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Abstract

Background Periprosthetic joint infection (PJI) is one of the most severe complications in hip arthroplasty, and treat-
ment of PJI is associated with high re-infection rates and significant loss of quality of life for patients, as well as socio-
economic impact to health systems. Antimicrobial coating of implants with silver is a promising option to improve
the outcome of PJI. However, there is no data from randomized control trials on silver-coated versus standard
non-silver-coated implants in patients with PJI. Therefore, the aim of the current study is to assess clinical outcome
for the use of silver-coated hip implants (further referred to as IP-coated) versus non-IP-coated implants in patients
requiring surgical revision for hip PJI.

Methods This is a multicenter confirmatory interventional randomized controlled superiority single-blinded study
with two stages: pilot stage (part A) and pivotal stage (part B). Patients indicated for unilateral cementless acetabu-
lar and hip stem revision due to chronic periprosthetic infection planned for single-stage or two-stage surgical
procedures are included. Patients will randomly be assigned either to the IP-coated or the non-IP-coated implant
group. The primary outcome parameter is infection-free survival within 12 months after hip PJI. The underlying
hypothesis is that the IP coating significantly reduces the risk of periprosthetic reinfection compared to the non-
IP-coated implants. Secondary outcome parameters include data on the safety and performance of the prostheses
through a 2-year clinical follow-up, including patient-related outcome parameters, such as Harris Hip Score, EQ-5D,
radiographical assessment, and blood silver concentrations. An adaptive study design is planned with the inclusion
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extended up to 400 subjects.

of 268 subjects according to initial sample size calculations. Upon follow-up of 134 patients for 12 months or inclu-
sion of 90% of the study patients, preliminary study results will be used to re-estimate the sample size, which may be

Discussion The current study aims to fill the evidence gap for the idea of IP-coated implants to reduce re-infection
rates in the treatment of hip PJI. To the authors’best knowledge, this is the first randomized controlled superiority trial
evaluating the outcome of a silver-coated versus a non-silver-coated prosthesis for the treatment of hip PJI. The adap-
tive study design allows an adjustment of the initial sample size to reduce the risk of an underpowered superiority.
Trial registration ClinicalTrials.gov NCT06737809 (date of publication 17.12.2024).

Keywords Hip, Silver, Coating, Periprosthetic joint infection, PJI, Hip revision arthroplasty, Re-revision
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Introduction

Background and rationale {6a}

Total hip arthroplasty (THA) is one of the most fre-
quently performed procedures in orthopedic surgery,
offering significant pain relief, functional restoration,
and improved quality of life for patients. Annually, over
3.1 million primary THAs are performed across Europe,
with 177,826 procedures recorded in Germany alone in
2023 [1]. However, periprosthetic joint infection (PJI)
remains one of the most severe complications follow-
ing THA, placing a heavy burden on both patients and
healthcare systems [2-5]. From prospective or registry
studies, periprosthetic infection rates (or if not explicitly
stated, infection-related re-revision rates) of 3.7%, 12%,
12.5%, 15.9%, 18.2%, 18.6%, 22.0%, and 23.3% have been
reported after infection-related hip revision arthroplasty.
Registry analyses suggest that 1-year revision rates fol-
lowing multiple revision surgeries may be significantly
higher-by at least 49%-compared to rates after first-time
revision procedures.

To address this clinical challenge, an infection preven-
tion (IP) silver coating (further referred to as IP coat-
ing, Aesculap, Tuttlingen, Germany) will be used for hip
revision prosthesis implants (Plasmafit® Revision cup,
Structan® Augments, and Prevision® Revision stem sys-
tem, Aesculap, Tuttlingen, Germany) as infection preven-
tion and for the surgical treatment of hip PJI. This novel
coating developed by Bio-Gate AG, Niirnberg, Germany,
is based on metallic silver embedded in a polysiloxane
matrix, designed to release antimicrobial silver ions upon
water contact [6, 7]. This IP coating relies on the multi-
modal effects of released silver ions, such as alterations
to the bacterial cell respiratory system and DNA, with a
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broad coverage of all types of microorganisms, including
gram-positive and gram-negative bacteria [8].

Preclinical and clinical data suggest that this approach
can inhibit bacterial colonization at the implant surface
without significantly affecting the surrounding tissue,
offering a targeted strategy for the use of coating in PJI [9].

