the Netherlands (1122 dual mobility
and 10735 conventional THA patients)® and the other
from Australia (1778 dual mobility and 8582 conven-
tional THA),?* did not observe a similar benefit when
large femoral heads (=32 mm) were used in conventional
THA.

Study rationale

In Australia, the cost of dual mobility implants is 1.5-2
times higher than conventional THA acetabular implants
using publicly available government prosthesis rebate
data.” There is a need to determine whether dual
mobility is both an effective and cost-effective treatment
strategy for reducing the incidence of dislocation and
subsequent revision surgery in patients with femoral neck
fracture when compared with conventional THA. Both
dual mobility and conventional THAs are considered
standard care in Australia, with dual mobility implants
constituting approximately 25% of THAs performed for
femoral neck fracture in 2019."

Objectives

Primary objective

The primary objective of this study is to determine
whether dual mobility THA is superior to conventional
THA in femoral neck fractures in reducing the risk of hip
dislocation in the first postoperative year.

Secondary objectives

1. To compare the revision rates (for dislocation and all-
cause) for dual mobility THA and conventional THA
at 1, 2 and Syears postoperatively.

2. To compare the complication rates (unplanned reop-
eration or readmission) associated with dual mobility
THA and conventional THA in the first postoperative
year.

3. To compare the mortality rates between dual mobility
THA and conventional THA at 1, 2 and byears postop-
eratively.

4. To perform a costeffectiveness analysis comparing
dual mobility THA and conventional THA at 1year
postoperatively if dual mobility THA is found to be su-
perior to conventional THA in reducing the risk of hip
dislocation.

METHODS AND ANALYSIS

Study design

DISTINCT (Dual mobllity verSus conventional 7otal
hip arthroplasty In femoral Neck fractures, a registry-
nested, open-label, Cluster-randomised crossover Trial) is
a pragmatic, superiority, open-label, cluster-randomised
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Figure 1 Study flow diagram. cTHA, conventional total hip arthroplasty; DM THA, dual mobility total hip arthroplasty; FNF,

femoral neck fracture; THA, total hip arthroplasty.

crossover trial nested within the Australian Ortho-
paedic Association National Joint Replacement Registry
(AOAN]JRR). The setting is eligible Australian hospitals
(public and private) performing THA for femoral neck
fractures. Recruitment commenced on 1 February 2021
and is expected to finish in December 2023. The study
flow is depicted in figure 1.

Eligibility criteria

Hospitals will be eligible to recruit for DISTINCT if they
performed >12THAs for femoral neck fracture in the
2018 reporting period of the AOANJRR. Recruiting sites
are required to review and adhere to the study protocol
and make no other changes to departmental practices
or protocols relevant to the care of patients with hip
fractures over the study period. All listed investigators
are required to complete Good Clinical Practice (GCP)
training prior to the commencement of the study. The
chief investigator (IAH) was responsible for approaching
and recruiting hospital sites.

Patients will be eligible for participation in the trial if
they meet the Australian and New Zealand Hip Fracture
Registry (ANZHFR) criteria for treatment of a displaced
femoral neck fracture with THA,® specifically able to
walk independently out of doors with no more than use
of a stick prior to the fracture, not cognitively impaired,
and medically fit for anaesthesia and the procedure. No

maximum age limits will be applied, but patients must be
aged >b0years.

Patients will be excluded if they meet the criteria for HA
according to the ANZHFR guidelines (displaced femoral
neck fracture in a patient with dementia or other signif-
icant cognitive impairment and/or permanent resident
of a residential aged care facility) ¥ suffer a pathological
fracture due to tumour or have a pre-existing bony defor-
mity requiring a custom or non-standard prosthesis for
management. Additionally, many patients with minimally
displaced fractures and some with displaced fractures
may be managed with internal fixation, but these patients
will not be included.

Rationale for study design

Asboth treatment arms are considered standard, common
and accepted treatment for management of femoral neck
fracture in Australia without specific consent, we elected
for a clusterrandomised design. A cluster design simpli-
fies trial administration at sites by allowing for an opt-out
consent process. This is the same opt-out consent process
that governs the collection of patient operative data
collected by the hospital and provided to the AOANJRR.
An individually randomised superiority trial comparing
dual mobility with conventional THA (WHITE Two) has
previously been attempted but was deemed unfeasible due
to poor patient recruitment in this patient population.
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Another individually randomised superiority trial
(DUALITY) is currently recruiting in Sweden, with results
not expected until 2026.*” The risks of both the inter-
vention and the comparator are similar and discussed as
part of the standard surgical consent process for THA.
A specific patient-level study consent for DISTINCT was
deemed not required by the ethics committee as it would
require an additional consent process apart from consent
for surgery and make entry into the research difficult,
likely incomplete and potentially confusing for patients.
A qualitative analysis of participants recruited for the
WHITE Two trial confirms these concerns, with many
patients describing high levels of physical and emotional
stress due to femoral neck fracture and the urgent nature
of the surgery being barriers to participating in a research
project.” All study participants will receive a copy of
the participant information form (online supplemental
material), which describes the study rationale, the study
procedures and the opt-out process in lay terms.

