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Abstract

Background: Surgical wounds are covered to prevent bleeding, absorb the exudates, and provide a barrier against
external contamination. Currently, in our hospital, after orthopedic surgery, traditional occlusive dressing of sterile gauze
and non-woven hypoallergenic adhesive tape is placed. Some of the newest dressings have been shown to reduce the
incidence of blisters compared with traditional dressing or colloid adhesive dressings. However, there are no comparative
evaluations between the different types of dressings and their contribution to the overall results of the healing process.

Methods/design: This is a randomized, controlled, open-label trial to compare five types of dressings used in total knee
and hip arthroplasty surgical wounds. A total of 550 patients will be randomly allocated to one of the following dressings:
(1) traditional occlusive dressing, (2) Aquacel Surgical®, (3) Mepilex® Border Post-Op, (4) OpSite Post-Op Visible, or (5)
UrgoTul® Absorb Border. The dressing assigned is placed right after surgery. Patients will be followed up to 14 days after
surgery when the dressing is definitively removed and will be tracked up to 3 months to record any late complications.
During the immediate postoperative period and patient hospitalization and at the ambulatory visits after discharge, every
time that the dressing is changed, nurses perform the study assessments. The main study outcome will be the
percentage of patients with skin integrity at all times when the dressing has been changed. Skin integrity is a composite
of the absence of blisters, erosion, erythema, maceration, swelling, wound dehiscence, and purulent exudates. Secondary
outcomes include time to first change of dressing; percentage of patients with presence/absence of blisters, erosion,
erythema, maceration, swelling, wound dehiscence, and purulent exudates; number of dressing changes needed; days of
hospital stay; and nurse and patient satisfaction.
Differences in the main variable between each treatment group and group 1 will be tested by means of a chi-squared
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test or Fisher’s exact test. Subgroup analyses of diabetic and non-diabetic patients, patients with a body mass index of
more than 30 or not more than 30, and type of surgery (hip or knee) are planned.

Discussion: The results of this study will be useful for clinical decision making by giving information on the contribution
of the dressings studied to the outcome of the wound and may also show which dressing offers better
results depending on the characteristics of patients.

Trial registration: This trial has been registered at ClinicalTrials.gov (NCT03190447). Retrospectively registered
on 16 June 2017.
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Background
Surgical wounds are covered to prevent bleeding, absorb
the exudates, and provide a barrier against external con-
tamination. It is recognized that not covering the surgi-
cal wound in some surgeries may increase the risk of
complications [1]. Leaving the wound uncovered is
especially discouraged in those patients with suboptimal
conditions that do not guarantee that the skin can con-
stitute a protective barrier [2].
Surgical wound infection is the main nosocomial in-

fection affecting postsurgical patients [3]. In our setting,
the rates of superficial wound infection in 2015 were
0.51% for total knee arthroplasty (TKA) and 0% for hip
arthroplasty.
Currently, in our hospital, after orthopedic surgery, trad-

itional occlusive dressing of sterile gauze and non-woven
hypoallergenic adhesive tape is placed. In some cases, we
have observed the appearance of blistering, a situation
that increases the risk of infection, pain, and overall costs
of the procedure [4, 5]. Surgical wounds after knee and
hip arthroplasty are about 15 to 19 cm long and closed
with staples, and in our center no drainage is placed. After
a patient is discharged from the hospital, the staples are
removed when the patient is ambulatory, 10 to 15 days
after the intervention. During this period, the wound is
covered.
In recent years, new wound dressings have come into

the market, at increased cost, and thus it is important to
assess their contribution to patients before its use can
become widespread [6].
Potential postoperative complications include changes

in skin integrity, such as erythema, erosion, maceration,
and blistering, the last of these being considered the most
important. Blistering consists of the separation of dermis
and epidermis, probably caused by edema and inflamma-
tion, which usually appear after the fifth or sixth day of
surgery [7], leading to increased wound pain and risk of
infection. These complications reduce mobilization and
thus prolong the time to recover and increase hospital
stay. It has been advocated that the right placement of the
wound dressing is one of the most relevant factors to
avoid blistering. Other predisposing factors described in

