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CLINICAL QUESTION
What is the best available evidence for fish skin for treating 
burns?

SUMMARY
In low and middle resource settings, fish skin has been used as 
a low cost, traditional biological dressing for treatment of burns 
and other wounds. The high collagen concentration and tensile 
strength1-4 of fish skin has led to its use as a xenograft. There is 
insufficient clinical evidence on healing outcomes to make a 
recommendation on using fish skin for treating burns. Level 1 
evidence5-7 at high risk of bias suggests that complete healing 
might be faster with a fish skin dressing compared to the 
local standard care (most frequently, silver sulfadiazine cream 
replaced every two days), but the time to healing difference 
was negligible in most studies and may not be clinically 
significant. Level 1 evidence5-7 on effectiveness in achieving 
better control of pain intensity showed mixed results. However, 
no studies reported that fish skin dressings were inferior to 
local standard care, adverse events were not reported to be an 
issue and some low level evidence indicated people receiving 
fish skin dressings were satisfied with the outcomes.

CLINICAL PRACTICE RECOMMENDATIONS 
All recommendations should be applied with consideration to 
the wound, the person, the health professional and the clinical 
context.

There is insufficient evidence to make a recommendation 
on the use of fish skin dressings to promote healing in 
burns.

SOURCES OF EVIDENCE: SEARCH AND APPRAISAL 
This summary was conducted using methods published by 
the Joanna Briggs Institute.8-11 The summary is based on a 
systematic literature search combining search terms related 
to fish skin, burns and healing. Searches were conducted for 
evidence reporting use of fish skin in human burns published 

up to 31 January 2024 in English in the following databases: 
Cumulative Index to Nursing and Allied Health Literature 
(CINAHL), Medline (Ovid), Google Scholar, Embase (Ovid), 
AMED, Global Health, Health Internetwork Access to Research 
Initiative (Hinari, access via Research4Life) and Cochrane 
Library. Levels of evidence for intervention studies are reported 
in Table 1.

BACKGROUND
Some types of fish skin have been used as a wound dressings 
in low resource communities due to their similarities to 
human skin. Fish skin has high collagen concentration, high 
resistance, and high tensile strength.1-4 Fish skin also has anti-
viral, anti-bacterial and anti-oxidative properties, and is rich is 
unsaturated fatty acids, which might contribute to efficacy as a 
burn treatment.4, 16

The clinical research in this evidence summary is focused on 
the use of natural fish skin that is applied directly to burns 
(usually after a sterilisation process). The fish skin adheres to 
the wound bed as a xenograft, protecting the wound bed 
during healing and reducing the number of dressing changes 
that are required. This has potential to reduce healthcare 
resources and to reduce wound-related pain.1, 2, 4, 5, 12, 15

Bench research has also described the extraction and use 
of collagen from fish skin in commercial wound dressing 
products,  including sponges, hydrogels and topical 
powders3,17-22 but no clinical research on the use of these 
products for human burns was identified in the literature 
search.

CLINICAL EVIDENCE ON FISH SKIN FOR WOUND 
HEALING
Studies reporting clinical outcomes for human burns treated 
with tilapia fish skin dressing and shaour fish skin dressing are 
summarized in Table 2. Half of the published evidence1, 2, 6, 7 was 
produced by one team in Brazil. 

Fish skin for promoting healing in burns
The highest level of evidence comes from a meta-analysis5 
at high risk of bias that included three studies1, 6, 7 (reported 
below). Pooled results showed tilapia fish skin dressing was 
associated with shorter time for partial-thickness burns to 
reach complete epithelialisation (standard mean difference 
[SMD] –0.903, 95% confidence interval [CI] −1.45 to −0.355, 
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Level 1 evidence Level 2 evidence Level 3 evidence Level 4 evidence Level 5 evidence

Experimental designs Quasi-experimental designs Observational – 
analytic designs