Second, by randomising the hospital to a sequence
of dual mobility and conventional THA, the crossover
design will provide site principal investigators adequate
notice after randomisation to provide training in study
procedures, as well as ensure appropriate implants are
available for allocation. It will also allow adequate time
for all site investigators to undergo GCP training prior to
commencement of recruitment,” a requirement for the
ethical conduct of clinical trials in Australia. There will be
no training for the surgical procedure as this will be done
according to usual practice in each hospital. Standard-
ising practice within a cluster to a single prosthesis for a
period will minimise contamination between study arms
and improve study adherence. Using each site to recruit
both arms of the study minimises variance inflation from
any within-cluster correlation. All eligible patients from
each site will be included (as the site is the unit of rando-
misation), minimising selection bias.

Treatment groups and randomisation

Each hospital site will be allocated to consecutive periods
of standard protocol of dual mobility THA and stan-
dard protocol of conventional THA for management
of displaced femoral neck fractures, with the order of
the two periods determined by randomisation at a 1:1
ratio using a computer-generated sequence. Alloca-
tion will occur 1 month (range: 3—6weeks) prior to site
commencement to allow introduction of local protocols
and supply of implants. Randomisation will be performed
by statisticians at the South Australian Health and Medical
Research Institute (SAHMRI), independent of the study
investigators, using simple randomisation without the
use of blocks or stratification. Sites will not be blinded to
group allocation after randomisation; however, statistical
analysis and interpretation will be blinded.

Patients will be informed of the trial by the treating
surgeon at the time of consent for surgery but will not
be required to provide individual consent to the trial, as
both surgical implants represent standard practice and

randomisation is not at the patient level. Each site will
adhere to the initially randomised protocol for a period
based on surgical volume, aiming for a site average of
16 patients eligible for the primary analysis per group
(32 total per site). Fast recruiting sites will be allowed to
recruit until up to 25 patients per group have been regis-
tered into the trial by the AOANJRR. Slow recruiting
sites may be crossed over prior to recruiting 16 patients
so that a similar number of patients can be recruited to
each group prior to recruitment ending in December
2023. THA using both dual mobility and conventional
designs will be performed as per standard surgical tech-
nique according to surgeon preference, using the same
surgical approach and method of fixation (cemented or
uncemented) for both treatment groups. For the conven-
tional THA group, surgeons will be required to use a large
femoral head (=32mm) unless patient anatomy does not
allow. Lipped liners are permissible in the conventional
THA group, but constrained liners are not permitted as
they are not indicated for primary joint replacement in
patients with displaced femoral neck fracture and have
unique modes of failure that may confound analysis.
For the dual mobility THA group, all cementless designs
(with and without screw holes) are permissible. Surgical
approach can vary by surgeon, but individual surgeons
must maintain the same surgical approach for both study
groups. If a posterior approach is used, a capsular repair
will be performed, as well as a repair of the short external
rotators.
Postoperative treatment will be standardised across
study sites according to the following requirements:
» All patients will be able to weight-bear as tolerated
without restriction postoperatively.
» Splinting, such as Charnley abduction pillows, will not
be used routinely.
» Education and information around hip precautions
will be consistent across study groups.
» Each site will use the same local rehabilitation proto-
cols for both treatment arms.

Adherence

Adherence to the study protocol will be determined
using standard AOANJRR data forms, completed by
the surgical team at the time of surgery. The AOANJRR
has completeness for more than 98% of arthroplasty
procedures performed in Australia via standard forms
submitted for both primary and revision procedures,”
and this process will remain unchanged. Bimonthly meet-
ings of site principal investigators will occur to discuss
study recruitment and identify barriers to study adher-
ence. Sites will be provided written monthly updates
on recruitment numbers, as well as protocol violations.
Where protocol violations occur, site principal investiga-
tors will be required to provide a reason for the violation.
AOAN]JRR staff will monitor the number of data forms
received and provide 1-month notice of the crossover
date. Crossover and completion will be arranged before
more than 25 cases have been recorded in the study arm.
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Table 1 Data collection and timepoints
Time point Data collection Variables
Pre-operative Age > 50years old.
Gender Male, female.
Side Right, left, bilateral.
ASA grade ASA I-V.
BMI Underweight (<18.50), normal (18.50-24.99), pre-obese

Surgical approach

Acetabular implant

Femoral implant
1year Dislocation
Revision surgery

Complications (via site reporting and
state-level hospital data).

Mortality
Revision surgery
Mortality

2years and 5years

*Includes anterolateral approach.

(25.00-29.99), obese class 1 (30.00-34.99), obese class 2
(85.00-35.99), obese class 3 (>40).

Posterior, lateral*, anterior.

Conventional liner, dual mobility liner.

Stem type (polished or matte), fixation (use of cement).
Site reporting or linked data.

AOANJRR hip form.

Site reporting or linked data.

Linked data to national death index.
AOANJRR hip form.
Linked data to national death index.

AOANJRR, Australian Orthopaedic Association National Joint Replacement Registry; ASA, American Society of Anesthesiologists Physical

Status Classification System; BMI, body mass index.

Prior to crossover, site principal investigators will under-
take an audit of all patients enrolled in the trial to ensure
that all patients are eligible for inclusion in the primary
analysis as per the study protocol.

Data collection methods

Data collection will occur at baseline and at 1, 2 and
Syears. Baseline demographic data (age, gender, body
mass index (BMI), American Society of Anesthesiologists
(ASA) Physical Status Classification grade, as well as both
acetabular and femoral implant types, surgical approach,
and laterality of THA will be via standard (currently
routine) forms submitted to the AOANJRR for primary
joint replacement (table 1).