the literature are obesity, venous insufficiency, diabetes
mellitus, and old age [7, 8]. The incidence of blistering
described for orthopedic surgery varies from 6% to
24% [7, 9].
Some of the newest pre-formed dressings have been

shown to reduce the incidence of blisters in comparison
with traditional dressing or colloid adhesive dressings
[10]. In a recent publication, Sharma et al. [11] reviewed
12 randomized clinical studies. The authors conclude
that, compared with the traditional passive dressing, new
dressings could be better in terms of wound complica-
tions, although no differences in terms of surgical site
infections were detected. They also emphasize that the
studies comparing different new dressings are limited.
This systematic review and meta-analyses also showed
that there is a wide variety of products studied in studies
with a small sample size and thus they are not powered
to detect differences in endpoints with low frequency.
Measures of satisfaction, comfort, and pain reported by
patients are seldom included in the studies and neither
is the nurse’s opinion or the costs. The authors suggest
that well-designed studies that tackle the limitations of
the existing ones are needed.
In most cases, nurses are the first ones to assess the

surgical wound and decide the type of dressing placed
[12]. With the objective of assessing whether newer
dressings present advantages over traditional ones, a
team of nurses has initiated this randomized, open-label,
parallel study comparing four different types of new
dressings with the traditional one used in our setting in
total knee replacement and total hip replacement.

Methods/design
Design
This is a randomized, controlled, single-center, open-
label trial to compare four types of pre-formed dressings
with the traditional one used in TKA and total hip
arthroplasty (THA) surgical wounds. The trial will take
place in Parc Taulí Hospital Universitari in Sabadell
(Barcelona, Spain). Patients undergoing TKA or THA
following the fast track will be randomly allocated to re-
ceive one of the following wound dressings (description
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in accordance with the manufacturers’ file): (1) trad-
itional occlusive dressing of sterile gauze and non-woven
hypoallergenic adhesive tape (Fixomull®, BSN medical,
Hamburg, Germany); (2) Aquacel Surgical® (ConvaTec,
Deeside, UK), which has hydrocolloid technology that
allows flexing with the skin as the body moves; its
hydrofiber absorbs and locks in fluid and bacteria, and
its polyurethane film provides a waterproof viral and
bacterial barrier; (3) Mepilex® Border Post-Op (Mölnlyke,
Gothenburg, Sweden), which has absorbent fibers, very
high flexibility, and polyurethane backing film and is
shower-proof and provides a viral and bacterial barrier;
it also has wide fixation borders; (4) OpSite Post-Op Vis-
ible (Smith & Nephew, London, UK), which has hydro-
cellular foam, allows monitoring of progress without
unnecessary dressing changes, and has waterproof film
that allows showering and transpiration and provides a
barrier against bacteria; or (5) UrgoTul® Absorb Border
(Urgo Medical, Shepshed, UK), which has a silicone ad-
hesive border that provides non-traumatic removal and
is shower-proof; its absorbent polyurethane foam allows
high fluid management without maceration.

Study population
Patients older than 18 years undergoing primary TKA and
THA in the fast track and with adequate cognitive ability
will be informed by the nurse during the visit performed
before surgery and will be invited to participate in the
study. The fast track for elective orthopedic surgery
consists of a coordinated initiative with the objectives of
reducing the length of hospital stay and promoting faster
recovery of patients. It consists of a pre-surgical prepar-
ation of the patient, in which comorbidities and surgical
risk factors (i.e. anemia and hypoalbuminemia) are
assessed and corrected. Patients following this track have
been carefully selected and optimized before the surgical
procedure. Procedures and assessments during hospital
stay and postoperative follow-up are standardized to
ensure fast recovery of patients. The process also gives
guidance on surgical procedures, medication before and
after surgery (i.e. antibiotic prophylaxis 30 min before sur-
gery with one dose of cefuroxime 1500 mg for THA or
cefonicid 2000 mg for TKA; in case of penicillin allergy,
clindamycin 900 mg), and the anesthetic technique and
intra- and post-operative analgesia. Patients who have
damaged skin or who are not autonomous for activities of
daily living will be excluded. Patients signing the informed
consent form will be included in the study.