The used investigational IP-coated devices are similar
to their non-IP-coated CE-certified predecessors in terms
of mechanical properties and clinical indications. Clini-
cal safety of the used silver ions in the coating has been
shown recently [10]. Given the substantial burden of
PJIs and the unmet clinical need for effective prevention
strategies, evaluating the efficacy of IP-coated implants is
both timely and clinically relevant. The proposed clinical
investigation will assess whether this novel silver coat-
ing technology can significantly reduce PJI rates in PJI
revision hip arthroplasty, ultimately improving patient
outcomes.

Objectives {7}

The aim of this clinical investigation is to evaluate the
safety and performance of the IP-coated hip implants.
The primary endpoint will assess the effectiveness of the
IP-coated hip implants in reducing the risk of peripros-
thetic joint infection. Secondary endpoints will examine
the key functional and clinical benefits of the implants,
including hip joint functional restoration, radiological
outcome, and pain reduction, alongside an evaluation of
device safety. Non-IP-coated hip implants will be utilized
as the comparator device in this study.

Trial design {8}
This clinical investigation is a parallel-group, rand-
omized, controlled trial with a 1:1 allocation ratio follow-
ing a superiority framework. This clinical investigation
consists of two stages: pilot stage (part A) and pivotal
stage (part B).

The two stages of the clinical investigation allow an
early assessment of short-term safety of the investiga-
tional products at the beginning (part A) with a low
number of subjects. This is followed by the main clini-
cal investigation (part B). In addition, an adaptive study
design allows the extension of the sample size at interim
analysis during part B.

Methods: participants, interventions,

and outcomes

Study setting {9}

This study is carried out at 10 study sites in Poland, Spain,
and Germany.
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Eligibility criteria {10}

Inclusion criteria

Participants eligible for inclusion in the study are male
and female patients aged 18 years or older who have
provided written informed consent prior to participa-
tion. Eligible participants must have been diagnosed with
a periprosthetic joint infection (PJI) according to the
European Bone and Joint Infection Society (EBJIS) cri-
teria [11], with the infection classified as chronic based
on the recommendations of the Pro-Implant Foundation
(PIF, Berlin, Germany) [12]. These patients must be indi-
cated for unilateral, cementless acetabular and hip stem
revision surgery due to chronic periprosthetic infection,
which may involve either a single-stage or two-stage
surgical procedure, as determined by the clinical stand-
ards of the investigation site. Additionally, participants
must be assessed by the clinical investigator as therapy
compliant and capable of attending all follow-up visits
required by the study protocol. Finally, only patients with
an American Society of Anesthesiologists (ASA) physical
status classification of I to III prior to explantation of the
infected prosthesis will be included in the study [13].

Exclusion criteria

Patients meeting any of the following criteria will be
excluded from the study: Simultaneous participation in
another interventional clinical trial involving drugs or
medical devices will result in exclusion. Additionally,
patients for whom the investigational implant compo-
nents (femoral and/or acetabular) are deemed unsuit-
able due to anatomical or bone defect considerations,
including cases requiring additional plate osteosynthe-
sis, will not be eligible.

Patients with a previously implanted silver-coated
device will also be excluded, as will those with immu-
nodeficiency, such as individuals receiving immunosup-
pressive therapy or those with severe immunodeficiency
requiring treatment. However, rheumatoid arthritis is
explicitly not considered a reason for exclusion. Fur-
thermore, patients undergoing active cancer treatment,
including chemotherapy or radiation therapy, will not
be included.

Severe soft tissue defects requiring local or free flap
procedures, as well as periprosthetic joint infections
with evidence of fungal infection, represent further
exclusion criteria. Patients on indefinite antibiotic sup-
pression therapy at the time of screening, defined as
continuous administration of antibiotics with a non-
curative intent, are not eligible. Similarly, individuals
with a body mass index (BMI) greater than 40 kg/m?
will be excluded.
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Based on the patient’s self-reported information and
investigator assessment, women who are pregnant or
breastfeeding, or those of childbearing potential not
using adequate contraception, are ineligible for partici-
pation. Patients with known or self-reported hypersen-
sitivity to silver or titanium will also be excluded.

