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ABSTRACT

Burns are an important public health issue, related to 11 million cases annually around the world and up to 180
thousand direct or indirect deaths. Thus, it is vitally important to understand the effectiveness of the different
products commercialized for the treatment of burn injuries.

Objectives: To analyze the effectiveness of products used in the treatment of superficial-type partial-thickness burn
injuries.

Methods: This is a systematic review, using the PICO strategy, with a search period between 2004 and 2021,
consulting the COCHRANE Library, Lilacs, Medline, PubMed and Scielo databases. The inclusion criteria were
studies that used commercialized products for the treatment of superficial-type partial-thickness burn injuries in
humans. To assess the quality and risk of bias of the studies, the Oxford scale and criteria from the Cochrane
Guidelines were used.

Results: 19 eligible studies were selected; most of the products were presented as an alternative to the traditional
treatment that involves the use of the silver sulfadiazine product. The methodological quality of the studies allowed
performing a meta-analysis of only 2 studies, evaluating the healing outcome, the low number of studies included
for statistical analysis suggests that it is not possible to conclude which product is more effective.

Conclusion: There is a limitation in the available studies that address the costs and outcomes of existing
interventions for the treatment of burns. Future research should develop systematic, valid measures in order to
obtain an analytically and statistically adequate result.
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Partial thickness burns can be superficial or deep. The superficial

INTRODUCTION

Burns are traumatic injuries caused by thermal, chemical, electrical
or radioactive agents, causing physiological changes, capable of
triggering partial or total destruction of the skin and its annexes,

ones affect the dermis and its upper layer (papillary dermis)
presenting hyperemia and severe pain, leaving minimal scar tissue.
Deep partial-thickness burns affect almost the entire thickness of

, i the dermis (reticularis), presenting with a pale, dry color, loss of all
reaching deeper layers, such as subcutaneous tissue, muscles,

tendons and bones. Burn injuries are classified by the depth of
damage to the anatomical thickness of the skin involved: superficial,
partial thickness, full thickness, or subdermal [1]. Superficial burns
affect only the epidermis but not the dermis (such as sunburn) and

epidermal attachments, and less intense pain [1,4].

In full-thickness burns, the lesion affects the entire thickness
of the skin and, in some cases, extends to subcutaneous tissue,
muscle, and bone. They present a whitish and rigid appearance

and only heal with a graft because there are no dermal elements for
regeneration [1,5,6).

are red, swollen, and painful [1-3].
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The tissue necrosis resulting from burns provides an environment
conducive to microbial growth and subsequent invasion. The
severity of this complication is related to the risk factors associated
with the patient's own condition, considering age, the patient's
preexisting diseases, burn depth and wound moisture [7].

According to the World Health Organization (WHO),
approximately 11 million people suffer from burns annually, of
which 180,000 die directly or indirectly (WHO, 2018). In develop
countries such as USA, 486 thousand health treatments are
registered for burns annually. In underdeveloped and developing
countries, burns are the fourth most common type of trauma and
one of the main causes of mortality and disability [8].

In Brazil, burns are an important public health problem, as it is
estimated that 1 million Brazilians suffer from burn accidents
annually, of which approximately 120,000 people generate
expenses for the public health service both due to the need for
procedures and for post-operative follow-up hospitalization, since
psychological and physical sequelae can occur, causing a high rate
of disability in addition to the death rate of 2% to 3% directly or
indirectly [3].

Regarding the pediatric population, the risk of death from burn
wounds is high, with a global rate of 3.9 deaths per 100,000
according to the WHO. In addition to the high number requiring
hospitalizations, in Brazil alone in 2021 there were more than 9000
hospitalizations of children and teenagers’ victims of burns, with
the main age group affected being 1 to 4 years old [9].

If the burn wound is not treated properly there is a great risk of
developing various infectious complications. In addition to local
changes, burn wounds can also lead to systemic disorders, which are
caused by pain, loss of blood plasma, tissue proteins breakdown by
the body and hyper metabolism. The current challenge is choosing
the ideal treatment method to accelerate healing and attenuate
complications [9,10].

