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Study protocol: The DAICY trial—dual versus single-
antibiotic impregnated cement in primary hemiarthro-
plasty for femoral neck fracture —a register-based
cluster-randomized crossover-controlled trial
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Background and purpose — Older patients with a dis-
placed femoral neck fracture (FNF) are often treated with a
cemented primary hemiarthroplasty (HA). The DAICY trial
investigates whether high-dose dual-impregnated antibiotic-
loaded cement (DIAC) including gentamicin and clindamy-
cin can reduce the risk of periprosthetic joint infection (PJI)
in comparison with low-dose single-impregnated gentami-
cin antibiotic-loaded cement (SIAC), in patients > 60 years
treated with a cemented HA for a displaced FNF.

Study design — The trial is a national, multicenter, reg-
ister-based, cluster-randomized, crossover trial. Patients > 60
years with a non-pathological, displaced FNF (Type Garden
3-4/A0 31-B2 or B3) suitable for HA according to local
guidelines are eligible for inclusion. Participating orthopedic
departments will be randomized to start with either SIAC
(control group) or DIAC treatment (intervention group) for 2
years. After 2 years, the study departments will then change
to the other treatment arm for the remaining 2 years of the
study. Approximately 7,000 patients will be included. The
study is pragmatic in that the choice of implant brands, sur-
gical approach and peri- and postoperative protocols follow
the local routines of each participating department. All out-
come variables will be retrieved after linkage of the study

cohort to the following Swedish registers: the Fracture Reg-
ister, the Arthroplasty Register, the National Patient Register
and the Prescribed Drug Registry

Outcome — The primary outcome will be periprosthetic
joint infection of the index joint within 1 year after surgery.
Secondary outcomes will be any reoperation on the index
joint, mortality within 90 days and 1 year, resistance patterns
of causative bacteria in cases of PJI, and health economics.

Potential added value — This trial is designed to sup-
port or refute the efficacy of DIAC used in patients with a dis-
placed ENF, potentially reducing PJI and resource allocation.

Start of the trial and estimated duration — The
DAICY trial started recruiting patients in January 2022 and
will continue recruiting for approximately 4 years. Complete
follow-up expected in 5 years.

Most patients with a displaced femoral neck fracture (FNF) are
treated with arthroplasty, with hemiarthroplasty (HA) as the
most commonly used procedure (1,2). With a growing elderly
population, hip fractures are expected to increase steadily.
Approximately 4,000 patients in Sweden are treated annually
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with HA for an FNF (3). In Sweden, cemented arthroplasty
in FNF is used almost exclusively because of improved func-
tional outcomes and lower risk for reoperations when com-
pared with uncemented HA (4-6).

Individuals with FNF treated with HA are particularly sus-
ceptible to periprosthetic joint infection (PJI); the incidence
reported in the literature is as high as 7% worldwide, with a
1-year mortality rate of up to 50% in those suffering infec-
tion (7-9).

Perioperative antibiotic prophylaxis administered parenter-
ally and through the bone cement used for implant fixation has
been proven to reduce the incidence of PJI (10,11). However,
there is no consensus on the antibiotic content or type and dose
of the bone cement. Antibiotic-loaded bone cement with low-
dose gentamicin is standard practice in Sweden (12). There is
some evidence that using high-dose dual antibiotic-impreg-
nated bone cement including high-dose gentamycin (DIAC)
in combination with clindamycin reduces the incidence of PJI
compared with single-impregnated antibiotic-loaded cement
(SIAC) (13). In a well-conducted, manufacturer-subsidized,
quasi-randomized study of 848 individuals treated with HA,
the use of DIAC reduced the rate of infection compared with
standard low-dose single antibiotic-loaded bone cement (13).
The reduction of PJI is by an extended inhibition of bacte-
rial growth and biofilm formation (14). The main concern of
the routine use of DIAC is the development of antimicrobial
resistance patterns, higher cost, and potential toxicity. How-
ever, there has been no compelling evidence to support these
claims (15,16).