Additional exclusions apply to patients held in cus-
todial settings or correctional facilities and those in a
dependent relationship with the sponsor, clinical site,
or investigator. Contraindications to the investigational
or comparator devices will also preclude participa-
tion. These include secondary diseases impacting the
function of the joint implant, severe osteoporosis or
osteomalacia, poor bone quality or osseous malforma-
tions that compromise the stability of joint replacement
anchorage, non-regenerative bone conditions with
insufficient proximal femoral support, and cases requir-
ing prosthesis heads with neck length XXL.

Who will take informed consent? {26a}

Informed consent will be obtained by a qualified
investigator or by trained study personnel delegated
by the principal investigator before any study-related
procedures are performed. The process will involve
a comprehensive explanation of the study aims, pro-
cedures, risks, benefits, and the participant’s rights,
ensuring adequate time for questions and voluntary
decision-making.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
Participants will provide consent for the collection, pro-
cessing, and storage of personal and health data in com-
pliance with GDPR and applicable data protection laws.
Biological specimens collected during the study will only
be used for the purposes defined in the protocol and will
not be stored or analyzed beyond the scope of this trial.

Interventions
Explanation for the choice of comparators {6b}
The comparator devices selected for this study are non-
IP-coated acetabular revision cups, acetabular augments,
and revision hip stems, which represent the current
standard of care for cementless revision hip arthroplasty
and are CE-marked (Plasmaﬁt® Revision cup, Structan®
Augment, and Prevision® Revision stem system, Aes-
culap, Tuttlingen, Germany). These implants are widely
used in clinical practice and have established safety and
performance profiles for hip arthroplasty revision.
Patients in the investigational group will receive IP-
coated cementless acetabular cups, augments, and hip
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stems (Plasmafit® Revision cup, Structan® Augments,
and Prevision® Revision stem) during their revision
hip arthroplasty procedure. Patients in the compara-
tor group will receive non-IP-coated implants that are
otherwise identical in design and mechanical proper-
ties to the investigational devices. All implants will
be used in accordance with the manufacturer’s surgi-
cal manual and clinical guidelines. The surgical pro-
cedure will follow standard practices for revision hip
arthroplasty, including preoperative planning, intra-
operative implant positioning, and fixation. Patients
can only be included if both the acetabular and femo-
ral prostheses are exchanged, and the investigational
devices are suitable for the revision procedure. Artic-
ulation options, including a modular dual mobility
option, may be chosen according to patient-specific
and surgical factors. The selection of implant sizes
and components will be based on preoperative imag-
ing and intraoperative assessment of patient anatomy
and bone defects.

Intervention description {11a}

The intervention is the implantation of a permanent
implant. A revision will only be performed if necessary
due to medical reasons. Both investigational and com-
parator devices will be implanted during a single surgical
procedure performed as part of a one-stage or two-stage
revision hip arthroplasty, depending on the clinical indi-
cation and surgeon’s preference. All patients will undergo
the same preoperative preparation, intraoperative proto-
cols, and postoperative follow-up procedures, ensuring
consistency across the two groups. Follow-up visits will
be conducted according to the study protocol, with data
collected on infection rates, functional and radiological
outcomes, pain levels, and safety parameters at prede-
fined time points.

Criteria for discontinuing or modifying allocated
interventions {11b}

Discontinuation or modification of the assigned inter-
vention will be considered in cases of serious adverse
events, patient withdrawal of consent, or if continuing
the assigned treatment is deemed medically inappropri-
ate by the investigator. Any such decisions will be thor-
oughly documented, and alternative standard treatments
will be provided as clinically indicated.

Strategies to improve adherence to interventions {11c}

Adherence to the intervention protocol will be facilitated
through comprehensive training of surgical and study
staff, regular monitoring visits, and detailed documen-
tation of all procedural steps in electronic case report
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randomization Study treatment visit visit visit

max. 2 days (surgery) 2 weeks p.o. 6 months p.o. 24 months p.o.

pre-surgery 9 () Q [2) G) (4) ) (6)
visit visit visit visit
pre-op 1-3 days p.o. 6 weeks p.o. 12 months p.o.
max. 7 days
pre-surgery

Fig. 1 Planned study visits
forms (eCRFs). Any deviations from the protocol will be ~ Outcomes {12}

recorded and addressed promptly.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Participants will receive concomitant care and medica-

tions based on clinical standards applicable to the treat-

ment of PJI. No specific prohibitions on concurrent

therapies unrelated to infection management exist.
Following completion of the trial, participants will be

treated according to the standard of care practice of the

treating surgeon.