Observational – 
descriptive studies

Expert opinion/ 
bench research

1.b Systematic review 
of RCTs and other study 
designs5

1.c Randomised 
controlled trial6, 7

2.c Quasi-experimental 
prospectively controlled study12

3.e Observational 
study with control 
group13

4.c Case series4

4.d Case study1, 2, 14

5.a Narrative literature 
review15-17

5.c Bench research3, 

18-22

p<0.001) (Level 1). The primary studies all showed positive 
outcomes for healing with fish skin dressings:

• One RCT7 at moderate risk of bias, compared tilapia fish skin 
dressing with silver sulphadiazine 1% cream for treating 
partial thickness burns. The study had three arms based 
on the depth and extent of the participants burns (arm 
A: superficial second-degree burns to less than 10% of 
the body [n = 23]; arm B: superficial second-degree burns 
to 10–20% of the body [n = 19] and arm C: deep second-
degree burns to 5–15% of the body [n = 20]). After light 
debridement and cleansing with a topical antimicrobial, 
the treatment group in each arm received a tilapia fish 

skin dressing, gauze and a bandage. Every 48 hours 
the secondary dressing was removed to check the fish 
skin dressing was correctly adhered. The control group 
in each arm received the local standard care regimen 
(silver sulphadiazine 1% cream, gauze and a bandage, 
changed every 48 hours). In all three study arms, complete 
epithelialisation was achieved significantly faster in burns 
treated with the tilapia fish dressing (mean difference 
between treatment arm and control arm ranged from 1.43 
to 3.20 days, p < 0.05 in all arms)7 (Level 1).

• In an RCT6 at high risk of bias the same research team 
extended their research in individuals with partial thickness 

Study Country Tilapia fish treatment and 
comparators 

(number wounds)

Type of wounds Wound outcome 
measures

Level of 
evidence

Alam et. al. 
(2019)4

UK Nile tilapia fish skin and dry gauze 
(n = 12)

Split skin graft 
donor sites (n = 10)

Partial thickness 
burns (n = 2)

Signs of local infection

Number of days to 90% and 
100% epithelialisation

Pain intensity

4

Costa et. al. 
(2019)2

Brazil Nile tilapia fish skin, dry gauze and 
bandage (n = 1)

Superficial partial-
thickness burns

Time to 100% 
epithelialisation

4

Kotkot et. al. 
(2022)13

Yemen Shaour fish skin and dry gauze (n = 18) Superficial and deep 
partial-thickness 
burns

Signs of local infection

Number of days to 90% and 
100% epithelialisation

Pain intensity

3

Lima Júnior 
et. al. (2020)7 

Brazil Nile tilapia fish skin, gauze and bandage 
(n = 32)

Silver sulphadiazine 1% cream, gauze 
and bandage (n = 30)

Superficial and deep 
partial-thickness 
burns

Time to 100% 
epithelialisation

Pain intensity

1

Lima Júnior 
et. al. (2021)6

Brazil Nile tilapia fish skin, gauze and bandage 
(n = 57)

Silver sulphadiazine 1% cream, gauze 
and bandage (n = 58)

Partial-thickness 
burns

Time to 100% 
epithelialisation

Pain intensity

1

Lima Júnior 
et. al. (2019)1

Brazil Nile tilapia fish skin, silver sulphadiazine 
1% cream, gauze and bandage (n = 1)

Partial-thickness 
burns

Time to 100%  
epithelialisation

4

Putri et. al. 
(2022)12

Indonesia Nile tilapia fish skin, gauze and bandage 
(n = 4)

Paraffin-impregnated gauze, gauze and 
bandage (n = 4)

Full thickness burns Bates-Jensen Wound 
Assessment Tool (BWAT)

2

Table 1. Levels of evidence for clinical studies

Table 2. Summary of the primary evidence for tilapia fish skin dressing for wound management
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burns. Individuals with burns to up to 10% of the body 
that occurred no more than 72 hours prior and had not 
yet received treatment were eligible for the trial if they 
had no product sensitivity or significant co-morbidities. 
The treatment and control dressing regimens were the 
same as in the RCT reported above. The treatment group 
experienced faster healing (mean days: 10.2 ± 0.9 versus 9.7 
± 0.6; p = 0.001) Although the outcomes were statistically 
significant, the difference between the two regimens could 
not be considered clinically significant6 (Level 1). 

