
INTRODUCTION 
Burn injuries account for approximately 1% of the non-fatal 
injuries in the United States each year, which translates 
to nearly 500,000 patients annually requiring medical 
care for burns.1 Approximately 10% of these cases require 
hospitalization.2  Although mortality associated with burns 
has dramatically decreased, largely due to changes in patient 
and burn characteristics and advancements in burn care, the 
complex management of burn injuries can lead to prolonged 
hospital stays, heavy resource utilization, and patient 
morbidity.2,3

Treatment of burn wounds is a complex process and presents 
several challenges to the burn team.  The standard of care for 
deep-partial-thickness and full-thickness burn wounds is 
autologous split-thickness skin grafts which has significant 
drawbacks, including pain, infection, delayed healing, and 
scarring.3,4 All of these factors can lead to increased hospital 
length of stay for the patient.3

Burn management has evolved over time, with new 
technologies and treatment paradigms resulting in improved 
outcomes.3 These technologies have included cultured  

epithelial autografts, skin cell suspensions, and dermal 
substitutes.5 

WOUND HEALING PATHWAY
Understanding of the basic mechanisms in the healing 
pathway and how to regulate these processes for faster 
healing or to avoid negative outcomes such as infection or 
scarring are fundamental to wound care.

The pathway for normal wound healing consists of 
three overlapping steps: inflammation, proliferation, 
and remodeling (Figure 1).6 The inflammatory phase 
encompasses the first several days after a burn and is 
characterized by a pronounced immune response, including 
production of cytokines and recruitment of inflammatory 
cells to activate wound repair. Under normal circumstances, 
inflammation decreases, and the wound progresses through 
the proliferative phase, lasting several weeks, and involves 
activation of keratinocytes and fibroblasts in order to achieve 
wound closure. The remodeling phase, which can last for 
years, involves the production of mature collagen, elastin, 
and fibroblasts to complete wound healing.7 

Figure 1. Phases of Wound Healing6
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CHALLENGES OF WOUND HEALING IN BURNS
The primary goal of burn treatment is rapid and efficient 
wound closure in order to re-establish the barrier function 
of the skin and optimize long-term outcomes.5,8,9 Treatment 
of burn wounds depends on the depth and extent of the 
wounds. Superficial burns tend to heal independently, 
while burns extending deeper into the dermis may require 
surgical intervention for wound closure.5 Factors such as 
thin skin in individuals including the elderly,  difficult to treat 
anatomic locations and compromised patients, contribute 
to severity of injury.5 More extensive burns require excision 
and treatment with skin grafts to achieve definitive wound 
closure, often after a period of watching and waiting to 
determine how much of the burn will heal on its own.5 

Autografting of burn wounds has significant drawbacks, 
including pain, infection, and delayed healing, leading to 
longer hospital stays.7 The ability to treat patients early with 
the subsequent impact on time to healing and discharge, 
facilitates a reduction in many of the challenges experienced. 
These are detailed below.  Also, patients may experience 
hypertrophic scarring, a phenomenon of dysregulated 
collagen formation, and reduced elasticity in the healed skin. 
Up to 70% of patients develop hypertrophic scars that can 
lead to contractures, itch, and pain.7 

TIMELY HEALING IS CRITICAL IN 
MANAGING SCARRING
Hypertrophic scars can reduce quality of life and delay 
reintegration into society due to the physical and 
psychosocial sequelae associated with these scars.7,10 
Scarring can influence many aspects of life, including range 
of motion, sleep, desire to hide scars, and unhappiness with 
skin discoloration.7

Studies have demonstrated that a number of factors can 
increase the risk of developing hypertrophic scarring, 
including darker skin pigmentation (Figure 2), multiple 
surgical procedures to treat burns, and prolonged time to 
healing.11,12

Time is an important consideration when establishing the 
treatment plan to obtain wound closure. Approaches that 
focus on healing burn wounds prior to 21 days post-burn 
may reduce hypertrophic scarring risk.12 However, newer 
research suggests that hypertrophic scarring can occur even 
when healing is achieved as early as day 8 post-burn, and the 
risk of scarring increases cumulatively each additional day a 
burn wound remains open (Figure 3).11

BURN WOUNDS AND RISK OF INFECTION
Patients with burns, particularly large and deep burns, are 
at an increased risk of infection. Primary risk factors include 
age (elderly patients are more susceptible to infection), 
altered immune status, and the use of meshed grafts to 
treat the burn.5-7 Localized infections can result in delayed 
wound healing, increased risk of scarring, and extended 
hospital stays.13,14 Early wound closure of epidermis remains 
an important goal for long-term control of microbial 
contamination and infection of burn wounds.11

DONOR SKIN AVAILABILITY
The use of split-thickness skin grafts effectively increase 
the total body surface area of open wounds through creation 
of the donor sites, which impose their own wound-healing 
burden.6 This is particularly relevant for compromised 
patients.  Solutions to overcome this challenge include 
grafting in stages while using temporary coverage as the 
donor sites heal to enable re-harvest or widely meshed grafts 
to expand the use of available donor skin.5,7 However, these 
approaches present their own challenges, including donor 
site pain and morbidity, longer healing times, and increased 
risk of infection and scarring.4,7

PAIN
Patients with burn wounds experience pain from several 
sources, including the burn itself, pain from the donor site, 
and pain associated with dressing changes. Surveys of 
patients indicated that pain could be at its highest during 
dressing changes, leading to a pain and anxiety cycle as the 
wounds heal (Figure 4).15,16

LENGTH OF STAY 
All the factors discussed above  influence length of stay and 
include the size and depth of the burn injury, initial decision 
time point for treatment, number of surgical procedures 
needed to close the wound, infection, donor skin availability, 
and the need for pain management for both the wound itself 
and the donor site.6,17 

Length of stay for burn injuries is correlated with the size of 
the burn area, typically 1 day for every 1% (TBSA).17 Reducing 
hospital length of stay is especially important in relieving the 
strain on critical care beds by discharging patients early. 

Phase Inflammatory Proliferation Maturation

Timeline Several days Several weeks Up to 2 years

Characteristics vasodilation 
edema

wound closure 
revascularization

wound maturing 
scarring

Key cells/cellular factors
neutrophils 
monocytes 
macrophages

keratinocytes 
fibroblasts

collagen, 
elastin, 
fibroblasts

Figure 3. 
Impact of Time to Healing on Scarring Risk11

SUMMARY AND CONCLUSION
Treatment of burn wounds is a complex process and presents several challenges to the burn team. The 
primary goal of burn treatment is rapid and efficient wound closure, which can be accomplished in a number 
of ways. The standard of care has significant drawbacks, including pain, infection, delayed healing, and 
scarring. All of these factors can lead to increased hospital length of stay for the patient.

Figure 2. The Fitzpatrick Scale and Impact of Skin Pigmentation on Scarring Risk11

TYPE VI

Black, very dark 
brown to black

Never burns, 
tans very easily, 

deeply pigmented

TYPE V

Brown, 
dark brown

Very rarely burns, 
tans very easily

TYPE IV

Olive, 
moderate brown

Rarely burns, 
tans with ease to 
moderate brown

TYPE II

Medium, 
white to olive

Sometimes mild burn, 
gradually tans to olive

TYPE II

White, fair

Usually burns, 
tans with difficulty

TYPE I

Light, pale white

Always burns, 
never tans

Lower risk of hypertrophic scarring Higher risk of hypertrophic scarring

Figure 4. 
Cycle of Pain and Anxiety in Burn Patients
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