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Study protocol: The DUALITY trial—a register-based, randomized 
controlled trial to investigate dual mobility cups in hip fracture patients
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Start of trial and estimated duration — The DUAL-
ITY trial started recruiting patients in January 2020 and will 
continue for approximately 5 years.

Trial registration — The trial is registered at clinicaltri-
als.gov (NCT03909815; December 12, 2019).

Most patients with a displaced femoral neck fracture (FNF) 
are treated with an arthroplasty, and those who are indepen-
dently mobile, have few comorbidities, and are cognitively 
intact commonly receive a total hip arthroplasty (THA) rather 
than a hemiarthroplasty (Bhandari and Swiontkowski 2017). 
However, FNF patients treated with a THA often suffer from 
dislocation, which results in long-lasting impairment of qual-
ity of life (Enocson et al. 2009a). The incidence of disloca-
tions after THA performed due to FNF is up to 13% (Jobory 
2020), thus being much higher than after THA performed due 
to osteoarthritis (Johansson et al. 2000, Phillips et al. 2003, 
Meek et al. 2006, Skoldenberg et al. 2010). Most dislocations 
occur during the first postoperative year (Phillips et al. 2003, 
Meek et al. 2006, Hailer et al. 2012), and small femoral head 
sizes, the posterior surgical approach, comorbidity burden, 
and male sex are all associated with an increased risk of dislo-
cation (Jolles et al. 2002, Phillips et al. 2003, Meek et al. 2006, 
Conroy et al. 2008, Enocson et al. 2009b, Kim et al. 2009, 
Hailer et al. 2012, Ko and Hozack 2016). 

Dual mobility cups (DMC) were introduced in order to 
improve joint stability. In the DMC, a spherical polyethylene 
liner encloses the metal femoral prosthesis head of standard 
diameter (mostly 22 or 28 mm), and this liner is mobile within 
an external metal shell in order to increase range of motion 

Background and purpose — Physically and mentally fit 
patients with a displaced femoral neck fracture (FNF) are 
mostly treated with total hip arthroplasty (THA). Disloca-
tion is a severe and frequent complication in this group, and 
dual mobility cups (DMC) were developed to reduce the risk 
of dislocation after THA. The DUALITY trial investigates 
whether the use of DMC in FNF patients treated with a THA 
reduces the risk of dislocation.

Patients and methods — The trial is a national, mul-
ticenter, register-based, randomized controlled trial (rRCT). 
Patients ≥ 65 years with a non-pathological, displaced FNF 
(Type Garden 3–4/AO 31-B2 or B3) who are suitable for a 
THA according to local guidelines are assessed for eligibil-
ity using the web-based registration platform of the Swedish 
Fracture Register (SFR). 1,600 patients will be randomized 
1:1 to either insertion of a DMC (intervention group) or a 
standard cup (control group). The study is pragmatic in that 
the choice of implant brands, surgical approach, and peri- 
and postoperative protocols follow the local routines of each 
participating unit. All outcome variables will be retrieved 
after linkage of the study cohort obtained from the SFR with 
the Swedish Hip Arthroplasty Register and the National 
Patient Register.

Outcomes — The primary outcome is the occurrence of 
any dislocation of the index joint treated with closed or open 
reduction within 1 year after surgery, expressed as a relative 
risk when comparing groups, and a risk reduction of at least 
45% is considered clinically relevant. Secondary outcomes 
are the relative risk of any reoperation of the index joint, 
periprosthetic joint infection, and mortality within 90 days 
and 1 year. Patient-reported outcomes and health economics 
are evaluated.
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and jumping distance (Caton and Ferreira 2017, Cuthbert et 
al. 2019). According to a systematic review of observational 
studies on primary and revision THA performed on a multi-
tude of indications the use of DMC is associated with com-
paratively low dislocation rates (Darrith et al. 2018). A pro-
spective study on FNF patients operated on with DMC reports 
a relatively low dislocation rate of 1.4% within 9 months 
(Adam et al. 2012), but without a comparison group. A large-
scale observational study on 9,040 FNF patients treated with 
THA estimates a considerably reduced risk of revision due to 
dislocation in patients operated on with DMC compared with 
those receiving standard cups (Jobory et al. 2019), but the low 
rate of revisions due to dislocation of 0.8% in that study is 
contradicted by a considerably higher dislocation rate of 4.7% 
in a smaller observational study (Tabori-Jensen et al. 2019). 
It must be noted that arthroplasty register-based studies only 
report revisions due to dislocation, but not the incidence of 
dislocations per se, such that the true dislocation rate is consis-
tently underestimated in arthroplasty register studies (Devane 
et al. 2012).