It is of vital importance to understand the different commercially
available products to combat infectious processes arising from
traumatic injuries, since the non-intact skin is the main gateway for
microorganism’s invasion. Secondary infections are considered the
main causes of death of the severely burned patient [11].

The healing process is essential for the survival of the organism and
may occur through regeneration or healing. The healing process
fundamentally occurs in three phases:

1. Inflammation
2. Formation of granulation tissue
3. Maturation and remodeling of the extracellular matrix [12].

The most striking feature of the final phase of wound healing is
the large and accelerated synthesis and degradation of collagen in
the wound region for the formation of new extracellular matrix.
Thus, there is the presence at the site of Matrix Metalloproteinase
enzymes (MMPs), Tissue Inhibitors of Metalloproteinases (TIMPs)
produced by various inflammatory, endothelial, fibroblast and
keratinocyte cells. The balance between the productive action of
these cells is important to prevent the formation of hypertrophic

scars and keloids [13,14].

There are several ways to assess wound healing. Currently, the
most used methods are densitometry, immunohistochemistry,
microscopic and macroscopic analyses, collagen morphometry,
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tensiometry, and, most recently, the dosage of growth factors [15-

17].

The commercialized product available for health institutions
most used in the treatment of burn wounds is based on silver
sulfadiazine. It is an efficient topical antimicrobial agent. However,
other products that stimulate healing should also have its use
stimulated, such as Aquacel®, Mepilex® among many others.
The knowledge of the existence, efficacy and mode of action of
alternative therapies improve the proper management of burn
wounds in clinical practice [16].

There are several new therapies that may offer potential benefits
to the healing process, however there is a limited number of
preclinical studies concerning their applicability and results, many
of them with methodological limitations. This limited number
of studies can bring uncertainty in decision-making for health
managers and professionals regarding the incorporation of these
new technologies [17].

The study of the effectiveness of commercialized products will
establish parameters for health managers in decision-making for
health care in the treatment of burns through systematic protocols,
it will also help the scientific community to observe the need for
more research in the area for the theoretical basis [17].

Systematic Review and Meta-analysis are scientific methodological
tools based on evidence. They are secondary studies in which there
is a defined methodology, the objective is to synthesize and evaluate
the results of primary studies simultaneously [18]. The aim of this
study is to propose a systematic review with meta-analysis to offer
scientific subsidies regarding the adequate products used in burn
wounds care.

METHODOLOGY

A systematic review was carried out with a meta-analysis regarding
the efficacy and effectiveness of products used in the treatment of
superficial-type partial-thickness burn injuries. It was developed by
2 researchers from the Institute of Tropical Pathology of Tropical
Health (IPTSP) at the Federal University of Goids (UFG).

The Systematic Review (SR) was registered in PROSPERO on May
28,2021, n. 211777. A protocol was developed in order to formalize,
monitor and document all the steps to be carried out in SR [19].

It was necessary to use the PICO technique, for the construction of
the question, this technique is an acronym for Patient, Intervention,
Comparison and Outcomes. The guiding question of the systematic
review was: What is the effectiveness of the products used in the
treatment of partial-thickness burn injuries?

Applying the PICO strategy

P: Population/patients - patients who present burn injuries.

I: Event/intervention - commercialized products used in the
treatment of such wounds

C: Comparison/control - there are no control, only the products
described in the selected articles, according to each study and
methodology.

O: Outcome - analysis of the efficacy on the healing of the burn
wound.
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Article search and selection strategy

The search for articles in the literature was performed in the
following databases: Medline (via Pubmed), Virtual Health Library,
The Cochrane Library Center for Reviews and Dissemination

(CRD), Lilacs and Scielo.

The advanced search mode was used in order to insert the
descriptors (DeCS) (burns AND products burns AND treatments),
in addition to the selection of “all fields”.

There was a search in the gray literature through the search in the
references of the cited articles, to find more articles related to the
theme.

Studies in English, Spanish and Portuguese were selected, studies
were searched from January 2004 to December 2020 was carried
out, according to the SR guideline.