Primary outcome

For the primary outcome of dislocation within 1year of the
index THA, data will be captured by site reporting and data
linkage. Participating sites are required to notify the prin-
cipal investigators of all dislocations related to the surgery
as they become aware via a standardised adverse event
proforma. To capture dislocations, study data will be linked
with hospital-level data acquired through state govern-
ments or the Australian Institute of Health and Welfare
using unique patient identifiers. Patients will be considered
to have dislocated the prosthetic hip joint if a site investi-
gator reports evidence of a dislocated hip, or linked data
report an emergency department presentation, admission
diagnosis or procedure for hip dislocation. For patients
who have bilateral prosthetic hip joints, site investigators
will be contacted to determine laterality of the dislocated

hip. If laterality cannot be determined for dislocations
captured by data linkage, dislocations that occur within the
first postoperative year will be assumed to be related to the
most recent hip arthroplasty procedure where the patient
has a premorbid contralateral hip prosthesis.

Secondary outcomes
Secondary outcomes include revision surgery, complica-
tions and mortality. Revision surgery data will be obtained
from the AOANJRR at 1, 2 and 5years. Revision surgery
is defined as any removal, exchange or addition of one
or more components to the primary THA. Revision
surgery indications include dislocation, infection, loos-
ening, lysis, implant breakage (stem and acetabular)
and fracture.” Non-revision-related complications, such
as any unplanned reoperation or readmission related to
the surgery, will be measured by site reporting and data
linkage. Specifically, complication data will be collected
up to 12months postsurgery and the time of each compli-
cation will be recorded. Complications will be categorised
as follows:

» Readmission related to the original surgery or associ-
ated treatment.

» Reason for readmission: infection, wound dehiscence,
wound bleeding, stiffness, fracture and other (non-
joint) surgery.

» Reoperation on the same joint: closed reductions
performed in the emergency department under seda-
tion or any joint procedure performed in an oper-
ating theatre.
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» Death (measured by routine linkage between the
AOAN]JRR and the National Death Index).
A cost-effectiveness analysis will be conducted if dual
mobility THA is found to be superior to conventional
THA.

Sample size

The HEALTH trial, a recent large randomised controlled
trial of 1495 patients from 80 institutions in 10 countries,
reported a 4.7% incidence of dislocation in the 2years
following conventional THA for hip fracture in patients
aged >50 years.”® A systematic review and meta-analysis of
randomised controlled trials that included the HEALTH
trial comparing conventional THA with HA reported
an incidence of dislocation of 4.8% for THA." For the
DISTINCT study, we anticipate an overall dislocation
rate of 4%-5% at lyear based on these data. The most
recent systematic review of three retrospective observa-
tional studies of dual mobility THA performed for hip
fracture reported an incidence of dislocation of 1.5%
compared with 7.6% in conventional THA, but did not
detect a difference in reoperation rates.” A matched-
pair analysis from NARA reported 25% reduction in all-
cause revision (HR 0.75, 95% CI 0.62 to 0.92) and a 55%
reduction in the risk of revision for dislocation (HR 0.45,
95% CI 0.30 to 0.68).% With estimated dislocation rates
of 6% and 3% for conventional THA and dual mobility
THA, respectively, a cluster-randomised trial using at least
48 clusters would require an average of 16 patients per
group, per cluster (n=1536 patients in total), with a coef-
ficient of variation of cluster sizes of 0.5, 80% power and
a significance level of 5% (intracluster correlation=0.01,
interperiod correlation=0.008).”** As the outcome is the
difference in proportions of cases with dislocation within
lyear of follow-up, regardless of mortality, no adjustment
for death or loss to follow-up has been made. The study
will recruit an average of 16 patients per group (32 total),
per cluster. This sample size would provide 90% power
for a higher event rate of 8% and 4% for the two groups.

Statistical analysis

The analysis for the primary outcome will test between-
group difference in the proportion of cases sustaining
a dislocation of the affected hip within 1year postoper-
atively. The primary analysis will use cluster summary
methods, weighted by cluster size to account for unequal
cluster sizes.”® Analyses will be reported both unadjusted
and adjusted for hospital type (public or private). These
methods estimate the treatment effect using cluster-level
differences and have been shown to be adequate for
clusterrandomised crossover trials with rare outcomes
and the intracluster and interperiod correlation coef-
ficients expected in this trial.*” Multiple imputation
for missing data will use joint modelling to account for
clustering.”® Participants will be analysed in the groups
to which they were randomised. Sensitivity analyses will
compare the unadjusted primary outcome based on
their allocation, treatment received (as-treated) and

per-protocol grouping. Survival analysis will be performed
using Kaplan-Meier curves and the log-rank test, clus-
tered by site, to determine any differences in the timing
of dislocations based on the groups to which patients
were randomised and separately based on the treatment
received (as-treated).