Random assignment
Patients will be randomly assigned to one of the five
groups. A computer-generated, permuted block, random
list has been created by a designated member of our in-
stitution’s Clinical Trials Unit by using WinPepi etcetera

module version 3.26. Sealed envelopes for individual pa-
tients have been created for each patient. The interven-
tion will be assigned by a nurse by opening the sealed
envelope during the visit before surgery, only after the
patient has signed informed consent and after his or her
eligibility has been fully checked. Age, gender, body mass
index (BMI), and presence of diabetes will be recorded
during this visit.

Study procedures and assessments
On the day of surgery, the nurse in the operating room
will place the dressing right after the surgery, as
assigned. Information on the surgical procedure, such as
length of surgery, total time of ischemia, use of a layer
wound closure technique, and flexion or extension of
the limb when applying the dressing (for TKA), will be
recorded by operating theater nurses.
After that, patients will follow the fast track and will

be discharged after 48 h in case of the absence of com-
plications that require an extended stay. A outpatient
visit is performed 7 days after the intervention. During
this visit, the nurse changes the dressing and assesses
the wound. On day 14 after surgery, a second nurse am-
bulatory visit is performed to remove the dressing, assess
the wound, and remove the surgical staples. Assessment
of wound during the ambulatory visits is performed by
two different nurses from the study team in order to
minimize the inter-observer variability. According to the
current clinical practice in our hospital, during the im-
mediate postoperative period and hospitalization, dress-
ing is changed only in those cases when the surgeon
requires it because of excessive bleeding or because of
the presence of any other sign or symptom that is sug-
gestive of wound complications. If this is the case, every
time that the dressing is changed, nurses will perform
the study assessments (Fig. 1. “Schedule of enrolment,
interventions, and assessments”). The time spent in the
procedure and the number of dressings used will also be
recorded. In the event of serious health complications
not related to the wound, patients will be withdrawn
from the study. After the definitive removal of the dress-
ing, patients will be tracked for the following 3 months to
record any late complications, by review of the clinical re-
cords in order to detect any emergency ward visit,
re-consultation, or re-hospitalization. Any untoward event
detected during the follow-up (14 days) and a further
3 months will be followed up to resolution. In the event of
wound complications, treatment needed (i.e. antibiotics and
wound debridement) is recorded. Any other complications
are recorded systematically and followed until resolution.
Direct costs of the dressings, the human resources needed

for their use, and the economic cost of complications (treat-
ments and emergency ward visits) will be assigned according

López-Parra et al. Trials  (2018) 19:357 Page 3 of 7



to the prices in our institution and will be applied to the
events of patients included in our study.

Study outcomes
Primary outcome
The primary outcome is the percentage of patients in each
treatment group with skin integrity at all times when the
dressing has been changed. Skin integrity is a composite
of the absence of blisters, erosion, erythema, maceration,
swelling, wound dehiscence, and purulent exudates. All of
these items are assessed by the nurse as presence or
absence at the time of changing the dressing.

Secondary outcomes
Secondary outcomes are time to first change of dressing;
percentage of patients with presence/absence of blisters,
erosion, erythema, maceration, swelling, wound dehis-
cence, and purulent exudates; number of dressing changes
needed during hospitalization; days of hospital stay; and
total direct costs related to the surgical wound care.
Nurse and patient assessment questionnaires will also

be assessed as secondary endpoints. The nurse’s question-
naire assesses ease of application and removal (0 to 5),
and the patient questionnaire includes patient-reported

pain at removal (11-point numerical rating scale) and limi-
tations in being mobile and sitting, getting dressed and
conducting personal hygiene, and resting and sleeping.
Global satisfaction of nurses and patients will also be
assessed. All of these assessments are 6-point rating scales
(0–5) and are based on the ad-hoc questionnaires used by
Springer et al. [13].

Data collection and management
Study data will be collected in paper case report forms
(CRFs) designed for the study. Risk-adjusted monitoring
will be performed by personnel independent of the
research team and will consist of checking all informed
consent forms and completeness of all CRFs and source
data verification for a random sample of patients. Data
will be entered in the study database by the study team.
Patients will be identified by a numerical code, and no
personal information will be included in the paper CRF
or the database.