Provisions for posttrial care {30}

The sponsor will maintain an adequate insurance policy
covering damages arising out of the clinical trial. This insur-
ance covers the subjects with respect to the risks involved
in this study according to the clinical investigational plan.

The primary endpoint is the infection-free survival rate,
evaluated to demonstrate that revision hip implants with
the antimicrobial silver coating significantly reduce the
rate of periprosthetic reinfections within 12 months after
hip revision arthroplasty. The primary variable is the
occurrence of periprosthetic joint infection classified as
“infection likely” or “infection confirmed” according to
the European Bone and Joint Infection Society (EBJIS)
criteria [11]. The time point for assessing this outcome
is 12 months postoperatively, as the silver coating is
designed to provide efficacy within this period.
Secondary endpoints will be functional outcomes
assessed using the Harris Hip Score (HHS) [14], focusing
on pre- and postoperative scores to determine improve-
ments in hip functionality, as well as quality of life evalu-
ated through the EQ-5D-5L questionnaire [15]. Further,
Kaplan-Meier implant survival will be determined
for endpoints including septic revisions and all-cause

Table 1 Participant timeline: schedule of enrollment, interventions, and assessments

Timepoint

Post-randomization Follow-Up

-7to-2 0

1to3days 2weeks 6weeks 6months 12months 24 months

Enrollment
Eligibility screen X
Informed consent
Randomization X
Intervention/comparator
IP-coated device
Non-IP-coated device
Assessments
Infection-free implant survival rate (signs of required revision)
Harris-Hip-Score, Eq-5D-5L X

Radiological outcome (hip stem migration, signs of loosening,
fixation) via X-rays

Safety (laboratory blood parameter, signs of systemic or local
argyria, (S)AEs/(S)ADE, device failure)
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revisions. Radiological outcome (hip stem migration,
radiological signs of loosening, radiologic observations
in the fixation area) will be evaluated using standardized
X-rays. Safety outcomes including device failure, signs of
systemic or local argyria, and (S)AEs and (S)ADEs will
be documented. In addition, specific laboratory param-
eters related to liver (ALT, AST, GGT) and kidney (eGFR)
function, as well as inflammatory markers (e.g., CRP,
leukocytes), silver ion in peripheral blood and drainage
liquid, and surgery-related data, including bone defect
classification, length of stay, and antibiotic therapy details
will be evaluated.

Participant timeline {13}

The clinical investigation covers eight study-related visits
(Fig. 1): one preoperative visit, the surgery itself (implan-
tation of the investigational or comparator device), and
six postoperative (p.o.) visits. All visits are within the
frame of clinical standard visits. An overview of the
schedule of enrollment, interventions, and assessments is
shown in Table 1.

Sample size {14}

The sample size calculation for this study is based on
the 1-year event rate of PJI in the comparator group,
assumed to be 21.5%. This assumption is derived from
a custom analysis of the EPRD (German Arthroplasty
Registry) data [1], which documents revision proce-
dures where implant components are exchanged, includ-
ing Kaplan—Meier estimates for re-revision rates (total,
infection related, and non-infection related) at 6, 12,
and 24 months. Specifically, the re-revision rate due to
periprosthetic infection within 12 months, for proce-
dures involving combined exchange of stem and cup, was
reported as 16.4%. However, this figure only accounts for
cases where reinfections resulted in implant exchange
and does not fully capture all events classified under
the EBJIS criteria (“infection likely” or “infection con-
firmed”). To address this, a correction factor of 1.33 was
applied to account for cases of reinfection treated with
alternative approaches, such as antibiotic suppression
therapy, implant retention surgery (DAIR), amputation,
or where infection was not documented at the time of
registry entry. After this adjustment, the estimated event
rate in the comparator group increased to 21.5%.

In the intervention group, the event rate is assumed to
be 8.6%, reflecting an anticipated 60% reduction in the
rate of periprosthetic reinfections. The effect size estima-
tion is based on the estimated reduction of periprosthetic
infections in humans by 90% (unpublished case series), a
reduction of periprosthetic infections in a rabbit model
by 65% [16], and a reduction of infections in canine
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osteosynthesis implants by 73% (unpublished manufac-
turer data) or by 39% in the same canine implant type
based on a different study [17].