This register-based, cluster-randomized, crossover-con-
trolled trial aims to investigate whether DIAC reduces the
incidence of PJI after HA due to a displaced FNF in patients
> 60 years compared with single-impregnated antibiotic bone
cement (SIAC) at 1 year postoperatively. As secondary end-
points, we will analyze the risk of any reoperation, antibiotic
suppression, resistance pattern of PJI, mortality, and whether
the use of DIAC is cost-efficient.

Patients and methods

Study design

The DAICY trial is a multicenter, register-based, cluster-ran-
domized, crossover-controlled trial. The participating ortho-
pedic departments are randomized 1:1 to start with either the
intervention (DIAC) or control (STAC) arm (Figure). After the
first period of 2 years (January 1, 2022-December 31, 2023)
is completed and a wash-out period of 1 month, the study
departments will change such that the patients included in the
remaining 2 years (February 1, 2024-January 31, 2026) will
be assigned the opposite treatment arm. All patients with a
displaced FNF who are eligible for HA treatment according to
local guidelines will be included.

Study patients and eligibility criteria

All patients based on age (= 60 years), type of fracture (type
3 or 4 according to the Garden classification of hip fractures,
AO types 31-B2 or B3), and eligible for HA will be included
by the participating departments. Exclusion criteria will be
previous contralateral hip HA in this study, pathological or
stress fracture, not available to participate in the intervention
(e.g., sensitivity to any of the components in the bone cement),
and patients who have actively marked their hospital charts
with an added privacy notice. The participating departments
were recruited by the first author (SM).

Randomization and blinding

Before the start of the study, the participating departments
were randomized by code to treatment sequence (AB; DIAC-
SIAC), BA; SIAC-DIAC). Participants allocated to the AB
study arm receive treatment DIAC first, followed by treat-
ment SIAC, and vice versa in the BA arm. The code and the
sequence of intervention was performed by an independent
statistician (OO) at Uppsala Clinical Research Center. The
study is open label; patients and physicians will be aware of
treatment allocation.

Surgical intervention

The trial design is pragmatic, implying that the choice of implant
brands, surgical approach, and pre-, peri-, and postoperative
routines will be based on the participating hospitals’ prefer-
ences. The study protocol requires all participating departments
to maintain their chosen regimen across intervention and con-
trol groups. Routine clinical care, including regional or general
anesthesia, will be used. All participants will receive periop-
erative prophylactic intravenous antibiotics in accordance with
current protocols agreed at each department.

The Lubinus SP2 (Waldemar Link), Exeter (Stryker), and
MS-30 (Zimmer Biomet) stems are the main components used
in the Swedish departments in the treatment of FNF patients
(12). The local standard stem type for HA due to FNF will be
used in each participating department.
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Trial intervention

Group 1 (control): Cemented HA with low-dose SIAC. The
cement used will be Heraeus Palacos R+G (Hanau, Germany)
or Zimmer/Biomet Optipac cement. Both types of cement
contain gentamicin 0.5 g per 40 g of cement mix.

Group 2 (intervention): Cemented HA with high-dose
DIAC. The cement used will be Heraeus Copal G+C (Hanau,
Germany), containing 1 g gentamicin and 1 g clindamycin per
40 g of cement mix.

Patient withdrawal from the trial

Participants are free to withdraw from the Swedish Fracture
Register (SFR) and thereby from the trial with no adverse con-
sequences of any kind.

Primary endpoint-periprosthetic joint infection

The primary endpoint is the occurrence of any PJI of the index
joint within 1 year of surgery. The definition of PJI will be that
the treating physicians had determined the presence of a PJI
and started treatment accordingly (reoperation, suppressive
antibiotics, or combinations thereof). The occurrence of PJI is
assessed by linking study participants with Swedish national
health data registers by using the unique Swedish personal
identification number (PIN).

We will use the SFR, National Patient Register (NPR),
Swedish Arthroplasty Register (SAR), and the Swedish Pre-
scribed Drug Register (SPDR) to identify potential PJIs
by the registration of any of the ICD codes (version 10) or
NOMESCO codes indicative of this complication (Table 1,
see Supplementary data). In cases when these codes are pres-
ent, a review of the medical records will be made to identify
patients and confirm the presence of PJI. This review would
capture any reoperation records for surgery related to the
index hip fracture, details of antibiotics prescribed, and micro-
biology reports if samples of the suspected infected tissues
around the hip were sent for analysis.

