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Abstract: Zinc-hyaluronan-containing burn dressings have been associated with enhanced reep-
ithelialization and low infection rates, although their effectiveness has not yet been investigated in
pediatric facial thermal injuries. This single-arm, retrospective cohort study assessed the character-
istics of 23 children (≤17-year-old) with facial superficial partial-thickness burns and the wound
closure capabilities of the applied zinc-hyaluronan gel. Patients were admitted consecutively to the
Pediatric Surgery Division in Pécs, Hungary, between 1 January 2016 and 15 October 2021. The mean
age of the children was 6.2 years; 30.4% of them were younger than 1 year. An average of 3% total
body surface was injured in the facial region and 47.8% of the patients had other areas damaged as
well, most frequently the left upper limb (30.4%). The mean time until complete reepithelialization
was 7.9 days and the children spent 2 days in the hospital. Wound cultures revealed normal bacterial
growth in all cases and follow-up examinations found no hypertrophic scarring. In conclusion,
pediatric facial superficial partial-thickness burns are prevalent during infancy and coincide with
left upper limb injuries. Rapid wound closure and low complication rates are accountable for the
moderate amount of hospitalization. These benefits, along with the gel’s ease of applicability and
spontaneous separation, are linked to child-friendly burn care.

Keywords: pediatric; facial burn; partial-thickness burn; zinc-hyaluronate

1. Introduction

Pediatric burns constitute a great challenge to patients, their families, and healthcare
providers because of their high incidence rate (1–7 million/year) and frequent complications
(49% of all cases) [1,2]. The facial region is assumed to be injured in 39% of all burns and
the most common etiology is scalding [3]. Children, especially infants, have thinner
skin—compared to adults—while their immune system and defensive reflexes are still in
development [4,5]. Also, their experience with the environment is limited, in addition to
their natural curiosity towards it. These factors combined are responsible for the substantial
likelihood of severe traumatic and burn injuries in the pediatric population. Facial burns
can be responsible for lifelong deformities due to scar formation and restriction of the facial
structure’s growth potential. Later, this may lead to severe functional and psychological
consequences, such as blindness, as well as eating, mood, and anxiety disorders [6,7].

Thermal injuries can be categorized by their depth. Superficial burns (also called
I degree) only involve the epidermis and they appear as painful and red wounds. The
papillary stratum is damaged in superficial partial-thickness thermal injuries (alas II/
1 degree), which can be characterized by bullae and painful, moist, pink wound beds.
Deep partial-thickness burns (II/2 degree) damage the stratum reticulare as well, while the
wound bed turns numb and dry with a purple or white color [8]. Conservative treatments,
involving dressings (such as silver foam, biosynthetic, amnion membrane dressings, or
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xenografts) and ointments (for example, silver sulfadiazine, silver nitrate, or hydrogels) are
recommended in I and II/1 degree burns [9,10], while surgical reconstruction with various
skin grafts, tissue expansion, and flaps are necessary for deeper injuries [11,12].

Curiosa® gel’s (Richter Gedeon Nyrt., Budapest, Hungary) main component is zinc-
hyaluronan, which promotes cell regeneration and has antioxidant effects, therefore, it
contributes to faster wound closure. Moreover, zinc has antimicrobial properties and is
a vital part of more than 1000 transcription factors and 300 enzymes from every class.
Hyaluronan is an essential component in the extracellular matrix, and is able to modify
cellular functions, through its hyaluronan receptors and viscoelastic attributes. The gel
formulation helps in the application of the treatment while it creates a moist environment,
thereby stimulating wound healing. Zinc-hyaluronan gel also relieves adverse effects from
the injuries, such as wound pain and tissue inflammation [13].

This trial aimed to assess the effectiveness of a zinc-hyaluronan-containing gel since,
in previous studies, rapid reepithelialization and low infection rates have been reported
when applying this intervention in adults [14] and as a part of pediatric combined burn
treatments [15]. However, its efficacy has not been investigated in pediatric facial thermal
injuries according to our literature search.

2. Materials and Methods
2.1. Design

A single-center, non-comparative cohort study was conducted at the Surgical Division,
Department of Pediatrics, Medical School, University of Pécs, Pécs, Hungary. Patient data
were collected retrospectively from our database, from 1 January 2016 to 15 October 2021.