Further to doubts related to the efficacy of the DMC con-
cept there are concerns regarding its safety. The concept of a 
large polyethylene liner ensheathed between two metal sur-
faces might increase polyethylene wear (Tabori-Jensen et al. 
2018) and the subsequent risk of aseptic loosening (Caton et 
al. 2014), and an increased risk of periprosthetic joint infec-
tions (PJI) is also reported after the use of DMC (Kreipke et 
al. 2019), although this notion has been contested (Jobory et 
al. 2019). A design-specific complication of DMC is intra-
prosthetic dislocation (Philippot et al. 2013, Darrith et al. 
2018). Thus, although observational evidence indicates that 
DMC confers a reduced risk of dislocation, both the efficacy 
and safety of DMC in patients with FNF are uncertain, and no 
high-level evidence study has yet been conducted (Griffin et 
al. 2016).

The primary aim of this trial is to investigate whether the 
use of DMC reduces the risk of dislocation after THA surgery 
performed due to FNF when compared with standard cups. 
As secondary endpoints we shall analyze whether the risk of 
the adverse events any reoperation, periprosthetic joint infec-
tion, and mortality is increased after use of the DMC, patient-
reported outcomes measured are compared, and the question 
as to whether use of the costlier DMC is cost-efficient will be 
addressed.

Patients and methods
Study design
The DUALITY trial is a multicenter, register-nested, random-
ized controlled trial (rRCT; James et al. 2015). Patients with a 
displaced FNF who are eligible for a THA according to local 
guidelines are randomized 1:1 to intervention (DMC) or con-
trol treatment (standard cup).

Study subjects and eligibility criteria
The SFR study platform detects eligible patients based on age 
(≥ 65 years) and type of fracture (type 3 or 4 according to 
Garden [Kazley et al. 2018], AO types 31-B2 or B3) during 
registration of the injured patient and automatically alerts the 
admitting physician of the possibility to screen the patient for 
eligibility, a method of register-based screening and inclusion 
that is also used for the first orthopedic rRCT in Sweden, the 
HipSTHer trial (Wolf et al. 2020). Inclusion criteria are eligi-
bility for a THA according to local guidelines and routines, 
availability of both treatment options, and signed, informed 
patient consent (Table 1). Unavailability of both treatment 
options can be due to implants being out of stock or the lack 
of the individual surgeon’s competence to use either implant 
type. Exclusion criteria are cognitive impairment, previous 
inclusion of a contralateral THA in the ongoing trial, delayed 
fracture surgery (date of injury more than seven days prior to 
date of screening), pathological or stress fracture of the fem-
oral neck, and fracture adjacent to a previous ipsilateral hip 
implant, such as a previously inserted screw or plate. 

Randomization and blinding
Randomization is also performed by use of the study plat-
form incorporated in the SFR. Subjects will be randomized to 
receive either a DMC (intervention group) or a standard cup 
(control group), using an allocation sequence hidden from all 
involved healthcare providers and provided by a trial-inde-
pendent statistician. There will be no patient or physician 
blinding.

Surgical intervention
The trial design is pragmatic, which implies that the choice 
of implant brands, fixation methods, surgical approach, pre-, 
peri-, and postoperative routines are based on the partici-
pating hospitals’ preferences. Nonetheless, the study proto-
col requires all participating units to maintain their chosen 
regime across both intervention and control groups, thus 
ensuring that only the type of intervention varies per unit. 
In Sweden, two-thirds of FNF patients who receive a THA 
are operated on via a direct lateral approach (Swedish Hip 
Arthroplasty Register 2018) according to Hardinge (1982) 
or Gammer (1985), and the remaining third via a posterior 
approach. Surgical approach can vary by surgeon, but indi-

Table 1. Screening questions within the SFR platform

This patient is eligible for inclusion in the Duality trial for randomiza-
tion to receive a standard cup or a dual mobility cup for a Garden 
3–4 fracture. Answer the following questions for screening.