Subgroup analyses of the primary outcome will test
for differences in treatment effect based on surgical
approach (posterior, lateral or anterior), femoral head
size (<32mm or >32mm), conventional liner type (stan-
dard or lipped), obese (BMI >30) or non-obese (BMI
<30), and gender (male, female). The subgroup analyses
will use cluster summaries by subgroup weighted by size,
with an interaction term between subgroup and treat-
ment sequence. Tests for differences between subgroups
will account for multiple testing. The rationale for inclu-
sion of the above subgroups is based on prior observa-
tional studies demonstrating a higher risk of dislocation
associated with the posterior surgical approach,' #* %9
smaller femoral head sizes (<32mm),? * obesity9 1 and
male sex.* Lipped liners have been shown to be protective
against revision for dislocation when THA is performed
for osteoarthritis.” ** A higher all-cause revision risk was
observed (HR 1.40,95% CI'1.21 to 1.61, p<0.001) for THA
performed for femoral neck fracture in the private sector.
However, this difference became non-significant once the
analysis was adjusted for prostheses with a higher than
anticipated rate of revision, indicating that outcomes are
similar when comparing like for like prostheses. Treat-
ment group differences for each secondary outcome (all-
cause revision, revision for dislocation, death, reoperation
and readmission) will be estimated using cluster summary
methods as described above. Estimates will be reported
both unadjusted and adjusted for hospital status.

If dual mobility THA is found to be superior to conven-
tional THA, a within-trial cost-benefit analysis from
an Australian healthcare system perspective will be
conducted to determine the 12-month cost-benefit of
dual mobility compared with conventional THA, deter-
mined by the benefit to cost ratio. The upfront cost of
THA implants, which includes the cost of the prosthetic
equipment (femoral head and acetabular cup), the
surgical procedure and the index hospital and intensive
care unit stay, will be estimated for each type of THA
using trial records, linked health administrative data and
unit cost data obtained from the Australian Prostheses
List and Independent Hospital Pricing Authority (IHPA).
Benefits from hip dislocations avoided over 12months
will be monetised. Comparison of dual mobility with
conventional THA will include any cost savings of revi-
sion surgeries and related follow-up hospital and commu-
nity care from reduced dislocation in the first 12months,
which will be measured with linked health administrative
data and valued with IHPA hospital price weights. If the
benefit to cost ratio is greater than 1, dual mobility THA
will be considered of value. Due to the skewed distribution
of costs, a non-parametric bootstrapping exercise will be
carried out as a robustness check of the results.*”™* The
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probability that dual mobility is cost-beneficial compared
with conventional THA will be calculated as the propor-
tion of bootstrap simulations that return a positive net
monetary benefit (ie, simulated benefit > simulated cost).

Data management, monitoring and sharing

The AOANJRRisalisted Federal Quality Assurance Activity
and is responsible for data collection, management, anal-
ysis and storage. The AOANJRR already collects data on
almost all joint replacement procedures performed in
Australia. Operative data are completed at the time of
surgery on a registry form. These forms are collated regu-
larly by the hospital and sent to the registry for data entry
into the secure registry central database. The AOANJRR
central database is housed and managed by the SAHMRI.
This process will remain unchanged. Data will be made
available to investigators on trial completion. De-identi-
fied data sets and dictionaries will be made available for
further research after trial completion and dissemination
of the results by peerreviewed journal publication on
request of the chief investigator (IAH).

A separate trial management committee will be estab-
lished to monitor data management and quality. A sepa-
rate safety monitoring committee will not be established,
and no stopping rules will be used as both interventions
are commonly used and recommended treatments and
as such no interim analysis will be performed. This will
reduce the chance of early stopping due to spurious
findings. Adverse events will be monitored by the trial
management committee.

Patient and public involvement

On 15 November 2018, we conducted a focus group with
a convenience sample of five patients who had recently
undergone THA (three for fracture, two elective) at two
participating hospitals (St George and Sutherland). While
the main concern patients had during their recovery was
the risk of an infection, all patients specifically recalled
the risk of dislocation and the recommended precau-
tions and all reported these as a major source of anxiety.
Patients were ‘particularly careful’ and most thought
their hip was ‘going to pop out’ if they performed normal
activities, such as gardening, cutting their toenails or
driving. Two patients mentioned they were ‘chastised
frequently’ by hospital staff for ‘doing the wrong thing’.
Most patients voluntarily opted to use walking aids or held
handrails to specifically mitigate dislocation risk and not
‘upset’ the joint. All patients agreed dislocation following
hip replacement was an important issue and supported
an experimental trial to reduce that risk. The issue of
prosthesis novelty was specifically raised, with a single
patient expressing concern about having a prosthesis
with a shorter track record than ‘standard’ THA. Patients
wanted to ‘move forward with innovations’ and did not
express concern when asked about consent, consid-
ering it unnecessary, particularly given that dual mobility
THA is approved and is used routinely in many centres
(without any specific consent). Patient involvement was

sought for the study design and writing of the protocol
(MR, patient consumer advocate). There are no plans to
disseminate the study results to study participants as there
are no provisions for the AOANJRR to directly contact
patients and this would breach the terms of reference
under which the AOANJRR functions as a quality assur-
ance activity. Study participants can access a lay summary
of the AOANJRR annual reports online, free of charge.

Study governance

The day-to-day management of the trial will be the respon-
sibility of the AOANJRR. Other expert subgroups may be
established throughout the project to advise on specific
elements and make recommendations should the need
arise.

