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Severe burn injuries are maybe not the most common injuries occurring on a daily basis; how-
ever, it is estimated that within North America approximately 300,000–500,000 patients are 
hospitalized annually due to a burn-related injury and that worldwide approximately 500,000–
1,000,000 people die due to a burn-related injury. Once a burn injury has occurred, it is one of 
the most severe forms of any injury, inducing a complex cascade of various responses includ-
ing inflammatory, hypermetabolic, immune, as well as infectious responses. These responses 
interact with each other and are extremely complex and difficult to treat. Specialized centers, 
protocolized treatment, multi-center trials, and close collaborations improved morbidity and 
mortality after severe burn injury over the last two decades. However, a vast morbidity and 
mortality postburn still occur and represent one of the major problems in burn treatment.

One of the major characteristics of burn injury that has been evolving over the last decade 
is that a burn injury is not treated and healed once the wounds are healed. This used to be a 
landmark that no longer exists. Various studies have indicated that a burn injury and its patho-
physiologic sequelae persist for at least 5–10 years, and not only in terms of scarring, infection, 
metabolism, and various other responses. Therefore, this leads to the importance of the current 
two volumes of these burn books. It has been speculated and hypothesized that early interven-
tion and alleviation of these detrimental responses benefit in terms of clinical outcomes; there-
fore, the individual book chapters focus on the treatment and complexity of each of these 
responses to improve outcomes.

We re-edited and worked over the two books to include novel aspects of burn. We now focus 
more on quality of life, mental health, and novel technologies. The up-to-date chapters provide 
evidence-based medicine and current state-of-the-art treatments for any practitioner dealing 
with acute burn wounds, chronic burn wounds, and all other types of burn wounds. The second 
volume will then delineate the importance for long-term treatment as it describes the recon-
structive and alternative approaches of long-term treatments postburn.

This is unique and therefore will hopefully improve the outcome of burn patients by guiding 
various kinds of burn practitioners from nursing, physicians, occupational therapy, physical 
therapy, pharmacy, and so forth. The focus of each chapter is not only to give an overview but 
also to “summarize” current best treatments and to make it easy for each reader to easily access 
the treatment options and knowledge.

We hope that these books will raise as much enthusiasm as it has for its contributors.

Graz, Austria Lars-Peter Kamolz 
Toronto, ON, Canada  Marc G. Jeschke 
Erlangen, Germany  Raymund E. Horch 
Berlin, Germany  Markus Küntscher 
Brno, Czech Republic  Pavel Brychta  
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Acute Stress Disorder and Post- 
traumatic Stress Disorder in Individuals 
Suffering from Burn Injury

Brent W. Smith and Walter J. Meyer

1.1  Introduction

Burn injuries present unique social, emotional, and behav-
ioral challenges to many burn survivors. While some burn 
survivors experience few, if any, negative psychological 
reactions, others experience increases in anxiety, poor body 
image, sleep disturbances, post-traumatic stress, and other 
difficulties. Even relatively small, superficial burn injuries 
may result in elevated levels of psychological distress in the 
short term. Poor psychological functioning in burn survivors 
is associated with a number of poor social and psychological 
outcomes, and can negatively impact motivation and treat-
ment adherence. Effective management of psychological 
distress allows burn survivors to more fully focus on their 
recovery and to resume a normal life.

While burn survivors may experience many types of psy-
chological distress, a common form of distress for both 
adults and children involves traumatic stress. This chapter 
will discuss two diagnoses associated with traumatic stress: 
acute stress disorder and post-traumatic stress disorder. An 
overview of factors related to these disorders will be pre-
sented, including common comorbid disorders and risk fac-
tors. Evidence-based assessment measures and treatment 
modalities (both pharmacological and non-pharmacological) 
will be discussed. The chapter ends with a brief overview of 
post-traumatic growth and future research directions.

1.2  Definition and Symptoms

Traumatic events are defined as “shocking and emotionally 
overwhelming situations that may involve actual or threat-
ened death, serious injury, or threat to physical integrity” [1]. 
Reactions to traumatic events, such as burns, vary consider-
ably from person to person. Many individuals experience 
symptoms of traumatic stress. Such symptoms include anxi-
ety, fear, nightmares, intrusive thoughts, re-experiencing the 
trauma, sleep difficulties, and hypervigilance, among others. 
Traumatic stress reactions following a burn may be relatively 
mild and transient. For example, a child may experience 
intense anxiety and may frequently express fear about the 
event, but these symptoms may quickly subside over the 
course of a few days. Alternatively, some burn survivors 
experience functional impairment due to numerous intense, 
lasting traumatic stress symptoms. These individuals may 
warrant a diagnosis of either Acute Stress Disorder (ASD) or 
Post-Traumatic Stress Disorder (PTSD) depending on the 
number and severity of the symptoms, as well as the amount 
of time that has passed since the event. ASD is a relatively 
new diagnosis, first recognized in the DSM-IV in 1994. 
PTSD has been recognized as a disorder since 1980, first 
appearing in the DSM-III. Tables 1.1 and 1.2 provide a sum-
mary of the diagnostic criteria for ASD and PTSD according 
to the DSM-5. For full diagnostic criteria practitioners should 
consult the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5) [2].

The criteria for these disorders are similar in many ways, 
although dissociative symptoms are given greater emphasis 
in the ASD criteria. The core difference between the two dis-
orders is one of timing: ASD is diagnosed within 30 days 
following the traumatic event, while PTSD is diagnosed 
when symptoms have been present more than 1 month.

It should be noted that failure to meet full diagnostic cri-
teria for ASD or PTSD does not indicate lack of clinically 
significant risk and/or distress. Subthreshold PTSD symp-
toms are associated with a number of negative outcomes, 
including functional impairment, depression, and suicidal 
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Table 1.1 Acute stress disorder

Criterion A (required) Exposure to actual or threatened death, serious injury, or sexual violation
Criterion B (nine 
required)

Presence of the following symptoms from any of the five categories of intrusion, negative mood, dissociation, 
avoidance, and arousal
Intrusion symptoms
  • Recurrent, involuntary, and intrusive distressing memories
  • Recurrent distressing dreams related to the event
  • Dissociative reactions (e.g., flashbacks) in which the individual feels or acts as if the traumatic event were 

recurring
  •  Intense or prolonged psychological distress or marked physiological reactions in response to triggers related 

to the event
Negative mood
  • Persistent inability to experience positive emotions
Dissociative symptoms
  • Altered sense of the reality of one’s surroundings or oneself
  • Inability to remember an important aspect of the traumatic event
Avoidance symptoms
  •  Efforts to avoid distressing memories, thoughts, or feelings about or closely associated with the traumatic 

event
  • Efforts to avoid external reminders that arouse distressing memories, thoughts, or feelings about the event
Arousal symptoms
  • Sleep disturbance
  •  Irritable behavior and angry outbursts, often expressed as verbal or physical aggression toward people or 

objects
  • Hypervigilance
  • Problems with concentration
  • Exaggerated startle response

Additional requirements 
(all required)

  • Symptoms occur within 3 days to 1 month
  •  Symptoms create distress or functional impairment (e.g., social, occupational)
  •  Symptoms are not due to medication, substance use, or other illness

Table 1.2 Post-traumatic stress disorder

Criterion A (one 
required)

The person was exposed to: death, threatened death, actual or threatened serious injury, or actual or threatened 
sexual violence, in the following way(s):
  • Direct exposure to the event
  • Witnessing the trauma
  • Learning that a relative or close friend was exposed to a trauma
  • Indirect exposure to aversive details of the trauma, usually in the course of professional duties

Criterion B (one 
required)

The traumatic event is persistently re-experienced, in the following way(s):
  • Intrusive thoughts
  • Nightmares
  • Flashbacks
  • Emotional distress after exposure to traumatic reminders
  • Physical reactivity after exposure to traumatic reminders

Criterion C (one 
required)

Avoidance of trauma-related stimuli after the trauma, in the following way(s):
  • Trauma-related thoughts or feelings
  • Trauma-related reminders

Criterion D (two 
required)

Negative thoughts or feelings that began or worsened after the trauma, in the following way(s):
  • Inability to recall key features of the trauma
  • Overly negative thoughts and assumptions about oneself or the world
  • Exaggerated blame of self or others for causing the trauma
  • Negative affect
  • Decreased interest in activities
  • Feeling isolated
  • Difficulty experiencing positive affect

Criterion E (two 
required)

Trauma-related arousal/reactivity that began or worsened after the trauma, in the following way(s):
  • Irritability or aggression
  • Risky or destructive behavior
  • Hypervigilance
  • Heightened startle reaction
  • Difficulty concentrating
  • Difficulty sleeping

Additional 
requirements (all 
required)

  • Symptoms last for more than 1 month
  • Symptoms create distress or functional impairment (e.g., social, occupational)
  • Symptoms are not due to medication, substance use, or other illness

B. W. Smith and W. J. Meyer
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ideation [3]. In addition, several studies have indicated that 
the criteria for ASD may be overly strict, and that many chil-
dren who do not qualify for a diagnosis of ASD nonetheless 
report clinically significant post-traumatic stress [4, 5]. 
Treating providers should ensure that traumatic stress 
 symptoms are treated in all burn survivors, not just those 
who meet criteria for a diagnosis of ASD or PTSD.

1.3  Prevalence

Both ASD and PTSD are frequently diagnosed following a 
traumatic event. Prevalence of each disorder varies by sev-
eral factors, including sex and type of traumatic event [6]. 
Both diagnoses are relatively common in burn survivors, as 
well as in the parents of children who have been burned.

1.3.1  ASD

Various studies have found rates of ASD in adults following 
a traumatic event to range from 6% to 33% [7]. Similar to 
adult findings, various rates of ASD in children have been 
found depending on the traumatic event. Child survivors of 
motor vehicle accidents show rates of ASD from 8% to 17%, 
while 21% of child victims of assault developed the disorder 
[4, 8]. Significant numbers of children and adults exposed to 
trauma may develop subsyndromal ASD [4, 9]. One weak-
ness in the literature on ASD is the scarcity of studies using 
DSM-5 criteria. Only one published study investigating ASD 
prevalence in a youth sample using updated DSM-V criteria 
was identified, where 14.2% of children admitted to an emer-
gency department following a traumatic event met DSM-V 
criteria for ASD [5].

ASD is relatively common in burn survivors. In adult burn 
survivors, researchers have found rates of ASD ranging from 
2% to 30% [10, 11]. In children who have sustained burns, 
rates of ASD ranging from 8% to 31% have been found [12, 
13]. These rates of ASD persist despite regimented medica-
tion management for anxiety [12]. However, existing studies 
of ASD in adult and pediatric burn survivors utilize DSM-IV 
criteria. More research on DSM-5 ASD prevalence in burn 
populations is needed.

1.3.2  PTSD

In contrast to ASD, there is an abundance of research regard-
ing PTSD in both adults and children. Lifetime PTSD rates 
range from 6% to 9% in the USA, with PTSD rates increas-
ing substantially for individuals exposed to multiple trau-
matic events [6]. Fortunately for survivors, PTSD symptoms 
tend to decrease over time. A review of longitudinal studies 

found a mean prevalence rate of PTSD of 29% 1 month fol-
lowing a generic trauma, which decreased to 17% 12 months 
later [14]. However, while most individuals experience a 
reduction of symptoms over time, a minority of those diag-
nosed with PTSD continue to experience chronic post- 
traumatic symptoms. About 16% of children and adolescents 
develop PTSD following a traumatic event [15]. Similar to 
adults, rates of PTSD in children vary according to type of 
trauma, with interpersonal trauma resulting in PTSD rates of 
up to 33% in females [15].

PTSD is a common diagnosis in burn survivors, although 
it appears to be more common in adult burn survivors than in 
children. PTSD may originate from the traumatic experience 
of being burned, but may also be related to the trauma of 
painful procedures (such as bathing/debridement) and severe 
physical complications (e.g., frequent pain, contractures, 
severe scarring) which occur post-burn [16]. In adult burn 
survivors, the prevalence of PTSD varies with the amount of 
time that has elapsed since the burn. Between 3% and 35% 
of adults develop PTSD during hospitalization, while up to 
40% meet criteria for PTSD 3–6 months post-burn, 9–45% 
meet criteria for PTSD 1 year post-burn, and 7–25% meet 
criteria for PTSD more than 2 years post-burn [11]. Rates of 
PTSD in child burn survivors range from 2% to 19% [17, 
18]. PTSD can even occur in very young children, with 10% 
of young burn survivors (aged 1–4 years old) diagnosed with 
the disorder [19].

For practitioners working with children, it is important to 
recognize that parents and other caregivers are at high risk 
for both ASD and PTSD. Researchers have found rates of 
clinically significant acute stress in up to 50% of mothers 
and 27% of fathers in the first month following a child’s 
injury [20]. Significant post-traumatic stress symptoms con-
tinue in many parents as their child heals, with 47% of par-
ents experiencing such symptoms 3 months post-burn [21]. 
High levels of anxiety in parents, in turn, are related to 
increased parent–child conflict [21], which may lead to 
increased distress in the child. Clinicians should be aware of 
the high likelihood of post-traumatic stress symptoms in par-
ents, and should encourage parents to seek support and men-
tal health treatment in order to ensure that they are 
psychologically healthy and able to support their recovering 
child.

1.4  Comorbidity

PTSD is highly comorbid with other psychological disor-
ders, with a lifetime history of at least one other disorder 
present in 79% of women with PTSD and 88% of men with 
PTSD [22]. The most common comorbid disorders include 
depressive disorders, other anxiety disorders, and substance 
use disorders [23]. PTSD is also strongly associated with 

1 Acute Stress Disorder and Post-traumatic Stress Disorder in Individuals Suffering from Burn Injury
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suicidal behavior, even when controlling for other mental 
disorders [24]. In children, comorbid conditions can include 
anxiety, mood, sleep, learning, attention, and conduct prob-
lems [25].

The comorbidity of PTSD with other disorders is unclear 
in burn populations. However, burn survivors frequently 
experience other types of psychological distress, including 
depression, anxiety, adjustment difficulties, and impaired 
body image. Further research is needed on comorbidity of 
PTSD and ASD with other psychiatric disorders.

1.5  Risk Factors for the Development 
of Post-traumatic Stress

Several pretrauma risk factors for PTSD have been identified 
following a general traumatic event, including sex (women 
are up to twice as likely as men to develop PTSD following 
a traumatic event), prior trauma exposure, pretrauma mental 
health disorders, and personality factors, such as neuroticism 
and avoidant coping [6, 26]. PTSD is also inversely corre-
lated with household income [27]. The intentionality of the 
traumatic event is important in the development of PTSD, 
with victims of an intentional trauma (e.g., an assault) more 
likely to develop PTSD than individuals exposed to a non- 
intentional trauma (e.g., a natural disaster). While this find-
ing was not specific to burn-related trauma, it is likely that 
individuals who have been intentionally burned are at a 
higher risk of developing post-traumatic stress, although fur-
ther research in this area is needed. After the traumatic event, 
individuals with PTSD are at higher risk for substance use 
disorders, as they may attempt to self-medicate the painful 
symptoms of PTSD [23].

A number of risk factors specific to the development of 
post-traumatic stress symptoms in burn survivors have been 
identified. The perceived threat to one’s life during the trau-
matic event was found to be the most powerful predictor of 
adult post-traumatic stress in a recent review of the burn lit-
erature [11]. Moderately predictive factors included intru-
sion symptoms during acute care and severity of pain. Other 
predictive factors include low socioeconomic status, being 
unmarried, a history of previous psychiatric disorders, dis-
sociative episodes during the burn injury event, and the 
development of additional mental health problems during the 
acute care period [11]. Appearance-related distress is also 
linked to a number of post-traumatic stress symptoms, nota-
bly intrusive thoughts and hyper-arousal [28]. In children, 
body image concerns are directly related to the development 
of post-traumatic stress, as are poor support systems and 
parental stress [13, 29, 30]. Burn size and type do not appear 
to be particularly predictive of PTSD [11, 31].

Alternatively, several protective factors have been identi-
fied which reduce the likelihood of developing a post- traumatic 

stress-related disorder following a burn injury. These protec-
tive factors include good social functioning, positive relation-
ships, absence of feelings of shame, engagement in leisure 
activities, and positive appraisals about the future [11]. In our 
experience, small, close-knit communities also appear to serve 
as protective factor, possibly due to the large amount of social 
support received from such communities.

Of note, many studies have found that a diagnosis of ASD 
is only moderately useful in predicting later PTSD in non- 
burn populations [4, 5, 32]. This holds true for pediatric burn 
populations as well, with the prevalence of PTSD similar in 
children who had significant ASD symptoms and those who 
did not [33, 34]. In adult burn populations, however, research-
ers have found ASD to be predictive of later PTSD [10, 35, 
36]. Dissociative [36] and avoidant [10] symptoms of ASD 
are particularly predictive of later PTSD in adults.

1.6  Assessment

When assessing ASD and PTSD in burn survivors, it is impor-
tant to utilize a multi-method, multi-informant approach. 
While various types of validated screening instruments and 
semi-structured interviews are useful for obtaining a greater 
understanding of post-traumatic symptomatology, no one 
measure should be relied upon for diagnosis. Patients may 
minimize symptoms due to fears of stigmatization, or may 
lack insight into their behavior. Validated measures are best 
used along with a clinical interview, observation of patient 
behavior, and information from other sources as available 
(e.g., parent report, medical record, inpatient nursing obser-
vations). The US Department of Veteran Affairs’ National 
Center for PTSD keeps an updated list of trauma and PTSD 
assessment measures for children and adults, which can be 
found at https://www.ptsd.va.gov/professional/assessment/
all_measures.asp.

1.6.1  ASD

There is currently a relative lack of measures for assessing 
acute stress disorder based on updated DSM-5 criteria. For 
measures based on DSM-IV criteria, the Acute Stress 
Disorder Interview (ASDI) and Acute Stress Disorder Scale 
(ASDS) have been shown to have strong psychometric prop-
erties [37]. The ASDI is a structured clinical interview, while 
the ASDS is a self-report measure that correlates highly with 
symptom clusters found in ASDI [38, 39]. Both measures are 
based on adult samples and are not burn-specific measures.

There are several instruments utilized frequently in chil-
dren with burn injury, both of which are based on DSM-IV 
criteria. The Acute Stress Disorder Symptom Checklist [40] 
is 12-item instrument that was developed in a pediatric burn 
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intensive care unit to expedite the assessment of post- 
traumatic distress. This scale is for in-hospital use and does 
not assess avoidance. The Child Stress Reaction Checklist 
has a Burn Version (CSRS). It is a 36-item observer-report 
instrument that measures acute stress and post-traumatic 
symptoms in children [41].

When working with children, it is important to thoroughly 
interview both the caregiver and the child. Research involv-
ing non-burned children has found that parent–child agree-
ment on ASD symptoms is poor, with children more likely 
than parents to report disassociation and re-experiencing 
symptoms [42]. Parent reports were also about half as likely 
as child reports to meet diagnostic criteria for ASD [42]. 
Care should be taken to ensure that children are given the 
opportunity to report their symptoms.

1.6.2  PTSD

PTSD must be assessed carefully, as many symptoms over-
lap with other disorders. What differentiates PTSD from 
other disorders is (1) the presence of a traumatic event and 
(2) the relation of re-experiencing symptoms (e.g., flash-
backs, nightmares) to that event [6]. There are a number of 
updated evidence-based assessment measures for assessing 
PTSD based on DSM-5 criteria. Structured interviews for 
adults include the Clinician-Administered PTSD Scale for 
DSM-5 (CAPS-5), which is freely available online from the 
U.S.  Department of Veteran Affairs’ National Center for 
PTSD (www.ptsd.va.gov) [43], as well as the Structured 
Clinical Interview for DSM-5 (SCID-5) [44]. A commonly 
used self-report measure of PTSD symptomatology is the 
PTSD Checklist for DSM-5 (PCL-5), a 20-item measure 
which can be completed in 5–10 min [45]. Like the CAPS-5, 
the PLC-5 is freely available from www.ptsd.va.gov.

Structured interviews for children include the Clinician- 
Administered PTSD Scale for DSM-5—Child/Adolescent 
Version and the UCLA Child/Adolescent PTSD Reaction 
Index for DSM-5 [46, 47]. The PTSD Reaction Index is 
available in English, Spanish, and German. One freely avail-
able, easily administered measure based on DSM-5 criteria 
is the Child and Adolescent Trauma Screen (CATS) [48]. 
The CATS contains both self-report and parent-report ver-
sions and is suitable for children aged 3–17. It is available in 
English, German, Norwegian, and Spanish, with partial 
translations in several other languages [49]. For children 
who have been burned, the Burn Version of the Child Stress 
Reaction Checklist can assist in assessing post-traumatic 
stress symptoms [41].

In contrast to ASD, children and parents are more likely 
to agree on the prevalence of PTSD symptoms present in 
trauma-exposed children; however, there are still many dif-
ferences in child/parent perceptions of symptoms and symp-

tom severity [42]. It is important that both the child and the 
caregiver be interviewed before making a diagnosis of PTSD.

