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Fourth-degree burns with bone exposure present a major reconstructive challenge due to 

periosteal loss, infection risk, and limited vascularity. Traditional flap procedures are complex, 

invasive, and costly, with prolonged hospitalization and pain. Acellular fish skin (AFS) 

xenograft has emerged as a biologically active, omega-3–rich matrix that supports granulation 

and epithelialization in complex wounds. This case series reports outcomes of a two-stage 

reconstruction using AFS followed by split-thickness skin grafting (STSG) in four patients with 

bone-exposed burns (three tibial, one cranial). After surgical debridement and irrigation, AFS 

(Kerecis®, Ísafjörður, Iceland) was rehydrated in sterile saline and applied to the wound as a 

periosteal substitute. Seven days after the AFS application, a thin-meshed STSG (mesh ratio 

1:1.5–1:3) was placed over the wound. This dressing strategy reduced the frequency of dressing 

changes and was associated with decreased patient-reported pain and lower resource use; 

however, these observations require confirmation in larger studies. All patients achieved 

complete epithelial coverage within 3–4 weeks, and after six months of follow-up, tissue repair 

was flexible, of high quality, and demonstrated favorable aesthetic outcomes. No infections, 

graft losses, or major complications were observed. The two-stage AFS + STSG technique 

appears to promote rapid epithelialization and durable wound coverage with minimal morbidity, 

representing a simple and less invasive alternative for bone-exposed burn reconstruction when 

flap surgery is not feasible. 
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1. Introduction 

Burns are among the most common skin injuries 

worldwide, ranging from superficial to deep and 

complex full-thickness lesions [1]. Superficial burns can 

be managed with conventional dressings, whereas deep 

and extensive burns require advanced reconstructive 

interventions for optimal recovery [2]. In fourth-degree 

burns, the skin and subcutaneous tissues are destroyed 

and the injury extends to underlying structures, 

including bone, often exposing the periosteum, cortex or 

tendon. Such injuries pose a high risk of infection, bone 

necrosis, and severe functional impairment, while also 

causing significant psychological distress and reduced 

quality of life [3,4]. 

Traditional reconstruction with local or free flaps 

remains the standard for coverage of deep and fourth-

degree burns involving bone or tendon. However, 

several authors have reported that these procedures are 

technically demanding, time-consuming, and associated 

with high complication rates, donor-site morbidity, and 

increased costs [5–7]. In recent years, the use of 

acellular fish skin (AFS) xenografts has emerged as a 

promising alternative for complex burn wounds [2,3]. 

These xenografts provide a three-dimensional collagen 

matrix enriched with bioactive lipids and growth 

factors, supporting rapid epithelialization and tissue 

regeneration while modulating inflammation [1,4,8,9]. 

Compared with traditional methods, AFS xenografts are 

easier to apply, less invasive, and more cost-effective 

[10–12]. Given the complex healing process of deep and 

fourth-degree burns and the need for reliable wound 

coverage to prevent infection and preserve function, this 

study presents our clinical experience using AFS 

xenografts for the reconstruction of bone-exposed burn 

wounds through a two-stage approach. 

2. Case Presentation 

Four patients were included in this case series, 

comprising three men aged 28, 45, and 54 years, and one 

woman aged 39 years. All patients were referred from 

other hospitals to Motahari Burn Hospital in Tehran in 

2025 with severe fourth-degree burns involving bone 

exposure. The three male patients presented with tibial 

bone burns of the lower leg, while the female patient had 

a scalp burn with exposure of the cranial bone. Each 

case was evaluated clinically and radiologically to 

determine burn depth, bone viability, and the extent of 

soft-tissue loss before reconstruction. All patients were 

hemodynamically stable and free of systemic infection 

before intervention. The management strategy included 

meticulous debridement of necrotic bone and tissue, 

followed by staged wound reconstruction using AFS 

xenograft and subsequent split-thickness skin graft 

(STSG). Perioperative parameters such as hospital stay, 

number of dressing changes, complications, and follow-

up duration were documented for each patient to allow 

direct comparison of outcomes. Representative pre- and 

post-treatment images of the scalp burn are shown in 

Figure 1. A summary of individual patient data is 

presented in Table 1. 

Table 1. Summary of patient characteristics and outcomes 

Case Age/Sex Burn Site Degree 
TBSA 

(%) 

STSG 

Timing (day) 

Hospital Stay 

(days) 
Complications 

Follow-up 

(months) 
Outcome 

1 28 /M 
Lower leg 

(tibia) 
4th 15 7 14 None 6 Excellent 

2 45 /M 
Lower leg 

(tibia) 
4th 12 7 16 None 6 Excellent 

3 54 /M 
Lower leg 

(tibia) 
4th 10 7 15 None 6 Excellent 

4 39 /F Scalp 4th 8 7 13 
Minor discharge 

(resolved) 
6 Excellent 

TBSA: Total Body Surface Area; STSG: Split-Thickness Skin Graft. All patients achieved complete epithelial coverage within 3–4 weeks. 