ETHICS AND DISSEMINATION

The study received Human Research Ethics Committee
(HREC) approval from the Sydney Local Health District
- Royal Prince Alfred Hospital Zone (approval X20-0162
and 2020/ETH00680), which is a lead ethics committee
in Australia. The study was registered with the Australian
New Zealand Clinical Trials Registry prospectively prior
to trial commencement and can be viewed at https://
www.anzctr.org.au/Trial /Registration/TrialReview.aspx?
id=381041&isReview=true. The trial protocol has been
endorsed by the Australia and New Zealand Musculoskel-
etal Clinical Trials Network. All participating hospitals
have received site-specific ethical approval. Site-specific
approvals for each participating hospital have been
granted from the following ethics committees: Albury
Wodonga Health (SSA/65795/AWHEC-2021-256332),
Blacktown Hospital (2020/STE03234), Box Hill Hospital
(521-006-65795), Cabrini Hospital (Malvern) (02-08-
10-20), Cairns Hospital (SSA/2020/QCAIRNS/65795),
Calvary Adelaide (20-CHRECFO009), Coffs Harbour
Base Hospital (2020/STE03821), Concord Repatriation
General Hospital (2020/STE03235), Epworth Health-
care Richmond (EH2020-620), Fiona Stanley Hospital
(RGS0000004025), Flinders Medical Centre (2020/
GEMO00829 | 2020/SSA01136), Footscray Hospital
(Western  Health) (SSA/65795/WH-2020-228955),
Frankston Hospital  (SSA/65795/PH-2020), Gold
Coast Hospital and Health Service (Gold Coast Univer-
sity and Robina) (SSA/2021/QGC/65795), Gosford
Hospital (2020/STE03236 and CCLHD ref no: 0820-
104C), Greenslopes Private Hospital (RG2020.181b),
Hornsby  Ku-ring-gai ~ Hospital ~ (2020/STE03237),
Ipswich Hospital (SSA/2020/QWMS/65795), John
Flynn Private Hospital (RG2020.181), John Hunter
Hospital (2020/STE03238), Joondalup Health Campus
(RG2020.181c), Latrobe Regional Hospital (SSA/65795/
LRH-2020-230782), Launceston General Hospital
(23019), Liverpool Health Service (2020/STE03239),
Logan Hospital (65795), Lyell McEwin Hospital (2020/
GEMO01121 12020/SSA00908), Maroondah Hospital (S21-
006-65795), Mater Hospital Brisbane (Public) (MSSA/
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MRGO/65795), Mater Private Hospital Brisbane (MSSA/
MRGO/65795), Northern Beaches Hospital (2021/
NBH/002), Royal Adelaide Hospital (2020/GEMO00829
| 2020/SSA00571), Royal Hobart Hospital (23019),
Royal North Shore Hospital (2020/STE03823), Royal
Perth Hospital (RGS0000004025), Royal Prince Alfred
Hospital (HREC Lead) (2020/STE01591), Sir Charles
Gairdner Hospital (RGS0000004025), St George Hospital
(2020/STE03242), St Vincent’s Public Hospital (Sydney)
(2020/STE04302), Sunshine Coast University Hospital
(SSA/2020/QSC/65795), Sutherland Hospital (2020/
STE03240), The Alfred Hospital (SSA/65795/Alfred-
2020-230377), Canberra Hospital (2020.STE.00242), The
Prince Charles Hospital (SSA/2020/QPCH/65795), The
Prince of Wales Hospital (2020/STE03241), The Royal
Melbourne Hospital (2020.376), The Wesley Hospital
Brisbane (2020.16.326), Townsville University Hospital
(SSA/QTHS/65795), University Hospital Geelong
Barwon Health  (SSA/65795/VICBH-2020-230376),
Wagga Wagga Base Hospital (2020/STE03822), West-
mead Hospital (2020/STE05169) and Wollongong
Hospital (2020/STE04303).

The trial meets the guidance criteria for an opt-out
consent process and all other ethical requirements as per
the National Statement on Ethical Conduct in Human
Research.®” As patients will be treated with the standard
protocol for both dual mobility and conventional THA,
this study poses no foreseeable risk, harm or discomfort
to patients beyond what is normally experienced with a
femoral neck fracture.

Dissemination will be by peer-reviewed journal publi-
cation, conference presentation and through media. All
study findings will be reported regardless of statistical
significance or the size or direction of effect. Authorship
for principal papers will be by the members of the writing
committee and the DISTINCT Study Group (consisting of
all investigators according to the authorship guidelines of
the International Committee of Medical Journal Editors).

Author affiliations

"Institute for Musculoskeletal Health, King George V Building, Royal Prince Alfred
Hospital, The University of Sydney, Sydney, New South Wales, Australia

®Australian Orthopaedic Association National Joint Replacement Registry, Adelaide,
South Australia, Australia

®DISTINCT Study Group, Whitlam Orthopaedic Research Centre, Ingham Institute for
Applied Medical Research, South Western Sydney Clinical School, University of New
South Wales, Liverpool, New South Wales, Australia

“Clinical and Health Sciences Academic Unit, University of South Australia, Adelaide,
South Australia, Australia

SSouth Australian Health and Medical Research Institute, Adelaide, South Australia,
Australia

%South West Clinical Campuses, School of Clinical Medicine, Faculty of Medicine
and Health, University of New South Wales, Sydney, NSW, Australia

"University of New South Wales - St George Campus, Sydney, New South Wales,
Australia

8Clinical Trials Centre, National Health and Medical Research Council, University of
Sydney, Camperdown, New South Wales, Australia

%Prince of Wales Clinical School, University of New South Wales, Randwick, New
South Wales, Australia

'ONeuroscience Research Australia, Randwick, New South Wales, Australia

"Department of Surgery, Epworth Healthcare, University of Melbourne, Richmond,
Victoria, Australia

Twitter Adriane M Lewin @AdrianeLewin

Acknowledgements The authors would like to thank Professor Rachael L Morton
for her assistance with the health economic analysis.