• In a comparative study12 at high risk of bias, tilapia fish skin 
was applied to acute, non-infected full thickness limb burns 
(n = 4) following surgical sharp debridement. The fish skin 
dressings were changed every five days. The outcomes were 
compared to those for burns on the contralateral limbs 
that received the local standard care (paraffin-impregnated 
gauze changed every three days). The mean Bates-Jensen 
Wound Assessment Tool (BWAT) scores on day 10 were not 
different (fish skin: 18.75 ± 1.25 versus control: 30.5 18.75 ± 
0.9) (Level 2).

• An observational study (n = 18)13 at high risk of bias, 
reported the effectiveness of shaour fish skin for treating 
partial-thickness burns. After preparation, the fish skin was 
applied to the burn area and secured with dry gauze. The 
fish skin dressing was replaced at day seven and day 15. The 
mean time to 90% epithelialisation was 11.05 ± 2.57 days 
(range 7–15) and the mean time to 100% epithelialisation 
was 17.27 ± 2.05 days (range 13–21). No cases experienced 
signs of local infection or allergic reaction13 (Level 3).

• A case series4 at high risk of bias reported the use of 
tilapia fish skin in split-skin graft donor sites for people 
(n =10) who had experienced burns. The fish skin was 
soaked in saline and applied directly to the donor sites, 
held in place with gauze. Dressings were changed on day 
7 and then every three days. The average time to complete 
epithelialisation was 11.5 days (range 10–16) and the 
mean pain score on a VRS (0–10) at day 7 was 2.3 (range 
1–4). In this study, an additional two participants received 
tilapia skin dressing applied to partial thickness burns, with 
complete epithelialisation observed at two weeks. No cases 
experienced signs of local infection (Level 4).

• Several case reports at high risk of bias describe the 
successful use of fish skin to treat partial thickness burns,1,2 

including burns in babies and young children.2  In these 
case reports, healing occurred without complication in 10 
to 17 days1, 2 (Level 4).

Wound-related pain outcomes with fish skin dressing
Findings on the impact of tilapia fish skin dressing on wound-
related pain are inconclusive. First, pain was only reported 
on unidimensional scales measuring pain intensity, and in 
many studies it was not clear when the pain assessment was 
conducted. When the results from three studies1, 6, 7 were 
pooled in a meta-analysis,5 tilapia fish dressing was associated 
with lower pain intensity but the result was not significant 

(standard mean difference on a 10cm visual analogue scale 
(VAS) –0.608, 95%  CI −0.885 to −0.331, p = 0.54) (Level 1). The 
following results were reported in the primary research:

• Participants in the three-armed RCT7 reported pain 
intensity using a 10cm VAS. There was no significant 
difference between pain intensity for tilapia fish skin 
dressing and silver sulphadiazine 1% cream in the arm in 
which participants had superficial second-degree burns 
to less than 10% of the body (p > 0.05). In the arms in 
which participants had superficial second-degree burns 
to 10–20% of the body or deep second-degree burns to 
5–15% of the body, those receiving tilapia fish skin dressing 
reported lower pain intensity immediately after dressing 
change than those receiving silver sulphadiazine 1% cream 
(p < 0.005 for all wound dressing changes in both arms)7 
(Level 1).

• Participants in the second RCT6 reported more rapid 
reduction in burn-related pain intensity (p < 0.001) with 
a tilapia fish skin dressing compared to a control group 
receiving silver sulphadiazine 1% cream (Level 1).

• In the observational study (n = 18),13 the mean pain rating 
on a Verbal Rating Scale (VRS, 0–10) was 6.94 ± 0.72 (range 
6–8) at day 7, and this decreased statistically significantly (p 
< 0.001) to 5.22 ± 0.64 (range 4–6) at day 15 (Level 3).

• Individuals treated with fish skin dressing in other studies 
reported the dressing was comfortable.4, 12 

CONSIDERATIONS FOR USE
Consider local policies, procedures, and licensing before 
implementing traditional wound treatments.