1.6.3  Assessment Considerations

When assessing post-traumatic stress, it is important to keep 
in mind several factors that can significantly impair the valid-
ity of the assessment results. These include impairments to 
the patient’s mental status and/or delirium, pain, time, and 
culture. In addition, practitioners may also be faced with 
considerations involving time constraints and cost.

1.6.3.1  Mental Status and Delirium
Delirium is a state which develops over a short period of time 
(hours to days) and which tends to fluctuate. It involves (1) 
disturbances in attention (e.g., difficulty sustaining, focus-
ing, or shifting attention) and awareness, as well as (2) 
changes in cognition, such as memory deficits, language or 
perceptual deficits, and disorientation [2]. There are rela-
tively few studies examining the prevalence rate of delirium 
in burned patients. The existing literature, however, indicates 
that delirium is common in the acute care phase. For exam-
ple, researchers found at least one episode of delirium occur-
ring in 77% of ventilated adult burn patients [50].

Patients who develop PTSD are more likely than those 
without the diagnosis to experience an episode of delirium 
[51]. Therefore, ascertaining the presence of delirium is 
important because, if left untreated, the experience can 
impact psychological recovery. Before proceeding with for-
mal psychodiagnostic assessment, it is essential to determine 
the individual’s mental status (e.g., orientation to person, 
place, and time). If the patient presents with a poor mental 
status (e.g., confused, not oriented), then delirium should be 
considered. Since the evaluation and treatment of delirium is 
very different from that of ASD or PTSD, distinguishing 
delirium is very important. Delirium can be formally assessed 
using validated measures such as the Confusion Assessment 
Method for the Intensive Care Unit (CAM-ICU) for adults 
[52], the Pediatric CAM-ICU for children ages 5–17 [53], 
and the Preschool CAM-ICU for children younger than 
5 years [54].

If symptoms of delirium are present, it is key to first rule- 
out potential medical causes (e.g., fever, metabolic disrup-
tion, blood pressure abnormalities, drug effects). Delirium is 
usually an early reaction that occurs during the immediate 
post-burn phase when patients may be intubated, heavily 
medicated with narcotic analgesics, overstimulated, or sleep 
and/or sensory deprived. These factors make reliable diagno-
ses of delirium difficult. In addition to medical causes, a 
patient’s pain level may also confound a diagnosis of delir-
ium. For this reason, adequate pain management must be 
vigorously addressed first. Pain-reducing medications, such 
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as opiates and methadone, are associated with a reduced risk 
of developing delirium, possibly through the reduction of 
pain [50].

1.6.3.2  Pain
Pain is often a large part of the post-burn experience and, if 
not controlled adequately, can be an overwhelming symp-
tom. The physical and psychological manifestations of pain 
symptoms can appear very similar to that of anxiety and/or 
depression [55]. Furthermore, increases in severity of pain 
and number of pain locations are associated with an increase 
in symptoms of depression and anxiety [56]. This relation-
ship is bidirectional, with increases in mood symptoms asso-
ciated with higher odds of disabling, limiting pain [57]. 
Control of pain decreases the stress response, lowering corti-
sol and catecholamines. Better pain management during the 
acute phase of care is associated with a reduction in post- 
traumatic stress symptoms [58, 59]. In addition, when pain is 
well managed, patients are better able to participate in the 
assessment process and are less likely to exhibit pain-related 
mood symptoms that can interfere with a diagnosis of PTSD 
or ASD.

1.6.3.3  Time
Finding adequate patient time to conduct an evaluation can 
be difficult, particularly in inpatient settings. Patients’ days 
are often very busy with surgeries, tubbing, rehabilitation, 
etc. To further compound this, medications given before and/
or during the activities can leave the patient fairly sedated or 
drowsy afterward. However, it is important to prioritize fre-
quent assessment of patients, as a significant portion of burn 
survivors, even those with small burn injuries, experience 
psychiatric symptoms [35, 60]. Mental health practitioners 
must work collaboratively with other members of the treat-
ment team to ensure the team understands the important 
nature of trauma-related screening and assessment, and that 
adequate time is reserved for such activities.

1.7  Treatment

Left untreated, post-traumatic stress can result in a number 
of problematic outcomes. In the acute phase, post-traumatic 
stress symptoms such as re-experiencing, dissociation, nega-
tive mood, and aggression can interfere with treatment of the 
patient’s wounds, physical and occupational therapy, and 
other aspects of the treatment regimen. In the long term, 
researchers have found that adults and children with untreated 
post-traumatic stress are likely to continue experiencing 
unwanted, disruptive post-traumatic stress symptoms [61, 
62]. In addition, they report lower than average quality of 
life, increased depressive symptoms, and higher health care 
costs [61, 62]. Thankfully, there are a number of psycho-

therapeutic and pharmacological therapies that have been 
proven effective in reducing post-traumatic stress symptoms 
in trauma survivors. Psychotherapy for PTSD leads to a large 
initial improvement from baseline, and more than half of 
patients who complete cognitive-behavioral-related treat-
ments experience significantly reduced symptomatology 
[63]. Treatment goals for those with ASD or PTSD symp-
toms include reducing symptom severity, preventing or treat-
ing trauma-related comorbid conditions, improving adaptive 
functioning, restoring a sense of safety, limiting generaliza-
tion of the danger experienced as a result of the traumatic 
event, and preventing relapse [64].

1.7.1  Initial Intervention

In the acute phase post-injury, the focus tends to be on crisis 
intervention. This can include supportive services, case man-
agement, and psychoeducation about the possible symptoms 
and course of post-traumatic stress. During this time, indi-
viduals are encouraged to rely on their innate strengths and 
support system. This alone may reduce the need for further 
psychological intervention [64].

Another aspect of early intervention includes frequent 
pain assessment and aggressive management of the patient’s 
pain and anxiety. Ratcliff et al. [12] found a 25% reduction in 
the incidence of ASD with pediatric burn patients since the 
implementation of a structured pain protocol. In addition, 
these researchers found that an increase in the use of mor-
phine and benzodiazepine across an eight-year span was cor-
related with a simultaneous decrease (from 12.1% to 8.7%) 
in PTSD symptoms. This benefit of managing pain with 
higher doses morphine was also confirmed in a later study 
conducted with very young children [59].

1.7.2  Cognitive-Behavioral Therapies

The prevailing method of treatment for post-traumatic dis-
tress has been psychotherapy. A large body of research indi-
cates that interventions based on cognitive-behavioral 
principles are the most effective form of psychotherapy [65]. 
These interventions include cognitive processing therapy 
(CPT), prolonged exposure (PE), eye movement desensitiza-
tion and reprocessing (EMDR), and for children, trauma- 
focused cognitive-behavioral therapy (TF-CBT) [65–68].

A large component of each of these therapies involves 
exposure. Patients are exposed in a gradual manner to a 
feared stimulus, most often the memory of the traumatic 
event itself or stimuli surrounding the traumatic event (e.g., 
sights, sounds, or smells). This exposure may be done in vivo 
or through imaginal procedures. In vivo exposure involves 
presenting the client with the actual feared stimulus. 
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Examples include a child who was burned in a fire involving 
isopropyl alcohol gradually learning to open, smell, and then 
touch an alcohol wipe; or a child traumatized by her post- 
burn bathing procedures gradually unlearning her fear of 
water/bathing. Imaginal exposure is more commonly used 
and may take many forms, including storytelling, writing, 
and imagining re-experiencing the traumatic event. During 
exposure exercises patients use a variety of techniques, 
depending on the therapeutic approach, to modulate their 
emotions, relax their bodies, and more adaptively process the 
event cognitively. Ideally, survivors’ feelings of safety and 
competence are increased during this process, as feared stim-
uli transition from overwhelming and terrifying to manage-
able, if still unpleasant.

While exposure is a large component of the treatment of 
PTSD, is does not occur in isolation. Treatment typically 
begins with psychoeducation, which helps patients under-
stand what post-traumatic stress is and how it is commonly 
experienced following a traumatic event. Psychoeducation 
may also instill hope, as patients learn about the effective-
ness of treatment. Treatment also generally involves relax-
ation strategies, which are taught and practiced before any 
repeated exposure begins. Such strategies may include 
 diaphragmatic breathing, progressive muscle relaxation, 
and/or mindfulness techniques, and allow the patient to mod-
ulate certain physiological and psychological symptoms 
related to trauma exposure. Finally, treatment involves 
addressing distorted or maladaptive thoughts through cogni-
tive restructuring, socratic questioning, thought classifica-
tion, and other methods commonly used in general 
cognitive-behavioral therapy.

A few modifications are made when treating children 
with a TF-CBT approach. First, when working with chil-
dren, it is essential that a parent or some other stable, 
trusted adult is involved in treatment. Researchers have 
long found the presence of competent adult caregivers to 
be a protective, supportive buffer for children who have 
experienced trauma [69, 70]. Exposure components of 
TF-CBT should generally not be engaged in until safety is 
established (e.g., the patient is no longer in the acute stage 
of recovery). In addition, skills related to relaxation, 
affect modulation, and cognitive coping should be taught 
and repeatedly practiced before beginning exposure exer-
cises begin. Parents and other caregivers, including 
nurses, physical and occupational therapists, and other 
professionals, can assist in reinforcing some of these 
strategies after being educated by the treating clinician. In 
contrast to exposure, these components of TF-CBT are 
often appropriate to begin during the acute stage, pro-
vided the patient is cognitively intact.

Finally, clinicians are encouraged to assess post-traumatic 
stress symptoms with a standardized assessment instrument 
at baseline and periodically throughout treatment. This 

allows clinicians to ensure that patients are making measur-
able progress during treatment. If patients are not making 
progress or begin showing prolonged increases in symptom-
atology, alternative forms of treatment should be considered. 
Temporary increases in anxiety and fear should be expected 
shortly before beginning exposure exercises; however, these 
symptoms should remit after the exposure exercise has been 
completed. It can be helpful to draw patients’ attention to the 
ways in which their fear/anxiety levels typically lessen as a 
function of exposure.

1.7.3  Other Psychosocial Interventions

While cognitive-behavioral therapies have been the most rig-
orously tested and have been proven effective in reducing 
post-traumatic stress symptoms, a number of other 
approaches are available for individuals who are either 
unsuitable for cognitive-behavioral treatment due to vari-
ables such as age or intellectual functioning, or who do not 
respond to cognitive-behavioral intervention.

Very young children may not have the verbal skills, cog-
nitive development, or self-awareness needed to participate 
in CBT. For these children, play therapy may be more devel-
opmentally appropriate [71]. This approach allows indirect 
or symbolic expressions of emotion and events through the 
use of dolls, toys, art, and/or music. Play therapy can be con-
sidered an age-appropriate form of exposure therapy.

Interpersonal psychotherapy (IPT) is a time-limited, 
evidence- based intervention for depression [72]. In recent 
years, researchers have found that IPT can be effective in 
reducing post-traumatic stress symptoms. A randomized 
14-week control trial compared IPT to prolonged exposure 
in adults, and found both were effective in reducing post- 
traumatic stress symptoms [67]. In addition, dropout rates 
among individuals with a comorbid diagnosis of depression 
were much lower for the IPT group (20%) than the PE group 
(50%). While IPT has not yet been studied in burn popula-
tions, it may be useful as an alternative approach for burn 
survivors who do not respond to other, more well-established 
treatments.

Finally, providing burn survivors with a strong support 
system is crucial in both acute and long-term recovery [30]. 
While it can be difficult for friends and family to see their 
loved one suffering, the emotional support they provide is 
extremely important to the patient’s psychological recovery. 
Family and friends, particularly parents of pediatric patients, 
can also be trained to assist in specific types of psychosocial 
support, such as providing support and grounding to the 
patient during flashbacks or when he/she experiences intru-
sive images, reminding the patient to use relaxation skills, 
and prompting the patient use learned CBT skills (positive 
self-talk, reframing, etc.).
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1.7.4  Medication

Acutely burned patients may initially not be able to fully 
engage in psychotherapy. Robert et  al. [40] stated that the 
“acutely burned patient is often too physically impaired to 
engage in counseling, unable to focus cognitively, develop-
mentally unable to process emotions verbally, or too distraught 
or agitated to verbalize emotions. Thus, psychopharmacologic 
treatment may be the only option” (p.  255). Medications, 
while not originally developed for treatment of ASD/PTSD, 
can be helpful in controlling these symptoms [2, 73].

After the Vietnam War, PTSD was recognized as a major 
sequelae of the war and a need for treating thousands of 
troops was appreciated. At the same time, a number of new 
antidepressants became available. These medications proved 
to be effective in treating the symptoms of PTSD. Tricyclic 
antidepressants, such as imipramine, and monoamine oxi-
dase inhibitors were effective in some studies at 67–100% 
[74–76]. In the 1990s, the selective serotonin reuptake inhib-
itor (SSRI) fluoxetine was introduced as therapy and also 
found to be effective [77–79]. That was followed by other 
SSRIs and serotonin norepinephrine reuptake inhibitors 
(SNRIs) were also found to be effective [80–83]. The only 
SSRIs that have been supported consistently by double blind 
placebo control studies have been sertraline and paroxetine 
and the one SNRI similarly supported is venlafaxine [80, 
84]. Fluoxetine has received only inconsistent support [85].

In addition, imipramine and fluoxetine have been found to 
significantly reduce ASD symptoms in more than 80% of the 
subjects [86]. In that study of 130 children, children with 
very large burns (>60% TBSA) did not respond as consis-
tently as those with smaller burns. Robert et al. [40] demon-
strated that imipramine was superior to chlorohydrate. 
However, the benefit of antidepressants could not be repli-
cated in a subsequent study utilizing a randomized double 
blind match controlled study which compared medication 
with placebo [87]. This study suggests that ASD will often 
disappear on its own without intervention. Perhaps the 2 days 
of symptoms required for the diagnosis is not long enough to 
substantiate the diagnosis of ASD.

For symptoms of ASD and PTSD, SSRIs, because of their 
safety, are often the first medication utilized [80, 88]. There 
is also evidence to suggest that benzodiazepines and/or mor-
phine will also reduce such symptoms [89]. However, the use 
of benzodiazepines has produced mixed results [90]. In our 
experience, burn patients often develop symptoms of ASD 
and/or PTSD in spite of receiving benzodiazepines for anxi-
ety at that time [40]. Anticonvulsants have been used as 
second- line medications [91, 92]. Depakote has not been 
found to be helpful [93]. Antipsychotics like risperidone has 
been reported to be an effective adjunctive therapy for 
patients receiving SSRI [94–97]. These results have not 
always been reproducible [91]. Pregabalin has been used to 

augment antidepressants for PTSD [98]. Sedative antide-
pressants such as mirtazapine can effectively augment SSRI 
therapy of PTSD, particularly the associated sleep problems 
such as nightmares [86]. Other types of medications such as 
quetiapine or prazosin can fulfill the same role [99, 100]. 
Quetiapine has also been effective by itself in the treatment 
of PTSD [101–103].

The immediate post-trauma administration of adrenergic 
antagonists, such as propranolol, has demonstrated mixed 
results in the short and long term. The theory behind utilizing 
a medication such as propranolol is based on the idea that 
post-traumatic stress is characterized by atypical neuronal 
activation [104]. Interrupting the brain and nervous systems’ 
natural reaction to “overlearn” the physiological response to 
a memory may be beneficial in the treatment of ASD/PTSD 
[105, 106]. This pairing of non-threatening stimuli with 
unpleasant stimuli is thought to be increased by prolonged 
production of beta-adrenergic chemicals [107]. Studies to 
date are limited and have found mixed results on the benefit 
of propranolol on ASD and PTSD in adults and children 
(e.g., [95, 108–111]). Failure to demonstrate an effect may 
be in the timing of propranolol administration. The closer to 
the time of the trauma the more effective it seems to be. 
Using a different class of medication, sertraline, Stoddard 
et  al. have attempted to block the starting of ASD [112]. 
Their double blind placebo controlled study administered 
25–150  mg/day in 6–20-year-olds for a 24  week period. 
They did demonstrate that the sertraline was more effective 
than placebo in preventing ASD symptoms. Further studies 
are definitely needed.

1.8  Post-traumatic Growth

While a burn can result in significant psychosocial difficul-
ties, many individuals also experience personal and social 
growth as a result of such traumatic injuries. Such growth is 
termed “post-traumatic growth” (PTG). Broadly speaking, 
PTG is defined as positive psychological change resulting 
from experiencing a traumatic event [69, 113]. Examples 
include greater appreciation for life, greater personal strength, 
recognition of new opportunities, religious or spiritual 
growth, and improved interpersonal relationships [114]. 
Several studies have documented post-traumatic growth 
occurring in many adult burn survivors, and have identified 
predictors of PTG including active coping and social support 
[115, 116]. Several other studies have reviewed the literature 
on PTG in burn survivors and have identified future directions 
for research and practice [117, 118]. While positive outcomes 
in pediatric burn survivors have been documented, PTG has 
not yet been specifically examined in this population. There is 
a need for further research regarding the factors associated 
with PTG in both adult and pediatric burn survivors.
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1.9  Summary and Conclusions

The experience of being burned, as well as some aspects of 
hospitalization for those with severe burns, can be traumatiz-
ing for many individuals. Special care is needed to assist 
individuals in their recovery over both the short and long 
term. A multidisciplinary, trauma-informed approach to 
treatment is recommended. While some patients recover 
without functionally impairing emotional distress, many 
experience ASD, PTSD, and/or clinically impactful subsyn-
dromal post-traumatic stress symptoms. Adequate pain and 
anxiety management during the acute phase of treatment can 
aid in the prevention of ASD and PTSD development. 
Symptoms should be assessed through a multi-method, 
multi-informant approach using well-validated instruments. 
ASD and PTSD, as well as subsyndromal post-traumatic 
stress symptoms, may be treated through the use of evidence- 
based, trauma-informed cognitive-behavioral interventions 
(e.g., PE, CPT, or TF-CBT), as well as through the use of 
pharmacotherapy (e.g., antidepressants and anxiolytics). 
However, no convergent treatment has been established to 
date. More research is needed to determine the most effective 
intervention protocol to address these potentially debilitating 
symptoms.
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Long-Term Outcomes Following Burn 
Injuries

Shelley A. Wiechman

2.1  Introduction

As a result of the declining length of inpatient hospitalization 
after major burn injuries, patients are being discharged with 
multiple, long-term physical and psychological challenges, 
such as ongoing pain, intensive physical therapy, contrac-
tures, amputations, and psychological distress. These chal-
lenges can persist for many years, requiring specialty 
multidisciplinary burn care. Issues associated with long-term 
adjustment have been recognized as a priority for research 
and clinical practice. In this chapter, we will begin by using 
a biopsychosocial model to examine various factors of long- 
term burn recovery. We will also discuss various aspects of 
emotional distress, pain, pruritus, sleep, and body image 
issues, and conclude with recommendations for treatment.

2.2  The Biopsychosocial Model 
of Recovery

A person’s response to stress is a function of their personal-
ity style and coping mechanisms and how these interact over 
time with the environmental factors that are present. 
Univariate models are insufficient to explain a person’s 
response to a burn injury and their long-term outcomes. 
More sophisticated, theory-driven biopsychosocial models 
are needed to explain outcomes of burn injury. Researchers 
have identified pre-burn psychological disorders, injury 
characteristics (e.g., burn size and location, acute pain lev-
els), lack of social support, and ineffective coping styles as 
risk factors for poor post-injury adjustment [1].

2.2.1  Pre-burn Emotional and Physical 
Health

A person’s pre-burn level of physical and emotional func-
tioning can greatly impact their course of recovery from 
their ICU stay to years beyond discharge. For example, 
those patients with substance abuse disorders, diabetes, 
COPD, and other medical comorbidities have lower sur-
vival rates, longer lengths of stay, and fair poorer overall. 
The available research largely supports the impression that 
individuals with burns severe enough to warrant hospital 
care often have pre-existing chaos and dysfunction in their 
lives. In several reviews of the literature, it was found that 
the incidence of mental illness and personality disorders 
was higher in burn unit patients than the general popula-
tion [2–4]. For example, Patterson et al. [3], estimated that 
the presence of premorbid psychiatric disorders ranged 
between 28% and 75%, higher than expected in the general 
population. These disorders include depression, personal-
ity disorders, and substance abuse. Another study by 
Patterson et al. [5] found patients with burn injuries scored 
higher on premorbid levels of psychological distress, anxi-
ety, depression, and loss of behavioral and emotional con-
trol when compared to a national normative sample. These 
studies also found that individuals with pre-existing psy-
chopathology often cope with hospitalization through pre-
viously established, dysfunctional and often disruptive 
patterns. Such dysfunctional coping styles, in turn, had an 
adverse impact on hospital course that increased length of 
stay and led to more serious psychopathology upon dis-
charge and throughout their outpatient recovery.