 • Is the patient already treated for the fracture?
 • Is the patient suitable for a total hip arthroplasty?
 • Can both treatments (standard and dual mobility cup) be per-

formed for this patient?
 • Has the patient given informed consent?
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vidual surgeons must maintain the same approach for both 
study groups. If the posterior approach is used, the posterior 
capsule and short external rotators should be repaired, but if 
individual surgeons choose to abstain from this recommen-
dation, they are free to do so, provided they maintain this 
regime across treatment groups.

Implants
DMC
The 3 cup brands Avantage (Zimmer Biomet, Warsaw, IN, 
USA), Polar (Smith & Nephew, London, UK), and Ades 
(Zimmer Biomet) account for 97% of the DMC used in Swed-
ish FNF patients, and none other than these are currently used 
at the participating units (Swedish Hip Arthroplasty Register 
2018). Should novel DMCs be introduced during the trial 
period they may be used in study participants, provided that 
an adequate introduction to the specifics of each implant has 
been given by the manufacturer. For smaller cup sizes, below 
50 mm for the most common DMC, only liners with an inner 
diameter of 22 mm are available, necessitating the use of 22 
mm femoral heads in patients operated on with small cup 
diameters, whereas 28 mm heads are used in combination with 
all medium- to large-sized cups.

Standard cups
The variation in the use of standard cups in Swedish FNF 
patients is slightly larger, with the Lubinus (Waldemar Link, 
Hamburg, Germany), Marathon (DePuy Synthes, Warsaw, IN, 
USA), Exeter RimFit (Stryker, Kalamazoom MI, USA), and 
Lubinus IP (Waldemar Link) cups being the most common. 
As for DMC, the smallest cup sizes require the use of femoral 
head sizes of 22 mm.

Stem components
The Lubinus SP2 (Waldemar Link), Exeter (Stryker), and 
MS-30 (Zimmer) stems are used in more than 90% of Swed-
ish FNF patients, and the stem type that represents the local 
standard for FNF patients who receive a THA will be used at 
each participating unit.

Postoperative treatment
Weight bearing will be allowed according to local routines at 
participating units in both study groups. Postoperative mobili-
zation will start day 0 or 1, which today is the standard of care. 
Hip precautions can vary between units but must be consistent 
across groups, ensured by instructions in the study protocol 
stating that the same educational material, oral information, 
and rehabilitation regime are presented to all study partici-
pants within a given unit, regardless of whether DMC or stan-
dard cups were inserted. 

Withdrawal of patients from the trial
Participants are free to withdraw from the trial at any time 
without any adverse consequences to further treatment. 

Already collected data on patients who choose to withdraw 
their consent to participate in the trial will be retained in the 
study database, but no additional data including data derived 
from cross-matching of the SFR database with other registries 
will be added. Patients who withdraw from the study will not 
be replaced.

Endpoints
Primary endpoint
The primary endpoint is the occurrence of any dislocation 
treated with closed or open reduction of the index joint within 
one year. Dislocation is treated as a binary categoric variable 
that is registered together with an underlying time-to-event 
variable. The occurrence of dislocations is determined by link-
ing the study cohort derived from the SFR with the Swedish 
Hip Arthroplasty Register (SHAR) and the Swedish National 
Patient Register (NPR). In the SHAR, reoperations and revi-
sions of the index joint are registered, including all open reduc-
tions, but excluding closed reductions that are not reported 
to this register. In the NPR, both closed and open reductions 
including laterality are registered using International Classifi-
cation of Diseases (ICD)-10 and NOMESCO codes (Table 2), 
thus indicating a diagnosis of dislocation and/or its treatment. 
The presence of a contralateral THA is expected in about 20% 
of the study participants (Swedish Hip Arthroplasty Regis-
ter 2018), and to avoid false-positive events due to errors in 
laterality coding medical charts of all study participants who 
have been identified as having experienced dislocations will 
be assessed, and it will thus be ascertained on which joint the 
reduction or revision procedure was performed.