Contributors Authorship belongs to the DISTINCT Study Group. All members of
the study group have and will continue to contribute to authorship according to
the International Committee of Medical Journal Editors guidelines. JEF, TH, TA,
IAH, SA, JMN, SEG, RSdS, PLL, JC, CKL, TLK, ML and AL were responsible for

the planning of the trial, protocol development and writing. MR was consulted

as a patient consumer advocate for protocol development. IAH, TLK, ML and AL
were responsible for sample size calculation and the description of the statistical
analyses to be used.

Funding This study was supported by the Australian Orthopaedic Association
Research Foundation and the Whitlam Orthopaedic Research Centre.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods and analysis section for further details.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

John E Farey http://orcid.org/0000-0001-5983-7006
Adriane M Lewin http://orcid.org/0000-0001-6258-3692
Chi Kin Law http://orcid.org/0000-0002-2364-324X

REFERENCES

1 Australian Institute of Health and Welfare (AIHW). Hip fracture
incidence and hospitalisations in Australia 2015-16. Canberra: AIHW,
2018.

2 Australian and New Zealand Hip Fracture Registry. ANZHFR annual
report of hip fracture care 2021, 2021.

3 Australian and New Zealand Hip Fracture Registry. ANZHFR Bi-
National annual report of hip fracture care 2018, 2018.

4 Bhandari M, Devereaux PJ, Swiontkowski MF, et al. Internal fixation
compared with arthroplasty for displaced fractures of the femoral
neck. A meta-analysis. J Bone Joint Surg Am 2003;85:1673-81.

5 Bhandari M, Swiontkowski M. Management of acute hip fracture. N
Engl J Med 2017;377:2053-62.

6 American Academy of Orthopaedic Surgeons. Management of hip
fractures in the elderly. In: Evidence-Based clinical practice guideline.
Rosemont, IL 60018: American Academy of Orthopaedic Surgeons,
2014.

7 National Institute for Health and Care Excellence (NICE). Hip
fracture: management. clinical guideline. Available: https:// www.
nice.org.uk/guidance/cg124/resources/hip-fracture- management-
pdf-35109449902789 [Accessed March 3, 2022].

8 Australian and New Zealand Hip Fracture Registry. Australian and
New Zealand guidelines for hip fracture care: improving outcomes in
hip fracture management of adults, 2014.

9 Australian Orthopaedic Association National Joint Replacement
Registry (AOANJRR). Hip, Knee & Shoulder Arthroplasty: 2021
Annual Report. AOANJRR ed. Adelaide AOA; 2021: 1-432.

Farey JE, et al. BMJ Open 2022;12:¢064478. doi:10.1136/bmjopen-2022-064478


https://twitter.com/AdrianeLewin
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5983-7006
http://orcid.org/0000-0001-6258-3692
http://orcid.org/0000-0002-2364-324X
http://dx.doi.org/10.2106/00004623-200309000-00004
http://dx.doi.org/10.1056/NEJMcp1611090
http://dx.doi.org/10.1056/NEJMcp1611090
https://%20www.nice.org.uk/guidance/cg124/resources/hip-fracture-%20management-pdf-35109449902789
https://%20www.nice.org.uk/guidance/cg124/resources/hip-fracture-%20management-pdf-35109449902789
https://%20www.nice.org.uk/guidance/cg124/resources/hip-fracture-%20management-pdf-35109449902789

10

11

12

13

14

15

16

20

21

22

23

24

25

26

27

28

Harris IA, Cuthbert A, de Steiger R, et al. Practice variation in total
hip arthroplasty versus hemiarthroplasty for treatment of fractured
neck of femur in Australia. Bone Joint J 2019;101-B:92-5.
Australian Orthopaedic Association National Joint Replacement
Registry (AOANJRR). Hip, Knee & Shoulder Arthroplasty: 2020
Annual Report. AOANJRR ed. Adelaide AOA; 2020: 1-474.

Padgett DE, Warashina H. The unstable total hip replacement. Clin
Orthop Relat Res 2004;420:72-9.

Ekhtiari S, Gormley J, Axelrod DE, et al. Total hip arthroplasty versus
hemiarthroplasty for displaced femoral neck fracture: a systematic
review and meta-analysis of randomized controlled trials. J Bone
Joint Surg Am 2020;102:1638-45.

Jobory A. Dislocation after hip fracture related arthroplasty.
incidence, risk factors and prevention. Lund University 2020.
Hermansen LL, Viberg B, Hansen L, et al. "True" cumulative
incidence of and risk factors for hip dislocation within 2 years after
primary total hip arthroplasty due to osteoarthritis: a nationwide
population-based study from the danish hip arthroplasty register. J
Bone Joint Surg Am 2021;103:295-302.

Enocson A, Pettersson H, Ponzer S, et al. Quality of life after
dislocation of hip arthroplasty: a prospective cohort study on 319
patients with femoral neck fractures with a one-year follow-up. Qual
Life Res 2009;18:1177-84.

Sanchez-Sotelo J, Haidukewych GJ, Boberg CJ. Hospital cost of
dislocation after primary total hip arthroplasty. J Bone Joint Surg Am
2006;88:290-4.

Blom AW, Rogers M, Taylor AH, et al. Dislocation following total hip
replacement: the Avon orthopaedic centre experience. Ann R Coll
Surg Engl 2008;90:658-62.