  
(a)      (b) 

Figure 1. Fourth-degree scalp burn (Case 4) before treatment (a) and at six-month follow-up (b) showing complete epithelial coverage and restored 

contour after two-stage AFS + STSG treatment.  
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3. Methods 

This case series was conducted at Motahari Burn 

Hospital (Tehran, Iran) in 2025. Inclusion criteria were 

fourth-degree thermal burns with exposed bone and the 

absence of systemic infection. Patients with chronic 

comorbidities (e.g., uncontrolled diabetes, vascular 

disease) or poor general condition precluding surgery 

were excluded. Four patients met the eligibility criteria: 

three men with tibial bone exposure in the lower leg and 

one woman with a scalp burn and cranial bone exposure. 

In all patients, the periosteal layer had been destroyed, 

making conventional reconstruction challenging. Given 

the high morbidity, longer hospital stay, and increased 

costs associated with free or local flap procedures, a 

two-stage approach with AFS xenograft followed by 

split-thickness skin grafting (STSG) was used. To our 

knowledge, this is among the first reported case series 

from Iran describing the use of a two-stage AFS 

approach for reconstruction of wounds with bone 

exposure. In this study, acellular fish skin xenograft 

(AFS; Kerecis®, Ísafjörður, Iceland) was used as the 

primary scaffold for the treatment of burn wounds. 

Before surgery, all patients underwent hemodynamic 

stabilization, nutritional optimization, correction of 

anemia, and blood glucose control. All patients received 

standard perioperative antibiotic prophylaxis 

(intravenous cefazolin 1 g every eight hours for 5 days) 

and daily wound inspection for infection monitoring. 

Surgical management consisted of aggressive 

debridement of necrotic bone until punctate bleeding 

was visible, followed by copious irrigation with sterile 

normal saline. Then, for preparation, the fish skin was 

rehydrated in sterile normal saline according to the 

manufacturer's instructions and trimmed to the wound 

dimensions. The graft was placed directly on the bone 

with a 2–3 mm overlap at the wound edges to ensure 

complete contact with the wound bed. A non-adherent 

layer, moistened gauze, and a light pressure dressing 

were applied. 

The timing of STSG application (day 7) was 

determined based on the presence of healthy granulation 

tissue and absence of exudate or infection. At this stage, 

a thin meshed or unmeshed STSG (mesh ratio 1:1.5–

1:3) was harvested and applied over the wound. The 

graft was secured with sutures and a bolster dressing. 

Postoperative care included limb elevation, gentle 

mobilization, and daily sterile dressing changes after 

removal of the bolster. This protocol aimed to reduce the 

number of dressing changes, minimize patient 

discomfort, and shorten the length of hospital stay while 

achieving stable wound coverage. 

4. Results 

Four patients with fourth-degree burns and bone 

exposure were treated using the two-stage AFS + STSG 

technique. The cohort included three men (aged 28, 45, 

and 54 years) with tibial bone burns of the lower leg and 

one woman (aged 39 years) with a scalp burn involving 

cranial bone exposure. All patients were 

hemodynamically stable and free of systemic infection 

at the time of intervention. Sequential healing progress 

of tibial cases is demonstrated in Figure 2 and 3. In all 

tibial cases, early adherence of the graft and progressive 

wound coverage were observed within the first two 

weeks. The mean time to complete epithelialization was 

21 days for the tibial wounds, while the scalp burn 

patient achieved complete epithelialization after 25 

days. No cases required reapplication of AFS or 

additional surgical procedures. 

  
Figure 2. Tibial bone exposure in the lower leg (Case 1) before AFS 
application (a) and after two-stage AFS + STSG (b), demonstrating 

granulation and epithelialization by day 14.  

  
Figure 3. Fourth-degree tibial burn (Case 2) before (a) and after (b) 
two-stage AFS + STSG showing rapid epithelialization and wound 

closure by day 21. 

In all patients, seven days after applying the AFS onto 

the bone, it functioned as a periosteal substitute, 

showing firm adherence and early granulation. This 

provided stable coverage and protected the bone from 

infection or further necrosis. No instances of graft 

failure, bone infection, or wound dehiscence were 

observed. This approach was associated with fewer 

dressing changes and reduced treatment costs compared 

with conventional flap techniques. One patient (female, 
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scalp burn) developed a minor controlled discharge 

during the early post-grafting period, which resolved 

with standard wound care. Hospitalization ranged from 

13 to 16 days (mean 14.5 days). Patients reported 

minimal postoperative pain, particularly those with 

tibial burns, and none required opioid analgesia beyond 

the early postoperative period. Functional recovery was 

satisfactory in all cases, and no significant 

complications were recorded during the six-month 

follow-up. Final aesthetic outcomes with stable skin 

coverage are presented in Figure 4. All patients achieved 

durable, pliable skin with minimal scar contracture and 

acceptable cosmetic appearance. Table 1 summarizes 

individual patient characteristics and clinical outcomes. 