Secondary endpoints
Secondary endpoints are the relative risk of any reopera-
tion of the index joint, PJI of the index joint, and mortal-
ity within 90 days and 1 year in the intervention compared 
with the control group. Any reoperation of the index THA 

Table 2. ICD-10 and NOMESCO codes defining primary and sec-
ondary endpoints

Endpoint  Codes 

ICD
 Dislocation M24.3, M24.4, M24.4F, S73.0, T93.3
 Periprosthetic M00.0, M00.0F, M00.1, M00.2, M00.2F, M00.8,  
    joint infection M00.8F, M00.9, M00.9F, M86.0F, M86.1F, 
  M86.6, M86.6F, T81.4, T84.5, T84.5F, T84.5X, 
  T84.7, T84.7F 
NOMESCO
 Dislocation NFH00, NFH02, NFH20, NFH21, NFH22
 Periprosthetic NFSx, NFA12, TNF05, TNF10
    joint infection
 Any reoperation Any of the codes above, and:
  NFA00-22, NFA31-32, NFCx, NFF01–12, 
  NFL09–19, NFL39–49, NFL69–99, NFM09–29, 
  NFM49, NFM79–99, NFTx, NFWx
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is defined as the occurrence of any surgical procedure per-
formed on the previously treated hip within 1 year after 
surgery. Reoperations are registered in the SHAR, but the 
occurrence of reoperations will be additionally verified by 
cross-matching study participants with the NPR and search-
ing for ICD-10- and NOMESCO-codes (Table 2) indicative 
of reoperations. A PJI is defined based on the registration 
of ICD-10 and NOMESCO codes obtained from the NPR 
(Table 2). Deaths and dates of death are registered in the 
NPR, allowing for the calculation of 90-day and 1-year 
mortality. Patient-reported outcomes will be assessed by 
use of EQ-5D domain score (5 levels) and by the EQ-
5D-visual analogue scale (VAS) on a 0–100 numeric scale. 
Both parameters are routinely collected in the SHAR and 
will be assessed 1 year after index surgery. Procedural costs 
for both intervention and control treatment will be recorded 
at representative sites, as will procedural costs for closed 
reductions and reoperations.

Data collection
Baseline data on age, sex, injury mechanism, fracture classi-
fication, time of diagnosis obtained by radiography, and time 
and type of surgical treatment are transcribed from the SFR 
to the study database. Answers given by the admitting physi-
cian in response to the screening questions will be saved to 
the study database in order to enable an analysis of reasons 
underlying the failure to include eligible patients in the trial. 
Postoperatively, procedural details on the type of surgical 
approach, type of cup and stem fixation, cement brands, cup 
and stem brands, cup and femoral head diameter, femoral neck 
length, and stem size are registered in the SHAR according to 
national routines. In addition to these procedural details body 
mass index (BMI) and American Society of Anesthesiologists 
(ASA) class are recorded in the SHAR.

After trial completion, the study cohort obtained from the 
SFR will be linked to information on the study participants 
registered in the SHAR and the NPR, and these data will be 
entered into a common research database.

Data quality assurance
A study monitor will have regular contacts with all partici-
pating units in order to (1) verify the presence of informed 
consent forms signed by participating subjects, (2) confirm 
that the team at each participating unit adheres to the study 
protocol, (3) specifically verify that inclusion and exclusion 
criteria are consistent, and (4) assist locally responsible inves-
tigators regarding technical issues with the study platform. A 
locally responsible study coordinator ensures that all person-
nel involved in the treatment of trial subjects at each partici-
pating unit are adequately informed and trained regarding pro-
tocol requirements, and that the standardization of surgery and 
postoperative treatment across treatment groups is adhered to. 
The steering committee will have no access to outcomes until 
the database is locked.

Estimated sample size and power
Scenario 1
For our power calculation, we assume that the 1-year inci-
dence of dislocation after insertion of a standard THA after 
FNF is 7%, thus slightly lower than the 8% dislocation rate 
described in Swedish FNF patients treated with a THA 
(Jobory 2020). For the intervention group operated on with a 
DMC we assume a relative risk of 0.5, giving an incidence of 
dislocation of 3.6%. This risk reduction is based on the rela-
tive risk of dislocations after the use of a DMC estimated in 
previous observational studies, ranging from 0.3 to 0.5 (Hailer 
et al. 2012, Tarasevicius et al. 2013, Bensen et al. 2014, Jobory 
et al. 2019).