Preparation 
In the clinical studies,1, 2, 6 the fish skin was sterilised using a 
chemical process followed by gamma irradiation and stored 
in sterile packaging under refrigeration prior to use. After 
preparation, the product can be stored in refrigerated sterile 
packaging for up to two years.2

Clinical use
• In clinical use,1,6,13 burns were lightly debrided (if indicated) 

and then cleansed in sterile saline or a topical antimicrobial 
solution before fish skin was applied. The fish skin covered 
the entire wound or burn, including approximately 1cm of 
healthy peri-wound skin. The fish skin was covered with dry 
gauze with or without additional bandaging. In one study2 
the fish skin was washed in sterile 0.9% saline for 5 minutes 
three times immediately before its application to the burn.

• In most clinical reports, the fish skin dressing was checked 
every few days to ensure the fish skin adhered to the burn, 
but the fish skin was not replaced.1,6,7 As the fish skin dries, it 
sloughs from the wound bed. At this stage, moistening the 
area (e.g., in the shower or using a cleansing solution) can 
assist in lifting the fish skin, revealing new epithelisation.1 In 
other reports, the fish skin dressing was replaced after 5 to 
7 days.4,12,13
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• Fish skin dressing may be inappropriate for some 
anatomical regions, including the face, neck and groin, due 
to difficulty achieving adequate adherence on skin folds.2,7,15

Cost effectiveness
• Several sources1,7,12 suggested that fish skin dressing is 

cost effective because the dressing does not need 
frequent replacement. In most reports in this evidence 
summary the fish skin was not replaced; in one study the 
fish skin dressing change was changed weekly13 In the 
pooled results5 from three studies1,6,7, tilapia skin dressing 
was associated with fewer dressings (SMD −4.195, 95% 
CI −5.615 to −2.774, p = 0.074) but the result was not 
significant (Level 1).

• In an RCT6, there were significantly lower costs associated 
with using tilapia fish skin dressings compared with silver 
sulphadiazine cream ($11 ± $1 versus Brazilian $19± $1; 
dollars in 2020), related to lower costs for dressing materials 
and analgesia (Level 1).

Adverse effects 
Most of the research1,2,5-7 included in this evidence summary 
reported no adverse events associated with fish skin dressings. 
In one small study12, two of the participants died due to septic 
shock deemed not related to either the fish skin dressing or the 
comparison paraffin-impregnated gauze dressing they were 
receiving. 
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ABOUT WHAM EVIDENCE SUMMARIES
WHAM evidence summaries provide a summary of the best 
available evidence on specific topics and make suggestions 
that can be used to inform clinical practice. Evidence contained 
within this summary should be evaluated by appropriately 
trained professionals with expertise in wound prevention and 
management, and the evidence should be considered in the 
context of the individual, the professional, the clinical setting 
and other relevant clinical information. 

WHAM evidence summaries are developed using methodology 
consistent with that published by Joanna Briggs Institute8-11. 
Evidence underpinning a WHAM recommendation is identified 
via a PICO search strategy, assigned a level of evidence and 
evaluated for risk of bias. All WHAM evidence summaries are 
peer-reviewed by an international Expert Reference Group. 
For more information on the methods and the WHAM Expert 
Reference Group, visit the website: www.WHAMwounds.com.

Copyright © Wound Healing and Management Collaborative, 
Curtin University, and the authors.

REFERENCES
1. Lima-Júnior EM, de Moraes Filho MO, Costa BA, Fechine FV, de 

Moraes MEA, Silva-Junior FR, Soares MFAdN, Rocha MBS, Leontsinis 
CMP. Innovative treatment using tilapia skin as a xenograft for 
partial thickness burns after a gunpowder explosion. J Surg Case 
Rep, 2019; 6: rjz181.

2. Costa BA, Lima Júnior EM, de Moraes Filho MO, Fechine FV, de 
Moraes MEA, Silva Júnior FR, do Nascimento Soares MFA, Rocha 
MBS. Use of tilapia skin as a xenograft for pediatric burn treatment: 
A case report. J Burn Care Res, 2019; 40(5): 714-7.