The clinical application of zinc-hyaluronan gel was accepted and permitted by our
medical board of the Hungarian Pediatric Surgery Committee in 2010. Written informed
consent to participate and to publish was obtained from the patients’ legal guardians.

2.2. Participants

During the study period, 66 children visited our clinic with facial burns. Inclusion
criteria were being younger than 18 years old and suffering from a II/1 degree facial
burn. Moreover, the children had to be treated in the first 72 h after the injury with zinc-
hyaluronan gel, with no other intervention used until the scab’s separation from the wound
bed—including skin grafting. Furthermore, inclusion required the absence of acute or
chronic comorbidity; a burned total body surface area (TBSA) smaller than 10%; and the
attendance of the patient on every follow-up examination.

Children were excluded from the study if they had only I-degree burns (10 patients),
were treated with other interventions (13 patients), had more extensive burns than 10%
TBSA (4 patients), received skin grafts (2 patients), had severe comorbidities (2 patients) or
missed the follow-up (12 patients). The relatively high rate of patients not appearing on
control examinations was associated with the COVID-19 pandemic.

2.3. Treatment Protocol

The children were transported to our hospital by their guardians or by ambulance after
primary care. First, the attending surgeon assessed the patient’s medical history, as well as
the wound depth and area according to the Lund–Browder diagrams for the appropriate
age groups in addition to looking for signs of inhalation injury and eye trauma [16]. Clinical
management began with the rinsing of the burn injury using soap and water, which was
followed by disinfection of the affected area. Then, bullectomy and debridement of the
necrotic tissue were performed under the effects of anxiolytics and local analgesia or
general anesthesia, when it was deemed necessary based on the patients’ wound or age
(Figure 1A). Next, the zinc-hyaluronan gel was applied to the cleaned burn surface, which
was repeated 3–5 times daily until complete reepithelialization. It is important to note
that this gel creates a biological membrane on top of the injury, which protects the area
from water loss and infections, but it also makes the precise healing assessment difficult
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until complete wound closure (Figure 1B,C). Subsequent to the scabs’ separation from
the wound bed, we advised the patients to apply an oily ointment, e.g., Vaseline, on their
scars during the daytime, 3–4 times every day (Figure 1D). After showering, the usage
of a heparin-sodium, allantoin, and extractum cepae-containing gel (Contractubex® gel,
Merz Pharmaceuticals GmbH, Frankfurt, Germany) was advocated due to its loosening
and smoothing effect on sprawling or shrunken scar tissue, while reducing the itching
sensation and inflammation [17]. Follow-ups were held on the day after the injury, and
every 3–5 days thereafter, until wound closure. The children’s facial development and the
scar tissue were reexamined 1, 6, and 12 months following the accident.
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Figure 1. (A) A child had bullectomy and debridement performed in general anesthesia on the first
day of injury. (B,C) On the third- and sixth-day control appointment, the patient showed signs of
skin regeneration and reduction in wound size, which was covered with the biological membrane.
(D) The 12-day follow-up revealed almost complete reepithelialization.

2.4. Outcomes and Demographics Measured

Each patient’s burn status was documented and photographed before applying the first
dressing and thereafter at every control appointment until complete wound closure. The
children were evaluated based on nine aspects. We analyzed the patients’ demographic data,
such as sex and age distribution, the mechanisms and depth of the burns, and the injured
TBSA, along with the associated burn regions. The primary outcomes were the average
days until the occurrence of a complete, shiny, new layer of epithelium, the total time to
reepithelialization (TTRE), the length of hospital stay (LOS), and the complication rates.

2.5. Statistical Analysis

The data on the outcomes were statistically analyzed in Microsoft Excel 2021, while
for data presentation Microsoft PowerPoint 2021 (Microsoft Corporation, Redmond, Wash-
ington, USA) was used. Means and standard deviations (SDs) were calculated for the
evaluated endpoints.

3. Results

During the trial period, 23 children were eligible consecutively to participate in this
cohort study. A total of 16 boys (69.6%) and 7 girls (31.4%) had II/1-degree facial burn with
an average age of 6.2 years (SD: 5.8; range: 1–17 years). The patients’ distribution in the age
groups is shown in Figure 2, which draws attention to the increased incidence in the infant
population (30.4% of all patients).
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Figure 2. The number of children in four different age groups.