Scenario 2
A recent study from Denmark that investigates the use of 
DMC in FNF patients reports a dislocation rate of 4.7% after 
a mean follow up of 5.4 years (Tabori-Jensen et al. 2019). To 
account for this alternative, more pessimistic scenario, we cal-
culate power based on the assumption of a 1-year dislocation 
rate of 8% in the control group and 4.5% in the intervention 
group, giving a relative risk of 0.55.

Sample size was determined by simulations under a simpli-
fied assumption of a constant risk during the 1-year follow-up, 
with 25% of the control-arm patients having an event risk of 
6.4% (no risk factors), 50% of patients having a 7.4% event 
risk (one risk factor), and 25% of patients having a 8.5% 
event risk (two risk factors), corresponding to sex and surgi-
cal approach as independent risk factors associated with an 
increased risk of dislocation (Hailer et al. 2012). Random 
censoring due to death was assumed to occur exponentially 
at 10%/year. This assumption is based on a Swedish study on 
hip fracture patients treated with a THA (Hailer et al. 2016) 
and is also in line with mortality data in patients treated with 
THA due to FNF that is reported by the SHAR (Swedish Hip 
Arthroplasty Register 2018).

With a sample size of n = 1,600 patients, the trial has 88% 
power to detect a reduction in 1-year dislocation rates from 
7% to 3.6%, equaling a hazard ratio of 0.5 (scenario 1), and 
83% power to detect a reduction from 8% to 4.5%, equaling a 
hazard ratio of 0.55 (scenario 2).

Statistics
Analysis will be performed using the intention-to-treat prin-
ciple including all randomized patients according to random-
ized treatment. The primary outcome is the adjusted risk of 
dislocation treated by open or closed reduction within 1 year. 
The cumulative unadjusted incidence of dislocations will be 
estimated using the Kaplan–Meier method per randomized 
treatment group. The relative hazard of dislocation in the inter-
vention compared with the control group will be estimated by 
Cox regression models adjusted for sex and surgical approach 
and will be presented as a hazard ratio with 95% profile like-
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lihood confidence interval and a two-sided likelihood-ratio 
p-value. With the registry-nested follow-up, we assume that 
follow-up will be complete, but in the rare case that a patient 
has incomplete follow-up he or she will be considered cen-
sored at last known follow-up. Death before dislocation will 
be handled as censoring at day of death.

The secondary endpoints any reoperation, PJI, and mor-
tality will be analyzed and described in the same way as the 
primary endpoint. Supplementary sensitivity analyses will be 
performed for all event endpoints. These analyses will pri-
marily use logistic regression with the same covariates as the 
primary analysis, and as a supplement risk differences with 
Wald confidence intervals will be computed. To investigate 
sensitivity to baseline covariates, unadjusted Cox regression 
models will be fitted. Sensitivity analyses to investigate the 
impact of censoring by death, in addition to analyzing death as 
an outcome, will include analyses of the composite of disloca-
tion and death performed similarly to the primary endpoint 
analysis. Estimation of the risk of dislocation after 1 year will 
be investigated in an additional sensitivity analysis including 
patients with follow-up exceeding 1 year. Randomized and 
actual treatments will be described in a CONSORT diagram, 
and additional per-protocol analyses will be undertaken as 
sensitivity analyses. The threshold of statistical significance 
will be set at a two-sided p-value of 0.05. Secondary endpoints 
will be presented without formal multiplicity adjustment. 

EQ-5D domain scores (5 levels) at 1 year after index sur-
gery will be summarized using descriptive frequency tables 
by randomized treatment. They will be analyzed by using 
proportional odds logistic regression adjusted for the baseline 
domain score as a categorical variable and presented as the 
common odds ratio for all cut-points. For the primary presen-
tation and analysis, missing domain scores due to death will 
be considered a separate category. For the adjusted analysis, 
missing baseline scores will be imputed using multiple impu-
tation. Sensitivity analyses using observed cases only will also 
be provided. 

EQ-5D VAS score at 1 year after index surgery will be pre-
sented using tables of medians and quartiles as well as empiri-
cal cumulative distribution plots of VAS score and linear 
change in VAS from baseline. The VAS score will be analyzed 
using proportional odds logistic regression adjusted baseline 
score as a numerical variable modelled as a restricted cubic 
spline. Missing baseline scores will be imputed using multiple 
imputation. Outcome scores that are missing due to death will 
primarily be imputed as 0, with no imputation of other miss-
ing scores. 