2.2.2  Injury Characteristics

Researchers have begun to focus on potential variables from 
acute hospitalization that may have a long-term impact on 
adjustment [6, 7]. Total Burn Surface Area (TBSA), length 
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of hospitalization, and days spent in the ICU or on a  ventilator 
have been used as indicators of the severity of a burn injury. 
Research on the relation between these variables and out-
comes has been equivocal. Patterson et  al. [3] cautioned 
against using TBSA as the sole predictor of emotional out-
come, citing studies that have shown significant emotional 
distress in persons with relatively small burns, and little to no 
distress in persons with large burns. High inpatient pain lev-
els have also been found to lead to long-term distress. The 
amount of pain that a person reports in the hospital super-
sedes both the size of their burn and the length of hospitaliza-
tion as predictors of long-term outcome at six months, one 
year, and two years post discharge [6, 8]. Location of the 
burn has been found to predict adjustment, with those per-
sons with burns on their face or hands showing more emo-
tional distress than those with more hidden burns [9].

2.2.3  Coping

In the general literature on coping, Lazarus and Folkman 
[10] proposed a comprehensive model of stress and coping 
that is based on the notion that a person’s appraisal of the 
demands and consequences of a situation and the amount of 
control they perceive to have over the situation will lead to 
selection of a particular coping strategy. A number of orga-
nizing terms have been used to categorize coping styles [11]. 
The extent to which a coping strategy involves approaching 
a particular stressor, versus avoiding the stressor, is a widely 
used classification [12]. For instance, active strategies such 
as problem-solving, information seeking, and social support 
seeking can be construed as approach-oriented coping, and 
strategies that involve disengagement, denial, or distraction 
can be viewed as avoidance-oriented efforts. Neither 
approach-oriented nor avoidance-oriented coping behaviors 
are inherently adaptive or maladaptive; coping effectiveness 
is better determined by the characteristics of the individual 
and the situation [10]. However, reviews of the literature on 
coping with chronic illness have suggested that approach- 
oriented coping styles are more favorable towards physical 
and emotional health outcomes in medical populations [13].

Some research has suggested that the selection of a spe-
cific coping strategy will depend on the individual’s appraisal 
of the amount of control they have over the situation. For 
example, if a person appraises the situation as being more 
controllable, then they will use a strategy in which they will 
attempt to actively problem-solve or mobilize resources; if 
they appraise low levels of control, then they will likely 
employ strategies in which they distract their attention away 
from the stressor [14]. Little research has attempted to char-
acterize the adaptiveness of specific coping strategies in burn 
patients over time. It is also unknown if a person can be 

taught a specific coping style, especially when under such 
considerable stress as recovering from a burn injury.

2.2.4  Emotional Distress

The first year or two following a burn injury seems to be a 
time of substantial distress [3, 15–18]. Clearly, mood disor-
ders [9, 15, 19–23] and anxiety disorders [15, 19, 20, 22, 24, 
25] are the most common symptoms of distress; however, 
patients may also experience a myriad of other problems, 
including sleep disturbance [26–28], body image concerns 
[29], and sexual problems [30, 31]. It is important to recog-
nize that although patients may not meet full DSM-V criteria 
for a diagnosis of the disorder, individual symptoms can 
cause a great deal of distress and should be treated [32, 33].

2.2.5  Post-traumatic Stress Disorder

The reported frequency of acute stress disorder (ASD) fol-
lowing a burn injury ranges from 11% to 32% of patients 
[20, 34–39]. While the frequency of post-traumatic stress 
disorder (PTSD) is approximately 23–33% of patients 3–6 
months after a burn injury [34, 40], that percentage ranges 
from 15% to 45% at one year following the injury [15, 20, 
37, 41]. In contrast, community-based studies show that the 
lifetime prevalence of persons with PTSD is 1–14% [42]. 
The large variability in reported rates of diagnosed ASD/
PTSD is likely due to differences in measurement strategies 
and measurement timepoints. However, most researchers 
and clinicians agree that even if patients do not meet a formal 
diagnosis of ASD or PTSD, the majority of burn survivors 
are having at least some of the symptoms of this disorder 
(e.g., nightmares, intrusive thoughts, hypervigilance, avoid-
ance) that negatively impacts their quality of life. When 
identifying possible risk factors for the development of 
PTSD, pre-existing anxiety or depressive disorders are asso-
ciated with an increased risk of developing PTSD. Further, 
the baseline symptoms of ASD at discharge and at 1 month 
predict presence of PTSD at 1 year [43], suggesting that 
symptoms do not decrease over time if left untreated. In 
addition, burn patients who have a comorbid diagnosis of 
PTSD are higher utilizers of medical services. Injury-related 
characteristics such as total body surface area burned and the 
location of the injury have repeatedly failed to predict who 
will suffer from such trauma. In contrast, issues such as the 
patient’s mental health history, social support, and coping 
style hold significant promise as predictive factors. We rec-
ommend a screening tool such as the Post-Traumatic Stress 
Disorder Symptom Checklist  – Civilian version (PSCL-C) 
[44] to identify those suffering from symptoms of PTSD.
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2.2.6  Depression

Research that has attempted to identify rates of depressive 
disorders following a burn injury has been fraught with chal-
lenges. In their comprehensive review, Thombs and col-
leagues [45] found that most of the studies have been at 
single centers with small sample sizes with poor rates of 
recruitment and retention. In addition, the multiple 
approaches and measures used have led to a wide variation in 
reported rates of depressive symptoms and diagnosable dis-
orders. For example, the range of reported symptoms in the 
first year after a burn injury is 2–22% and the prevalence rate 
after one year is 3–54% [46]. There seem to be much lower 
prevalence rates of depression when a structured interview is 
used as compared to a standardized measure. But even when 
standardized measures are used, the rates vary widely. The 
most common standardized measures are the Hospital 
Anxiety and Depression Scale (depression subscale) (HADS) 
[47] and the Beck Depression Inventory (BDI) [48]. The 
HADS does not include questions with somatic symptoms, 
but the BDI does. Oftentimes it is difficult to differentiate 
between what symptoms can be attributed to the medical dis-
order and what are somatic symptoms of depression, which 
could account for the higher reported rates of depression 
when using the BDI versus the HADS. The general consen-
sus among the medical community is that if a person meets 
criteria for a DSM-V diagnosis, they should be diagnosed 
and treated, even if symptoms can be accounted for by the 
medical condition. This approach is known as the inclusive 
approach. The rationale behind this approach is that the ori-
gin of symptoms is less important than the distress that they 
are causing and patients will benefit from treatment. 
Typically, patients are underdiagnosed for mental health dis-
orders in the medical setting and are overlooked for treat-
ment that could enhance their quality of life [49]. In recent 
years, the 9-item Patient Health Questionnaire [50] has been 
recommended for use as a screening tool in primary care and 
other medical specialty clinics and may prove to be useful in 
the burn setting.

Several studies have also found that depression rates tend 
to be stable from discharge to at least the first year following 
a burn injury [21]. Although it is commonly assumed that 
these rates will decrease after the first year, no longitudinal 
studies have looked at depression rates longer than 1 year 
post-injury. Thombs et  al. [46] found seven studies that 
reported on risk factors for depression following a burn 
injury. As mentioned earlier, many of the identified risk fac-
tors encompass premorbid functioning, such as employment 
status, medical illness, and prior depression. Those who suf-
fered from depressive symptoms in the year prior to the burn 
injury were five times more likely to be diagnosed with a 
mood disorder at hospital discharge [15]. Other risk factors 
include female gender, and a visible burn [9]. Although 

research in this area has been fraught with methodological 
problems making it difficult to pin down actual rates of 
depressive disorders, the ABA quality consensus committee 
recommends a brief screen for depressive symptoms during 
the inpatient hospitalization, at discharge and at follow-up 
clinic visits [51]. Referrals to mental health professionals 
can be made for more in-depth assessments if warranted by 
the responses on the screening tool.

2.2.7  Pain

Burn pain varies greatly from patient to patient, shows sub-
stantial fluctuation over time, and can be unpredictable due 
to the complex interaction of physiologic, psychosocial, and 
premorbid behavior issues [52]. Burn pain that is reported 
after the initial injury is not reliably correlated with the size 
or depth of a burn. Specifically, a patient with a superficial 
(second degree) burn may show substantially more pain than 
one with a full thickness (third degree) burn, due to both 
physical factors (e.g., location and mechanism of the injury, 
individual differences in pain threshold and tolerance, 
response to analgesics) and psychologic factors (e.g., previ-
ous pain experiences, anxiety, depression). As a result, it is 
critical to realize that predicting the amount of pain or suffer-
ing a patient will experience based on the nature of, or the 
physiologic response to, their burn injury is not possible, and 
furthermore, the patient’s pain experience can change dra-
matically over the course of both inpatient and outpatient 
care. It is also important to note that pain can continue well 
beyond wound healing.

Chronic pain is defined as pain that lasts longer than six 
months or remains after all burn wounds and skin graft donor 
sites have healed. The mechanisms and treatment of chronic 
burn pain are inadequately studied and poorly understood. 
Although most acute burn pain results from tissue damage, it 
is important to be aware that pain from nerve damage may 
also be present, particularly in severe injuries associated with 
extremity amputations, and represent an anatomic source for 
chronic burn pain complaints. Because there are identifiable 
sensory changes in patients who suffer burn injuries, it is 
unclear as to whether or not these patients’ pain should be 
defined as chronic pain or is simply an ongoing form of acute 
or neuropathic pain. Regardless of the label used to classify 
post-burn injury chronic pain, ongoing pain has the potential 
to have a significant negative impact on the quality of life of 
burn survivors.

Malenfant et al. [53] found evidence for changes in the 
central nervous system that could maintain pain for years 
after a burn wound has healed. They found that significant 
sensory losses and sensory changes were found not only in 
burn sites but also in the non-injured areas. Tactile sensibility 
deficits were significantly associated with the presence of 
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painful sensations. This was greatest in deep burn injuries 
that required skin grafting.

Choiniere et al. [54] interviewed 104 burn survivors who 
were 1–7 years post-burn injury. The mean time since burn 
injury was 37 months, and the mean Total Burn Surface Area 
(TBSA) was 19%. Surprisingly, 35% reported ongoing pain. 
Of those reporting pain, 75% said it interfered with work, 
56% said it interfered with sleep, and 67% reported interfer-
ence with social functioning. In a sample of 236 burn survi-
vors 1–9 years post-burn injury with a mean time since injury 
of 47 months, and a mean TBSA of 20%, Malenfant et al. 
[53] found a similar rate of patients with ongoing pain (36%). 
Work interference was reported by 67% of those with pain, 
36% reported sleep difficulties, and 47% reported distur-
bance in social activities. Recently, Schneider et  al. [55] 
reviewed the natural history of neuropathic-like pain after a 
burn injury. Over a 2-year period they found 72 patients in 
their outpatient clinic that described symptoms consistent 
with neuropathic pain. The average pain rating was 7/10 and 
persisted for more than 1 year after the injury. In this study, 
gabapentin and steroid injections were used to treat the pain 
about one-third of the time. Other interventions included 
rest, massage, use of pressure garments, and elevation.

Finally, Dauber [56] mailed out a survey to members of a 
burn survivor support group and of the 358 respondents, 52% 
reported ongoing pain, 66% said that it interfered with their 
rehabilitation, and 55% said the pain interfered with their 
daily lives. Respondents in this study also reported that 
thoughts of the accident and depression made their pain 
worse. In these studies, TBSA and skin grafting have been 
the only predictors of chronic pain. The majority of respon-
dents had not tried relaxation, imagery, or hypnosis. It is 
important to note that the average length of time since the 
burn injury in two of these studies was 3–4 years. This is well 
past the one-year time frame that medical professionals 
believe it takes for burn injuries to be completely healed.

In order to provide comprehensive and consistent analge-
sic care for burn patients, many burn centers advocate a 
structured approach to burn analgesia that incorporates both 
pharmacologic and nonpharmacologic therapies, targets the 
specific clinical pain settings unique to the burn patient and 
yet can be individualized to meet specific patient needs and 
institutional capabilities. Such structured protocols help to 
avoid both the undertreatment of burn pain and concerns 
regarding opioid addiction. A discussion of specific pharma-
cological protocols used to treat burn pain is beyond the 
scope of this article and can be found elsewhere [57, 58].

2.2.8  Nonpharmacological Chronic Burn Pain 
Management

Two approaches that have been empirically tested for chronic 
pain include hypnosis and cognitive behavior therapy. 

Although hypnosis involves much more than just avoidance 
or distraction, the end result is often similar in that this tech-
nique takes a person’s focus off of the painful procedure they 
are undergoing. Hypnosis is an altered state of consciousness 
characterized by an increased receptivity to suggestion, abil-
ity to alter perceptions and sensations, and an increased 
capacity for dissociation. It is believed that the dramatic shift 
in consciousness that occurs with hypnosis is the cornerstone 
of an individual’s ability to change their awareness of pain 
[59]. Hypnosis involves several stages, including building 
clinician–patient rapport, enhancing relaxation through deep 
breathing, suggestions for deepening the hypnotic state and 
narrowing their attention, providing posthypnotic sugges-
tions, and alerting [60]. The posthypnotic suggestions allow 
us to do hypnosis at any time prior to the painful procedure, 
thus eliminating the need for our presence during the proce-
dure. We typically use a rapid induction analgesia format 
described by Patterson [60] and originally published by 
Barber [60], but there are numerous scripts for hypnotic 
analgesia that can be used directly or with improvisation. 
However, the technique should only be used by trained clini-
cians who can assess the risks and benefits of this powerful 
technique.

Cognitive restructuring is frequently used as a coping 
technique for patients with chronic pain [61, 62]. However, 
there are reports in the literature of using this technique for 
various type of pain, including that from dental work and 
surgical procedures [63]. A handful of studies have looked at 
this approach with burn pain [64, 65]. Catastrophizing has 
been found to have the largest link between thoughts and 
pain. This distorted thinking style exaggerates any sensation 
of pain, or setback, and becomes a point of perseveration for 
the patient. For example, a minor setback in therapy follow-
ing a planned surgery (such as a contracture release), a 
wound infection, or simple fatigue, can turn into thoughts 
such as “I can’t take this anymore; I have to start all over 
again; I will never recover.”

The first step in cognitive restructuring is to identify and 
stop negative, catastrophizing thoughts. Thoughts such as 
“this is really going to hurt” and “I can’t handle this pain” 
only lead to an increase in anxiety and a subsequent increase 
in pain. Patients can learn to recognize these negative 
thoughts and stop them, perhaps by picturing a stop sign or 
red light in their mind. They can also distract themselves by 
turning their attention to another topic. Children as young as 
seven years of age have been taught to use this technique 
successfully [64, 66].

Ideally, we want patients to transform their catastrophic 
thoughts into a positive statement. This is known as reap-
praisal or reframing. For example, they may change the 
thoughts in the above example to “I have been through this 
wound care procedure before and it did not hurt as much as I 
thought it would,” or “ I have a very high pain tolerance and 
can cope with whatever will happen.” Patients may also ben-
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efit from being taught the difference between “hurt” and 
“harm” when interpreting their pain sensations [67]. 
Specifically, an increase in pain is often a good sign with 
respect to burn wound healing. As discussed early in the 
chapter, deep (third degree) burns often destroy nerve end-
ings and limit the capacity for nociception. In deep burns that 
begin to heal or in more shallow burns, skin buds develop 
that are highly innervated and sensitive to pain and tempera-
ture. Explaining this healing process to patients can help 
them to understand the nature of their pain and to reframe 
negative thoughts into reassuring, positive ones.

2.2.9  Sleep

Sleep problems are one of the most common complaints of 
burn patients once they are discharged from the hospital, yet 
likely one of the most undertreated. Sleep problems are best 
viewed as a symptom rather than a disease and are frequent 
even in the absence of burn injury, affecting up to 50% of 
normal adults in the USA [68]. Addressing sleep in a general 
population as insomnia can lead to distress, impaired func-
tioning, increased accidents, and decreased work productiv-
ity [69, 70]. With burn survivors, poor sleep can affect issues 
such as therapy performance, pain control, adjustment, and 
even wound healing. Thus, addressing sleep after burn inju-
ries is an important issue to address in addition to the variety 
of other complications survivors have to face.

A burn injury and its treatment present a multitude of fac-
tors that can interfere with sleep. Early in care, the hospital 
setting and nature of care can be highly disruptive factors. 
Frequent painful and intrusive treatments, noisy settings, 
metabolic imbalance, and awakening to take vital signs are 
the rule rather than the exception. As wounds heal, pruritus 
(itch) can become extremely unpleasant, in addition to the 
pain. Anxiety and depression can also interrupt sleep in 
themselves, but the medication to control burn-related com-
plications such as pruritus, pain, and depression also has an 
impact on sleep. It is not surprising then that patients with 
burn injuries will experience impaired sleep for long periods 
of time, first from the issues associated with hospitalization 
and later as a function to the transition home.

Given all of these factors, it is not surprising that the few 
studies that have been done on sleep quality with burn survi-
vors reflect high levels of disruption. Rose and colleagues 
[71] followed 82 children with severe burn injuries and 
reported serious sleep disturbance one year after injury. 
Sleep disturbances included nightmares, bedwetting, and 
sleepwalking. Approximately 63% of the sample complained 
of needing daytime naps, which is far greater than the norm. 
The few studies that have monitored polysomnogram (PSG) 
in burn survivors have reported increased total sleep time, 
decreases in stage 3 and 4 sleep, decreased rapid eye move-

ment (REM) sleep, and increased arousals when compared 
to age-matched controls [72–74].

With respect to treatment for sleep disorders after burn 
injuries, there is little question that healthcare professionals 
entertain pharmacologic options far too early and to the 
exclusion of more benign options. Clinicians should work 
with the patients on nonpharmacologic interventions before 
turning to this option. Nonpharmacologic options include 
sleep hygiene, stimulus control, sleep restriction, relaxation 
therapy, cognitive-behavioral therapy, and light therapy. 
Sleep hygiene interventions include changing the environ-
ment (e.g., quiet rooms), reducing daytime naps, establishing 
regular sleep/wake schedules, reducing stimulants from late 
afternoon to prior to bedtime when appropriate (e.g., caf-
feine, candy, nicotine, alcohol), decreasing stimuli at night 
(e.g., internet, TV), and proper timing of food and exercise. 
Stimulus control involves creating the bed as a stimulus for 
sleep by having the patient go to bed only when sleepy and 
removing competing stimuli from the bedroom (e.g., televi-
sion), sleep restriction focuses on having the patient remain 
in bed only when asleep. Cognitive-behavioral therapy can 
help patients work with the dysfunctional thoughts that dis-
rupt sleep, relaxation therapy is self-explanatory, and light 
therapy can address disruption of circadian rhythms. A full 
review of the medications used to treat sleep disorders after 
a burn injury is reported by Jaffe and Patterson [28].

2.2.10  Pruritus

Pruritus continues to be one of the most common and dis-
tressing complications following a burn injury. Pruritus can 
be severe and interfere with sleep, daily activities and can 
reopen wounds due to scratching. Post-burn pruritus also 
tends to be cyclical in that it begins in the early stages of 
wound healing, peaks at 6 months post-burn and declines 
after the first year following the injury [75]. Pruritus occurs 
in both healed and grafted skin, but is more intense where 
hypertrophic scarring has formed. There is a paucity of 
evidence- based research in this area, although a plethora of 
pharmacological and nonpharmacological interventions 
have been proposed in smaller scale studies. Recently, there 
has been a greater understanding of the physiological mecha-
nisms underlying pruritus in burn injuries. For example, it is 
largely believed that pruritus from burns stems from inflam-
mation, dryness and damage to the skin, as well as nerve 
damage/regeneration [76]. Two review articles on evidence- 
based treatments for post-burn pruritus have been published 
recently [77, 78]. Both reviews have found some potentially 
promising treatments for post-burn pruritus and will be sum-
marized in the table below. Bell and Gabriel [77] used the 
Practice Guidelines for Burn Care 2006 [78] to classify the 
studies. They found the most promising treatments with the 
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strongest study designs to be selective antihistamine receptor 
agonists (Cetirizine/Cimetidine) and the pulse dye laser. 
Across studies, any antihistamine administration appeared to 
be better than no administration, but no single antihistamine 
worked effectively all of the time. Pulse dye laser treatments 
were used for intense itching in smaller areas with three 
treatments at one-month intervals; the effects lasted up to 12 
months [79]. Combinations of the various treatments may 
also be more effective than single treatments from one 
modality [80]. Authors caution that the evidence is based on 
smaller scale studies and larger, prospective, randomized 
controlled trials need to be conducted.