3. Ge B, Wang H, Li J, Liu H, Yin Y, Zhang N, Qin S. Comprehensive 
assessment of Nile tilapia skin (Oreochromis niloticus) collagen 
hydrogels for wound dressings. Marine Drugs. 2020; 18(4).

4. Alam K, Jeffery SLA. Acellular Fish skin grafts for management of 
split thickness donor sites and partial thickness burns: A case series. 
Mil Med, 2019; 184(Suppl 1): 16-20.

5. Cadri S, Elrosasy A, Al Mawla AM, Albakri K, Abdelwahab OA, 
Soliman A, Jaradat B, Cadri N, Alabdallat YJ, Negida A. The efficacy 
of Nile tilapia skin xenograft for treating superficial partial-thickness 
burn versus the standard of care: a meta-analysis of published trials. 
Arch Dermatol Res, 2023; 316(1): 33.

6. Lima Júnior EM, de Moraes Filho MO, Costa BA, Fechine FV, Vale 
ML, Diógenes AKL, Neves KRT, Uchôa A, Soares M, de Moraes 
MEA. Nile tilapia fish skin-based wound dressing improves pain 
and treatment-related costs of superficial partial-thickness burns: 
A phase III randomized controlled trial. Plast Reconstr Surg, 2021; 
147(5): 1189-98.

7. Lima Júnior EM, De Moraes Filho MO, Costa BA, Rohleder AVP, Sales 
Rocha MB, Fechine FV, Forte AJ, Alves A, Silva Júnior FR, Martins CB, 
Mathor MB, Moraes MEA. Innovative burn treatment using tilapia 
skin as a xenograft: A phase II randomized controlled trial. J Burn 
Care Res, 2020;  41(3): 585-92.

8. Aromataris E, Munn Z, editors. JBI Manual for Evidence Synthesis. 
https://synthesismanual.jbi.global: Joanna Briggs Institute, 2020.

9. Joanna Briggs Institute Levels of Evidence and Grades 
of Recommendation Working Party. New JBI Grades of 
Recommendation. Adelaide, Australia: Joanna Briggs Institute, 
2013.

10. Joanna Briggs Institute Levels of Evidence and Grades of 
Recommendation Working Party. Supporting Document for 
the Joanna Briggs Institute Levels of Evidence and Grades of 
Recommendation. Adelaide, Australia: Joanna Briggs Institute, 
2014.

11. Munn Z, Lockwood C, Moola S. The development and use of 
evidence summaries for point of care information systems: A 
streamlined rapid review approach. Worldviews Evid Based Nurs, 
2015;12(3):131-8.

12. Putri N, Kreshanti P, Syarif A, Duhita G, Johanna N, Wardhana A. 
Efficacy of tilapia skin xenograft compared to paraffin-impregnated 
gauze as a  full-thickness burn dressing after excisional debridement: 
A case series. Int J Surg Case Rep, 2022; 95(107240): 107240.

13. Kotkot A, Ghabisha S, Ahmed F, Al-wageeh S, Al-shami E, Al-hajri A, 
Aljbri W, Mohammed F. Fish skin as a biological dressing for burn 
injuries. Journal of Emergency Medicine, Trauma and Acute Care, 
2022; 2022(4).

14. Riaz Z. Treatment of human skin burns through using tilapia skin. 
Bull. Biol. All. Sci. Res., 2021;6:24.

15. Luze H, Nischwitz SP, Smolle C, Zrim R, Kamolz LP. The use of acellular 
fish skin grafts in burn wound management. A systematic review. 
Medicina (Kaunas), 2022; 58(7).

16. Esmaeili A, Biazar E, Ebrahimi M, Heidari Keshel S, Kheilnezhad B, 
Saeedi Landi F. Acellular fish skin for wound healing. Int Wound J, 
2023; 20(7): 2924-41.



48 WCET® Journal    Volume 44 Number 1    March 2024

17. Afifah A, Suparno O, Haditjaroko L, Tarman K. Utilisation of fish skin 
waste as a collagen wound dressing on burn injuries: a mini review. 
IOP Conference Series: Earth and Environmental Science, 2019; 
335(1): 012031.