Secondary outcome variables

Any reoperation

Reoperation is defined as the occurrence of any surgical pro-
cedure performed on the previously treated hip within 1 year
after surgery. The occurrence of reoperation is assessed by
linking study participants with the SAR and NPR as described
above and will be defined by registration of at least 1 of the
specified ICD or NOMESCO codes (Table 1, see Supplemen-
tary data).

Antibiotic suppression

Antibiotic prescription information will be obtained from
the SPDR at 120 days and 1-year post-surgery by linking the
study cohort to the SPDR (Table 2, see Supplementary data).

Mortality
Dates of death will be identified through the PIN and retrieved

from the Swedish Tax Agency, the governmental body respon-
sible for the population register in Sweden. This is embedded
in the SFR, and a script is run every night, making it possible
to estimate real-time mortality rates. 90-day and 1-year mor-
tality rates will be presented.

Resistance patterns of infections

All patients with infections identified at the primary endpoint
will be assessed for antibiotic resistance profiles. We will use
the SFR, NPR, SAR, and SPDR to identify potential PJIs, ver-
ified by accessing patient medical records. A review of medi-
cal records would capture details of antibiotics prescribed
and microbiology reports if samples of the suspected infected
tissues around the hip were sent for analysis. This outcome
parameter is planned for separate analysis and publication.

Cost-effectiveness

Procedural admissions costs for reoperations will also be col-
lected from all participating departments to allow for basic
health economic calculations. This outcome parameter is
planned for separate analysis and publication.

Data collection

The SFR is a national quality register for managing fractures
and treatment. Data on patient and fracture characteristics,
injury mechanism, and fracture treatment are recorded in each
affiliated department via a pre-specified digital form by the
treating physician. Femoral fractures are classified according
to the 2007 AO/OTA classification system (17). The number
of departments affiliated with the SFR has increased gradu-
ally, and since January 1, 2021 all orthopedic departments in
Sweden are engaged in the SFR, with a coverage of 100%.
The completeness for hip and femur fractures was 80.9% in
comparison with the NPR during 2020.

The SAR is a national quality register for surgery with hip
arthroplasty in Sweden. SAR covers 100% of all hospitals
performing arthroplasty in Sweden, with a completeness of
approximately 96% for hemiarthroplasties. The completeness
of revision procedures for HA and total hip arthroplasty is
about 93% (18).

The NPR collects data on diseases, surgical treatments, and
medical care measures using coding according to the Swedish
ICD system. It is mandatory by law for privately and pub-
licly funded hospitals to deliver data to the NPR. All inpatient
hospitals and outpatient visits are included from private and
public caregivers. The NPR has high validity, especially for
surgical procedures (19).

The SPDR is a national register to which all pharmacies in
Sweden are obliged to report and include all dispensed out-
patient prescribed drugs. Data on the prescribed drug, the
amount, the amount dispensed, the date of both prescription
and dispensing, the specialty of the prescribing doctor, the
level of care, and the instruction from the prescribing physi-
cian are included in the register.
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Baseline data on age, sex, injury mechanism, fracture clas-
sification, time of diagnosis (defined as the time for obtaining
radiographs of the fracture), and the start of surgical treatment
(date and time) are collected in the SFR. Data on surgical
approach, bone cement and brand, stem and head components,
cognitive status, and ASA class are recorded in the SAR.

After study completion, the study cohort obtained from
the SFR will be linked to the SAR, the NPR, and SPDR to
form the research database and ensure high completeness for
PII (20). Patients with a potentially identified PJI through the
linkage process will be confirmed by reviewing the medical
records.

Data quality assurance

A study monitor will have regular contact with all partici-
pating departments to confirm that the team at each partici-
pating unit adheres to the study protocol and assists locally
responsible investigators. A locally responsible study coordi-
nator will ensure that all personnel involved in the treatment
of trial subjects at each participating unit are adequately
informed and trained regarding protocol requirements and
that the standardization of surgery is maintained. The steer-
ing committee will not have access to outcomes until the
database is locked.