For all event outcome variables, pre-defined subgroup/
interaction analyses to assess the homogeneity of the treat-
ment contrast will be performed for sex, age, ASA class, and 
BMI, and for the procedural characteristics femoral neck 
length, cup diameter, femoral head diameter, type of cup, type 
of stem, type of cement, and surgical approach. For categori-

cal subgroup indicators, events will be described in each sub-
group as for the entire population, and the treatment contrast 
in each subgroup will be estimated using a Cox proportional 
hazard model with treatment, subgroup, indicator, and inter-
action, and presented with nominal 95% confidence inter-
vals for each subgroup and the interaction p-value. For age, 
sex, and BMI, the interaction model will use restricted cubic 
spline modelling, and present the results as a curve of treat-
ment contrast by covariate with 95% pointwise confidence 
bands and the interaction p-value. Treatment comparison is 
not relevant for subgroups that are specific to a single treat-
ment arm. For such subgroups descriptive statistics includ-
ing Kaplan–Meier plots will be presented for each subgroup. 
For health economic studies, Markov modelling based on the 
assumption of defined health states will be performed, and 
the primary outcome will be cost per quality-adjusted life 
year. Deterministic and probabilistic sensitivity analyses of 
the main model hypothesis and variables will be performed 
in addition to the main analyses.

Ethics, registration, data sharing plan, funding, 
potential conflicts of interests, and dissemination
The study is performed in accordance with the published 
study protocol, with the latest version of the Declaration of 
Helsinki, and applicable regulatory requirements. The study 
was approved by the Swedish Ethical Review Authority 
(Approval No: 2019-01137). Patients will be required to give 
written informed consent to participate.

The trial is registered at clinicaltrials.gov (NCT03909815; 
December 12, 2019).

Datasets derived from the current study that are needed to 
replicate main findings will be made available by the principal 
investigators upon reasonable request.

The trial is supported by a grant from the Swedish Research 
Council (VR 2019-00436). The funding body has no authority 
over study design, data collection management, interpretation 
of data, analysis, or writing of manuscripts. The formal spon-
sor following the definition of clinicaltrials.gov is Uppsala 
University, Sweden. Open access funding is provided by 
Uppsala University. 

NPH reports both institutional support and lecturer’s fees 
from Waldemar Link GmbH and Zimmer Biomet, 2 manufac-
turers of DMCs used in this study. OW reports lecturer’s fees 
from Waldemar Link GmbH, Smith & Nephew and DePuy 
Synthes. MM reports lecturer’s fees from DePuy Synthes. 
None of the other authors declare any conflict of interest. 

The results from the study the will be distributed through 
presentions and publication in a scientific peer-review medi-
cal journal.

Study start and duration
The first patient was recruited on January 9, 2020. We expect 
to recruit patients for 5 years. 
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Discussion

The purpose of the DUALITY trial is to provide evidence to 
support or refute the use of DMC in patients with a displaced 
FNF treated with THA. The potentially reduced risk of dis-
location after the use of DMC in FNF patients is described 
in several observational studies (Tarasevicius et al. 2013, 
Bensen et al. 2014, Tabori-Jensen et al. 2019), but no high-
level evidence study has yet been conducted (Griffin et al. 
2016), and there may be an increased risk of other adverse 
events such as loosening or PJI (Kreipke et al. 2019). The 
number of elderly patients with displaced FNF treated with 
THA is increasing in most developed countries, but prior to 
the broad introduction of the costlier DMC concept its safety 
and efficacy, including cost-effectiveness from a health-eco-
nomic perspective, must be evaluated (Horriat and Haddad 
2018, Bernstein et al. 2019).

Strengths and limitations 
The obvious weakness of previous observational studies is 
the presence of residual confounding, and confounding by 
indication may be introduced by the fact that DMC may have 
been preferentially used in patients who were at higher risk 
of dislocation. Other limitations to previous studies include 
small sample sizes or the lack of comparison groups (Adam 
et al. 2012, Tabori-Jensen et al. 2019). Thus, by conducting a 
large-scale RCT, we investigate a sufficiently powered sample 
of patients randomized to intervention or control treatment, 
thereby reducing problems related to residual confounding 
or insufficient sample size. Additionally, the lack of external 
validity inherent in classical RCT designs may be improved by 
the pragmatic study design of our trial: broad inclusion criteria, 
few exclusion criteria, freedom to choose locally established 
implant brands, surgical approach, and postoperative restric-
tions contribute to the generalizability of our future findings.