  
Figure 4. Outcomes at six months in tibial cases showed stable 

coverage, pliable skin, and good cosmetic results. Panels (a, b) 

represent Cases 1 and 2. 

5. Discussion 

In recent years, the two-stage use of AFS xenografts 

for the reconstruction of complex wounds, including 

third- and fourth-degree burns, has gained increasing 

clinical interest. Several studies have demonstrated that 

AFS promotes faster wound healing, reduces infection 

risk, and provides a less invasive alternative to 

conventional flap surgery [13–16]. The results of our 

case series are consistent with these findings, showing 

rapid granulation, successful graft take, and stable 

wound coverage with minimal complications. For 

instance, a recent international randomized controlled 

trial by Dardari et al. demonstrated that the application 

of intact fish skin grafts in the treatment of deep diabetic 

foot ulcers significantly accelerated wound healing. By 

week 16, 44% of ulcers in the fish skin group achieved 

complete closure versus 26% in the standard care group, 

and the mean healing time was 17.3 weeks versus 19.4 

weeks in controls [14]. This highlights the ability of 

AFS to support tissue regeneration even in complex 

wounds. Additionally, the case series by Benedict et al. 

described a sandwich single-stage technique using intact 

fish skin laminated with a simultaneous STSG and 

reported favorable healing and a reduced number of 

procedures [4]. Similarly, Castellani et al. [10] and 

Stone et al. [9] observed faster wound improvement in 

patients treated with fish skin grafts compared with 

standard dressings. Staubach et al. also confirmed 

accelerated epithelialization in pediatric burn patients 

treated with AFS [15]. Moreover, Wallner et al. reported 

reduced pain and itching in patients treated with fish 

skin grafts [17]. In contrast, flap and free flap 

procedures are often associated with noticeable scarring 

and poor cosmetic results, which may lead to 

psychological distress in patients [18]. AFS provides a 

biologically active collagen matrix enriched with 

omega-3 fatty acids that enhances granulation and 

epithelialization while maintaining a moist wound 

environment. This environment may also contribute to 

lower infection rates. In the trial by Dardari et al. [14], 

the rate of primary wound infection was comparable 

between groups (30.2% in the fish skin group vs. 24.6% 

in controls), indicating that fish skin grafting did not 

increase infection risk despite its biologic origin. AFS 

treatment has also been linked to decreased 

postoperative burden. Dardari et al. [14] found that 

patients treated with fish skin grafts demonstrated faster 

healing and required fewer clinical visits, indirectly 

reducing overall hospitalization time and treatment 

burden. Likewise, Benedict et al. [4] and Castellani et 

al. [10] reported reduced dressing frequency with this 

method. Moreover, patients experienced lower pain 

scores, which may be attributed to the protective moist 

interface of the graft. In addition, Dardari et al. [14] 

reported that patients treated with fish skin grafts 

experienced lower pain intensity during the healing 

process, likely due to the graft’s protective moist 

environment and reduced dressing frequency. Overall, 

our findings support AFS as a practical, effective, and 

less invasive alternative for wound reconstruction in 

selected burn patients, particularly in settings where flap 

or free flap procedures are not feasible. Its favorable 

healing profile, low infection risk, and reduced patient 

burden make it a promising adjunct to burn care. 

This study has several limitations. The small sample 

size and single-center case series design limit the 

generalizability of the findings. The absence of a control 

group prevents direct comparison with standard flap or 

grafting techniques. Additionally, the relatively short 

follow-up period restricts long-term outcome 

assessment. Future controlled studies with larger patient 

populations are needed to validate these results and 

establish standardized protocols. The two-stage 

reconstruction technique using AFS xenograft followed 

by STSG demonstrated effective and reliable wound 

coverage in patients with fourth-degree burns and bone 

exposure. This approach facilitated rapid granulation, 

reduced infection risk, minimized pain, and decreased 

the frequency of dressing changes and hospital stay 

compared with conventional flap procedures. The 

outcomes in this case series indicate that AFS can serve 

as a biologically active and less invasive alternative for 

bone-exposed burn reconstruction, particularly when 

flap or free-flap options are limited or contraindicated. 

Further large-scale controlled studies are recommended 
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to confirm these findings and to define standardized 

clinical protocols for optimal use of AFS in complex 

burn management. 
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