Statistical methods
Sample size
The estimation of sample size was based on the review
of previous literature [11, 14]. Our hypothesis is that

Fig. 1 Schedule of enrolment, interventions, and assessments. (1) If needed. (2) Only if the dressing is changed
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82% of patients will present skin integrity with the trad-
itional wound dressing (group 1) during the process of
wound healing and that the application of any of the
other dressings studied will result in 95% of patients
with skin integrity. Given a two-sided risk of 5%, a
power of 80%, and an expected loss of 15%, 110 patients
per group are to be included. No adjustment for multi-
plicity has been considered, as the comparison of the
different dressings with group 1 represents distinct
research questions. All tests will be performed at an
alpha level of 0.05.

Populations of analysis
The primary analysis will be performed according to the
intention-to-treat principle and will include all randomly
assigned subjects to whom the study dressing has been
placed in the operation theater. Subjects will be consid-
ered and analyzed in the treatment group assigned. As no
data imputation for missing values has been considered,
only patients with available assessments of the main out-
come will be considered in the main analysis. The final
populations of analysis will be defined before the statistical
analysis, and criteria will be applied to all patients regard-
less of the arm they have been assigned to.

Descriptive statistics
Patient characteristics will be described by treatment
group and for the entire sample of patients. Quantitative
variables will be presented as means and standard devia-
tions or, in cases of skewed distribution, as medians and
inter-quartile ranges. Categorical variables will be pre-
sented as absolute and relative frequencies.

Inferential statistics
Differences in the main variable between each treatment
group and group 1 will be tested by means of a chi-squared
test or Fisher’s exact test. For categorical ordinal variables,
the analysis of variance (ANOVA) or Kruskal–Wallis test
will be used. Time to event data will be summarized by
means of Kaplan–Meier curves and compared with the
log-rank test. Exploratory comparisons between the differ-
ent new dressings will also be performed for primary and
secondary variables. Subgroup analyses in diabetic and
non-diabetic patients, patients with a BMI of more than 30
or not more than 30, and type of surgery (hip or
knee) are planned.

Feasibility
The number of TKAs and THAs following fast track
was about 421 in 2016. Recruitment of patients started
in April 2017 and is anticipated to end in April 2019. An
investigator team composed mainly of nurses has been
trained in all study procedures and is in charge of track-
ing and assessing the patient throughout the process,

from ambulatory setting, operating room, and
hospitalization.

Ethics
This trial is being conducted in accordance with the Dec-
laration of Helsinki and good clinical practice principles.
The study protocol (version 1, December 2016) was
approved by the research ethics committee of our center
(Comité Ético de Investigación Clínica de la Corporació
Sanitària Parc Taulí) in January 2017. The protocol has
been registered at ClinicalTrials.gov (NCT03190447).
Written informed consent will be obtained from each
participant before any trial-related procedures are carried
out. The present study protocol has been written in
accordance with the Standard Protocol Items: Recommen-
dations for Interventional Trials (SPIRIT) 2013 statement
for reporting a clinical trial protocol [15]. The SPIRIT
checklist is provided in Additional file 1.

Discussion
We have designed a randomized clinical study to com-
pare four new wound dressings with the traditional one
in patients undergoing programmed TKA or THA in
terms of skin integrity during the postoperative period.
Additional endpoints addressing patient satisfaction,
ease of application/removal, and costs will be included.
Pre-formed wound dressings are medical devices. They
are approved for marketing with little evidence of their
comparative benefits regarding alternatives already exist-
ing in the market. Therefore, the choice of the dressing
is guided mainly by theoretical properties and personal
experiences of its use. Thus, there is a need to generate
robust and unbiased evidence of the potential advan-
tages of these new dressings with respect to the conven-
tional ones before extending their use to clinical
practice. It is also relevant to evaluate the costs associ-
ated with their acquisition and with the outcomes. For
the latter part, a cost analysis is also planned.
In our study, we will assess four different dressings.