The inclusion criteria were studies that used commercialized
products for the treatment of superficial-type partial-thickness burn
injuries in humans.

A free reference manager, Mendeley, was used for sorting articles,
accounting for duplicates, organizing references, practicality and
time optimization.

After an initial triage, the studies that were considered eligible were
read in full. Eligible studies were those that showed the efficacy of
products used for partial burns only in humans, with no criteria for
selection of sex, race or age.

Articles selection and screening were performed independently by
two researchers and the results were compared. Disagreements were
resolved in consensus meetings or by arbitration through a third
researcher.

Data extraction

The two researchers independently assessed the compliance of full
texts with the inclusion criteria, identified the names of authors,
institutions, year of publication, scientific journals, outcome when
applying the eligibility criteria.

A data extraction form was prepared, in accordance with the
guidelines for analyzing the evidence of marketed products found
in the studies, and they were presented in a table in the results
section, in order to allow comparison of the parameters selected for
efficacy (Supporting Information 1). The Oxford Scale was applied
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by two authors independently, to assess the quality of the evidence
of the articles, in this criterion, the types of studies are evaluated:
articles published in indexed journals with evidence level 1A, 1B,
1C, 2A, 2B, 2C, 3A, 3B and 4, according to the classification of the
Oxford Center for Evidence-Based Medicine [20].

Study variables/analyzed variables

The outcome was to analyze the effectiveness by the period of
time in order for the injury to close and the burn healing rate
by commercialized products. Through the Pressure Ulcer Scale
for Healing (PUSH) tool in which the primary outcome is the
appearance of the wound, resulting in complete healing and in
its minimum time of weeks and the secondary outcomes were
to analyze the reduction in percentage of the wound area and
percentage of change in the area in the minimum time of weeks.

Quantitative variables were also evaluated in studies that can be
applied to meta-analysis in binary outcomes, choosing as a control
the comparison to the drug silver sulfazianide.

Statistical analysis

Data meta-analysis was performed using the R software version
4.2.1. Within it, the Meta package was chosen to run the data and
the metabim command to perform a meta-analysis of categorical
outcomes, using the random effect model, presented as Relative
Risk (RR), with a Confidence Interval of 95% (CI) and Statistical
Significance (SS) when p<0.05.

Heterogeneity was evaluated using the 12 statistic, where an 12 value
close to 0% indicates no heterogeneity between studies, close to
25% indicates low heterogeneity, close to 50% indicates moderate
heterogeneity and close to 75% indicates high heterogeneity
between studies.

The analyzes classified as Relative Risk, the following methods
were used: Mantel-Haenszel method and Restricted maximum-
likelihood estimator for tau”2, results were displayed in Forest Plot
chart.

RESULTS

674 references were identified, 648 in the data sources and 26
through manual searches of the references. After the exclusion of
duplicate publications and selection by title and abstract, at the
end, 19 articles met the inclusion criteria and were analyzed in full
(Supporting Information 2 and Figure 1).

Total references retrieved
by search strategy
N=626

T

Total number of identified references

(N= 483)

|

References selected through the abstract

(¥=130)

|

Eligible references for full review
(N=43)

- Total references retrieved
by manual search strategy (N=38)

- Duplicate referencesremoved (N=191)

- References excluded due to lack of cligbility
criteria in the title (N = 353)

- References excluded due tolack of eligibility
criteria in the abstract (N =73)

1—

Referencesincluded for quality analysis and
data extraction (N=19)

- References excluded for not meeting the
eligibility criteria (N=22)

Figure 1: Flowchart of the article selection process.
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Of these articles, five studies were classified as a cross-sectional study,
classified as 2B in level of evidence, and two were characterized as
a systematic review, classified as level 2A according to the criteria
of the Oxford Center for Evidence-Based Medicine classification.

In this study, it was observed that most of the articles are recent,
published mainly from 2011, the last two being from 2020, which
can be seen in Supporting Information 2, as well as showing an
overview of all studies included in the final sample and of all data
elements used in the data analysis process.