Using a one-sided chi-square test for independent two-
sample proportions with a significance level of # =0.025
and a power of 80%, the study requires 240 partici-
pants (120 per group) to meet the primary endpoint. To
account for a 10% drop-out rate, a total of 268 patients
will be enrolled, with 20 patients allocated to part A and
248 patients to part B. Sample size was calculated using
SAS (SAS VIYA software version V.04.00, SAS Institute
Inc., Cary, NC, USA).

The above chi-squared based sample size calculation
was used, although log-rank tests are used for primary
hypothesis tests. A comprehensive simulation-based
sample size calculation using the log-rank statistics under
variation of the underlying hazard function found a small
to marginal increase in power compared to the chi-
squared statistic.

As predefined in the protocol, an extension of the total
sample size of up to 50% is allowed, which results in a
maximum of 400 patients (360 patients+10% dropout).
The 50% limit was determined based on practical con-
siderations. This results in 20 patients scheduled for the
safety phase (part A) and up to 380 patients scheduled for
the main phase (part B).

The sample size re-estimation will be based on all
available data of the first 134 treated patients, limited to
their 12 months follow-up visit (“right truncated”). By
estimating the per-group hazard, based on the corre-
sponding survival data, the conditional power for detect-
ing the difference in primary outcome between the two
groups in the final analysis will be re-estimated. Details
can be found in Wassmer and Brannath [18]. In case
the intended number of 268 study subjects yields a con-
ditional power smaller than 80% for the log-rank test in
the final primary analysis, the number of subjects to be
included in the study is increased up to the prespecified
limit of 400 patients. When the conditional power based
on the initially planned 268 patients is 80% or above, the
clinical investigation will continue using the planned
sample size. If the conditional power is very small
(e.g.<10%), the study will be completed with the origi-
nally estimated sample size.

Recruitment {15}

Recruitment will be supported by providing study site
investigators with clear enrollment targets, regular
performance feedback, and educational materials for
potential participants. Engagement activities such as
investigator meetings and outreach within clinical net-
works will promote awareness and enrollment adequacy.
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Assignment of interventions: allocation

Sequence generation {16a}

Participants will be randomized in a 1:1 ratio with ran-
dom block sizes to either the investigational or compara-
tor group, with site-specific randomization lists to ensure
balanced allocation.

Concealment mechanism {16b}

Randomization will be implemented using a secure,
validated electronic data capture system with concealed
allocation sequences. The randomization code will not
be accessible to investigators until allocation, preventing
selection bias.

Implementation {16c}

The randomization will be implemented via the elec-
tronic data capture system secuTrial® system to ensure
allocation concealment. The system restricts access
to the allocation sequence until the point of randomi-
zation, ensuring that the investigator is not aware of
group assignment in advance. Randomization of eligible
patients will be requested by the investigator after preop-
erative examination and timely before the planned date
of surgery.

Assignment of interventions: blinding

Who will be blinded {17a}

The participants will be blinded to the intervention group
they are allocated to, while the surgeons performing the
procedures cannot be blinded due to visible differences
in the investigational and comparator devices. Radiologi-
cal analyses will also be conducted in a blinded manner
through central radiology analysis.

Procedure for unblinding if needed {17b}

The study is designed to remain blinded for the partici-
pants until the closure of the database and determination
of the analysis populations.

Data collection and management

Plans for assessment and collection of outcomes {18a}

The assessment and collection of outcomes in this clinical
investigation will follow a structured approach to ensure
data quality and reliability. Data will be collected using
electronic case report forms (eCRFs), ensuring compliance
with GDPR regulations.

Plans to promote participant retention and complete
follow-up {18b}

Retention will be promoted by flexible scheduling of fol-
low-up visits, appointment reminders via telephone or
electronic communication, and providing participants
with direct contact points for study-related support or
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questions. Missed visits will be promptly rescheduled to
minimize data loss.