Although no formal comparisons among the new dress-
ings will be carried out, it is relevant to include four of
the most used pre-formed dressings in our setting in the
same study as it will provide indirect comparisons of the
advantages and disadvantages of each of them. We con-
sider this an efficient design. According to the review by
Sharma et al. [11], most studies compare only two
dressings and most do not compare the new ones with
the traditional ones that represent a lower cost for the
hospital. Only two studies compared more than two
dressings [9, 16].
We also intend to perform a subgroup analysis that

could provide information on the differential efficacy
of each dressing in different types of surgery or types
of patients.
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One of the main limitations of the study is the lack of
blinding. The implementation of alternative procedures to
guarantee the blind assessment (such as a blind evaluator)
is feasible and desirable [17]; however, this was considered
to be logistically too complicated and unfeasible. Although
the assessments are performed by nurses and thus could
be subject to subjectivity, the assessment of the presence
of blister, erythema, and other endpoints will be assessed
as a dichotomous variable, being less prone to bias. As-
sessments may also be biased by inter-observer variability.
To overcome this problem, only two nurses on the team
are responsible for the assessments during the scheduled
ambulatory visits. However, when an unscheduled chan-
ging of dressing is carried out during hospitalization, as-
sessments are performed by a variety of nurses, and
although they are all trained in the study procedure, the
inter-observer variability cannot be ruled out.
We chose, as the main endpoint, a composite variable,

including any aspect of the skin that compromises skin in-
tegrity. Although this is an artificially built variable, we
think it may provide good information on skin integrity.
All components of the variable will also be considered as
secondary variables and thus no information will be lost.
Although the presence of blistering is the most frequently
used primary endpoint in clinical trials comparing wound
dressings, some authors have also used the concept of
wound complication, including blisters, inflammation,
leakage, and maceration, in a composite endpoint [13, 16].
We also included outcomes related to comfort, prefer-

ences and ease of manipulation by the nurse, time spent
on the cure, and number of cures needed. These variables
have not been considered in most studies and thus we
consider that they add value to this investigation. Studies
including these types of measures have shown the impact
of the different dressings on the well-being of patients and
on overall costs [4, 18, 19]. Surgical procedures may also
have an impact on the outcomes measured in this trial.
Factors related to surgery that influence wound healing,
such as duration of surgery, total time of ischemia, and
use of a layer wound closure technique, will be recorded.
The fact that this is a single-center study may be a draw-

back for the external validity of the results. Our hospital
has very low rates of infection reported in recent years and
thus it is expected that few infections will be registered in
this study. The incidence of other complications such as
hemorrhage is not routinely monitored but could be differ-
ent from other hospitals because of the techniques used in
our setting (i.e. the lack of use of Redon). Also, it has to be
taken into account that we will only include patients under-
going fast track, with early mobilization and without major
complications before surgery, and this is a population in
which low rates of complications are expected.
Our main question is whether any of the modern dress-

ings, all of which claim different advantages, is better than

the conventional one (traditional occlusive dressing of ster-
ile gauze and non-woven hypoallergenic adhesive tape) that
is used as a standard in this type of surgery in our institu-
tion and that is cheaper than any of the pre-formed ones.
We hypothesize that any or at least some of them are better
and that these advantages would justify its use even if the
direct costs are higher. As no differences in terms of skin
integrity are expected among the new dressings, only ex-
ploratory comparisons for the primary endpoint will be per-
formed among them. We foresee that differences between
new dressings in secondary endpoints (ease of application
and comfort) may be found and also differences depending
on the type of surgery (hip or knee) and characteristics of
patients (BMI and presence of diabetes). The large sample
size will allow us to explore all of these characteristics, and
all of these analyses will generate hypotheses. Thus, we
consider that this strategy for the analysis will offer more
advantages than other strategies based on post-hoc analysis
to check where the differences are.
Finally, patients included in this study constitute a

large cohort of patients undergoing arthroplasty proce-
dures. Data on the clinical course of these patients and
their complications will also be analyzed to explore fac-
tors that may be related to better clinical results.
The results of this study will be useful for decision mak-

ing and not only will give us information on whether the
dressings studied contribute to a better outcome of the
wound compared with traditional dressings but also may
allow us to decide which dressing will offer better results
depending on the characteristics of patients.

Trial status
The trial is ongoing. As of this writing, 170 patients have
been included.

Additional file

Additional file 1: SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents*. (DOC 121 kb)
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