Estimated sample size and power

Power was calculated for the proposed trial design and pri-
mary analysis using simulation. In addition to the hypoth-
esized intervention effect, power depends on the number of
clusters, the number of yearly operations at each cluster, PJI
frequency in the control group, and intra-cluster and intra-
cluster period correlation.

10,000 data sets were randomly generated from a model
with individual outcome probabilities

logit(Pr{Yijk = llc;, pij}) =pu+ Bttij + Bnnj +¢+ Py,

where Y, is the indicator for PJI in patient k in period j in
cluster i. T;; indicates DIAC treatment in cluster i in period j,
and g is the period indicator. For each simulated data set,
the cluster and cluster-period effects ¢, and p;; were sampled
from normal distributions with variance selected to provide
the assumed intra-cluster and intra-cluster-period correlations.
The overall period effect B is unimportant for the simulations
and was set to 0. The intercept y and treatment effect ., were
set to provide the assumed control and intervention arm out-
come probabilities.

The updated simulation model includes the 15 verified par-
ticipating hospitals/departments, using their recorded annual
number of operations for 2019 (64, 132,209, 294,224,97, 67,
144,71,45,32,94,97, 112, and 65). Hence, the 4-year trial is
assumed to include approximately 7,000 patients.

The 1-year risk of PJI in the study population is presumed
to be 3% in the control group. This estimate, considered
conservative, is based on the observed PJI incidence rate in

Sweden (21,22). Power was calculated under the hypothesis
that a 1.5% 1-year risk of PJI in the intervention group would
be considered the minimal clinically significant difference to
motivate a general change in routines and recommendations
from SIAC to DIAC.

Thus, the trial is designed with the ability to detect a statisti-
cally significant difference of 1.5% (from assumed 3%) in the
incidence of PJI between the groups.

There is no available data to estimate the correlations for
intra-cluster and intra-cluster periods in PJI. For this reason,
we simulated power under 3 scenarios: small correlations (0.01
within cluster and 0.008 within cluster period), medium cor-
relations (0.05 within cluster and 0.04 within cluster-period),
and large correlations (0.1 within cluster and 0.08 within clus-
ter-period) (23). For the small, medium ,and large scenarios,
the power to obtain a 2-sided p < 0.05 for the hypothesis of no
difference was 90%, 86%, and 80%, respectively.

Statistics

Generally, all statistical analyses will account for the cluster-
randomized crossover design to ensure correct type I error
rates and 95% confidence intervals (Cls). Analyses will be
conducted using the intention-to-treat principle, including all
eligible patients with available follow-up data within a study
department according to allocated treatment. The threshold of
statistical significance will be set at a 2-sided p-value of 0.05
and ClIs.

As primary analysis, the difference in risk of PJI after the
intervention treatment compared with the control treatment
will be estimated using linear regression for aggregated clus-
ter-period data, with the proportion of events within a clus-
ter-period as the dependent variable and treatment, cluster,
period, and proportion of females within the cluster-period as
independent variables. An estimated difference in risk with
CIs and a 2-sided p-value will be presented.

With the register-based follow-up, we assume that follow-
up will be nearly complete and the quality of data sufficient
with confirmation of data in an individual medical chart
review. If a patient has incomplete follow-up and a value for
the primary outcome is missing, the patient will be excluded
from further analysis.

Since the need for a cemented HA is not affected by the cur-
rent trial arm at the site, we assume that inclusion in the analy-
sis population is not affected by the randomized treatment. We
expect minimal missing data for identified patients, and the
primary analysis using observed cases assumes missingness
at random. In addition, sensitivity analyses will be performed
using imputation of missing data, also exploring informative
missingness and death before PJI as a competing risk.

Secondary event outcomes will be analyzed and described
in the same way as the primary outcome. The anticipated
model for these secondary analyses will be logistic regres-
sion for individual data adjusted for cluster, period, and sex as
fixed factors and cluster-period as a random factor. Choice of
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distribution(s) for the cluster-period remains to be decided, as
well as computational details to obtain confidence intervals.
Numerical randomization tests for a range of fixed odds ratios
may be used to obtain CIs, because the number of cluster-
periods could be too small for asymptotic methods.