With the analysis of the burn etiologies, we found that all of the traumas were acci-
dental and the most common mechanism was scalding (56.5%), followed by flame (30.4%),
contact (8.7%), and chemical injuries (4.3%) (Figure 3). During infancy, the incidence of
scalding was 85.7% (6 out of 7 patients), while in teenagers, the risk of flame-caused burns
increased to 66.6%.
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Figure 3. A pie chart showing the distribution of various burn etiologies.

Four children had predominantly I-degree burns, while three patients had II/2-degree
thermal injuries, in addition to their II/1-degree burns. Figure 4 shows the distribution of
the burned facial areas with a mean of 3% TBSA (SD: 1.0; range: 1–5% TBSA).
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Figure 4. The number of patients stratified via affected burn surface ranges.

The analysis of additional thermal injuries besides facial burns was also conducted,
which is presented in Figure 5. Overall, 11 children suffered burns in multiple areas and
most commonly (30.4% of all cases) the left upper limb was damaged.
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Figure 5. The distribution of burned areas associated with facial combustions.

Our main evaluated endpoint was the days required for complete wound closure or
TTRE of zinc-hyaluronan treated facial burns. On average, the children needed 7.9 days
until reepithelialization (SD: 2.3; range: 5–15 days). Most patients (52.2%) healed within
5 to 7 days, while 34.4% of the children required 8–10 days (Figure 6). TTRE was more
than 10 days in the remaining 13% of the population, who suffered 5 TBSA% injuries in the
facial region and had associated burn locations as well.
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Figure 6. Numbers below the histogram indicate the time interval in days that was necessary
for wound closure, while numbers in the bars indicate the number of patients who healed in the
corresponding interims.

The evaluation of LOS revealed that 11 children could be treated ambulatory, thus the
mean overall hospitalization was notably low, on average 2.0 days (SD: 3.8; range: 0–14
days) (Figure 7). When only the inpatient’s LOS was estimated, it showed that children
who were admitted to our ward required 3.8 days (SD: 3.2; range: 1–14 days) until they
could be discharged.
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Figure 7. The numbers in the bars show the number of patients, while the numbers below the
histogram indicate the time intervals in days spent hospitalized.

Lastly, complication rates were also assessed. Only two children had a fever, which
peaked at 38 ◦C and 40 ◦C, even though all the wound cultures showed normal bacterial
growth. Thus, these instances were attributed to noninfectious systemic inflammatory
response syndrome (SIRS), which presumably developed due to the pro-inflammatory
cytokine release in large area burn injuries [18]. Furthermore, none of the children showed
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signs of hypertrophic scarring or contractures, although some of the patients’ follow-up
examinations are still ongoing.

4. Discussion

The qualities of zinc-hyaluronan gel make it an appropriate match for treating facial
burns in children. Its ease of application and spontaneous separation, compared to tra-
ditional dressings, achieve wound healing in a painless and child-friendly manner [13].
Biological membranes formed over the injury act as a physical barrier against infection and
fluid loss, while also promoting autolytic debridement and reepithelialization by creating
a moist environment [14,19]. As a result of the facial region’s excellent vascularization, it
allows for a more conservative approach even in deeper burns, compared to other parts of
the body [20].

Pediatric facial burns still constitute a great challenge to healthcare providers, despite
the availability of numerous treatment methods. Their burden is attributable to the presence
of essential organs responsible for sensory, breathing, digestive, and communicative func-
tions in this area. In this cohort study, we analyzed the demographic data and outcomes of
23 children whose facial II/1-degree thermal injuries were treated with zinc-hyaluronan
gel, during a six-year period. Primarily boys were injured (69.4% of all patients) and the
mean age of the patients was 6.2 years. A substantially increased incidence was observed
in children who were younger than one year of age (30.4% of all cases). Burn etiology
evaluation concluded that the patients were most commonly injured via scalding (56.6% of
all children), which was even more predominant during infancy (85.7% of infants), while
teenagers were more likely to be injured by flames (66.6% of teenagers). These results
further validate the epidemiological observations provided by international trials [21–23].