Data management {19}

When a patient agrees to participate in the clinical investi-
gation and has signed the informed consent form, the study
team at the investigation site will allocate a unique code, the
subject identification (ID), to the patient. Relevant personal
data, health data, and procedural information necessary to
conduct the clinical investigation will be collected under
this subject ID. Information to be reported to the sponsor
is recorded in an eCRF. Data management including crea-
tion of eCRFs including data plausibility check, data vali-
dation, data cleaning and query procedure, medical coding,
and handling of the database will be performed according
to designated SOPs. A data management plan (DMP) was
prepared before the start of the clinical investigation.

Confidentiality {27}

All data will be collected in compliance with the General
Data Protection Regulation (GDPR) and other applicable
laws. Identifiable information is pseudonymized, with only
the investigators having access to re-identification keys.
Data shared with the sponsor or external parties is limited
to de-identified datasets. Participants are informed of data
handling, storage, and potential access by authorized per-
sonnel during the informed consent process.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

The collected biological specimens will not be used for
genetic or molecular analysis, nor are they intended for
future ancillary studies beyond the scope of this trial.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The primary endpoint of this study is the comparison of
infection-free survival rates (periprosthetic infections)
within 12 months after revision total hip arthroplasty
(THA) due to periprosthetic joint infection. The follow-
ing hypothesis will be tested:

+ H, (null hypothesis): hT >hC
+ H, (alternative hypothesis): hT <hC

where hT represents the hazard function in the treat-
ment group and hC represents the hazard function in the
control group for the 12-month postoperative period.

The primary null hypothesis is tested using a one-tailed
inverse normal combination test at « =0.025, allowing for
a two-stage adaptive study design that combines log-rank
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tests for each stage. The null hypothesis is rejected if the
combined p<0.025. The p-values for each stage (p, and
p,) will be calculated using a one-sided log-rank test for
periprosthetic reinfections (as defined by EBJIS criteria)
within 12 months post-treatment. Kaplan—Meier survival
curves will be right-censored at 12 months.

Descriptive statistics or comparative analyses between
the treatment and control groups for demographic data,
safety, and performance variables will be conducted
where appropriate. Functional outcome and quality of life
in the treatment groups between treatment arms will be
evaluated using a linear regression model with repeated
measures. Two-year implant survival will be evaluated
according to the Kaplan-Meier method and compared
in the treatment arms with log-rank test for the events
periprosthetic joint infections, septic revisions, and all-
cause revisions. Occurrence of any radiolucent line, and
occurrence of hip stem migration>2 mm will be ana-
lyzed by using a logistic regression model with repeated
measures, as well as the mean migration in patients with
relevant migration (>2 mm) by using a linear regres-
sion model with repeated measures. Safety outcomes of
adverse events, device failure, and component revision
between treatment arms will be evaluated by using a
logistic regression.

All analyses will be based on the eligible randomized
patient population. A CONSORT diagram will be used
to visualize the number of participants screened, rand-
omized, treated, and analyzed for the primary outcome.
Secondary analyses will be exploratory. Secondary analy-
ses will be performed without confirmatory character:

« Functional outcome and quality of life in the treat-
ment groups between treatment arms will be evalu-
ated using a linear regression model with repeated
measures.

+ Two-year implant survival will be evaluated accord-
ing to the Kaplan-Meier [6] method and compared in
the treatment arms with log-rank test for the events.

o Periprosthetic joint infections as defined for the
primary endpoint

o Septic revisions

o All-cause revisions

+ Radiological outcome in the treatment groups for the
endpoints

o Implant migration

m Occurrence of hip stem migration>2 mm by using
a logistic regression model with repeated measures
m Radiological signs of loosening
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m Mean migration in patients with relevant migra-
tion (>2 mm) by using a linear regression model
with repeated measures

o Radiologic changes in the fixation area

m Occurrence of any radiolucency by using a logistic
regression model with repeated measures

« Safety outcomes of adverse events, device failure, and
component revision between treatment arms will be
evaluated by using a logistic regression.

Silver ion concentrations in peripheral blood and
drainage fluid will be descriptively analyzed.

Results of statistical tests are evaluated using a p-value.
The significance level is set to 5% two-sided and 2.5%
one-sided, respectively. Two-sided 95% confidence inter-
vals may be given in addition.

SAS VIYA 4 statistical software (SAS Institute Inc.,
Cary, NC, USA) or an adequately suited alternative will
be used to generate the analysis datasets and to perform
statistical calculations. The R package rpact from CRAN
is used to calculate the combination of tests for primary
analysis.