Supplementary and sensitivity analyses will be performed
for all event endpoints. An analysis of the primary outcome,
including all intention-to-treat patients, will be performed
using multiple imputations for each outcome based on indi-
vidual patient characteristics (details described in the statis-
tical analysis plan). Sensitivity analyses to investigate the
impact of handling death as a non-event and analyzing death
as a secondary outcome will include analyses of the composite
of PJI and death. As a sensitivity analysis for the asymptotic
approximation in the linear model, a 2-sided p-value for no
difference in proportion will be obtained using Monte Carlo
randomization inference based on the likelihood ratio.

For the supplementary analysis, treatment contrasts as odds
ratios will be presented for all event outcomes with CIs. An
appropriate method, accounting for the cluster-crossover
design, will be pre-defined in the statistical analysis plan.
While the linear model for aggregated data used for the pri-
mary analysis is often robust, asymptotic tests based on other
models’ risk-inflated Type I error rates when the number of
clusters is small will be undertaken (24). An additional sup-
plementary analysis of time-to-event will be performed for
mortality, using a method accounting for the cluster-allocated
crossover design.

Allocated and actually performed treatments will be
described in a CONSORT diagram, and additional per-proto-
col analyses will be undertaken as sensitivity analyses. Sec-
ondary outcomes will be presented without formal multiplic-
ity adjustment.

For all event outcome variables, pre-defined subgroup/inter-
action analyses to assess the homogeneity of the treatment
contrast will be performed for age, sex, ASA class (I-II or
III-IV) and procedural characteristics (type of stem, head, sur-
gical approach). For categorical subgroup indicators, events
will be described in each subgroup in the same way as for the
entire population. Treatment contrast in each subgroup will be
estimated using a linear model at the cluster level, with pro-
portions summarized by cluster-period and subgroup indicator
as the dependent variable. The independent variables will be
treatment, cluster, period, and subgroup, as well as the inter-
action between treatment and subgroup, and presented with
nominal 95% CI for each subgroup and the interaction p-value.

For health economic studies, analyses of cost per quality-
adjusted life-year will be described in a separate analysis plan.

Ethics, data sharing plan, funding, potential conflicts
of interests, and dissemination

The study was approved by the Swedish Ethical Review
Authority (Approval No. 2020-04815, date of issue October
22,2020, amendments approved November 1,2021 and Janu-

ary 12, 2022). The results from the study will be distributed
to the medical community through presentations and publica-
tions in a scientific, peer-reviewed medical journal.

Individual informed consent was waived by the Swedish
Ethical Review Authority because of the nature of the study,
which posed no additional risks to patients. Study information
is available on each participating department’s web page and
posted in the ward.

The dataset analyzed in this study is not publicly available
as the study was approved to ensure the confidentiality of
the patients’ data included in the study. We are amenable to
sharing data but are legally restricted from sharing the data
publicly according to the law on Public Access and Secrecy,
chapter 21, paragraph 7 and chapter 25, paragraph 1 (https://
www.riksdagen.se/sv/dokument-lagar/dokument/svensk-
forfattningssamling/offentlighets%2D%?2Doch-sekretess-
lag-2009400_sfs-2009-400). Any person interested in the
data set may contact Umeé University and the corresponding
author to find ways to share data according to Swedish law
and regulations. It is also possible for individuals interested
in this data to apply directly to the Center of Registers, Vistra
Gotaland (URL: http://registercentrum.se/), a process that
involves approval by the Swedish Ethical Review Authority.

The trial is supported by a grant from the Swedish Research
Council (VR 2021-00349), the Swedish Medical Associa-
tion (SLS-943141, SLS-943154), Uppsala-Orebro Regional
Research Council (RFR 968753), and grants from the Swed-
ish state under the agreement between the Swedish govern-
ment and the county councils, the ALF agreement (RV-
939240, RV-939383). The funding body has no authority over
study design, data collection management, interpretation of
data, analysis, or writing of manuscripts. The formal sponsor
is Region Visterbotten, Sweden.