2.2.11  Body Image

Burn injuries can cause significant changes in appearance, 
whether from scarring, contractures, changes in skin pig-
mentation, or amputations. The impact that these physical 
changes have on self-esteem and body image has only 
recently been studied [81–83]. The majority of research on 
body image has focused on eating disorders or congenital 
differences (e.g., cleft palate) and there has been little study 
on acquired changes in appearance (e.g., trauma, burns, etc.). 
Across disability groups (craniofacial abnormalities, ampu-
tations, burns, SCI), there is a wide range of individual dif-
ferences in terms of coping with visible disfigurement. 
Specifically, Egan et al. [84] estimated that 30–50% of indi-
viduals with visible differences may experience psychologi-
cal difficulty at some time. This highlights the fact that the 
majority of individuals adjust to their scars well and can go 
on to develop an appreciation for their body. Several studies 
of risk factors for the development of poor body image found 
that burn characteristics, such as the visibility of the scar, and 
objective severity of a disfigurement do not predict the extent 
of distress or negative body image [84]. Instead, personal 
characteristics such as depression, female gender, and cop-
ing style best predicted body image dissatisfaction [81–83].

An additional predictor of body image dissatisfaction is 
the importance that a patient placed on their appearance 
before the burn injury. If a person did not place much impor-
tance on their appearance before the burn, they tend to be 
much less distressed by scarring [81] . As such, viewing the 
visible difference as only a small part of their lives seems to 
be critical in developing body appreciation. Family and 
unconditional acceptance play a large role in this process. 
Parents can help children learn to talk about their scars in a 
casual way and model positive social responses towards teas-
ing or other stigmatization. Developing hobbies, talents and 
exploring other aspects of identity (not just physical appear-
ance) will help individuals to put their appearance in per-
spective. This might be challenging in western society where 
physical appearance is paramount. It would be beneficial to 

the field to put more focused research efforts on those people 
with visible differences who go on to develop a strong body 
appreciation. Most treatments to address body image con-
cerns have focused on cognitive-behavioral strategies to 
address a person’s appraisal of their appearance, to teach 
adaptive coping strategies, and to introduce social skills that 
enhance self-esteem and improve social competence [85, 
86]. Two of these programs are the Changing Faces program 
in Great Britain [87] and the BEST program in the US [88]. 
Both of these programs include a hospital-based image 
enhancement and social skills program, along with a series 
of publications for patients dealing with aspects of scarring 
and changes in appearance. These programs teach survivors 
a number of adaptive behaviors in response to the inevitable 
negative societal responses to a change of appearance.

There has been recent attention on the concept of body 
appreciation, defined broadly as love and acceptance of one’s 
body and appreciation of its uniqueness and the function it 
performs [89]. The concept of body appreciation is distinctly 
different than that of body dissatisfaction, and interventions 
to promote body image appreciation may be slightly differ-
ent than CBT approaches for body dissatisfaction. More 
research needs to be conducted in this area with our burn 
population. We do a disservice to our patients if we exclu-
sively focus on alleviating symptoms of body image distur-
bance without recognizing opportunities to promote body 
image appreciation.

2.2.12  Return to Work

Returning to work is a major step towards reintegration fol-
lowing a burn injury. Research has shown that the sooner a 
person can return to work, the more likely they are to return 
to work and the better state of mental health. Returning to 
work can be an important part of therapy as it forces a person 
to get up, out of the house and be active daily. Work can 
improve mood and improve quality of sleep. The burn team 
can set a person up for success in this area by encouraging 
them to contact their employer as soon as possible following 
the injury and assist with filling out any necessary paper-
work. It is rare that a person with a burn injury qualifies for 
either short- or long-term disability. A gradual return to work 
plan is recommended that includes consideration of light 
duty options as soon as possible after discharge, as well as 
returning to work for a couple of hours for a short time, then 
progressing to half days and finally full days. Returning to 
work in the middle of a typical work week can ease the tran-
sition as there are only a couple of days of work until the 
weekend and then they can rest and start again the following 
week. Patients should be encouraged to consult their state’s 
employment rules, especially if it is an injury that occurred 
on the job.
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2.2.13  Return to School

Similar to returning to work, the sooner a child can return to 
school, the better they do emotionally and physically. Public 
schools are mandated to provide accommodations when 
needed. This may entail allowing a child to wear splints and 
pressure garments during the day and getting assistance with 
range of motion exercises. Accommodations for physical edu-
cation classes might also be necessary for a short time. It is rare 
that a child would need home schooling or to change schools as 
a result of their injury. The Phoenix Society has developed a 
program entitled, “The Journey Back,” for parents, teachers, 
and hospital staff who are assisting a child with a positive 
return to school after a burn injury. It is important that the child 
be prepared for questions and comments from classmates about 
their injury. Healthcare providers and parents need to discuss 
different questions and scenarios with the child and rehearse 
appropriate responses prior to returning to school.

2.3  Summary

A biopsychosocial model of burn outcomes can be useful to 
guide our understanding of the long-term outcomes of burn 
survivors. The ongoing rehabilitation issues that burn survi-
vors face are complex and can include physical, emotional, 
social, and vocational challenges. The distress of the injury 
does not end when patients leave the hospital. Problems with 
anxiety, depression, sleep, pruritus, and body image can con-
tinue for years. All can impact a patient’s ability to return to 
an acceptable quality of life. Further, we have facilitated two 
burn survivor focus groups this past year to ascertain barriers 
to returning to an acceptable quality of life. Unanimously, 
survivors felt isolated once they were discharged from the 
outpatient clinic services and felt that the secondary condi-
tions mentioned above were not being addressed by their pri-
mary care providers, particularly those in more rural 
communities [52, 53]. They expressed a desire to have more 
burn-specific interventions once they returned home. The 
multidisciplinary team approach to care that has long been 
practiced by inpatient rehabilitation and inpatient burn units 
should continue after discharge. Patients will continue to 
benefit from the expertise provided by both burn surgeons 
and physiatrists, as well as services from a vocational coun-
selor, social workers, physical and occupational therapists 
and psychologists. Connecting patients and families with the 
Phoenix Society is critical. The Phoenix Society is a national 
advocacy group that provides programs and support services 
for both burn survivors and their families. Finally, more 
research needs to focus on effective treatments for the vari-
ous issues that burn survivors face. Treatment interventions 
for these issues must be sophisticated and flexible enough to 
account for the large variability in causes of distress.
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Skin Architecture and Function

Adelheid Elbe-Bürger and Gabriel Hundeshagen

3.1  Skin Structure

The human skin accounts for about 15% of the total adult 
body weight and is the largest organ. It exerts multiple cru-
cial functions. It forms a protective barrier; shields our mus-
cles, internal organs, and body fluids from bacteria, viruses, 
ultraviolet light, and other environmental aggressors; pro-
tects the body from dehydration or massive absorption of 
water; functions as a thermoregulator and sense organ; and 
plays a crucial cell-mediated immunity. The skin contains 
tissues of various origins (epithelial, connective, vascular, 
muscular, and nervous) which are organized in three layers: 
epidermis (outermost layer), dermis, and the hypodermis 
(consisting of adipose tissue that connects the dermis to 
underlying skeletal components) (Fig.  3.1). The epidermis 
and its appendages are of ectodermal origin, whereas the 
dermis and the hypodermis are of mesenchymal origin. The 
epidermis and dermis are connected by the dermal- epidermal 
junction, which is synthesized by basal keratinocytes and 
dermal fibroblasts. The skin is not developed homogeneously 
and shows regional variations in thickness and distribution of 
epidermal appendages [1, 2].

3.2  Epidermis

The epidermis is a stratified, non-vascularized epithelium 
that undergoes a continuous process of renewal and loss 
through cell replication in its basal compartment and desqua-
mation at the surface. The primary source of cell renewal is 
proliferation and differentiation of stem cells [3–5]. However, 
there seems to be some plasticity between stem cells and 
their early progeny, as most basal keratinocytes maintain 
their regenerative potential and are capable of regenerating 
epidermis [6]. Evidence has been provided that commitment 
to differentiation does not prohibit keratinocytes from re- 
entering the cell cycle, de-differentiation, and acquiring 
“stemness,” suggesting that epidermis can use different strat-
egies for homeostasis and tissue regeneration [7].

Many cell types can be found in the epidermis, the major-
ity (~90%) of which are keratinocytes. They undergo mor-
phological and biochemical differentiation (keratinization), 
resulting in the production of corneocytes that shed from the 
skin surface with time (~30 days). There are other distinct 
cell populations which have specific functions such as 
Langerhans cells (LCs, resident immune cells), melanocytes 
(production of melanin), Merkel cells (mediators of mecha-
notransduction), and infrequent T cells.

The epidermis consists of a multilayered sheet of kerati-
nocytes (from the bottom up) interspersed by hair follicles 
[1]. The stratum basale (also known as stratum germinati-
vum) is a single layer of cells attached to a noncellular basal 
membrane that separates the epidermis from the dermis. It 
consists mostly of basal keratinocytes, Merkel cells, and 
melanocytes. The stratum spinosum (5–15 layers) contains 
irregular polyhedral keratinocytes with limited capacity for 
cell division and LCs. This cell layer provides the mechani-
cal strength necessary to resist physical trauma. The stratum 
granulosum (1–3 layers) contains flattened, polyhedral kera-
tinocytes producing keratohyalin granules. Tight junctions in 
this layer play an essential role in fluid retention [8]. The 
stratum corneum contains many sheets of flattened, nonvia-
ble, scale-like corneocytes responsible for actual mechanical 
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shielding of the skin [9] (Fig. 3.1). In some body areas (i.e., 
palmo-plantar regions), an additional layer is located 
between the stratum granulosum and the stratum corneum—
the stratum lucidum [10]. The thickness of the epidermis var-
ies among body areas [thinnest sites: face, trunk (20–60 μm), 
thicker areas: arms, legs, back of hand, upper foot (40–
80  μm), thickest sites: soles of the feet, fingertips (160–
560 μm)] [11]. Lastly, the epidermis contains the superficial 
part of the eccrine sweat glands.

3.3  Dermis

Underneath the epidermis is the dermis—a considerably 
thicker (2–4 mm) layer that can be divided into a papillary 
(superficial) and a reticular (deep) portion. Its supportive, 
compressible and elastic connective tissue protects epider-
mis, its appendages and the nervous and vascular plexuses. 
The dermis contains an extracellular matrix composed of 
fibrous and non-fibrous proteins and inorganic matter: glyco-
proteins (i.e., laminin, fibronectin), proteoglycans (versican, 
perlecan), glycosaminoglycans (i.e., keratin sulfate, heparin, 
chondroitin), water, and hyaluronic acid [1, 2]. Collagen 
(mainly types I and III, also IV and VII) provides the skin 
with tensile strength and tissue integrity, whereas elastin pro-
vides elasticity and resiliency. A wide network of blood ves-
sels provides nutrient supply for the stratum basale of the 
epidermis, lymphatic vessels, nerve endings, sweat glands, 
excretory glands (sebaceous, eccrine, and apocrine), mus-
cles, hair follicles, nails, as well as resident and trafficking 
cells [1]. The main cell type of the dermis is the fibroblast. 

The dermis also hosts cells of the immune system such as 
interstitial dendritic cells (DCs), plasmacytoid DCs, macro-
phages, mast cells, natural killer (NK) cells, and T cells 
[TCR αβ+ T cells (T helper 1 (TH1) cells, TH2 cells, CD8+ T 
cells, TH17 cells), regulatory T cells (Tregs), natural killer T 
(NKT) cells, and TCR γδ+ T cells] (Fig. 3.1) [12–14]. Dermal 
thickness varies depending on the anatomic region (back, 
palms, and soles have thicker dermis than the eyelids).

3.4  Hypodermis (Subcutaneous Fat, 
Panniculus Adiposus)

The hypodermis is a subcutaneous tissue and in fact not part 
of the skin. It connects the dermis to the underlying bones or 
muscles, stores lipids, regulates body temperature, insulates 
and cushions the body. The main cell type is the adipocyte 
showing pericellular expression of S100 protein and vimen-
tin [2]. Fibroblasts, mast cells, sweat gland endings, vessels, 
and nerves contribute to the formation of the corresponding 
dermal plexuses.

3.5  Skin (Stem) Cells: A Promising Source 
for Tissue Engineering 
and Regenerative Medicine?

Therapeutic applications of stem cells in regenerative medi-
cine are anticipated to be part of clinical medicine soon. With 
regard to skin, the focus of stem cell research is and will be 
on the epidermis and the hair follicle. Under normal 
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 conditions, the interfollicular epidermis and sebaceous 
glands are constantly self-renewing, while the hair follicles 
undergo cyclic changes of growth, involution, and resting 
phases [15, 16]. For hair follicle stem cells, it has been 
described that they not only reside in the stem cell niche 
called “bulge” and express CD34, cytokeratin 15, CD200 
[17–22] and retain DNA or histone labels [23–25], but that 
they are also present in other areas [26–29]. Most recently, 
Hans Clevers and his group found that a stem cell cluster in 
a hair follicle, characterized by the expression of leucine-
rich repeat-containing G protein-coupled receptor 6 (Lgr6), a 
close homolog of the Lgr5 marker for stem cells in the small 
intestine and colon, resides directly above the hair bulge and 
gives rise to all cell lineages of the mouse skin [30]. In exper-
iments with wounded mice, they found that Lrg6 stem cells 
around the wound initiated wound repair [30]. The isolation 
of the human variant could dramatically improve clinical tri-
als in patients. Today we are already able to grow new skin 
in vitro using skin cells from patients with severe burns, but 
the new hairless skin is often dry and fragile. With the dis-
covery of the “mother” stem cell, it could be possible to re-
establish the normal anatomy and function of the skin and its 
appendages in burn and wound patients.

Mesenchymal stem cells (MSCs) residing within the der-
mis were first isolated in 2001 and named “skin-derived pre-
cursors” (SKPs). They have the capacity to differentiate into 
adipocytes, osteocytes, chondrocytes, smooth muscle cells, 
neurons, glia cells such as Schwann cells as well as hemato-
poietic cells of myeloid and erythroid lineage [31–43]. 
Pending a more in-detail investigation they also seem to be 
able to differentiate into insulin-producing pancreatic cells, 
keratinocytes, hepatocytes, and other cells [44–46]. The der-
mal papillae of hair follicles represent the likely anatomical 
niche for these multipotent dermal cells [32, 47–51]. Because 
of their easy isolation and culture, multipotency, and highly 
expansive properties, dermal MSCs have the potential to 
function as a readily accessible, autologous source for sev-
eral therapeutic applications. These include the treatment of 
graft-versus-host disease, idiopathic pulmonary fibrosis, sys-
temic lupus erythematosus, arthritis, neurodegenerative dis-
orders, traumatic spinal injury, and others [52, 53]. The most 
immediate impact can be expected in the field of wound 
healing. In the treatment of burn injury, the advent of cul-
tured epithelial autografts (CEA) in the 1980s sparked the 
lasting interest in “cell-supported” wound healing [54, 55]. 
In recent years, MSCs isolated from subcutaneous adipose 
tissue have been transferred to woundbeds successfully via 
direct injection, spraying, or enclosed in various synthetic 
and biomaterials [56–58]. Many studies have suggested a 
contribution of MSCs to reconstituting skin in cutaneous 
wounds through improved vascularization and re- 
epithelialization, but problems related to harvest, expansion, 
storage, and cost need resolution before MSCs can become a 
standard clinically [59–61].

A newer technology has been developed to de- differentiate 
and reprogram adult somatic cells (in the skin from keratino-
cytes, dermal fibroblasts, dermal papilla cells, etc.) into a 
stem cell-like state which have been named induced pluripo-
tent stem (iPS) cells. Originally performed in mice and later 
established also in humans, researchers induced pluripotency 
through selective gene transfer [62–66]. Such lines could be 
expanded indefinitely and could differentiate to form numer-
ous kinds of different tissues. Even though several limita-
tions currently preclude their use in a clinical setting, this 
discovery opens up the possibility of generating patient- 
specific pluripotent cells for autologous regenerative 
medicine.

3.6  Keratinocytes: Immune Competent 
Epithelial Cells

The predominant cell type of the epidermis is the keratino-
cyte with morphological variations within epidermal layers. 
Keratinocytes of the stratum basale are anchored by hemides-
mosomes to the basement membrane that separates the epi-
dermis from the dermis (Fig. 3.1). Adjacent keratinocytes of 
all layers are generally interconnected by desmosomes, tight 
junctions, and adherens junctions. Basal keratinocytes con-
tain melanosomes, to store the skin color pigment melanin, 
which is synthesized by melanocytes. The basal layer con-
tains stem cells and cycling keratinocytes, expressing prolif-
eration antigens such as Ki67 and PCNA.  The stratum 
corneum consists of corneocytes which are devoid of a 
nucleus and of cytoplasmic organelles and are shed from the 
skin surface, thus contributing to the barrier function of the 
skin. Keratins (K) are fibrous proteins belonging to the fam-
ily of intermediate filaments and are parts of the cytoskele-
ton. Their primary function is to protect epithelial cells from 
mechanical and non-mechanical stresses that would result in 
cell death. Other emerging functions include cell signaling, 
stress response and apoptosis induction, as well as unique 
functions that are keratin specific and tissue specific. Two 
types of keratins can be distinguished, based on their pH 
value: Type 1 keratins are acidic, whereas type 2 keratins are 
neutral/basic [67, 68]. Keratinocytes express keratin poly-
peptides in pairs, composed of a type 1 and a type 2 keratin. 
Within normal epidermis, K5 and K14/K15 are expressed in 
basal keratinocytes, whereas K1 and K10 are expressed in 
suprabasal keratinocytes. Stratum granulosum cells express 
K2 and K11, and those in the plantar region express K9 [69].

Keratinocytes function as immune sentinels. They can 
recognize foreign and potentially harmful agents such as 
conserved pathogen-associated molecular patterns (PAMPs) 
which are shared by numerous microorganisms, 
 danger- associated molecular patterns such as toxins and irri-
tants and ultraviolet light through a variety of pattern recog-
nition receptors (PRRs). These include Toll-like receptors 

3 Skin Architecture and Function



30

(TLRs), nucleotide-binding domains, leucine-rich repeat 
(NLRs) proteins, scavenger receptors, and C-type lectin 
receptors and are instrumental in both launching innate 
immune responses and influencing adaptive immunity of the 
skin as well as being pivotal mediators in infectious and 
inflammatory skin diseases [70–75]. TLR activation triggers 
signaling pathways that result in the production of antimicro-
bial peptides, cytokines, chemokines, and costimulatory 
molecules, which induce inflammatory responses and pro-
tective immunity against pathogens [14, 74, 76]. Originally 
recognized for their expression on immune cells, TLRs have 
also been identified on keratinocytes. Basal keratinocytes 
express TLR2/TLR4 mRNA and proteins and suprabasal 
keratinocytes express TLR1–5, TLR7, and TLR10 mRNA 
[77–79], suggesting that keratinocytes in different layers of 
the epidermis also express different TLRs. Recent studies 
suggest that rather than stimulating inflammation in response 
to injury, some commensal organisms actually help to limit 
the inflammatory response by acting as negative regulators 
of TLR3 signaling [80]. Another reason for the natural resis-
tance to commensals is a “barrier” consisting of antimicro-
bial peptides and proteins, which are produced either 
constitutively or upon induction through various stimuli 
(β-defensins, RNase 7, psoriasin, cathelicidin LL-37) 
[81–83].

In unperturbed skin, keratinocytes produce only few cyto-
kines such as interleukin (IL)-1, IL-7, and transforming 
growth factor (TGF)-β. However, they alert the host to deliv-
ery of certain noxious stimuli (trauma, non-ionizing radia-
tion, chemicals) through production of a plethora of 
proinflammatory and immunomodulatory cytokines [IL-1, 
-6, -7, -10, -12, -15, -17, -18, -20, tumor necrosis factor 
(TNF)-α], chemokines [CC chemokine ligand (CCL)2, 
CCL5, CCL27, CXC-chemokine ligand (CXCL)8], and 
colony- stimulating factors [granulocyte-colony stimulating 
factor (G-CSF) and granulocyte-macrophage colony- 
stimulating factor (GM-CSF)] [84]. This activation has mul-
tiple consequences. It causes the migration of cells into and 
out of the skin, has systemic effects, influences keratinocyte 
proliferation and differentiation, and affects the production 
of other cytokines [85]. More specifically, activated keratino-
cytes attract several cell types into the skin such as LC pre-
cursors via the expression of CCL20 [86, 87]. They can also 
recruit effector T cells to the skin by expressing CCL20, 
CXCL9–11, whereas neutrophils are attracted through 
CXCL1 and CXCL8 [88]. The fact that keratinocytes respond 
to cytokines through the expression of multiple receptors, 
clearly demonstrates that their functional properties can be 
regulated by cells of the immune system.

Keratinocytes also secrete neuropeptides, eicosanoids, 
reactive oxygen species, complement and related receptors. 
These mediators have potent inflammatory and immuno-
modulatory properties [85]. Dysregulation and abnormal 

expression of inflammatory mediators or their receptors in 
keratinocytes are relevant to the pathogenesis of chronic 
inflammatory skin diseases such as psoriasis, atopic dermati-
tis, and allergic contact dermatitis.