Among the 19 included studies, 2 evaluated the outcome of the use
of other products for burns (keratin and hydrogel; in relation to
silver sulfadiazine, relating wound healing time). The meta-analysis
demonstrated by the forest plot graph showed that the use of
alternative products in the literature showed a reduction of about
33% (1-RR) in wound healing time compared to the use of silver
sulfadiazine (RR 0.67/95% CI 0.48-0, 93/p<0.01). The 12 statistic
indicated no heterogeneity between the studies (12=0%) (Figure 2).

Experimental Control
Study Events Total Events Total Risk Ratio RR  95%-Cl Weight
Fiona Loan, 2016 7 40 14 40— 050 [0.23;1.11] 17.1%

Henk Hoeksema, 2013 17 30 24 30 0.71 [0.49,1.02] 829%

70 -

Random effects model 70 0.67 [0.48; 0.93] 100.0%
Heterogeneity. I* = 0%, 1° =0, p = 043 1
Test for overall effect: z = -2.41 (p = 0.02) 05 1 2

Figure 2: Forest plot of studies included in the systematic review that
compare their products with the use of silver sulfadiazine and their
respective association measures.

DISCUSSION

Of the 19 articles selected in this review, 7 articles describe
randomized clinical trials. It is worth mentioning the presence of
two systematic reviews, one of them also involving meta-analysis.
The fact that only 19 articles were selected for this review, despite
the search covering a period of a decade, demonstrates a scarcity of
studies related to the treatment of burns.

In these studies, we sought to assess, for different interventions, the
length of hospitalization and dressing changes, the levels of pain
and discomfort, bacterial load of the wound, healing and the time
required for total re-epithelialization. The satisfaction of health
professionals and guardians, in the case of patients who needed
care such as children, regarding the handling of the dressing and
the economic cost during treatment was also taken into account.

Most interventions were presented as an alternative to traditional
treatments involving daily change dressings using silver sulfadiazine
or other antibiotics. Most new interventions seek to reduce wound
handling by reducing dressing changes, leading to lower levels of
patient pain and discomfort and faster re-epithelialization. The
adverse effects of traditional silver-based drugs, such as ointments
containing 1% silver sulfadiazine, were also motivating for
investigation of alternative ways of transporting this metal [21,22].

Among the interventions presented, the Biobrane® dressing stood
out. This dressing was investigated for its effectiveness in seven
articles, and the treatment was recommended by four of them. In a
systematic review, whose objective was to select the best treatment
for children with burns considering re-epithelialization and scar
formation, among the analyzed treatments, Biobrane® showed a
better epithelialization rate, reduced hospitalization period and

J Clin Res Bioeth, Vol. 14 Iss. 1 No: 1000450

OPEN 8ACCESS Freely available online

reduced pain [23].

Feng reported the cases of 2 patients with superficial partial-
thickness burns in the pubic region [24]. Healing time without
morbidity and pain rate when using Biobrane® dressing and daily
dressings were compared. After 7 days, it was reported that the use
of the Biobrane® dressing reduced the regular dressing changes,
eliminating the pain caused by such handling. This same dressing
was investigated by Whitaker in a report of a series of cases of 32
burn units in the UK between October and November 2005 [25].
Patients were followed for a minimum of 48 hours. The article
deals with the use and recommendations of Biobrane® in burn
units in the UK. It was reported that, during the period in which
the research was carried out, most burn care units used Biobrane®
in the treatment of partial thickness burns in patients of all ages.

Silicone is also found in Biobrane® dressing, which is composed
of a thin, semi-permeable membrane (there are pores for exudate
drainage) attached to a nylon layer [24]. This nylon mesh is covered
by a layer of type 1 collagen of porcine origin [25]. AWBAT-S®
dressing is very similar to Biobrane® in terms of structure. The
difference lies in the greater porosity of AWBAT-S® and the absence
of potentially harmful compounds used in the covalent bonding of
collagen to the Biobrane® dressing [25]. Common dressings (found
in hospital pharmacies) containing a collagen membrane were also
employed in some of the studies [26,27].