The average wound area was 3% TBSA in the facial region, and the left upper limb was
often burned concomitantly (30.4% of all cases). These thermal injuries epithelialized in
7.9 days on average, and the majority of the patients (52.2%) healed within 5 to 7 days when
treated with the zinc-hyaluronan gel. It is critical to highlight that a significant percentage
of the children (47.9%) could be treated in an ambulatory manner, thus the actual TTRE
might be even lower because the patients’ wounds could not be examined each day. None
of the children acquired infections and the regenerated skins were an almost perfect color
match without any scarring. Moreover, due to the aforementioned reasons, the overall LOS
was markedly low with 2.0 days on average. Because of the small TTRE and LOS values
combined with the absence of complications, patients could recuperate at home. These
factors could be also associated with a reduced total cost of care, shorter time required for
dressing changes, and a lower number of anesthesias administered, in addition to decreased
need for hospital staff and operating theatre availability. Regrettably, information was not
collected about these aspects in a rigorous manner, but further research may prove them
superior compared to other conventional approaches.

Research on pediatric facial burn interventions is scarce and there is no internationally
accepted “gold standard”. Therefore, the choice of treatment mainly depends on the prefer-
ence of the burn specialist and the customs of the healthcare institute. Similar depth and
area injuries in children showed comparable (Mepitel, TBSA: 3.29%, TTRE: 7.58 days) [24]
or delayed reepithelialization—related to zinc-hyaluronan—while using EZDerm (TBSA:
4.26%, TTRE: 18.75 days) [25,26], Acticoat (TBSA: 3.23%, TTRE: 14.18 days) [27,28], and
Mepilex (TBSA: 2.85%, TTRE: 10.29 days) [26,27] according to the results of our previous
meta-analysis [29]. It must be mentioned that these studies did not specifically evaluate fa-
cial burns and their application may be difficult in this area. Anesthesia could be necessary
during dressing changes, thus a prolonged LOS was also observed with these treatments
(EZDerm: 3.36 days, Mepilex: 3.12 days) [26]. The infection rate was also high in the last
two interventions (EZDerm: 36.96%, Mepilex: 16.39%) [25–27], while there was no infection
observed with Mepitel [24].

As reported by Rogers et al. [30], Biobrane may increase reepithelialization further
(TBSA: 6%, TTRE: 10 days), although this alternative also raised the risk for infection
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(5.7%) and allergic reactions, while the overall LOS was also higher by 3.5 days on average.
Other temporary dressings such as amnion membrane allografts (TBSA: 7.39%, TTRE:
13.33 days) [31] and tilapia xenografts (TBSA: 11.13%, TTRE: 10.07 days) [32] showed great
healing potential as well, though their acquisition and storage could pose difficulties.

Limitations of this study must also be discussed. The relatively low sample size and
single-center design might put into question the generalization of the results. Patients and
healthcare providers could not be blinded; thus, the measurements might contain biases.
Large population randomized controlled trials (RCTs) would be needed to conclude the
efficacy of zinc-hyaluronan on pediatric facial II/1-degree burns. Yet, the findings in this
study can be beneficial to outline the objectives and methods for future RCTs.

5. Conclusions

In summary, treating paediatric facial superficial partial-thickness burns with zinc-
hyaluronan gel resulted in rapid wound closure and low complication rates, which were
accountable for the low amount of hospitalizations. These advantages, in addition to the
minimal need for anesthesia, and the gel’s ease of applicability and spontaneous separation,
are associated with child-friendly burn care.

Author Contributions: Conceptualization, A.L. and G.J.; methodology, A.G. and Z.J.; validation,
A.G., G.J. and Z.J.; formal analysis, A.L. and A.G.L.; investigation, A.G.L., G.J. and Z.J.; resources,
G.J. and Z.J.; data curation, A.G.L.; writing—original draft preparation, A.L.; writing—review and
editing, A.G., A.L. and G.J.; visualization, A.L. and A.G.L.; supervision, A.G., G.J. and Z.J.; project
administration, A.G. and G.J.; funding acquisition, A.G. and G.J. The authors are in agreement to be
accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and resolved. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was supported, in part, by the National Research, Development and Innovation
Office (grant number FK 138722) and by the Medical School, University of Pécs. The funders
had no role in study design, data collection and analysis, decision to publish, or preparation of
the manuscript.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Surgical Division,
Department of Pediatrics, Medical School, University of Pécs.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient’s guardians to publish this paper.