3.7  Melanocytes: Pigment Cells 
with Immune Properties

Human skin exists in a wide range of different colors and 
gradients. This is due to the presence of a chemically inert 
and stable pigment known as melanin, the biosynthesis of 
which takes place in melanocytes within membrane-bound 
organelles known as melanosomes. The latter can be divided 
into four maturation stages, determined by their structure 
and the quantity, quality and arrangement of the melanin pro-
duced. Melanocytes transfer melanosomes through their 
dendrites to adjacent keratinocytes, where they form caps 
that protect the keratinocyte from harmful ultraviolet light 
and other environmental stimuli [89]. The anatomical rela-
tionship between keratinocytes and melanocytes is known as 
the “epidermal melanin unit” [1]. Melanocytes represent 
2–5% of all epidermal cells, descend from neural crest and 
migrate into the basal cell layer of the epidermis where they 
are regularly distributed [2, 90] (Fig. 3.1). Each melanocyte 
is in contact with ~40 keratinocytes in the basal and supra-
basal layers [1]. They have a dendritic morphology and 
express S100, bcl-2, vimentin, c-kit/CD117, and other mark-
ers [2, 69, 91]. The density of melanocytes is constant in 
human skin. Various skin colors result from different quanti-
ties of produced and stored melanin [92]. Human melano-
cytes are not simply pigment-producing cells but also have 
phagocytic capacity and secrete a number of cytokines such 
as IL-1, IL-3, IL-6, GM-CSF, TNF-α, and TGF-β [90, 93]. It 
has been shown that melanocytes express a panel of TLRs 
(1–4, 6, 7 and 9), most of which are also functional [94]. 
These properties can turn melanocytes into active mediators 
of dermal innate immunity.

3.8  Merkel Cells: Essential for Light-Touch 
Responses

The skin is a sensory organ. Four main classes of sensory 
receptors in mammalian skin mediate different aspects of the 
sense of touch [95]. One of these specialized structures, the 
Merkel cell–neurite complex, is thought to be important for 
two-point discrimination and the detection of texture, shape, 
and curvature [96]. The receptor complex consists of Merkel 
cells, a distinct cell population located in the basal layer of 
the epidermis and in the epithelial sheath of hair follicles 
[69], and the afferent somatosensory fibers that innervate 
them. Merkel cell–neurite complexes are found in touch- 
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sensitive areas of the skin including whisker follicles, gla-
brous (hairless) skin surfaces such as the hands and feet, and 
specialized epithelial structures in the hairy skin called touch 
domes [97]. Since their discovery in 1875, the functions of 
Merkel cells are still unclear. Using Merkel cell-deficient 
mice, it has been shown recently that they are required for 
the characteristic neurophysiological response of Merkel 
cell–neurite complexes to tactile stimuli [98]. Merkel cells 
are characterized by dense-core granules that contain a vari-
ety of neuropeptides, plasma membrane spines, and cyto-
skeletal filaments consisting of cytokeratins like K20 and 
desmosomes [99, 100]. Furthermore, Merkel cells express 
many components of the presynaptic machinery and tran-
scription factors involved in neuronal cell fate determination 
[101]. Their density shows regional variations [102]. In hair 
follicles, Merkel cells are rarely associated with nerve end-
ings, whereas those in the epidermis are in close contact with 
terminal nerves. Merkel cells not in close association with 
nerve terminals have an endocrine function [99, 103, 104].

Two hypotheses used to heat up an intense controversy 
about the developmental origin of Merkel cells [99, 103, 
104]. The neural crest hypothesis proposes that Merkel cells 
are derived from neural crest stem cells based on the finding 
that they synthesize neuropeptides, express presynaptic mol-
ecules and proneural transcription factors, and from observa-
tions in lineage-tracing experiments in animals [105–107]. 
The epidermal origin hypothesis is based on their location in 
the basal layer and the presence of cytokeratin 20, the obser-
vation of their temporal appearance, and their presence in the 
epidermis before the appearance of other neural crest deriva-
tives such as nerve endings of the skin [108–113]. Genetic 
lineage tracing and conditional knockout techniques pro-
vided conclusive evidence for an epidermal origin of Merkel 
cells [114, 115]. With this definitive assignment of the origin 
of this cell population, insights into the pathogenesis of 
human diseases such as Merkel cell carcinoma could be pos-
sible [116].

3.9  Dendritic Cells: Key Regulators 
of the Immune Response

DCs—the most potent antigen-presenting cells (APCs)—
translate innate to adaptive immunity [117]. They are present 
in an immature state in minute numbers (1–3%) in most 
peripheral tissues. Encounter with antigens or other stimuli 
by phagocytosis, macropinocytosis, and receptor-mediated 
endocytosis causes their migration towards T cell rich areas 
of the secondary lymphoid organs via afferent lymphatics. 
During this migration process, DCs mature, lose their ability 
to capture antigens and acquire the capacity to present anti-
gens to naive T cells, which then start to proliferate [118, 
119]. To avoid an excessive immune response, activated T 

cells can induce apoptosis in DCs by expressing Fas Ligand, 
TNF-α 4, and TNF-related apoptosis-inducing ligand 
(TRAIL) [120]. DCs can direct a T cell-mediated adaptive 
immune response towards a type-1 and/or type-2 reaction 
[121] and have the unique ability to cross-present antigens to 
naive T cells [122]. Depletion of DCs, as has been associated 
with immunosuppressed states after severe burn injury or 
sepsis, leaves the organism prone to bacterial infection and 
its local and systemic sequelae [123, 124]. Lymphoid and 
myeloid progenitor cells express fms-like tyrosine kinase 
ligand (Flt3L) receptors, which mediate DC expansion 
through proliferation and differentiation [125]. It has been 
shown in murine models that prophylactic replenishment of 
systemic DC through Flt3L administration during the immu-
nosuppressed post-burn state significantly enhances the host 
response to bacterial wound infection and systemic pathogen 
dissemination [126, 127]. This finding, next to underscoring 
the importance of DC in mounting a sufficient initial immune 
response, may indicate future therapeutic approaches that 
target the host’s immune system rather than specific patho-
gens. Beyond traits relating to immunity, DCs are involved in 
the induction of tolerance in the thymus and in lymphoid 
organs [117, 119, 128]. A small number of DCs move from 
the periphery to the lymph nodes, even in the absence of 
invading pathogens in the steady state [122]. These tolero-
genic DCs neither activate T cells nor lead to a clonal expan-
sion, because of the release of IL-10 and catabolizing enzyme 
ideolamine 2,3-dioxygenase (IDO) which enable T cell 
anergy, T cell death, and Treg cell proliferation [129]. Even 
though a remarkable phenotypic heterogeneity of DCs has 
been long recognized, it has been only possible to clearly 
relate DC phenotype to DC function in a few instances. In 
the skin, DCs can be divided according to their anatomical 
localization. In the epidermis one can detect LCs, and in the 
dermis interstitial DCs.

3.10  Langerhans Cells: Required 
for Induction of Immunity  
and/or Tolerance?

Paul Langerhans, a medical student in Berlin, who was espe-
cially interested in the anatomy of cutaneous nerves, inocu-
lated gold into human skin and discovered in 1868 a 
population of dendritically shaped cells in the epidermis 
which he deemed nerve cells [130]. More than one century 
later it was appreciated that he discovered leukocytes which 
are now recognized as a member of the DC system. Landmark 
publications and several excellent reviews on skin DCs have 
been published over decades and are discussed and cited by 
Nikolaus Romani et al. in a noteworthy review [131].

LCs represent the most striking example of an extensively 
studied tissue DC subpopulation. They reside in basal and 
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suprabasal epidermal layers and mucosa epithelium and 
extend their protrusions, known as dendrites, through the 
tight seals between keratinocytes to comprise a dense net-
work that covers the entire body surface (Fig.  3.2). LCs 
account for 3–5% of epidermal cells and originate from 
hematopoietic stem cells in the bone marrow [132–135]. The 
defining marker for LCs is an intracytoplasmic organelle, 
known as Birbeck granule, with a tennis-racket or, more 
often, rod-shaped morphology [136]. In humans, LCs also 
express a characteristic set of cell surface molecules such as 
membrane ATPase (CD39), CD1 a (important for presenta-
tion of microbial lipid antigens), E-cadherin/CD324 (medi-
ates LC attachment to keratinocytes), Langerin/CD207 
(responsible for the generation of Birbeck granules), CC 
chemokine receptor (CCR)6 (responsible for LC migration 
to the epithelium), and the skin-homing antigen named cuta-
neous lymphocyte-associated antigen (CLA) (Fig. 3.3) [85]. 
Furthermore, LCs are equipped with a large array of con-
served PRRs including TLRs, C-type lectin receptors, and 
NLRs that recognize microbial products as well as other 
intracellular danger signals [78, 137–141]. The poor reactiv-
ity of LCs to various PAMPs may potentially explain why 
commensal bacteria do not continuously trigger inflamma-
tion in skin. It is conceivable that keratinocytes may initially 
respond instead of LCs and then secrete cytokines to modu-
late LC functions indirectly [142]. LCs are also character-
ized by the absence of the macrophage mannose receptor 
(MMR/CD206), DC-SIGN/CD209 and the coagulation fac-

tor XIIIa, molecules that can be found on dermal APCs 
(Fig. 3.4) [85].

For a long time it was believed that LCs are continually 
replenished by circulating hematopoietic bone marrow- 
derived precursor cells during adult life. Elegant studies 
from Miriam Merad and her colleagues have shown that LCs 
are maintained locally independently of circulating precur-
sors in the steady state [143]. Over the years, several 
researchers have confirmed this finding and evidence has 
been provided that this happens via self-renewal and/or spe-
cialized local LC precursors as reviewed by Romani et  al. 
[131]. For example, CD14+ LC precursors reside in the 
human dermis [144] and it has been shown that their migra-
tion step into the epidermis is controlled by the release of 
keratinocyte-derived macrophage-inflammatory protein-3α/
CCL20 and CXCL14 [86, 87, 145].

In contrast, under conditions of inflammation (infection 
[146], contact sensitizers [147], physical damage from heat 
[148], gentle tape stripping [149], ultraviolet and ionizing 
radiation [150, 151], chemokine stimuli [152], or exposure 
to TLR agonists [138, 153]) LCs leave the epidermis. In a 
mouse model, it has been shown that LCs are replaced by 
circulating Gr-1+ monocytes in a M-CSFR-dependent man-
ner [154].

As TGF-β is critical for LC development [155–159] and 
the production of TGF-β in developing prenatal human epi-
dermis correlates with the appearance of markers such as 

CD45

Fig. 3.2 LCs form a dense network in the epidermis as visualized here 
with an anti-CD45 staining on an epidermal human sheet (Courtesy of 
Christopher Schuster, MD)

CD45 x CD207/Laminin5 x CD1a

Fig. 3.3 CD45+ (red) cells with a dendritic morphology are present in 
the epidermis and dermis. CD1a+ (blue) and CD207+ (green) cells, pre-
sumably LCs, are located in the epidermis as demonstrated in a human 
skin tissue section (Courtesy of Christopher Schuster, MD)
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CD207 and CD1 a [160], it is possible that TGF-β also plays 
an important role for the acquisition of the LC phenotype in 
human epidermis. In addition, the increasing staining inten-
sity of these markers in prenatal human skin may reflect the 
consistently increasing total amount of TGF-β in the devel-
oping epidermis [160].

Despite years of intensive research, the function of LCs 
remains enigmatic. Three LC-deficient mouse models estab-
lished by independent groups have begun to challenge the 
dogma that there is a requirement for LCs for the induction 
of certain types of cell-mediated immune responses such as 
contact hypersensitivity [161–163]. Rather than establishing 
an exact role for LCs, the groups found unchanged, dimin-
ished or enhanced contact hypersensitivity using their mouse 
models, implying that LCs may have regulatory/downregu-
lating properties that serve to contain and constrain adaptive 
immune responses in the skin. Other observations provide 
evidence for a strong immunogenic function of LCs under 
certain conditions. Thus, their role in the skin immune sys-
tem seems to be manifold, depending on the state of the skin 
condition (steady state versus inflammation), the doses of 
antigens, the type of pathogen, and other variables as pro-
posed by Romani et  al. [131]. Several questions remain 
unsolved, and new questions have arisen as a result of this 
recent progress.

3.11  Dermal Dendritic Cell Subsets: 
Possessors of Diverse Functions

The human dermis contains three distinct subsets of 
APCs. HLA-DRbrightCD1a+CD14−CD1b+CD1c+CD207-
DCs, HLA- DRbrightCD1a−CD14+ DCs, and HLA-DRdim- 
CD1a−CD14+CD1c−FXIIIa+CD163+ dermal macrophages 
[164–171]. CD1a+CD14− DCs are located close to lymphatic 
vessels in the upper layers of the dermis and are clearly dis-
tinct from migrating LCs [165, 166]. They can induce the 
proliferation of allogeneic T cells, although less efficient 
than LCs [171, 172]. CD14+ cells include both migratory 
DCs and nonmigratory macrophages and evidence has been 
provided that they are from distinct lineages [166]. CD14+ 
dermal DCs are able to prime CD4+ T cells into cells that 
can induce naive B cells to perform an isotype-switch and 
to become cells secreting large amounts of immunoglobu-
lins, thereby controlling humoral immunity [172]. Some rare 
migrating LCs, expressing markers such as CD1 a, CD1 b, 
CD207, and CD208, can be identified in healthy human der-
mis [164, 165, 173, 174].

Plasmacytoid DCs are present but rare in healthy human 
skin [175], while lesional skin samples from patients with 
psoriasis vulgaris and contact dermatitis contain high num-
bers of these cells [176]. They express IL-3Rα/CD123, blood 
dendritic cell antigen (BDCA)-4/CD304 and, the only exclu-
sive marker for plasmacytoid DCs, BDCA-2/CD303. A spe-
cial feature of plasmacytoid DCs is that they express a wide 
range of TLRs which makes them very competent to recog-
nize microbial pathogens. Furthermore, they are potent pro-
ducers of type I interferons during viral infection [177].

In mice, but not yet in humans, a novel CD207+ DC subset 
has recently been described in the dermis. Some of the major 
immune functions historically assigned to LCs are now rec-
ognized as being performed with greater efficiency by these 
cells and other dermal DC cell subsets [178–181].

In conclusion, the diverse range and function of skin 
APCs, even though not entirely clear, has significant impli-
cations most particularly for the development of novel 
human vaccines [172].

3.12  Resident Skin T Cells: Important 
Mediators of Skin Homeostasis 
and Pathology

T cells mediate the body’s immune responses through a 
variety of functions. Depending on the type of infection, T 
cells react by secreting specific cytokine patterns, which 
provide important signals to other subsets of immune cells. 
It has been suspected for a long time that T cells are also 
present in healthy human skin [182]. Approximately one 
million T cells are present per 1  cm2 of normal human 

CD206 x CD209/Laminin5 x CD1c

Fig. 3.4 Dendritic-appearing cells expressing monocyte/macrophage 
markers such as CD206 (red) and CD209 (green) are only located in the 
dermis and not in the epidermis. CD1c+ (blue) cells exist in the epider-
mis and dermis. An Alexa Fluor 488-labeled Laminin 5/332 (green) 
mAb visualizes the dermo-epidermal junction (Courtesy of Christopher 
Schuster, MD)
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adult skin, resulting in 20 billion T cells per individual, 
which is more than twice the total number of T cells in the 
blood [183]. Initially, it was thought that T cells circulate 
between the skin and skin-draining lymph nodes and thus 
can quickly respond to antigen challenges [184, 185]. It 
has been shown, however, that skin is steadily colonized 
by long-lived populations of memory T cells [186–189] 
and it has been proposed that these cells but not recruited 
T cells have a major role in skin immune homeostasis and 
pathology [190].

The vast majority of skin-associated T cells in normal 
adult human skin are located in the dermis, whereas only 
small numbers reside in the epidermis. Nearly all skin- 
resident T cells express TCR αβ heterodimers. TCR γδ+ T 
cells make up a small proportion of the total T cells in the 
skin [191–193]. Fewer than 5% of T cells resident in normal 
adult human skin are CD45RA+ naive T cells, whereas over 
95% are CD45RO memory T cells. Most express the skin- 
homing addressin CLA which is the ligand for E- and 
P-selectin. Skin-specific memory T cells acquire skin- 
homing properties after a process known as imprinting, 
which involves contact with tissue-derived DCs and lymph 
node stromal cells [194, 195]. Thus, effector T cells are pro-
grammed during differentiation to migrate to the tissue from 
which their cognate antigen was originally derived. While 
the distribution of naive and memory T cells in adult periph-
eral blood is quite similar to the skin, only 10% of the CD3+ 
blood cells are positive for CLA [196, 197]. To regulate the 
trafficking of T cells to cutaneous sites, chemokine receptors 
play an important role. Approximately 50% of CLA+ T cells 
express CCR8 and only a subset expresses CCR7 and CCR10 
[145, 196, 198, 199]. Vitamin D has been proposed to have a 
crucial role in the direction of memory T cells to the skin via 
upregulation of CCR10 expression [200].

In the dermis, T cells are preferentially located around 
postcapillary venules and are often situated just beneath the 
dermo-epidermal junction of adjacent cutaneous append-
ages. TCR αβ+ cells are primarily single positive for CD4 or 
CD8 co-receptors, showing either an equal distribution or 
preference for the CD4+ subset [201].

Epidermal T cells account for about 2% of the CD3+ pop-
ulation in normal skin [201–203]. They primarily reside 
within the basal and suprabasal keratinocyte layer often in 
close apposition to LCs, allowing for close interaction [203]. 
The epidermal TCR αβ+ T cell population is primarily repre-
sented by single CD4+ or CD8+ cells [202, 204]. Spetz et al. 
have shown not only that CD8+ TCR αβ-bearing epidermal T 
cells express the CD8αα homodimer at higher frequencies 
compared with peripheral blood, but have also found 
CD4−CD8−TCR αβ+ cells in the epidermis [204]. A minor 
population of epidermal T cells display TCR γδ heterodi-
mers. Most of them are negative for CD4 and CD8 markers 
[203, 205, 206].

Conclusive data is sparse regarding the function of TCR 
γδ+ T cells in human skin. Increased numbers have been 
shown in a wide range of human skin pathologies. TCR γδ+ 
skin T cells primarily express the Vδ1 chain, whereas TCR 
γδ+ T cells in peripheral blood express the Vδ2 chain [197]. 
It has been proposed that Vδ1+ skin T cells act as immune 
sentinels by responding to stressed epithelial cells, thus con-
trolling epithelial cell integrity [207]. Human TCR γδ+ epi-
dermal T cells produce growth factors such as insulin-like 
growth factor 1 upon activation and contribute to the effec-
tive healing of acute wounds [197].

The immune system not only has to mount immune 
responses to pathogens but also maintain tolerance to self 
and non-self antigens. Tregs which are characterized by the 
expression of the transcription factor FOXP3 maintain self- 
tolerance and function by suppressing the activation, cyto-
kine production, and proliferation of other T cells [208]. 
Clark et al. have described that between 5% and 10% of the 
T cells resident in normal human skin are FOXP3+ Tregs [12, 
209]. These cells not only protect against autoimmune reac-
tions to self antigens and assist in the resolution of cutaneous 
inflammation, but unfortunately, can also protect tumors 
from immune detection, allow latent infections to persist and 
can dysfunction under conditions present in inflammatory 
diseases [210].

Lastly, NK cells are present in the dermis and express 
receptors for homing to noninflammed skin and for recogni-
tion of allogeneic tumor cells [191].