The SFR, supplying the platform used for screening, inclu-
sion, and randomization of our study cohort, is a population-
based register of all fractures in adults and long-bone fractures 
in children, regardless of treatment (Wennergren et al. 2015). 
Linkage of the study cohort with the SHAR and the NPR is 
performed to gain access to additional baseline data, procedural 
details, and primary and most secondary outcomes. The SHAR 
has completeness of 96–98% and 100% coverage (Swedish 
Hip Arthroplasty Register 2018), completeness for the NPR is 
above 99%, and its positive predictive value is 85–95% (Lud-
vigsson et al. 2011). Thus, we believe our data sources to be 
valid and reliable. Nonetheless, optimal control over primary 
outcome necessitates individual medical chart assessment of 
all study participants who are registered with a dislocation in 
order to ascertain correct laterality and diagnosis.

There are numerous potential limitations:
1. The assumptions underlying the sample size calculation 

are key to every RCT, and we have attempted at calculat-

ing 2 realistic scenarios. Importantly, the dislocation rate 
of 8% after conventional THA in patients with FNF is 
based on a recent Swedish study (Jobory 2020). The risk 
reduction of 0.5 that we assume is associated with the use 
of DMC cups in the main scenario 1 is based on several 
observational studies, and this number is at the upper end 
of the range of reported risk reductions, thus pessimis-
tic. The alternative scenario 2 is based on a recent Danish 
study (Tabori-Jensen et al. 2019) reporting a higher dis-
location rate, which may be explained by the following 
factors: (a) The longer follow-up period in that study may 
lead to a higher incidence of dislocations when compared 
with the 1-year incidence of dislocations that our main 
scenario is based upon. (b) All patients in the Danish 
study were operated on via a posterior approach that is 
known to be associated with an increased risk of disloca-
tion (Hailer et al. 2012), whereas two-thirds of Swedish 
patients receiving a THA due to a femoral neck fracture 
are operated on via direct lateral approaches (Swedish 
Hip Arthroplasty Register 2018). (c) More than half of the 
Danish cohort were treated with cementless implants, a 
choice that is also associated with an increased risk of dis-
location (Chammout et al. 2017). Nonetheless, our sample 
size lends above 80% power to detect a relevant difference 
between the intervention and control group, even in this 
alternative scenario.

2. We believe that we can include a sample of 1,600 patients 
within reasonable time, mainly based on the participation 
of at least 14 orthopedic units that together performed 
about 2,200 THA procedures on patients with FNF during 
the period 2016–2018, and more units are expected to be 
enrolled in the near future. However, several factors can 
delay inclusion: (a) There is a national recommendation to 
treat patients with FNF within 24 hours of admission to 
hospital, thus the time window for screening, inclusion, and 
randomization is limited and may be too short. (2) Surgical 
expertise to perform either intervention or control treatment 
is required but not always available, resulting in failure to 
include patients, or in cross-over if patients allocated to one 
treatment receive the other. (3) Cognitive impairment is 
present in a large proportion of FNF patients. At some par-
ticipating units such patients receive THA, but these will 
not be included because the ethical approval was restricted 
to cognitively intact patients. (4) Last but not least, acute 
and unforeseen events with a large impact on the available 
resources in healthcare systems, such as the COVID-19 
pandemic, can jeopardize any prospective study, and the 
effects of the current situation on the inclusion of patients 
in our trial are already dramatic.

3. Confounding factors such as sex, age, ASA class, BMI, 
femoral neck length, cup diameter, femoral head diameter, 
type of cup, type of stem, type of cement, and surgical 
approach are not stratified for in our trial, and, in a worst-
case scenario, these confounders may be unevenly distrib-
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uted across trial arms. We attempt to address this potential 
issue by adjusting for the main effect mediators sex and 
surgical approach, and will undertake subgroup and inter-
action analyses for all variables mentioned. 

In summary, the proposed RCT with its register-nested, 
pragmatic design will, it is hoped, provide high-level evidence 
on the topic of DMC in patients with displaced FNF.
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