18. Lima-Verde MEQ, Parthiban SP, Júnior AECF, De Barros Silva PG, 
Junior EML, De Moraes MO, De Paulo Aragão Sabóia V, Bertassoni 
LE, Alves APNN. Nile tilapia fish skin, scales, and spine as naturally 
derived biomaterials for tissue regeneration. Current Oral Health 
Reports, 2020;7(4):335-43.

19. Li D, Sun WQ, Wang T, Gao Y, Wu J, Xie Z, Zhao J, He C, Zhu M, Zhang 
S, Wang P, Mo X. Evaluation of a novel tilapia-skin acellular dermis 
matrix rationally processed for enhanced wound healing. Materials 
Science and Engineering: C, 2021; 127: 112202.

20. Wang T, Yang L, Wang G, Han L, Chen K, Liu P, Xu S, Li D, Xie Z, Mo X, 
Wang L, Liang H, Liu X, Zhang S, Gao Y. Biocompatibility, hemostatic 
properties, and wound healing evaluation of tilapia skin collagen 
sponges. Journal of Bioactive and Compatible Polymers, 2020; 
36(1): 44-58.

4. Gill-Thompson NN. A Historical Correction. Journal of Wound 
Ostomy & Continence Nursing. 1998;25(4):178.

5. Norma N. Gill Thompson [World Biographical Encyclopedia]. 2023 
[cited 2023 3.Sept.2023]. Available from: https://prabook.com/web/
norma_n.gill.thompson/86710.

6. Ohio - Ohio History Central  [cited 2023 2.May.2023]. Available from: 
https://ohiohistorycentral.org/w/Ohio.

7. Contributors to Wikimedia p. Akron, Ohio - Wikipedia 2023 [cited 
2023 4.May.2023]. Available from: https://en.wikipedia.org/w/
index.php?title=Akron,_Ohio&oldid=1152930421.

8. Rubber Industry - Ohio History Central  [cited 2023 2.Sept.2023]. 
Available from: https://ohiohistorycentral.org/w/Benjamin_F._
Goodrich.

9. Price-Spratlen T. Livin’ for the City: African American Ethnogenesis 
and Depression Era Migration. Demography. 1999;36(4):553-68.

10. The Great Migration (1910-1970). African American Heritage: The 
U.S. National Achives and Records Administration 2021.

11. Kerr J. The History of the Wound, Ostomy and Continence Nurses 
Society (WOCN) 2018 [cited 2023 3.Sept.2023]. Available from: 
https://cdn.ymaws.com/wocn.site-ym.com/resource/resmgr/
history_of_wocn.pdf.

12. Haines T, B. One Giant Icon: Flying a Piece of Aviation History 2009 
[cited 2023 31.Aug.2023]. Available from: https://www.aopa.org/
news-and-media/all-news/2009/may/pilot/one-giant-icon.

13. Cressman R, J. Akron (ZRS-4) [Historical ]. 2020 [cited 2023 
2.Sept.2023]. Available from: https://www.history.navy.mil/
research/histories/ship-histories/danfs/a/akron.html.

14. Terdiman D. Goodyear’s blimps, a century of gracing the sky 
(pictures) 2013 [cited 2023 2. Sept.2023]. Available from: https://
www.cnet.com/pictures/goodyears-blimps-a-century-of-gracing-
the-sky-pictures.

15. Akron’s Black History Timeline1920-1929 : City of Akron 
2023 [Available from: https://www.akronohio.gov/cms/
site/0b144cf2a61a53e3/index.html.

16. Akron, Ohio - Ohio History Central 2022 [updated 2022; cited 
2023. Available from: https://ohiohistorycentral.org/w/Akron,_
Ohio?rec=650.

17. Maples JL. The Akron, Ohio Ku Klux Klan 1921-1928. 1974. p. 2-121.
18. Contributors to Wikimedia p. John Stuart Mill - Wikipedia 2023 [cited 

2023 4.May.2023]. Available from: https://en.wikipedia.org/w/index.
php?title=John_Stuart_Mill&oldid=1152238042.