SM reports lecturer fees from Johnson & Johnson. NPH
reports institutional support and lecturer fees from Walde-
mar Link GmbH and Zimmer Biomet. OW reports lecturer
fees from Link Sweden and Smith & Nephew and consulting
fees from Anatomica. MM reports lecturer fees from DePuy
Synthes. None of the other authors declare any conflict of
interest. MG declares no conflicts of interest. OS is principal
investigator for clinical trials founded by institutional support
but receives no personal support from Zimmer Biomet, Link
Sweden, and Swemac. CR reports lecturer fees from Walde-
mar Link GmbH Sweden. SL reports lecturer fees from Walde-
mar Link GmbH and Heraeus Medical GmbH. OO declares no
conflicts of interest.

The results from the study will be distributed through pre-
sentations and publication in a scientific peer-review medical
journal after completion, preliminarily during 2028.

Study start and duration

The DAICY trial started recruiting patients in January 2022
and will continue recruiting for approximately 4 years and
follow-up will be completed in 5 years.
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Discussion

The DAICY trial aims to provide evidence to support or refute
the use of DIAC in patients with a displaced FNF treated with
HA. There is limited high-level evidence regarding the poten-
tially reduced risk of PJI using DIAC (13), but there could
be an increased risk of developing antimicrobial resistance
patterns (15,16). Thus, before routine use of DIAC, a large,
national, independent study of its efficacy is warranted. The
present study is an independent academic study that, together
with the meticulously designed and ongoing WhiTE 8 trial
in the UK, will provide evidence on the use of DIAC (25).
The potential strength of the present trial is the independent
academic study setting, a longer follow-up (1 year versus 90
days), and the collecting of outcome data through a national
quality register to ensure high completeness.

Strengths and limitations

This is a large-scale cluster randomized trial with a sample
size large enough to gain sufficient power to detect a poten-
tial effect of DIAC. The study set up with pragmatic, broad
inclusion criteria and a register-based study design also
addresses the issue regarding the lack of external valid-
ity inherent in conventional randomized controlled study
designs (26). External validity guarantees that the findings
are generalizable and can be applied to other contexts and
groups outside the study design. The SFR, supplying the
main register platform used for the inclusion of patients,
is a population-based register (27,28), and the linkage of
the study cohort with the SAR, NPR, and SPDR is being
performed to access additional procedural details and base-
line data outcomes. The high coverage and completeness
of the SAR and NPR provide valid and reliable outcomes,
and specificity is secured with the confirmation of PJI in
the medical charts (12,19). The independent academic set-
ting and the 1-year follow-up further strengthen the study’s
results and generalizability.

The study has limitations that need to be addressed. First, the
cluster-randomized study design might introduce bias (e.g.,
selection bias, baseline imbalance, loss of clusters). However,
the design improves the feasibility of including approximately
7,000 patients, who are generally recommended to undergo
surgery within 24 hours of admission, and where a large pro-
portion of these patients suffer from cognitive impairment.
The cluster-randomized design also makes the study robust to
unforeseen events (e.g., the Covid-19 pandemic).

The participating departments are recommended not to
change routines (i.e., prophylactic antibiotic regimes, waiting
time for surgery, experience of the treating surgeon); however,
such changes could be detected in the SFR and SAR. During
the crossover between the intervention and control there could
be patients receiving the “wrong” type of cement at the start
of each cluster period. However, the large sample size should

counteract unintended crossover effects. The linkage to SAR
will help ensure that the type of cement used is correct.

In summary, this cluster-randomized study with its register-
based nationwide sample and pragmatic design investigates
the use of DIAC in patients undergoing primary HA for a dis-
placed FNF.

All authors contributed to the design of the trial and shared in reviewing the
manuscript. OO performed the sample size and power calculations analysis
and statistical analysis plan. SM managed the ethical applications and drafted
the manuscript. All authors have given their final approval of the version to
be published and agree to be accountable for all aspects of the work.

Acta thanks Jan-Erik Gjertsen for help with peer review of this study protocol.
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