The efficacy of Biobrane® was also tested against the use of
AWBAT-S® in a prospective randomized study carried out by
Greenwood in 2011. In it, patients presented superficial burns to
partial superficial burns with spontaneous healing, with 2% to
40% of Total Body Surface Area (TBSA). They were treated with
one of the approaches and followed up for the next 12 months.
The following were evaluated: length of hospitalization period,
patient-reported pain perception, time to heal, scarring and cost
of care for treated patients. AWBAT-S® proved to be better than
Biobrane® in terms of ease of removal and discomfort experienced
by patients at this time, and is at least as good in terms of length
of hospitalization period, total healing time, and pain/discomfort
experienced by patients during rest healing and therapy.

In 2013, Ramakrishnan published a clinical trial that demonstrated
the advantages of collagen membranes in wound healing [26].
This trial, conducted from 1992 to 2011, included 487 pediatric
patients with superficial and deep partial-thickness burns and
mixed-thickness burns at Kanchi Kamakoti Childs Trust Hospital.
The different types of collagen dressings used proved to be highly
advantageous for burn patients in developing countries as they
adapt to humid and hot environments and are cost-effective. This
was the study with the largest number of patients among all the
articles analyzed in the present work.

Seven years later, Singh published a randomized clinical trial that
compared the outcome of treatment with collagen dressings and
paraffin gauze associated with silver sulfadiazine [27]. 68 patients
with fresh acute superficial partial burns were divided between the
two groups and followed up for clinical evolution until the burns
healed. 90% of patients in a collagen dressing group did not need
any or only one dressing change, with a shorter hospital stay. In
paraffin gauze plus silver sulfadiazine group, 22 cases required 3 to
5 dressing changes.

Many dressings have silver embedded in their structure, either in
the form of nanocrystals or in its ionic form. The Aquacel® Ag
dressing has 1.2% of ionic silver in a hydrofiber base composed
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of sodium carboxymethylcellulose, in the form of a hydrated gel
that activates the silver ions to exert an antimicrobial effect. It was
addressed in three articles and recommended in two of these and
was the second most cited intervention in the articles used in this

study [11,28,29].

In the study published by Yarboro in 2013, a randomized clinical
trial was performed, which included 24 patients (ages 19 to 53)
with superficial partial-thickness burns of O to 4 days old and less
than 25% TBSA [28]. The study established a comparison between
the Aquacel® Ag dressing and the traditional silver sulfadiazine
dressing. Patients were followed until complete healing. Both
dressings had similar results in terms of effectiveness, however pain
was reduced with Aquacel® Ag, as well as the number of treatments
received in order to achieve a 100% re-epithelialization rate.

Lau published in 2016, a retrospective review of the treatment of 119
patients admitted with burns between January 2010 and December
2014, with TBSA of 2% to 25% [11]. These were treated with either
Aquacel® Ag or the paraffin gauze dressing and followed up for 5
years to assess the effectiveness of Aquacel® Ag. This appeared to
promote early healing of burn wounds with less hypertrophic scar
formation, shorter hospitalization period, and much less frequent
dressing changes compared to paraffin gauze dressings.

Furthermore, Aquacel® Ag, along with Acticoat® and Biobrane®,
was compared to Mepilex® Ag in a randomized clinical trial
performed by Aggarwala [29]. In it, 131 partial-thickness burn
wounds in 119 patients were randomized and those treated with
Mepilex® Ag achieved faster re-epithelialization with better cost-
effectiveness.

Another intervention consisted of gels for topical use, based on
keratin, with diversity in thicker consistency (Keragel®), intermediate
(Kematrix®) and thinner (KeragelT®). The effectiveness of these
products were also compared to treatment with Biobrane® together
with Acticoat® and keratin products were found to be well tolerated
with minimal pain, itching and scarring, as well as being cost
effective and easy to use by the healthcare professional in a cohort
study of 80 partial thickness burn patients within 24 hours [30].