3.13  Dermal-Epidermal Junction: Laden 
with Multiple Functions

The dermal-epidermal junction is a complex and continuous 
basal membrane (Fig.  3.1) along the epidermis and skin 
appendages, including sweat glands, hair follicles, and seba-
ceous glands. From the surface to the bottom, the dermal- 
epidermal junction can be divided into three zones: the 
keratin filament-hemidesmosome complex of basal cells, the 
lamina lucida, and the lamina densa [211, 212]. The major 
components of all basal membranes are collagenous and 
non-collagenous glycoproteins and proteoglycans such as 
collagen IV, laminins, nidogens, perlecan, fibulins, and fibro-
nectin [213–215]. Collagen IV is a heterotrimer of three α 
chains each of which contains three distinct domains [214, 
216]. Laminins are very large heterotrimeric glycoproteins 
(600–950 kDa) composed of an α, β, and γ chain [215]. To 
date, five distinct α, four β, and three γ laminin chains have 
been identified that can combine to form 15 different iso-
forms. As the old nomenclature from laminin 1 to laminin 15 
(according to their discovery) appeared impractical, a new 
simplified nomenclature, based on the chain composition 
and the number of each chain is used today. For example, the 
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major laminin of the epidermal basement membrane, the 
previous laminin 5, with an α-chain composition α3β3γ2, is 
now called laminin 332 [217, 218] and can be detected on 
frozen tissue specimens by a specific antibody (Fig. 3.4). The 
function of laminins is not yet fully understood, but through 
interactions with other surface components they control cel-
lular activities such as adhesion, migration, and proliferation 
[217, 219]. Some molecules demonstrate a restricted distri-
bution. For example, collagens VII and XVII are associated 
with skin but are not found in glomerular and alveolar mem-
branes. Based on ultrastructural and biochemical studies, 
several functions have been proposed for the basement mem-
brane. It may be a structural source for the secure attachment 
and polarity of the epidermal basal cells and may have a bar-
rier function, separating the dermis and epidermis. 
Furthermore, the basement membrane is most likely respon-
sible for a firm attachment of the dermis to the epidermis 
through a continuous system of structural elements and mod-
ifies several cellular functions [211, 212].
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4.1  Introduction

Burn injuries represent a specific wound entity with unique 
clinical features which range from the difficulty of initial 
assessment to the long-term tendency to develop pathologic 
scars. For long time considered as acute wounds, burns are in 
fact wounds showing a long-term evolution transforming 
them into chronic wounds, if inadequately managed. The 
pathophysiological changes in the burn wound are character-
ized by effects caused by heat per se and complex superim-
posed local as well as systemic alterations. Due to profound 
disturbances of the immunostatus in general burn wounds 
are highly susceptible to infections upon completed keratini-
zation. A common consensus among burn specialists emerges 
considering that a burn wound has to be covered within a 
period of 2–3 weeks, justifying a dogma of rapid excision 
and grafting, a surgical approach popularized by surgeons 
since the 1970s. In fact, burn wounds which remained 
unhealed for several weeks or months either due to skin graft 
infection or by accumulation of the high level of proteases 
included the wound after 3–4 weeks of non-healing.

4.2  Local Biological Events Occurring 
After Burns

The skin is supposed to be the largest organ realizing multi-
ple functions. It maintains not only a physical but also an 
immunological protective barrier conserving the organism 
against physical abrasion, bacterial invasion, dehydration, 
and ultraviolet radiation. Body temperature is kept constant 
by adaptation of the blood flow in the dermal plexus in con-
junction with the tight regulation of fluid homeostasis via the 
sweet glands (thermoregulation). The skin contains abundant 
nerve endings and receptors that detect stimuli related to 

temperature, touch, pressure, and pain (sensation). Finally it 
defines also the personal features of the social appearance. 
Exogenous aggressors such as burns result in either the loss 
or disruption of some or all of these functions.

Jackson first described three zones of burn injury [1].

 1. Zone of coagulation: The area of maximum impact is 
located at the center of the wound and is characterized by 
irreversible tissue loss. Coagulation and denaturation of 
the constituent proteins and loss of plasma membrane 
integrity are observed, with a necrosis visible at the center 
of injury.

 2. Zone of stasis: In the surrounding zone of stasis a com-
promised tissue perfusion could be observed, ranging 
from critical capillary vasoconstriction to ischemia. This 
zone may be easily transformed into necrosis due to the 
accumulated effects of decreased perfusion, edema, and 
infection. However, when correctly managed these 
changes may be preserved.

 3. Zone of hyperemia: The outer periphery of the burn 
wound represents the zone of hyperemia characterized by 
viable cells and vasodilatation mediated by local inflam-
matory mediators. Tissue within this zone usually recov-
ers completely unless complicated by infection or severe 
hypoperfusion.

Secondary to the tissue loss in the zone of coagulation due 
to direct heat induced protein denaturation, especially the 
zone of stasis and hyperemia further contribute to the local 
pathology of the burn injury. An intense activation of toxic 
inflammatory mediators such as oxidants and proteases fur-
ther damages skin and capillary endothelial cells, thus aggra-
vating severity of trauma by inducing further ischemic tissue 
necrosis [2].

Immediately after burn, microvessels in the mentioned 
zones lose their capacity to keep fluids apart from the inter-
stitial area. Loss of fluid and proteins is intense and contem-
porary to shift in the ionic content of the cells. This induced 
ischemia could lead to an increase in depth and the 
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 aggravation of tissue loss. This microvascular injury is of 
dual origin, on one side due to the intensity of thermal injury 
and on the other hand due to vasoconstrictive substances. 
The microcirculatory changes induced by the thermal impact 
may be also related to an excessive hydrostatic pressure. The 
hypovolemic shock as well as the coexistent tissue trauma by 
itself create the burn shock, a specific situation, which 
increases the entire body inflammatory response and turning 
it into an accelerated multi-organ failure. The hypermeta-
bolic response of burns injury should be managed accurately 
[3].

4.2.1  Inflammation

The inflammatory response following thermal injury is char-
acterized by specific differences in comparison to the “nor-
mal” wound healing process. It is controlled by a large 
number of mediators originating from the major plasma 
enzyme systems and released from different kinds of leuco-
cytes. Fast-acting mediators, such as vasoactive amines and 
the products of the kinin system, modulate the immediate 
response. The early phase of post-burn edema seems to be 
partly mediated by the vasoactive histamine [4]. It was 
shown that in thermal injury an increased activation of the 
kinin system occurs [5]. This may be attributed to excessive 
activation of the Hageman factor (F XII) [6], which not only 
leads to increased activation of the kallikrein-bradykinin sys-
tem but also has consequences on the arachidonic acid cas-
cade, complement cascade, and the coagulation-fibrinolytic 
cascades. However, bradykinin as a product from the kinin 
system considerably contributes to the local edema forma-
tion due increased venular dilation and permeability.

On the other hand, the biosynthesis of the metabolites from 
the arachidonic acid cascade, specifically prostaglandins, 
prostacyclin, and thromboxane A2, is also increased [7]. In 
this context, prostacyclin could lead to perpetuation of burn 
edema formation, and thromboxane A2 may be responsible 
for vasoconstriction and local ischemia in burned tissue.

The alternative pathway to activate the complement system 
in burns seems to be favored although an activation by inflam-
mation burn injuries local biological events inflammation 
hydroxyl radicals have been shown also [8]. Depletion of 
complement components takes place, early after thermal 
injury, concomitant with reduction in the serum opsonic activ-
ity for various bacteria [9]. Increased levels of the activated 
complement components C3a and C5a (anaphylatoxins) in the 
plasma of burn patients are considered to regulate polymor-
phonuclear leucocytes function in these patients [10].

A hypercoagulability in thermally damaged tissue has 
been observed 2–3 hours following scalding due to a pro-
nounced activation of the coagulation cascade [11]. These 
findings correlate well with the increase of kinins in the 

lymph, indicating that the Hageman factor may serve as a 
common activator of the kinin and the coagulation- 
fibrinolytic system.

As soon as leucocytes have arrived at the site of injury or 
infection, they release mediators which control the later 
accumulation and activation of other cells. Cytokines are 
involved in both inflammation and immunity. These media-
tors regulate the amplitude and duration of the inflammatory 
response and have multiple overlapping regulatory actions. 
Among the number of cytokines released by activated plate-
lets, IGF-1 was to be reduced and correlated with the burn 
surface area [12]. This lower IGF-1 level may contribute to 
the impaired wound healing in these patients. IGF-1 also 
lowers protein oxidation in patients with thermal injury.

In this context, the function of various cell types as a main 
source of such cytokines is also modified by the thermal 
impact.

Polymorphonuclear cells show dysfunction in chemo-
taxis, phagocytosis, oxidative metabolism, granular enzyme 
contents and intracellular killing. A proposed mechanism is 
an overall systemic catabolism of the contractile actin pro-
tein in these cells. One consequence could include a predis-
position for infectious complications [13].

Immunosuppression is often seen in severe thermal injury 
[14]. In this context, the cell-mediated immunity (lympho-
cytes) is usually severely impaired. The lymphocyte subpop-
ulations were shown to be altered following injury by means 
of flow cytometry, where all T-lymphocyte subpopulations 
decrease (CD4 lymphocytes within 48 h and a larger propor-
tion of CD8 cells for the following 3 weeks). B-lymphocytes 
and CD16 (natural killer cells), however, were found to be 
unchanged following thermal injury. In addition, a severe 
thermal injury is of such a magnitude that the extent of 
immunosuppression appears to be greater than following 
other forms of trauma.

Mast cells also secrete a broad range of substances includ-
ing chemoattractants (TNF-α, IL-8, LTB4, PAF), vasoactiva-
tors (histamine, PAF, kininogenase), and spasmogens 
(histamine, PGD2, LTC4, LTD4) [15]. Thus, following ther-
mal injury the chemoattractants released from mast cells 
directly contribute to the recruitment and interstitial migra-
tion of leucocytes. Furthermore, the mast cell-dependent 
arteriolar constriction that produces temporary reduction of 
blood flow immediately after tissue injury may provide 
favorable hemodynamic conditions for blood clotting and 
leucocyte migration.

Monocytes (upon activation termed as macrophages) 
release beside others IL-1 and TNF-a having a stimulatory 
effect on T cells but also an influence of the control of remote 
functions (production of, e.g., acute phase proteins, IL-6, 
and fever) [16]. On the other hand, they induce the thermal 
impact changes in skin proteins which have a specific effect 
on monocyte IL-1 secretion. It has been suggested that blood 
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monocytes are superstimulated following severe burns 
in vivo and produce large amounts of IL-1 leading to exhaus-
tion of monocyte function.

4.2.2  Edema

Edema occurring during the first 24 h is by itself a source of 
secondary induced lesions. During the first day after injury, 
extravasation occurs in both the burned skin and the non- 
burned tissues. The amount of edema in burned skin depends 
on the type and extent of injury, but also on the type and 
degree of resuscitation administered. When burns involve 
large areas, edema is intense and creates important secondary 
lesions in the surrounding zones. Chemical mediators (cyto-
kines) as discussed previously are intensively released into 
the burn lesion during the first 24 h. Large amounts of hista-
mine are released into the burn area from mast cells, increas-
ing vessel permeability in the early stage. Prostaglandins are 
released from burned tissues and act as potent vasoactive 
mediators. Serotonin, coming from platelets, is also released 
in the burn area. Its role is supposed to increase hydrostatic 
pressure by limiting the vein diameter. Bradykinin plays also 
a substantial role in the inflammatory process and has impor-
tant effects in terms of edema formation. However, the role of 
these mediators remains poorly understood, and anti-media-
tors used in clinical situations do not substantially affect the 
edema formation. Free oxygen radicals are released in large 
amounts after trauma in general and burns in particular. 
Antioxidants have been shown to be partially efficient in 
reducing the extent of edema formation [17].

Kramer and Herndon [18] analyzed the factors interrelat-
ing the physiological determinants of transmicrovascular 
fluid flux, and could determine that edema is a resulting fac-
tor of several items (increased capillary filtration, capillary 
pressure, interstitial hydrostatic pressure, osmotic reflection 
coefficient, plasma colloid osmotic pressure, and interstitial 
colloid osmotic pressure).

4.2.3  Burn Wound Conversion

Burn wound conversion is also attributed to the secondary 
consequences of burn injury (Fig. 4.1). As a unique property 
of burn injury, the wound extension shows dynamic charac-
teristics in the sub-acute post-burn phase. Burn wounds ini-
tially assessed as superficial could further progress into 
deep(er) lesions involving previously unburned adjacent tis-
sue. A multitude of associated factors are related to an over-
expression of vasoactive and inflammatory mediators. An 
imbalance between vasodilatory and vasoconstrictory pros-
tanoids potentially could threaten the viability of tissue in the 

zone of stasis [19]. However, also vasodilation is implicated 
in the progression of the burn wound. Upregulation of induc-
ible nitric oxide synthase causes peripheral vasodilation in 
the hyperemia and stasis zone, thus perpetuating inflamma-
tion. Moreover, transcription factor nuclear factor KB (NF- 
κB), which is also upregulated, induces increased downstream 
production of many inflammatory cytokines [20].

Toxic secondary products of activated xanthine oxidase as 
well as neutrophils, including hydrogen peroxide, superox-
ide, and hydroxyl radicals, appear to directly damage dermal 
structures. A concomitant decrease in the physiological anti-
oxidant mechanisms (e.g., superoxide dismutase, catalase, 
glutathione, α-tocopherol, and ascorbic acid levels) further 
impairs the local defense.

Hypoperfusion secondary to edema formation may also 
be linked to the conversion phenomenon. Increased vessel 
permeability whether as a reactive consequence of various 
factors (e.g., prostaglandins, bradykinin, histamine) or cell-
toxic oxygen radicals causes an interstitial fluid shift exacer-
bating hypoperfusion in vulnerable tissue, specifically in the 
zones of stasis and hyperemia [2].

Elevated levels of bradykinin are not only responsible for 
increased vascular permeability but also cause hypercoagu-
lation, thus resulting in microthrombosis. In combination 
with the procoagulant properties of thermal energy, bradyki-
nin may stimulate microthrombosis in the zone of stasis and, 
as such, contribute to the burn wound progression.

1 2
3

1
2 3

Fig. 4.1 Thermal burns covering limited areas (above) show recovery 
due to re-epithelialization after adequate management (arrows indicate 
recovery by re-epithelialization). If the burn wound exceeds a certain 
surface area (below), burn wound conversion is observed due to an 
overexpression of vasoactive and inflammatory mediators (arrows indi-
cate progression of tissue downfall). (1) Zone of coagulation, (2) Zone 
of stasis, (3) Zone of hyperemia
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4.3  Evolution of the Burn Wound 
and Local Consequences of Burns

Burn wounds do not represent a static wound condition with 
determinate wound depth just after the thermal aggression.

If temperatures of a minimum of 45  °C for 1  min are 
needed to create a deep burn, an exposure to a temperature of 
100 °C for only 1 s leads to the same lesion. During the first 
24 h, several factors may lead to a local degradation. Jackson 
could distinguish three different zones: the burn lesion itself; 
an adjacent area of stasis; and the periwound area filled with 
edema. Depending on the general evolution of the patient 
and the local treatment, the zone of stasis may create an 
obstacle to revascularization and could emerge as an origin 
of secondary worsening of the burn wound.

On the contrary, a rigorous management of both the local 
wound and the general condition of the patient is of good 
prognosis factor. The burn impact induces a catecholamine 
surge, a hypermetabolic response, a shock. Adapted resusci-
tation measures may prevent a fatal outcome in severe burns. 
This period is at high risk of development of a local delay in 
healing leading to infection. Locally the most important fac-
tor impairing healing (as well as life threatening) remains 
infection. The general management of infection will be com-
bined to a local use of a large variety of topical 
antimicrobials.

Common germs responsible for local infections are mul-
tiple and are sometimes difficult to treat. Rigorous isolation 
protocols and the use of new types of antibiotics (e.g., vanco-
mycin and piperacillin/tazobactam) are capable to reduce 
both the local and the systemic infectivity of the multidrug 
resistant Staphylococcus aureus. Pseudomonas aeruginosa 
and Acinetobacter are the main gram negative germs, on 
which colistin seems to act efficiently. Candida, Aspergillus, 
and Fusarium are the most frequently encountered fungal 
pathogens, on which amphotericin B and voriconazole may 
sufficiently act. These germs interfere with the wound heal-
ing process and could further contribute to the extent of the 
necrotic tissue [21].

Hypergranulation may be observed when burns are not 
appropriately managed. Granulation tissue is present over 
large burns areas where epidermization is lacking. 
Hypergranulation is an obstacle to epidermization. An 
adapted local management using corticosteroid will limit 
overgrowth and stabilize the granulation tissue at the same 
level than the surrounding epidermis.

Burns generate a high level of inflammation, impairing 
the whole healing process and in particular epidermization. 
However, epidermization should be obtained as fast as pos-
sible. Deep burns will need to be covered using surgical pro-
cedures of reconstructive skin surgery like skin grafts or 
flaps. More superficial wounds should be subjected to a 
quick surgical coverage using a combination of dermal and 
epidermal replacement. This constitutes the best local solu-

tion to obtain a stable non-retractile scar. Total thickness skin 
grafts offer this type of solution, but the scarcity of sources 
especially in large burned individuals makes them unavail-
able to recover extended areas. Partial thickness skin grafts 
offer a good covering alternative in most clinical routine 
cases, subject to the condition that rehabilitation is started 
rapidly. When used on highly retractile areas like joints in 
fingers, the hand or wrist areas, the use of partial thickness 
skin graft may lead to retractile scars. The foot needs a der-
mal replacement thick enough to prevent hyperkeratosis and/
or secondary dermabrasions. Nevertheless, one difference 
observed between burns and chronic wounds is that in 
chronic wounds the capacity for re-epidermization is linked 
to the general condition of the patient, whose slow recovery 
issues to a very slow re-epidermization process. In chronic 
burns, epidermization is sometimes more difficult to achieve 
than in any other type of wound.

The last biological stage in burn healing is maturation of 
the wound, a period of time which describes the process of 
tissue remodeling resulting in a mature scar. This phase usu-
ally lasts for approximately 12 months, although sometimes 
prolonged (up to 2 years or longer in children, or in specific 
anatomical locations with high mechanostimulation, like the 
intermammary folds in women). On the other hand is an 
adequate mechanostimulation of scars, a well-accepted ther-
apeutic approach to counteract the myofibroblast cell prolif-
eration [22]. However, careful attention has to be drawn on 
adapted mechanical forces to manage scars resulting from 
burns sufficiently. Pathological scars are supposedly related 
to a disorder of wound healing [23]. The tendency to develop 
pathological scarring is more pronounced in burns of thermal 
origin. Joint retractions are often clinically observed when 
rehabilitation was not done correctly. Rehabilitation is man-
datory to prevent pathological burns wound maturation.

If a burn wound is not adequately treated ending up in a 
chronic burn wound, healing will eventually also occur due 
to an intense skin contraction certainly as a consequence to 
the prolonged and intensive inflammatory process. These 
situations are still observed in emerging countries, issuing to 
extensive retractile scars, sources of important functional 
loss, particularly on the extremities. When burns occur early 
in life, these scars are source of intense deformities and irre-
versible loss of function (hand, wrist, elbow, shoulder being 
sometimes retracted together). These skin deformities gener-
ate in children an imbalance on the growing areas of bones at 
the extremities, thus possibly resulting in irreversible changes 
in the skeletal shape.

4.4  General Factors Influencing the Burn 
Wound Evolution

Skin lesions begin to appear after a heat exposure between 
45 °C (1 h) and 70 °C (a few seconds). A series of consider-
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ations in the wound management of thermal injuries should 
be taken into account.

4.4.1  Types of Burns

Origin of burns can be thermal, electric, or chemical.

• Thermal burns constitute the major group with an inci-
dence of 80% and present a specific profile. They are con-
sidered not only as wounds but also as a general disease 
with subsequent consequences on thermal regulation, gly-
cemia control, immunological status, myocardial func-
tion, and pulmonary hypertension. The resulting scars 
after thermal burns also present a higher tendency to 
develop hypertrophy and following congestion could last 
for a long period of time, longer than in any other type of 
burn injury.

• Electrical burns show a special feature, with two different 
types of lesion:

• Flash burns, where the electrical current is spread on the 
surface of the skin. These lesions look like thermal burns.

• Electrical passage burns show an entry point and an exit 
point, mostly found on the hand and the foot, the source 
of electricity being hung in the palm of the hand, the cur-
rent running into the body, looking for a contact with 
earth, and exiting at the foot level. The heart may be also 
affected, with potential cardiac arrest due to a resonance 
effect between the amperage of the electrical current and 
the cardiac His bundle.

• Chemical burns often present a combination of chemical 
toxic effects on skin and thermal consequences. Bases  
and acids may attack the skin and the underlying tissues. 
The more concentrated the more invasive are the lesions, 
with a remnant effect sometimes which renders a simple 
lavage not sufficient for stopping progression of lesions 
towards the depth of the tissues. The development of 
amphotere solutions (Diphoterine gel, to be applied over 
mucosae as well as over skin lesions [24]), capable to 
react with both acid and basic aggressive products, has 
limited the interest of the “principle of neutralization” 
proned some decades ago. This attitude was more to rinse 
the fresh burns with a reverse base acid solution equiva-
lent in concentration.

4.4.2  The Systemic Response to Local Burns

The release of cytokines and other inflammatory mediators 
at the site of injury has a systemic effect (Fig. 4.2) if burns 
involve more than 20% of total body surface area (TBSA). 
Severe alterations of the cardiovascular function may deter-
mine the degree of the burn shock, an abnormal physiologic 

state in which tissue perfusion is insufficient to maintain 
adequate delivery of oxygen and nutrients and removal of 
cellular waste products [25].

4.4.3  Influence of Immediate Care on Burn 
Wounds

The quality of immediate care has an important influence on 
the outcome of the burn wound. A superficial second degree 
burn observed during the initial evaluation can turn into a 
deep second degree burn the day after (burn wound conver-
sion), either due to a poor general management or because 
the general condition worsens in the resuscitation unit. 
Problems inherent to immediate burn care will not be devel-
oped in this chapter; however, it is important to keep the 
importance of adapted resuscitation protocols during the ini-
tial stage in mind. Application of systemic antimicrobials is 
also of importance and has to be considered when dealing 
with general infections originating from the burn wound.