19. Einstein A. The Albert Einstein Collection Volume One: Essays in 
Humanism, The Theory of Relativity, and The World As I See It: 
Philosophical Library/Open Road; 2016.

20. Chiu D. Jonestown Massacre: What You Should Know About Cult 
Murder-Suicide: Rolling Stone; 2021 [updated 29. May 2020; cited 
2023 30. Aug. 2023]. Available from: https://www.rollingstone.
com/feature/jonestown-13-things-you-should-know-about-cult-
massacre-121974.

21. Thompson S. Living with a Legend. Enterostomal Therapy Nursing: 
Growth & Evolution of A Nursing Specialty Worldwide—A Festschrift 
for Norma N Gill-Thompson, ET. 2nd ed: Cambridge Publishing; 
2012. p. 151-60.

22. Trotsky L. The Negro Question 2016 [cited 2023 31.Aug.2023]. 
Available from: https://www.marxists.org/archive/trotsky/
works/1940/negro1.htm.

23. Bedell MS. Employment and Income of Negro Workers: 1940 - 
19522022 4 May 2023 [cited 2023:[1-6 pp.]. Available from: https://
www.bls.gov/opub/mlr/1953/article/pdf/employment-and-
income-of-negro-workers-1940-52.pdf.

24. Oakley AD, Gaurav. Pyoderma Gangrenosum: Symptoms, Causes, 
and Treatment — DermNet: DermNet: All about the Skin; 2015 
[cited 2023 7 September 2023]. Topics A - Z. Available from: https://
dermnetnz.org/topics/pyoderma-gangrenosum.

25. Orme-Johnson DW, Schneider RH, Son YD, Nidich S, Cho Z-H. 
Neuroimaging of meditation’s effect on brain reactivity to pain. 
Neuroreport. 2006;17(12):1359.

26. Weakley FL. Pioneer Years. In: Erwin-Toth PK, D.L, editor. 
Enterostomal Therapy Nursing: Growth & Evolution of A Nursing 
Specialty Worldwide—A Festschrift for Norma N Gill-Thompson, ET. 
2nd ed. 1996: Cambridge Publishing; 2012. p. 151-60.

27. Norma N Gill Foundation (NNGF®) - World Council of Enterostomal 
Therapists 2023 [cited 2023 3. Sep. 2023]. Available from: https://
wcetn.org/page/NormaNGillFoundationNNGF.

28. Blackley P. Future Trends.  Enterostomal Therapy Nursing: Growth 
& Evolution of A Nursing Specialty Worldwide—A Festschrift for 
Norma N Gill-Thompson, ET: Cambridge Publishing; 2012. p. 47-54.

29. Ayello EA. The WCET Journal in the 21st century* - “So far …so good”. 
In: Erwin-Toth PK, D.L, editor. Enterostomal Therapy Nursing: Growth 
& Evolution of A Nursing Specialty Worldwide—A Festschrift for 
Norma N Gill-Thompson, ET: Cambridge Publishing; 2012. p. 16-24.

30. Fazio VW. Reminiscences: Rupert Beach Turnbull, Jr., MD, CM, FACS, 
FRACS (H), RSM (H), October 3, 1913–February 18, 1981. Diseases of 
the Colon & Rectum. 1982;25(3):219-21.

REFERENCES Continued from page 43

21. Yang L, Chen K, Liu P, Kang Y, Shen S, Qu C, Gong S, Liu Y, Gao Y. 
Preparation of Nile tilapia skin collagen powder by low-temperature 
and comprehensive evaluation of hemostasis and wound healing. 
Int J Artif Organs, 2023; 46(2): 99-112.

22. Zhou T, Wang N, Xue Y, Ding T, Liu X, Mo X, Sun J. Electrospun tilapia 
collagen nanofibers accelerating wound healing via inducing 
keratinocytes proliferation and differentiation. Colloids and 
Surfaces B: Biointerfaces, 2016; 143: 415-22.