Data Availability Statement: Data is contained within the article.

Acknowledgments: We would like the thank the healthcare personnel of the Pediatric Clinic, and
the Biostatistics Department of the Institute for Translational Medicine at the University of Pécs, for
their rigorous and conscientious efforts.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Forjuoh, S.; Gielen, A.; Arreola-Rissa, C.; El-Oteify, M.; Macpherson, A.; van Niekerk, A.; Peck, M.; Villaveces, A. World

Report on Child Injury Prevention; Peden, M., Oyegbite, K., Ozanne-Smith, J., Hyder, A.A., Branche, C., Rahman, F.A.K.M.,
Rivara, F., Bartolomeos, K., Eds.; World Health Organisation: Geneva, Switzerland, 2008; pp. 79–101. Available online:
https://apps.who.int/iris/bitstream/handle/10665/43851/9789241563574_eng.pdf;sequence=1 (accessed on 10 May 2021).

2. Peck, M.D. Epidemiology of burns throughout the world. Part I: Distribution and risk factors. Burns 2011, 37, 1087–1100.
[CrossRef]

3. Dewar, D.J.; Magson, C.L.; Fraser, J.F.; Crighton, L.; Kimble, R.M. Hot Beverage Scalds in Australian Children. J. Burn Care Rehabil.
2004, 25, 224–227. [CrossRef]

4. Rutter, N. The immature skin. Eur. J. Pediatrics 1996, 155, S18–S20. [CrossRef]
5. Visscher, M.O.; Carr, A.N.; Narendran, V. Premature infant skin barrier maturation: Status at full-term corrected age. J. Perinatol.

2021, 41, 232–239. [CrossRef]

https://apps.who.int/iris/bitstream/handle/10665/43851/9789241563574_eng.pdf;sequence=1
http://doi.org/10.1016/j.burns.2011.06.005
http://doi.org/10.1097/01.BCR.0000124821.22553.24
http://doi.org/10.1007/BF01958075
http://doi.org/10.1038/s41372-020-0704-3


Children 2022, 9, 976 9 of 9

6. Masnari, O.; Landolt, M.A.; Roessler, J.; Weingaertner, S.K.; Neuhaus, K.; Meuli, M.; Schiestl, C. Self- and parent-perceived
stigmatisation in children and adolescents with congenital or acquired facial differences. J. Plast. Reconstr. Aesthet. Surg. 2012, 65,
1664–1670. [CrossRef]

7. Burd, D.A.R. Burns: Treatment and Outcomes. Semin. Plast. Surg. 2010, 24, 262–280. [CrossRef]
8. Monstrey, S.; Hoeksema, H.; Verbelen, J.; Pirayesh, A.; Blondeel, P. Assessment of burn depth and burn wound healing potential.

Burns 2008, 34, 761–769. [CrossRef]
9. Wasiak, J.; Cleland, H.; Campbell, F.; Spinks, A. Dressings for superficial and partial thickness burns. In Cochrane Database of

Systematic Reviews; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2013. [CrossRef]
10. Hyland, E.J.; Connolly, S.M.; Fox, J.A.; Harvey, J.G. Minor burn management: Potions and lotions. Aust. Prescr. 2015, 38, 124–127.

[CrossRef]
11. Greenhaigh, D.G. Management of facial burns. Burns Trauma 2020, 8, tkaa023. [CrossRef]
12. Hamilton, T.J.; Patterson, J.; Williams, R.Y.; Ingram, W.L.; Hodge, J.S.; Abramowicz, S. Management of Head and Neck Burns—A

15-Year Review. J. Oral Maxillofac. Surg. 2018, 76, 375–379. [CrossRef]
13. Illés, J.; Jávor, A.; Szíjártó, E. Zinc-hyaluronate: Ana original organotherapeutic compound of Gedeon Richter Ltd. Acta Pharm.

Hung. 2002, 72, 15–24.
14. Juhász, I.; Zoltán, P.; Erdei, I. Treatment of partial thickness burns with Zn-hyaluronan: Lessons of a clinical pilot study. Ann.