4.4.4  Pathophysiological Consequences 
of Choice of Strategies Concerning 
Burn Wound Healing

In third degree burns, the strategy should remain univocal. 
Early excision and skin grafting were adopted by most of the 
physicians since the last 30 years (Fig. 4.3). Nowadays the 
question is more which skin substitute is sufficiently able to 
minimize the scarring process. Dermal replacement is a real 
issue to prevent functional damages and cosmetic conse-
quences. Options like choosing a two-step procedure 
(delayed skin graft after a period of dermal re- vascularization) 
or a single step procedure (immediate skin grafting after 
application of a dermal substitute) are linked to the angioge-

Pain +++

Glycaemic
imbalance

Immunologic
imbalance

Thermal burns

Fig. 4.2 Extended burn wounds (>20% TBSA) lead to a systemic 
response involving multiple organs and functional systems potentially 
leading to the burn shock
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netic capacities of the excised recipient wound bed to pene-
trate and to re-vascularize the inert material, sufficiently 
nourishing the freshly applied skin graft [26].

In second degree burns, difficulties concerning the ade-
quate assessment and management of the infection risk still 
persist:

• Assessment of burns is considered to be insufficiently 
precise in more than 40% of the cases evaluated by the 
specialists, especially during the first 3 days post-burn. 
Hereby, primarily the assessment of the burn depth is at 
high risk to a false diagnosis. Some clinical key elements 
could be helpful to accurately evaluate the depth of the 
burn lesion initially. Superficial burns are characterized 
by severe pain at gauze passage, uniform redness of the 
surface, and vulnerability to bleeding. In contrast, deep 
second degree burns show a red-white aspect, a nonhem-
orrhagic surface, and only a moderate pain at gauze 
passage.

• The adapted dressing should prevent in this period a pejo-
rative evolution towards infection, and cover this risk. 
Topical antimicrobials are still first choice in the local 
treatment, and the most used agent is silver sulfadiazine 
cream.

• A pending question is to change habits in using large 
quantities of antiseptics, still largely used in order to pre-
vent infection in this situation, and abandon or change to 
milder concentrations as proposed in some new solutions 
like biguanides? It is still too early to answer these ques-
tions and large trials should be done in order to check the 
capacities of these new strategies to control infection and 
prevent skin damages.

4.5  Conclusion

The pathophysiology of burn wounds is univocal for limited 
surfaces, and becomes dual when the TBSA is important, 
with a vicious circle between local and systemic effects. In 
this situation, the local lesion will be aggravated by the 
intense inflammatory process and the impaired vasculariza-
tion secondary to the large amount of edema. These changes, 
combined with local consequences of the general poor con-
dition, create a rapid degradation of the patient’s status, lead-
ing to the burn shock.

Early resuscitation, an adapted local management, and 
the systematic prevention of infection (local and general) 
should be realized early and combined with an aggressive 
debridement of deep burnt areas.
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Scar Assessment

Pauline D. H. M. Verhaegen, Martijn B. A. van der Wal, 
Esther Middelkoop, and Paul P. M. van Zuijlen

5.1  Scar Assessment Tools

Scars may lead to an array of functional, cosmetic, and psy-
chological consequences. Scar tissue is usually distinguished 
from normal skin by an aberrant color, increased thickness, 
irregular surface area, and poor functional quality, caused by 
loss of pliability and contraction or expansion of the surface 
area. All separate scar features are relevant and attribute to 
the quality and general opinion on a scar.

An ideal assessment of a scar should include both subjec-
tive and objective aspects [1]. Scar assessment scales are fre-
quently used to generate a systematic judgment by observers 
on the following aspects: color, thickness, relief, pliability, 
and the surface area. A judgment by the patient is obligatory 
to include pruritus and pain in the assessment. These items 
are particularly relevant when scars become hypertrophic 
[2]. Complaints and cosmetic disfigurement caused by scars 
may lead patients to suffer from psychosocial problems, 

which in turn may result in a decreased quality of life [3]. 
Both subjective and objective measurements of scar features 
are nowadays mandatory to practice evidence-based medi-
cine. Therefore, in this chapter an overview will be given of 
the most important subjective and objective measurement 
tools for scar evaluation.

5.2  Scar Features

Color: Generally, disturbance in the color of a scar is created 
by the components vascularization and pigmentation. 
Vascularization or erythema is caused by an increase of cap-
illary blood flow. In the early maturation phase, an increase 
in redness is an indicator of scar activity (Fig. 5.1a). Secondly, 
pigmentation is caused by a decrease or increase of melanin 
produced by melanocytes of the epidermis. Erythema usu-
ally diminishes after several months or sometimes years, 
whereas pigmentation mismatching often remains 
(Fig. 5.1b).

Thickness: An increase in scar thickness, e.g., hypertro-
phy, can be a frequent and cosmetically disfiguring sequela 
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of scarring (Fig.  5.1a). Hypertrophic scars are often 
 misdiagnosed as keloids. The difference between the two is 
that keloids proliferate beyond the boundaries of the original 
lesion, while hypertrophic scars become raised, but stay 
within their confines [4]. In addition, hypertrophic scars typi-
cally decrease in thickness over time as opposed to keloids, 
which may have phases of reactivation [5].

Relief: Previous research has shown that the overall opin-
ion of a scar, given by a clinician, is significantly influenced 
by relief [6]. Surface irregularities of a scar are especially 
seen after burn treatment, when a skin transplantation is 

needed and a meshed split skin graft is applied on the burned 
area. Often the areas in between the meshed split skin graft 
become raised [7]. As shown in Fig. 5.1c, such irregularities 
will remain.

Pliability: Loss of pliability is a major cause of functional 
impairment. Especially when a scar is situated adjacent to 
joints, scar stiffness may result in a limited range of motion. In 
addition, loss of pliability in the facial region will often cause 
asymmetry and an altered or diminished facial expression.

Surface area: In clinical practice, surface area is measured 
by planimetry. Planimetry is useful for calculating the wound 

a b

c

Fig. 5.1 (a) A red and raised scar after a burn injury of the shoulder. (b) Hypopigmentation after a burn injury of the hand. (c) Relief of a matured 
burn scar after skin transplantation of the back

P. D. H. M. Verhaegen et al.



53

size, but also for calculating the percentage of a scar that 
becomes hypertrophic, hypopigmentated, or the extent of scar 
contraction or expansion over time. Scars may contract in 
time, which regularly leads to scar contracture (Fig. 5.2). In 
these cases, reconstructive surgery may be required. On the 
contrary, in linear scars expansion of the scar is frequently 
seen, which results in a broader scar and a less aesthetical 
result (Fig. 5.3). The extent of scar contraction or expansion 
is often used as an outcome parameter in research.

Although an increasing number of subjective and objec-
tive tools have become available, there is no general agree-
ment as to the most appropriate tool(s) for scar evaluation 
[8]. In this chapter, subjective scar assessment scales and 
objective scar assessment tools are critically reviewed with 
respect to the concepts of internal consistency, level of agree-
ment, reliability, validity, and feasibility.

5.2.1  Clinimetrical Principles

Requirements for both subjective and objective measure-
ment tools are reliability, validity, and feasibility. Reliability 
refers to the reproducibility of measurements or ratings by 
observers [9]. An intraclass correlation coefficient (ICC) 
higher than 0.7 is considered a minimum requirement for 
reliable results [10]. The validity refers to the exactness of 
the measurements or ratings [11], i.e., do they measure what 
we want to measure? A Pearson’s correlation coefficient 
higher than 0.6 is considered as good, ranging from 0.3 to 0.6 
as moderate, and lower than 0.3 as weak [12]. Feasibility of 
a measurement tool refers to its convenience, effectiveness, 
price, and ease of use. It is hereby relevant to determine if the 
measurement tool can be used in a clinical or research 
setting.

Subjective measurement tools, e.g., scar assessment 
scales, can consist of either nominal, ordinal, or categorical 
variables. Nominal scales assign items to groups or catego-
ries. No ordering of the items is implied and they do not pro-
vide quantitative information (e.g., sex, race, etc.). In ordinal 
scales, the numbers assigned to objects represent the rank 
order (e.g., first, second, third, etc.) of the entities assessed. 
However, the interval between the numbers is not necessarily 
equal. Categorical scales are a nominal and ordinal scale 
combined into one. Combination can either be numerical 
(e.g., 1, 2, 3, etc.) or quantitative (e.g., normal skin, slightly 
hypertrophic, hypertrophic, keloid).

Clinimetrical parameters for scar assessment scales spe-
cifically are the Cronbach’s alpha and Cohen’s Kappa or 
Weighted Kappa. The Cronbach’s alpha describes the inter-
nal consistency of a scale, which generally gives an idea 
whether several items that propose to measure the same gen-
eral construct also produce similar scores. Results are con-
sidered good if the Cronbach’s alpha ranges between 0.7 and 
0.9. If the Cronbach’s alpha is higher than 0.9, redundant 
items are included and a lower score than 0.7 means that no 
internal consistency has been reached [10]. The Cohen’s 
Kappa or Weighted Kappa refers to the level of agreement 
between observers. The Cohen’s Kappa is used in nominal 
scales and the Weighted Kappa is used for ordinal scales. Its 
cutoff points are determined according to Landis et  al.: a 
Kappa above 0.6 is considered substantial and above 0.8 
almost perfect [13].

Fig. 5.2 Scar contracture after burn injury of the axilla with limited 
range of motion

Fig. 5.3 Expansion of a linear scar on the upper arm
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5.3  Subjective Scar Assessment Scales

Scar assessment scales are questionnaires that have been 
developed to give an overall impression of a scar. In gen-
eral, these scales are free of charge and easy to use which 
makes them very accessible in clinical practice. Ideally 
they should include the most important scar features 
described above. A drawback of assessment scales is its 
subjective nature. They are filled out by the observer or 
sometimes by the patient and are therefore susceptible to 
confounding factors. These factors may include (in)expe-
rience of an observer or patient and the psychological 
component, related to scarring which influences the judg-
ment of the patient.

In the past decades, several attempts have been made to 
create an appropriate scale and mostly their origin is found in 
the assessment of burn scars. In 1988, Smith et al. were the 
first to show that cosmetic disfigurement after burns could be 
measured reliably [14]. Although this scale was far from per-
fect due to the fact that four raters were required to obtain 
reliable ratings, it inspired several authors to create a more 
suitable questionnaire for scars.

In 1990, Sullivan et  al. introduced a new scar scale, 
which became known as the Vancouver Scar Scale (VSS) 
[15]. Again, this scale was designed to measure burn scars 
and included most scar parameters such as pigmentation, 
vascularity, pliability, and scar height (thickness). After 
being modified by Baryza et  al. [16] for a better inter-
observer reliability, it became the most commonly used 
scale worldwide.

As stated by Sullivan et al., the VSS was still far from 
perfection and some problems were encountered. First, 
some important scar characteristics such as pain and itch-
ing were absent, since they concentrated on clinician’s 
judgment rather than patient scores. Secondly, not all the 
variables in the VSS concerned ordinal data. The parame-
ter pigmentation scored 0 for normal, 1 for hypopigmenta-
tion, 2 for mixed pigmentation, and 3 for hyperpigmentation. 
Although the scale was originally designed to show the 
degree of a pathological condition, it is often used to 
numerically indicate the absolute severity of a burn scar, 
with a high score indicating a worse scar. No evidence is 
found in literature that hypopigmentation should be con-
sidered a less severe condition than hyperpigmentation in 
scarring. In most cases, the opinion will be guided by the 
patient’s normal skin appearance: e.g., a hypopigmented 
scarred area is considered worse in dark skin compared to 
pale skin. Thirdly, not all variables add the same number to 
the score, while no evidence was provided why one param-
eter should add more or less to the score. Finally, two 
observers were required to obtain reliable data, which lim-
its its clinical ease of use.

Beausang et al. proposed a new quantitative scale which 
is often referred to as the Manchester Scar Assessment 
Proforma or Manchester Scar Scale (MSS) [17]. It was con-
sidered to be more complete compared to the VSS and better 
suited for linear scars. Because it was difficult for observers 
to distinguish vascularization from pigmentation, they com-
bined these two components by referring to “color mis-
matching” with the ranking of none, slight, obvious, and 
gross mismatch. Additionally, an overall global assessment 
was made using the Visual Analogue Scale (VAS). Still, the 
patients’ component was lacking and multiple observers 
were necessary for the scale to have an acceptable 
reliability.

A scale by Yeong et  al., named the Seattle Scale, was 
designed for clinical use and for photographic assessment. A 
drawback of this scale was that the parameter pigmentation 
was given a negative value when a scar was hypopigmen-
tated, suggesting that less pigmentation could improve the 
appearance of the scar [18].

In 1998, Crowe et  al. introduced the Hamilton Scale 
which was specially designed to evaluate photographs of 
scars. It was shown to have a “substantial” to “almost per-
fect” reliability and novice therapists were as reliable as scar 
experts in the use of this scale [18, 19].

One of the most recently developed and upcoming scar 
scales is the Patient and Observer Scar Assessment Scale 
(POSAS) [6]. It consists of an observer and a patient compo-
nent and contains the most important scar parameters used in 
previous scar scales. The observers score vascularization, 
pigmentation, pliability, thickness, and relief, while the 
patients score color, pliability, thickness, relief, itching, and 
pain. All these parameters are scored in a 10-step scale mak-
ing it possible to measure a mean score, even while using 
merely some of the components of the scale, needed for spe-
cific purposes. It was first tested on burn scars and also 
became useful for the evaluation of linear scars after modifi-
cation by van de Kar et al. in 2005 [20]. Both the VSS and 
the POSAS were found to be valid. However, in a direct 
comparison the POSAS was shown to be more consistent, 
reliable, and feasible than the VSS, making it more useful for 
clinical purpose.

In the same year, a new scale using photograph analysis 
was introduced, named the Matching Assessment of Scars 
and Photographs (MAPS) [21]. This scale was a modifica-
tion of the Seattle Scale and the negative scoring system per-
sisted, making it impossible for the observer to add the 
different components and obtain an overall score. 
Nevertheless a good reliability was found, except from vas-
cularization and it also showed that extensive training of the 
observers was not necessary.

Table 5.1 gives an overview of the abovementioned scar 
assessment scales.

P. D. H. M. Verhaegen et al.
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Table 5.1 An overview of scar assessment scales and their relevant clinimetrical parameters

Scale (authors + 
references)

Clinically or 
photographs 
assessed and 
by observer/
patient

Included items Observers 
used/required

Tested on Reliability

ValidityIntra- observer Inter- observer
Cosmetic 
Disfigurement 
Scale [14]

Photographs 
and observer

1. Irregularity
2. Thickness
3. Discolorization
4. Overall clothed
5.  Overall 

non-clothed

4 Burn scars ICC: 
Irregularity: 
0.89; 
thickness: 
0.91 Color: 
0.85 Overall 
clothed: 0.98 
Overall 
non-clothed: 
0.94

ICC: 
(averaged) 
irregularity: 
0.78 
thickness: 
0.79 Color: 
0.72 Overall 
clothed: 0.94 
Overall 
non-clothed: 
0.86

–

VSS [15] Clinically and 
observer

1. Pigmentation
2. Vascularity
3. Pliability
4. Height

3 Burn scars Not measured Mean kappa: 
each observer 
pair: 0.5 
(±0.1)

–

VSS with 
additional tool 
[16]

Clinically and 
observer

1. Pigmentation
2. Vascularity
3. Pliability
4. Height

3 Burn scars Not measured Overall ICC: 
0.81 Cohen’s 
kappa: 
Pigmentation: 
0.61 
Vascularity: 
0.73 
Pliability: 
0.71 Height: 
0.56

–

Seattle Scale 
[18]

Photographs 
and observer

1. Surface
2. Border height
3. Thickness
4. Color

8 Burn scars Not measured ICC: Surface: 
0.94 Border 
height: 0.95 
Thickness: 
0.90 Color: 
0.85

–

Manchester Scar 
Scale [17]

Photographs 
and observer

1. Color
2. Contour
3. Texture
4. Distortion

10 Surgical scars, 
hypertrophic 
scars, and 
keloid scars

Mean CV: 
7.8–14.8%

Overall 
correlation 
coefficient 
(Spearman’s 
rho): 0.87

Correlation 
with histology 
findings 
Contour: 
R2 = 0.62 
Texture: 
R2 = 0.69

Hamilton Scale 
[19]

Photographs 
and observer

1. Height
2. Irregularity 
(proportion of 
scar)
3. Vascularity
4. Color

2 Burn scars Cohen’s 
kappa: height: 
0.75–0.79 
Irregularity: 
0.75–0.76 
Vascularity: 
0.66–0.72 
Color: 
0.72–0.90

Cohen’s 
kappa: 
Height: 
0.82–0.84 
Irregularity: 
0.80–0.89 
Vascularity: 
0.73–0.78 
Color: 
0.80–0.72

–

Modified VSS 
[22]

Clinically and 
observer

1. Pigmentation
2. Vascularity
3. Pliability
4. Height

3 Burns scars 
and surgical 
scars

Not measured ICC: 
Pigmentation: 
0.20 
Vascularity: 
0.41 
Pliability: 
0.42 Height: 
0.36

–
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5.3.1  Importance of Different Scar Features 
on the General Impression

Previous research has shown that the parameters color, thick-
ness, and relief influence the observers’ general opinion of a 
burn scar the most [6]. The patients’ opinion is predomi-
nantly influenced by itching and thickness of the scar. When 
testing the POSAS on the assessment of linear scars, it was 
shown that especially the parameters redness, pigmentation, 
relief, and contraction or expansion of the surface area influ-
enced the observers’ general opinion. Again, the patients’ 
opinion was predominantly influenced by itching and thick-
ness of the scar [20].

5.4  Objective Measurement Tools

5.4.1  Color

Color evaluation raises several practical problems, e.g., 
observers are not always able to make a good distinction 
between the two components vascularization and pigmenta-
tion. Also color-blinded observers will have a great difficulty 
in answering these questions in scar assessment scales. This 
underlines the importance of objective color measurement 
tools in scar evaluation; however, not all objective tools have 
this discriminative ability. At present, the most common 
objective method of measuring skin color is referred to as 

Scale (authors + 
references)

Clinically or 
photographs 
assessed and 
by observer/
patient

Included items Observers 
used/required

Tested on Reliability

ValidityIntra- observer Inter- observer
POSAS [6] Clinically and 

observer and 
patient

Observer:
1. Vascularity
2. Pigmentation
3. Thickness
4. Relief
5. Pliability
Patient:
1. Pain
2. Itching
3. Color
4. Stiffness
5. Thickness
6. Irregularity

1 Burn scars Internal 
consistency 
(Cronbach’s 
alpha) 
Observer: 
0.69 Patient: 
0.76

ICC: 
Observer 
score: 0.73 
(0.62–0.82)

Correlation 
observer scale 
with VSS 
Spearman’s 
rho = 0.89

MAPS [21] Photographs 
and observer

1. Surface
2. Border height
3. Thickness
4. Color
5. Pigmentation

3 Burn scars ICC: Surface: 
0.40 Border 
height: 0.79 
Thickness: 
0.82 Color: 
0.79

ICC: Surface: 
0.25–0.38 
Border height: 
0.63–0.70 
Thickness: 
0.60–0.74 
Color: 
0.5–0.71

–

Modified 
POSAS [20, 23]

Clinically and 
observer and 
patient

Observer:
1. Vascularity
2. Pigmentation
3. Thickness
4. Relief
5. Pliability
6. Surface area
Patient:
1. Pain
2. Itching
3. Color
4. Stiffness
5. Thickness
6. Irregularity

1 Burn scars, 
surgical scars

Internal 
consistency 
(Cronbach’s 
alpha) 
Observer: 
0.86 and 0.77 
Patient: 0.90 
and 0.74

ICC observer: 
Vascularity: 
0.81 and 0.62 
Pigmentation: 
0.71 and 0.73 
Thickness: 
0.72 and 0.39 
Relief: 0.67 
and 0.79 
Pliability: 
0.65 and 0.48 
Surface area: 
0.83

Correlation 
observer scale 
with VSS 
Spearman’s 
rho = 0.38

VSS Vancouver Scar Scale, POSAS Patient and Observer Scar Assessment Scale, MAPS matching assessment of scars and photographs

Table 5.1 (continued)
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reflectance spectroscopy. Color is determined by measuring 
the intensity of light reflected from specific wavelengths. 
Within this principle, two different types of devices can be 
distinguished: the tristimulus reflectance colorimetry and the 
narrow-band spectrophotometry.