Enocson A, Hedbeck C-J, Tidermark J, et al. Dislocation of total

hip replacement in patients with fractures of the femoral neck. Acta
Orthop 2009;80:184-9.

Ohmori T, Kabata T, Maeda T, et al. Increase in safe zone area

of the acetabular cup using dual mobility cups in THA. Hip Int
2017;27:361-7.

You D, Sepehri A, Kooner S, et al. Outcomes of total hip arthroplasty
using dual mobility components in patients with a femoral neck
fracture. Bone Joint J 2020;102-B:811-21.

Jobory A, Kérrholm J, Overgaard S, et al. Reduced revision

risk for dual-mobility cup in total hip replacement due to hip
fracture: a matched-pair analysis of 9,040 cases from the Nordic
arthroplasty register association (NARA). J Bone Joint Surg Am
2019;101:1278-85.

Bloemheuvel EM, Van Steenbergen LN, Swierstra BA. Low revision
rate of dual mobility cups after arthroplasty for acute hip fractures:
report of 11,857 hip fractures in the Dutch Arthroplasty Register
(2007-2019). Acta Orthop 2021;92:36-9.

Hoskins W, Griffin X, Hatton A, et al. THA for a fractured femoral
neck: comparing the revision and dislocation rates of standard-head,
large-head, dual-mobility, and constrained liners. Clin Orthop Relat
Res 2021;479:72-81.

Australian Government Department of Health. Prostheses list,
2022from. Available: https://www.health.gov.au/sites/default/files/
documents/2022/06/prostheses-list-part-a-prostheses-list_2.pdf
[Accessed 20th July, 2022].

Griffin XL, Parsons N, Achten J, et al. A randomised feasibility study
comparing total hip arthroplasty with and without dual mobility
acetabular component in the treatment of displaced intracapsular
fractures of the proximal femur : The Warwick Hip Trauma Evaluation
Two : WHITE Two. Bone Joint J 2016;98-B:1431-5.

Wolf O, Mukka S, Notini M, et al. Study protocol: the DUALITY
trial-a register-based, randomized controlled trial to investigate dual
mobility cups in hip fracture patients. Acta Orthop 2020;91:506-13.
Huxley C, Achten J, Costa ML, et al.A process evaluation of the
WHITE Two trial comparing total hip arthroplasty with and without
dual mobility component in the treatment of displaced intracapsular
fractures of the proximal femur: can a trial investigating total hip
arthroplasty for hip fracture be delivered in the NHS? Bone Joint Res
2016;5:444-52.

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

National Health and Medical Research Council (NHMRC). Australian
code for the responsible conduct of research 2018. Commonwealth
of Australia, Canberra 2018.

de Steiger RN, Graves SE. Orthopaedic registries: the Australian
experience. EFORT Open Rev 2019;4:409-15.

Australian Orthopaedic Association National Joint Replacement
Registry. AOANJRR hip procedures data collection form 2016from:.
Available: https://aoanjrr.sahmri.com/documents/10180/35629/
AOANJRR+Hip+Data+Form [Accessed 20th July 2022].

Bhandari M, Einhorn TA, Guyatt G. Total hip arthroplasty or
hemiarthroplasty for hip fracture. N Engl J Med 2019.

Darrith B, Courtney PM, Della Valle CJ. Outcomes of dual mobility
components in total hip arthroplasty: a systematic review of the
literature. Bone Joint J 2018;100-B:11-19.

Hemming K, Kasza J, Hooper R, et al. A tutorial on sample size
calculation for multiple-period cluster randomized parallel, cross-
over and stepped-wedge trials using the shiny crt calculator. Int J
Epidemiol 2020;49:979-95.

Kelly T-L, Pratt N. A note on sample size calculations for cluster
randomised crossover trials with a fixed number of clusters. Stat
Med 2019;38:3342-5.

Turner RM, White IR, Croudace T, et al. Analysis of cluster
randomized cross-over trial data: a comparison of methods. Stat
Med 2007;26:274-89.

Forbes AB, Akram M, Pilcher D, et al. Cluster randomised crossover
trials with binary data and unbalanced cluster sizes: application to
studies of near-universal interventions in intensive care. Clin Trials
2015;12:34-44.

Quartagno M, Grund S, Carpenter J. jomo: a flexible package for
two-level joint modelling multiple imputation. R J 2019;11:205-28.
Baker RP, Squires B, Gargan MF, et al. Total hip arthroplasty and
hemiarthroplasty in mobile, independent patients with a displaced
intracapsular fracture of the femoral neck. A randomized, controlled
trial. J Bone Joint Surg Am 2006;88:2583-9.

Rogmark C, Natman J, Jobory A, et al. The association of surgical
approach and bearing size and type with dislocation in total hip
arthroplasty for acute hip fracture. Bone Joint J 2022;104-B:844-51.
Elkins JM, Daniel M, Pedersen DR, et al. Morbid obesity may
increase dislocation in total hip patients: a biomechanical analysis.
Clin Orthop Relat Res 2013;471:971-80.

Hailer NP, Weiss RJ, Stark A, et al. The risk of revision due to
dislocation after total hip arthroplasty depends on surgical approach,
femoral head size, sex, and primary diagnosis. An analysis of 78,098
operations in the Swedish hip arthroplasty register. Acta Orthop
2012;83:442-8.

Bauze A, Agrawal S, Cuthbert A, et al. Are hooded, crosslinked
polyethylene Liners associated with a reduced risk of revision after
THA? Clin Orthop Relat Res 2019;477:1315-21.