Another gel used as an alternative had 10% birch bark triterpene
dry extract (about 72 to 88% betulin) [2], marketed under the
name Oleogel-S10® presented in an assay randomized clinical trial
to accelerate the healing process, in addition to improving skin
texture, pigmentation and redness compared to the standard wound
intervention, Octenilin® gel, which contains silver. A 12-month
follow-up involving 61 patients with superficial burns of partial
thickness caused by fire, heat or scalding within 48 hours of injury.
Suprathel®, an alloplastic copolymer of polyactide, trimethylene
carbonate, and e-caprolactone, developed as a synthetic skin
substitute, was another dressing cited to treat superficial partial-
thickness burns in pediatric patients [31,32].

Cellulose sheets of microbial origin and a dressing composed of a
polyester weft impregnated with a matrix of hydrocolloid particles
(carboxymethylcellulose), petrolatum and polymers for cohesion,
known as Urgotul®, were also used que demonstraram serem mais
eficazes do que than a silver sulphadiazine cream for treatment of
partial thickness burns [33,34].

The use of a topical ointment containing a protein complex was
also described, formed by a glucose oxidase and a lactoperoxidase,
stabilized in polymers contained in a matrix of water and
polyethylene glycol, marketed as Flaminal® [1]. Treatment with
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Flaminal® showed shorter hospitalization period and better
healing quality through a retrospective cohort study that compared
length of hospitalization period, bacterial load and time to
wound closure when the burn was treated with Flaminal® and
when Flammazine® (1% silver sulfadiazine) was used. In total, 60
hospitalized outpatients with burns were treated with Flaminal® or
Flammazine® between 1998 and 2003, excluding superficial burns
and burns treated with skin grafts.

Finally, there was an intervention with the use of Aloe vera gel for
the treatment of burns, which showed an advantage in terms of
early wound re-epithelialization, early pain relief and a better cost-
benefit compared to 1% silver sulfadiazine cream [35].

As for costs, only four articles cited the necessary expenditure
for each intervention. The total cost of treatment with keratin-
based drugs was US$2635.00 per patient, compared to USD
$5016.00 spent with the traditional approach [30]. Aggarwala
reported an average cost of USD $115.92 for treatment with
Biobrane®, USD$146.39 when Acticoat® was used, USD $36.62
for treatment with Aquacel® Ag, and USD $60.00 for treatment
with recommended treatment with Mepilex® Ag [29].

Among the periods required for complete post-treatment re-
epithelialization, the lowest average was 7.6 days for wound closure
with the use of Oleogel-S10® [34]. The longest time required for
healing was with the use of Suprathel®, with an average of 24 days
for complete re-epithelialization [35]. Both studies reported burns
that are similar in depth and thickness, but include discrepant
patient numbers (61 and 34 respectively), although both are quite
limited. This small number of patients is a characteristic observed
in most of the articles described here, evidencing the lack of large
studies such as the one reported by Ramakrishnan [26].

Another study with Aquacel® Ag had a cost of USD $7.00 per
0.01 m2 of dressing used, being more expensive than traditional
dressings, but saving USD $4000.00 in expenses related to frequent
dressing changes and hospitalization [11]. Treatment with Aloe
vera gel was also priced, with 1000 mL of the gel being purchased
for USD$ 6.20 compared to USD $7.96 for each 250 g of silver
sulfadiazine cream [36]. The cost of dressing per percentage
of burned surface was USD $0.064 for 2 g of cream and USD
$0.03 for 5 mL of gel. The other articles did not mention concrete
amounts of expenditure on interventions.

CONCLUSION

The scarcity of large studies that address the costs and results of
existing interventions for the treatment of burns makes it difficult
to carry out a survey of relevant data on the best treatments
available on the market.

In addition, two studies were funded by the laboratory that
manufactures the drug used (studies involving Oleogel-S10® and
Urgotul®) and another had the dressings donated by the factory
(microbial cellulose sheets), increasing the chances of bias in the
results presented and placing the reliability of the studies in check.

As for the meta-analysis analysis, it is suggested that the low
number of studies included for statistical analysis, because of the
heterogeneity in the methodologies of the evaluated studies, it is
not possible to conclude that other alternatives are actually more
effective than silver sulfadiazine.
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