Burns Fire Disasters 2012, 25, 82–85.
15. Jozsa, G.; Vajda, P.; Garami, A.; Csenkey, A.; Juhasz, Z. Treatment of partial thickness hand burn injuries in children with

combination of silver foam dressing and zinc-hyaluronic gel: Case reports. Medicine 2018, 97, e9991. [CrossRef]
16. Shah, A.R.; Liao, L.F. Pediatric Burn Care: Unique Considerations in Management. Clin. Plast. Surg. 2017, 44, 603–610. [CrossRef]
17. Willital, G.; Simon, J. Efficacy of Early Initiation of a Gel Containing Extractum Cepae, Heparin, and Allantoin for Scar Treatment:

An Observational, Noninterventional Study of Daily Practice. J. Drugs Dermatol. JDD 2013, 12, 38–42.
18. Chakraborty, R.K.; Burns, B. Systemic Inflammatory Response Syndrome. In StatPearls; StatPearls Publishing: Treasure Island, FL,

USA, 2020.
19. Johan, P.E.; Junker, R.A.K.; Caterson, E.J.; Eriksson, E. Clinical Impact upon Wound Healing and Inflammation in Moist, Wet, and

Dry Environments. Adv. Wound Care 2013, 2, 348–356. [CrossRef]
20. von Arx, T.; Tamura, K.; Yukiya, O.; Lozanoff, S. The Face—A Vascular Perspective. A literature review. Swiss. Dent. J. 2018, 128,

382–392.
21. Smolle, C.; Cambiaso-Daniel, J.; Forbes, A.A.; Wurzer, P.; Hundeshagen, G.; Branski, L.K.; Huss, F.; Kamolz, L.-P. Recent trends in

burn epidemiology worldwide: A systematic review. Burns J. Int. Soc. Burn Inj. 2017, 43, 249–257. [CrossRef]
22. Tekin, R.; Yolbas, I.; Selcuk, C.T.; Gunes, A.; Ozhasanekler, A.; Aldemir, M. An evaluation of pediatric burn patients over a 15-year

period. Ulus. Travma Acil Cerrahi Derg.-Turk. J. Trauma Emerg. Surg. 2012, 18, 514–518. [CrossRef]
23. Armstrong, M.; Wheeler, K.K.; Shi, J.; Thakkar, R.K.; Fabia, R.B.; Groner, J.I.; Noffsinger, D.; Giles, S.A.; Xiang, H. Epidemiology

and trend of US pediatric burn hospitalizations, 2003–2016. Burns 2021, 47, 551–559. [CrossRef]
24. Bugmann, P.; Taylor, S.; Gyger, D.; Lironi, A.; Genin, B.; Vunda, A.; La Scala, G.; Birraux, J.; Le Coultre, C. A silicone-coated nylon

dressing reduces healing time in burned paediatric patients in comparison with standard sulfadiazine treatment: A prospective
randomized trial. Burns 1998, 24, 609–612. [CrossRef]

25. Healy, C.M.; Boorman, J.G. Comparison of E-Z Derm and Jelonet dressings for partial skin thickness burns. Burns Incl. Therm. Inj.
1989, 15, 52–54. [CrossRef]

26. Karlsson, M.; Elmasry, M.; Steinvall, I.; Sjoberg, F.; Olofsson, P.; Thorfinn, J. Superiority of silver-foam over porcine xenograft
dressings for treatment of scalds in children: A prospective randomised controlled trial. Burns 2019, 45, 1401–1409. [CrossRef]

27. Gee Kee, E.; Kimble, R.M.; Cuttle, L.; Stockton, K. Comparison of three different dressings for partial thickness burns in children:
Study protocol for a randomised controlled trial. Trials 2013, 14, 403. [CrossRef]

28. Hyland, E.J.; D’Cruz, R.; Menon, S.; Chan, Q.; Harvey, J.G.; Lawrence, T.; La Hei, E.; Holland, A.J. Prospective, randomised
controlled trial comparing Versajet™ hydrosurgery and conventional debridement of partial thickness paediatric burns. Burns
2015, 41, 700–707. [CrossRef]
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