Insull PJ, Cobbett H, Frampton CM, et al. The use of a lipped
acetabular liner decreases the rate of revision for instability after total
hip replacement: a study using data from the New Zealand Joint
Registry. Bone Joint J 2014;96-B:884-8.

Barber JA, Thompson SG. Analysis of cost data in randomized
trials: an application of the non-parametric bootstrap. Stat Med
2000;19:3219-36.

Briggs AH, Wonderling DE, Mooney CZ. Pulling cost-effectiveness
analysis up by its bootstraps: a non-parametric approach to
confidence interval estimation. Health Econ 1997;6:327-40.

Law CK, Stevenson ARL, Solomon M, et al. Healthcare costs of
laparoscopic versus open surgery for rectal cancer patients in the
first 12 months: a secondary endpoint analysis of the Australasian
laparoscopic cancer of the rectum trial (ALaCaRT). Ann Surg Oncol
2022;29:1923-34.

Mennemeyer ST, Cyr LP. A bootstrap approach to medical decision
analysis. J Health Econ 1997;16:741-7.

National Health and Medical Research Council, the Australian
Research Council and Universities Australia. National statement on
ethical conduct in human research 2007 (updated 2018). Canberra
Commonwealth of Australia; 2007.

Farey JE, et al. BMJ Open 2022;12:€064478. doi:10.1136/bmjopen-2022-064478


http://dx.doi.org/10.1302/0301-620X.101B1.BJJ-2018-0666.R1
http://dx.doi.org/10.1097/00003086-200403000-00011
http://dx.doi.org/10.1097/00003086-200403000-00011
http://dx.doi.org/10.2106/JBJS.20.00226
http://dx.doi.org/10.2106/JBJS.20.00226
http://dx.doi.org/10.2106/JBJS.19.01352
http://dx.doi.org/10.2106/JBJS.19.01352
http://dx.doi.org/10.1007/s11136-009-9531-x
http://dx.doi.org/10.1007/s11136-009-9531-x
http://dx.doi.org/10.2106/JBJS.D.02799
http://dx.doi.org/10.1308/003588408X318156
http://dx.doi.org/10.1308/003588408X318156
http://dx.doi.org/10.3109/17453670902930024
http://dx.doi.org/10.3109/17453670902930024
http://dx.doi.org/10.5301/hipint.5000466
http://dx.doi.org/10.1302/0301-620X.102B7.BJJ-2019-1486.R1
http://dx.doi.org/10.2106/JBJS.18.00614
http://dx.doi.org/10.1080/17453674.2020.1845031
http://dx.doi.org/10.1097/CORR.0000000000001447
http://dx.doi.org/10.1097/CORR.0000000000001447
https://www.health.gov.au/sites/default/files/documents/2022/06/prostheses-list-part-a-prostheses-list_2.pdf
https://www.health.gov.au/sites/default/files/documents/2022/06/prostheses-list-part-a-prostheses-list_2.pdf
http://dx.doi.org/10.1302/0301-620X.98B11.BJJ-2016-0478.R1
http://dx.doi.org/10.1080/17453674.2020.1780059
http://dx.doi.org/10.1302/2046-3758.510.BJR-2015-0008.R1
http://dx.doi.org/10.1302/2058-5241.4.180071
https://aoanjrr.sahmri.com/documents/10180/35629/AOANJRR+Hip+Data+Form
https://aoanjrr.sahmri.com/documents/10180/35629/AOANJRR+Hip+Data+Form
http://dx.doi.org/10.1302/0301-620X.100B1.BJJ-2017-0462.R1
http://dx.doi.org/10.1093/ije/dyz237
http://dx.doi.org/10.1093/ije/dyz237
http://dx.doi.org/10.1002/sim.8191
http://dx.doi.org/10.1002/sim.8191
http://dx.doi.org/10.1002/sim.2537
http://dx.doi.org/10.1002/sim.2537
http://dx.doi.org/10.1177/1740774514559610
http://dx.doi.org/10.32614/RJ-2019-028
http://dx.doi.org/10.2106/JBJS.E.01373
http://dx.doi.org/10.1302/0301-620X.104B7.BJJ-2021-1772.R1
http://dx.doi.org/10.1007/s11999-012-2512-3
http://dx.doi.org/10.3109/17453674.2012.733919
http://dx.doi.org/10.1097/CORR.0000000000000710
http://dx.doi.org/10.1302/0301-620X.96B7.33658
http://dx.doi.org/10.1002/1097-0258(20001215)19:23<3219::AID-SIM623>3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1099-1050(199707)6:4<327::AID-HEC282>3.0.CO;2-W
http://dx.doi.org/10.1245/s10434-021-10902-5
http://dx.doi.org/10.1016/S0167-6296(97)00002-7

	Dual mobility versus conventional total hip arthroplasty in femoral neck fractures (DISTINCT): protocol for a registry-­nested, open-­label, cluster-­randomised crossover trial
	Abstract
	Introduction﻿﻿
	Study rationale
	Objectives
	Primary objective
	Secondary objectives


	Methods and analysis
	Study design
	Eligibility criteria
	Rationale for study design
	Treatment groups and randomisation
	Adherence
	Data collection methods
	Primary outcome
	Secondary outcomes
	Sample size
	Statistical analysis
	Data management, monitoring and sharing
	Patient and public involvement
	Study governance

	Ethics and dissemination
	References