Interim analyses {21b}
Three interim analyses are planned:

+ Interim analysis I will be conducted after the pilot
phase for safety assessment of the 6 weeks’ results
of part A subjects. All AEs of the safety population
will be summarized for the analysis. Where applica-
ble, descriptive statistics may be used based on AE
categories. No analysis of the primary endpoint, sec-
ondary performance, or other variables will be per-
formed.

+ Interim analysis II is planned for the purpose of
sample size re-estimation. The sample size re-
estimation will be performed if either the first 134
patients have passed their 12-month follow-up
time point or when more than 90% of the sub-
jects of the initially calculated sample size (242 or
more subjects) have been treated, whatever hap-
pens first. The interim analysis is performed based
on unblinded data, because the effect size and the
events in the control group cannot be reliably pre-
dicted. No confirmatory test is carried out during
interim analysis II (i.e., no early efficacy or futility
stop).

o The interim analysis III includes analyses of pri-
mary and secondary efficacy endpoints, based on
the intention-to-treat population. The primary
endpoint analysis will be conducted as soon as the
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12-month follow-up period of the stage 2 patients
is completed.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Subgroup analyses will explore outcomes stratified by
patient factors such as surgical treatment (one-stage vs.
two-stage revision), infection severity, and baseline func-
tional status. Adjusted analyses may be conducted using
multivariable regression models to account for potential
confounders (e.g., age, comorbidities, and ASA physical
status).

Methods in analysis to handle protocol nonadherence

and any statistical methods to handle missing data {20c}
The primary analysis will follow the intent-to-treat
(ITT) principle, including all eligible randomized par-
ticipants in the groups they were assigned. A per-pro-
tocol (PP) analysis will be conducted as a sensitivity
analysis, excluding participants with significant protocol
deviations.

Statistical methods (e.g., multiple imputation) for
handling missing values are not used. In the case of a
partial date such as adverse event onset date or date of
death, the unknown portion of the date of the event will
be imputed. If the month and year are known, the 15th
of the month will be used for analysis. If only the year
is known, the event will be analyzed as if it occurred on
June 30 of the known year. In the rare case that the date is
fully unknown, the date will be imputed as the operation
date.

Dropout reasons will be carefully documented to assess
potential biases.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

Following study completion and publication, de-iden-
tified participant-level data, full trial protocol, and
statistical analysis code will be made available upon
reasonable request to qualified researchers, in accord-
ance with data sharing policies and regulations.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The coordinating center will oversee day-to-day study
operations, data management, and communications
with sites. An independent data monitoring committee
will review safety data and advise on trial continuation.
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Composition of the data monitoring committee and its role
and reporting structure {21a}

An independent data monitoring committee (DMC)
will be established to monitor patient safety as the
study progresses. The committee consists of acknowl-
edged experts in study-related fields and an independ-
ent biostatistician, not otherwise associated with the
trial, and acts in a senior advisory capacity on policy
matters. This committee watches over the ethics of
conducting the study in accordance with the Declara-
tion of Helsinki. If a serious concern with the safety of
the patients in the trial were to arise, the data and safety
monitoring committee may recommend early termina-
tion of the study. All final decisions regarding study
modifications or termination will be made by the spon-
sor. The sample size re-estimation will be performed by
the independent DMC biostatistician. The DMC will
provide a recommendation to increase the sample size
or to continue the study with the originally planned
sample size, taking into account the risk—benefit profile
of the investigational device. The decision to increase
the sample size will be made by the sponsor based on
the recommendation of the DMC. Detailed informa-
tion, such as the DMC member selection, composition,
duties, procedures, and deliberation rules, is detailed
and documented in the DMC Charter.

Frequency and plans for auditing trial conduct {23}
Trial conduct may be audited by an independent qual-
ity assurance team not involved in the study’s execution.
Audits will review adherence to the protocol, regulatory
compliance, and data integrity, with findings reported to
the sponsor and ethics committees as appropriate.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants and ethical
committees) {25}

Significant protocol amendments will be communicated
in a timely manner to ethics committees, regulatory
authorities, participating sites, and, where applicable, to
study participants. All amendments will be implemented
only after received approvals.

Adverse event reporting and harms {22}

All AEs and device deficiencies mentioned by the patient
or observed by an investigator will be reported together
with the causality via the eCRFE. SAEs will be reported to
authorities according to the applicable regulations.

Dissemination plans {31a}
Both positive and negative results will be reported in
international peer-reviewed journals.
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Discussion

To the authors’ best knowledge, this is the first ran-
domized controlled superiority trial evaluating the
outcome of silver-coated versus non-silver-coated pros-
theses for the treatment of hip PJI. The results of this
clinical investigation will provide valuable insights into
the potential of IP-coated hip implants to improve clini-
cal outcomes in PJI. Given the significant burden of PJI
and the associated healthcare costs, the study’s findings
have the potential to influence clinical decision-making
and implant selection for revision hip procedures in the
future. If the IP-coated implants demonstrate a signifi-
cant reduction in infection rates, they could become a
valuable addition to the standard armamentarium for
infection-prone patients.

For market approval of an antibacterial coating, dem-
onstrating safety alone is insufficient; a clear clinical
benefit with improvement of clinical outcome in PJI
treatment must be shown through comparative clinical
data. The current study with its prospective randomized
controlled design meets these requirements by directly
comparing the IP-coated implants against non-IP-coated
comparator devices. Positive findings from this investiga-
tion would support regulatory approval by providing the
required clinical evidence that the antimicrobial coating
reduces PJI risk in revision hip arthroplasty compared to
the current standard of care.

One of the study’s strengths is its rigorous superior-
ity design, which includes well-defined eligibility cri-
teria, ensuring the inclusion of patients at high risk for
reinfection while maintaining generalizability in hip PJI
treatment. Additionally, the use of randomization via the
electronic database, allocation concealment, and blinded
radiological analysis minimizes bias and enhances the
reliability of results. The study also benefits from its sam-
ple size calculation based on real-world data from the
German Arthroplasty Registry (EPRD), increasing the
likelihood that findings will be applicable to routine clini-
cal practice.

However, several limitations must be acknowledged.
First, the single-blinded design means that surgeons are
aware of the implant type being used, which could intro-
duce performance bias. While the use of the objective
EBJIS criteria mitigates this risk, subtle differences in
surgical handling or postoperative management could
theoretically influence outcomes. Second, the study’s
follow-up period of 12 months is sufficient to capture
early postoperative infections but may not fully assess
long-term implant performance and infection preven-
tion. Longer-term follow-up studies will be necessary
to confirm sustained benefits of the antimicrobial coat-
ing beyond 2 years postoperatively. Another potential
limitation is the variability in surgical techniques and
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institutional infection control protocols across different
study sites, which could influence outcomes. Addition-
ally, the study is conducted in different countries with
different microbial spectra and resistances, which could
further impact the results. While the study attempts to
standardize surgical and postoperative protocols, inher-
ent differences between surgeons and institutions remain
a potential source of heterogeneity.

If the study confirms a significant reduction in PJI rates
with IP-coated implants, future research should focus on
long-term outcomes, including implant survival, func-
tional performance, and patient-reported quality of life.
Additional studies should also evaluate the cost-effective-
ness of this technology, considering the potential reduc-
tion in infection-related hospitalizations, reoperations,
and antibiotic use. Moreover, exploring the applicability
of this infection-preventive strategy to other orthopedic
implants, such as knee or shoulder revisions, could fur-
ther broaden its clinical impact.

Conversely, if the study fails to demonstrate a signifi-
cant reduction in infection rates, further investigations
will be needed to refine the antimicrobial coating tech-
nology or explore alternative strategies for infection
prevention. Understanding the reasons behind potential
treatment failure—whether related to coating durability,
bacterial resistance, or host factors—will be crucial in
guiding future innovation in orthopedic biomaterials.

In conclusion, the current study tries to fill the evi-
dence gap for silver-coated implants to reduce re-infec-
tion rates in the treatment of hip PJI. To the authors’ best
knowledge, this is the first randomized controlled superi-
ority trial evaluating the outcome of silver-coated versus
non-silver-coated implants. Results of this trial will most
likely have a significant impact on the use of silver-coated
implants for PJI treatment in the future.

Trial status

The first patient was treated on 25 June 2025, and last
patient’s last visit is expected for Q3 2028. Protocol ver-
sion is 5.0, 21 March 2025.
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