Tristimulus reflectance colorimetry was developed to 
objectively represent color in a manner the human eye per-
ceives it. The level of light reflected through three broad 
wavelength filters is determined. In 1976, a color model 
based on human perception was established by the 
Commission Internationale de l’Eclairage (CIE) [24, 25]. 
Several devices integrated these values into their systems 
where any color can be described by three values: L*, the 
lightness; a*, the amount of green or red; and b*, the amount 
of yellow or blue. In practice, the L* expresses the relative 
brightness of the color, a* the redness, and b* the pigmenta-
tion of the skin. Examples of tristimulus devices are the 
Colorwalk colorimeter (Photofolt, UMN Electronics, 
Indianapolis, IN), the Micro Color (DR Bruno Lange GmbH, 
Düsseldorf, Germany), the Labscan XE (Hunter Associates 
Inc., Texas, USA), and the Minolta Chromameter CR-200 
and CR-300 (Minolta Camera Co., Ltd., Osaka, Japan).

The Minolta Chromameter is the most commonly used 
colorimeter for the color assessment of both normal and 
scarred skin [26–29]. On normal skin, the device was shown 
to have an excellent intra-observer reliability for all three 
parameters (L*, a*, b*) with very low standard error of mean 
(SEM) values. It also showed a good to excellent inter- 
observer reliability, inter-instrument and day-to-day reliabil-
ity and it can therefore be used by a single observer [30]. On 
scarred skin, the reliability was good for the three parameters 
and increased up to excellent when the measurement was 
performed by four observers. The measurement for redness 
correlated significantly but weakly with the POSAS. As far 
as pigmentation was concerned, an unacceptably low corre-
lation was found compared to the pigmentation score of the 
VSS. It was stated by the authors that this lack of correlation 
might be related to the poor agreement of the observers in the 
assessment scale, especially with highly vascularized scars. 
It was hypothesized that the vascularization of the scar could 
mask the pigmentation of the scar and this was confirmed by 
post-hoc analysis when the agreement and correlation 
improved at lower vascularized scars [31]. Although this 
device links to a computer, it performs relatively good in a 
clinical setting due to the connecting cable that gives the 
investigator an acceptable range of motion.

The Labscan XE is a full-scanning spectrophotometer 
that has been tested for its reliability and validity on scars. 
Although the inter-observer reliability for redness was only 
moderate, the results did seem to correlate well with the red-
ness parameter of the VSS. The pigmentation measurements 
were more reliable, but a sufficient correlation with the pig-
mentation value b* could not be found. This device is also 

limited for clinical purposes because it is too big to be posi-
tioned correctly over body regions such as the neck, the 
back, and the chest [32].

Narrow-band spectrophotometry devices were developed 
to measure skin or scar redness and pigmentation in the form 
of erythema and melanin. This method was first described by 
Diffey and Farr and is based on the differences in light 
absorption of red and green by hemoglobin and melanin [33–
35]. These differences result in a certain intensity of reflected 
light which can be measured. Blood is colored red because 
hemoglobin absorbs much green light and reflects red light, 
while melanin is colored brown because it absorbs light of all 
wavelengths. The erythema index (E) is defined as 
E  =  100  ×  log (intensity of reflected red light/intensity of 
reflected green light) and the melanin index (M) is defined 
as: M  =  100  ×  log (1/intensity of reflected red light). The 
DermaSpectrometer (Cortex Technology, Hadsund, 
Denmark), the Mexameter (Courage and Khazaka, Cologne, 
Germany), and the Erythema meter (Dia-stron, Andover, 
United Kingdom) are examples of narrow-band 
reflectometers.

The DermaSpectrometer is a handheld tool, which makes 
it very feasible in general practice. It is equipped with a 
6  mm diameter probe which is placed on the skin. After 
pressing the shutter button, the results are immediately dis-
played. The Derma Spectrometer was found to have a good 
reliability on normal and scarred skin, although a relatively 
high variation of day-to-day repeatability (8–22%) was seen 
for the erythema index on normal skin [31, 36]. Oliveira 
et  al. found a good correlation between the erythema and 
melanin values of the DermaSpectrometer with the VSS 
scores for respectively redness and pigmentation [37]. This 
was later confirmed by Draaijers et al. for redness (compared 
with the POSAS), but they failed to show an acceptable cor-
relation with pigmentation [31].

The Mexameter has to be linked to a computer, making it 
less suited for clinical purposes. However, the cable between 
the device and the probe gives the investigator an acceptable 
range of motion. The probe is equipped with 16 light- 
emitting diodes that send light at three defined wavelengths: 
568  nm (green), 660  nm (red), 880  nm (infrared). The 
reflected light is measured through the abovementioned prin-
ciple and is immediately displayed. Recent work by Nedelec 
et al. showed good intra- and inter-observer reliability values 
of the erythema and melanin index when using this device on 
normal and scarred skin [38, 39]. In addition, only a moder-
ate correlation of the erythema index with the subscale vas-
cularization of the modified VSS was found and there was a 
weak correlation of the melanin index with the pigmentation 
score [39].

The DermaSpectrometer and the Mexameter have been 
compared in vitro and in vivo on normal skin. The repeat-
ability as well as the sensitivity of these two instruments was 
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good. Both measurement devices were able to characterize 
skin color and to quantify small skin color changes [36]. On 
scarred skin, a comparison with the DermaSpectrometer has 
not been made.

Different types of tristimulus devices have been com-
pared with narrow-band devices on normal skin [36, 40]. On 
scarred skin, Draaijers et  al. compared the Minolta 
Chromameter with the DermaSpectrometer [31]. Although 
the Minolta gave the most reliable values, the 
DermaSpectrometer seemed to be more feasible in clinical 
practice and was therefore preferred.

In summary, the tristimulus colorimeter is capable of 
measuring all scar colors, whereas the narrow-band reflec-
tometers are designed for measuring the intensity of ery-
thema and pigmentation. On scarred surface both types of 
devices seem reliable, but neither the tristimulus nor the 
narrow-band devices seem able to perform measurements 
with an acceptable correlation with the gold standard. The 
DermaSpectrometer is the most feasible tool, but it has 
recently been withdrawn from the market. We conclude that 
there is no objective tool available for the analysis of scar 
color that measures redness and pigmentation in a reliable 
and valid way. Until further research is performed, the 
Minolta Chromameter and the Mexameter seem the best 
devices available for measuring scar color.

5.4.2  Thickness

When measuring thickness of a scar it is important to distin-
guish clinical thickness from histological thickness. 
Clinically, thickness is usually measured through comparing 
the height of the scar with the normal surrounding skin, 
while the histological thickness might differ because of 
bulky connective tissue, especially in immature scars.

A skin biopsy remains the gold standard to measure scar 
thickness but it is infrequently applied in the clinical setting 
because of its invasive character. Ultrasound has been shown 
to be reproducible and accurate in the determination of the 
thickness of normal and scarred skin [38, 39, 41, 42]. Today, 
in combination with the appropriate software, it is possible to 
create a three-dimensional image, including measurements 
of thickness, area, and volume of the scar tissue. This method 
is often used for the analysis of scar thickness after burns or 
surgical treatments [43–45]. The Tissue Ultrasound 
Palpation System (TUPS) (Biomedical Ultrasonic Solutions, 
Hong Kong) and the Dermascan C (Cortex Technology, 
Denmark) are frequently used devices.

The TUPS is a portable ultrasound machine which is con-
nected to a probe that is equipped with an ultrasound trans-
ducer with both a transmitter and receiver at the tip. It was 
proven to have a high inter-observer and test-retest reliabil-
ity, but it only seemed to correlate moderately with the VSS 

that was used to test its concurrent validity [46]. A phantom 
study by Du et al. showed that the TUPS was able to measure 
the volume of a scar with a 90% accuracy [47].

The Dermascan C is a high-frequency (10–50  MHz), 
high-resolution ultrasound scanner that captures and repro-
duces detailed images of the skin or scar. It is able to pene-
trate to a depth up to 15 mm, making it accessible for the 
measurements of most common scars. A good inter-observer 
and excellent intra-observer reliability was found on scarred 
surfaces and measurements could also be reliably repeated 
the next week. The validity of the Dermascan C was tested 
and a statistically significant Spearman’s Rho correlation of 
0.41 and 0.50 was found between the total thickness of the 
instrument and the VSS subscale for height [39].

In 2007, a new scanning technique for accurate volume 
measurements of keloids was introduced [48]. The Vivid 900 
(Konica-Minolta, Milton Keynes, United Kingdom) is a non- 
contact scanning device that combines photography and 
laser technology for volume assessment using RapidForm 
2004 3D reverse modelling software. This scanner is not por-
table and relatively expensive, making it less accessible for 
small centers. Although no reliability test was performed, the 
results seemed to correlate positively with the total score of 
the Manchester scar scale. Then again, whether a correlation 
of scar volume with a total scar score is desirable, remains 
debatable.

Magnetic Resonance Imaging (MRI) has been shown to 
accurately and reliably measure the thickness of normal skin 
[49]. This technique has not been applied for measuring scar 
thickness. Moreover, this method is very expensive and 
time-consuming.

After reviewing the available evidence, ultrasound seems 
the first choice tool for measuring scar thickness. It is conve-
nient in use and found to be accurate and reliable for the 
evaluation of scar thickness. Because the Dermascan C 
showed a slightly higher correlation with the VSS compared 
to TUPS, this device would be our first choice for this 
purpose.

5.4.3  Relief

Surface irregularities, also referred to as relief, can be mea-
sured by various measurement tools. A selection of the most 
important, non-invasive, objective measurement tools is 
reviewed below.

Most objective relief measurement methods measure the 
skin topography indirectly by using a negative replica of the 
skin [50–54]. SILFLO® silicon polymer (Flexico 
Developments Ltd., Hertfordshire, United Kingdom) is most 
widely used and previous studies have proven its reliability 
and reproducibility [55]. First, liquid silicone is placed onto 
the area of interest and mixed with a hardener in a fixed posi-
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tion. After the replica is hardened, which takes 1 min to 24 h, 
a negative print of the skin or scar is generated. To assess the 
relief, further investigation needs to be done on these repli-
cas, which may include Mechanical, Optical, Laser, 
Transparency, or Interference Fringe Projection Profilometry.

The Mechanical Profilometry technique, which is also 
referred to as the stylus method, is a relief measuring method, 
which generates digitized data from a stylus that runs over a 
replica [56–58]. Relief can be measured up to several milli-
meters [55]. Even though mechanical profilometry has a 
high reliability, its feasibility is low, because of a long drying 
and measuring time of 24 h and 8 min, respectively. In addi-
tion, it is uncertain whether this method would be suitable 
and reliable for measuring scar relief, since it has only been 
used to assess the depth of wrinkles, skin dryness, and atopic 
dermatitis in unscarred skin.

Optical Profilometry is a relief measuring method, which 
works by the detection of black and white reflections by light 
irradiation. This light irradiation is caused by differences in 
depth and angle of the replica. In a short time period, the 
image is processed by a high-resolution black and white 
video or CCD (Charge-Coupled Device) camera, which is 
projected on a computer and analyzed by using specialized 
software [59, 60]. This system is able to measure relief up to 
6 mm [55], which makes it suitable to quantify scar relief. 
However, the optical profilometry method, which previously 
has shown good reliability on normal skin [59, 61], should 
first be tested on its reliability on scars before clinical use 
would be advocated.

Laser Profilometry is a relief measuring method, which is 
based on the principle of light amplification and reflection 
from a skin replica [62, 63]. After reflection of light from the 
replica, the laser is focused by a movable lens. These move-
ments of the lens, which are proportional to the relief of the 
replica, are registered digitally and calculated by a special-
ized software program. This software program displays a 
three-dimensional picture, on which calculations such as the 
Fourier analysis can be performed [62]. The maximum verti-
cal measuring range is 10 mm. Laser profilometry is a very 
accurate and reliable method for relief measurements on nor-
mal skin [63]. However, reliability for measurements of scars 
and validity have not been assessed. In addition, its feasibil-
ity is low because of a long measurement time (10–30 min), 
high costs, and complexity in use. Therefore, laser profilom-
etry is not recommended for use in a clinical setting, but may 
be used for research purposes.

Transparency Profilometry can be performed by using the 
Visiometer (Courage and Khazaka, Cologne, Germany) [64–
66]. This measurement principle is based on light transmis-
sion through a thin replica of silicone of which the light 
absorption is known. The Visiometer measures reliably 
between a vertical range of 10 and 361 μm [64], but since 
relief in scars and relief of deeper wrinkles often exceeds 
361 μm, this method will most likely not be useful for mea-

surements of scar relief. Moreover, its validity has never 
been assessed.

Interferometry, also referred to as Interference Fringe 
Projection Profilometry (Breuckmann, Meersburg, 
Germany), consists of calculating a phase image from inter-
ference fringe image projection. The phase image gives 
access to the altitude at each point. By calculating the phase 
difference between the phase of the replica and that of the 
reference plane, the relief of the replica is obtained [67]. The 
Dermatop® system and the Toposurf® software are used to 
generate the data. The interferometry measurements showed 
good accuracy and reliability. Research showed that in the 
evaluation of micro-and macrorelief interferometry was con-
sidered more feasible than the other four profilometry meth-
ods, which have been discussed above [68]. Since the vertical 
measurement range has not been mentioned, it remains 
unclear whether it would be suitable for measurements of 
scar relief.

Besides indirect measurements of topography, which use 
skin replicas, skin topography can also be measured directly. 
The PRIMOS (Phases shift Rapid In vivo Measurement Of 
the Skin, GFMesstechnik GmbH, Teltow, Germany) is a 
non-contact measurement tool which assesses relief. It is 
able to measure skin relief with a vertical range up to 10 mm. 
First, a parallel digital stripe pattern is projected onto the 
skin and the reflected light is absorbed by a CCD-chip of a 
high-resolution camera. Subsequently, a digital three- 
dimensional image is achieved which is evaluated by use of 
a specialized software program [69]. The PRIMOS is a fea-
sible measurement tool: generating the image and processing 
the data is an easy and short procedure compared to the mea-
surement methods that analyze negative skin replicas. 
Currently, the reliability and validity of the PRIMOS for scar 
relief measurements are being tested [70].

Relief measurement tools should be subdivided into tools 
which are applicable on irregularities of normal skin and 
tools applicable on scar relief. Transparency Profilometry 
and Interferometry are able to precisely measure skin micro-
relief, which can be relevant for the evaluation of therapies 
for dermatological diseases or for the cosmetic industries. 
Mechanical, optical, and laser profilometry could be more 
useful for quantifying macrorelief of scars. However, because 
of low feasibility these methods have a limited application in 
a clinical setting, but could be used for research purposes. 
The PRIMOS, which is a more feasible measurement tool, 
may very well be suitable for the quantification of scar relief 
in a clinical setting.

5.4.4  Elasticity

The mechanical qualities of the skin are well appreciated and 
studied. Experimental models identified the most important 
mechanical skin characteristics, which are tensile strength, 
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ultimate extension, and stress-strain curves [71]. Tools that 
measure these mechanical qualities will be discussed by the 
following four subcategories, which are based on the type of 
load on the skin: suction, pressure, torsion, and tension. In 
Fig. 5.4, these types of load are visualized and explained.

5.5  Suction Methods

The most frequently described elasticity measurement tool is 
the Cutometer® Skin Elasticity Meter 474 and 575, with its 
latest MPA 580 version (Courage and Khazaka Electronic 

GmbH, Cologne, Germany). During the measurement con-
stant negative pressure is used for a short period, alternated 
with periods of normal pressure. This pressure is exerted 
over a small area of the skin, which ranges from 2 mm to 
8 mm, depending on the diameter of the probe. The probe 
with a 6  mm aperture provides the most precise measure-
ments of the dermal elasticity [72]. When the Cutometer was 
tested on normal skin, reliable results were obtained [73]. In 
addition, the Cutometer was found to have a good reliability 
for measurements on both sclerodermal skin [74] and scars 
[75, 76]. Validity of the Cutometer has been assessed, which 
showed a weak to moderate correlation with the pliability 
score of the POSAS [75].

The DermaLab® (Cortex Technology, Hadsund, Denmark) 
[77], which has replaced the Dermaflex® [78–81], measures 
the stress that is needed to achieve an elevation of the skin of 
1.5 mm. Its measuring aperture is 10 mm, which is larger 
than the aperture of the Cutometer (2–8  mm). Therefore, 
these devices measure different mechanical qualities of the 
skin: a smaller measuring aperture (Cutometer) predomi-
nantly measures qualities of the epidermis and the superficial 
dermis, whereas a larger measuring aperture (DermaLab) 
measures the dermis itself together with the sliding mobility 
of the junction between dermis and the layer of the subcuta-
neous fat [73]. Both measurement devices with a small and 
larger measuring aperture are of relevance in the scar evalu-
ation. However, one should realize that dependent on this 
measuring aperture different mechanical qualities are mea-
sured. The reliability, validity, and feasibility of the 
DermaLab have been sparsely examined: only one report has 
shown that the DermaLab measures less accurately than the 
Dermaflex [77]. Therefore, before applying the DermaLab in 
the evaluation of scars more clinimetrical research needs to 
be performed.

5.6  Pressure Methods

Tonometry is a measurement method which was originally 
developed to determine the intraocular pressure. Later, 
tonometry was used to quantify firmness and flexibility of 
skin and scars [82]. It is composed of an air flow system, a 
built-in sensor, and a membrane that makes contact with the 
skin surface. When applied to the skin, the amount of pres-
sure that is needed to lock the system is measured. The mea-
surement is displayed on a dial indicator. The Cicatrometer, 
Pneumatonometer, Tissue Tonometer, and Durometer are all 
tonometers which work by the same measurement technique. 
The Cicatrometer (University of California, San Diego, 
USA) is the first type of tonometer which has been used to 
assess burn scars [82]. Subsequently, the Pneumatonometer 
(Medtronic Solan, Jacksonville, USA) was described and 
assessed on its validity: a moderate correlation with the pli-
ability score of the VSS was shown in the measurement on 

Fig. 5.4 Schematic drawings of the mechanisms based on the type of 
load on the skin: suction by the Cutometer and DermaLab (above), 
pressure by the Pneumatonometer (second from above), pressure by the 
Durometer (center), torsion (second from below) by the Dermal Torque 
Meter, and tension by the Elastometer and Extensometer (below). The 
working mechanism of the Pneumatonometer (second from above) is 
based on air that normally flows through the system (left panel).This 
system is blocked at a certain pressure (right panel)

P. D. H. M. Verhaegen et al.



61

burn scars [83]. Later, the Tissue Tonometer (Flinders 
University Biomedical Engineering Department, Adelaide, 
Australia) was developed, which showed an excellent intra- 
observer reliability on burn scars [84]. The assessment of its 
validity showed a moderate correlation with the pliability 
score of the VSS [84].

The latest version of the Tonometer is called the Durometer 
(Rex Gauge Company Inc., Glenview, USA), which was 
originally designed to measure the hardness of material. 
Later, the durometer was used in the assessment of skin hard-
ness in scleroderma [85], lipodermatosclerosis [86], and skin 
induration in venous diseases [87]. In multiple trials, the 
Durometer was tested on sclerodermal skin with excellent 
reliability and good validity [88–90]. However, its reliability 
and validity for scars have not been investigated yet, but 
probably would be similar to the reliability and validity that 
has been found for the Tissue Tonometer and 
Pneumatonometer. The primary disadvantage of tonometry 
is that the measurement is influenced by the hardness of the 
underlying tissue. Therefore, it is less suitable for anatomical 
locations where bony structures are situated directly under 
the skin (i.e., the hand, fingers, or face) [85].

5.7  Torsion Methods

The Dermal Torque Meter (Dia-stron, Andover, United 
Kingdom) is a commercially available measurement tool that 
assesses elasticity via torsional force onto the skin [91–93]. 
It has a rotating flat disk which is placed in contact with the 
skin surface. This disk applies a rotational force along the 
plain of the skin surface. The rotational load is applied by a 
motor with controllable voltage and allows adjustment of the 
torque. A ring guard was constructed circumferentially to the 
disk leaving a strip of skin in between. The Dermal Torque 
Meter has been applied for the evaluation of normal skin [94] 
and burn scars [95], but no data on its reliability have been 
reported. Validity of measurements on normal skin has been 
evaluated, which showed a poor correlation with the 
Cutometer measurements [96]. Since reliability is unknown 
and torsion methods are not transferable to suction 
 techniques, their suitability for scar assessment has yet to be 
determined.

5.8  Tension Methods

The following measurement tools work by measuring the 
skin deformation, after tension is exerted in the horizontal 
plane of the skin. The Elastometer (Washington University, 
St. Louis, USA) is a handheld measurement tool that has 
been developed for extension evaluation by distracting two 
loci of skin [97]. It has been used to measure normal skin and 

hypertrophic burn scars. Another measurement tool which 
works by the same technique of skin extension is the 
Extensometer (University of Hong Kong, Hong Kong, China) 
[98]. A known rate of extension is applied to the skin via 
double-sided adhesive tape on two metal tabs. The skin 
extension related to the load intensity is displayed in a graph. 
The Extensometer has been used in the assessment of elastic-
ity of normal skin and hypertrophic scars [99]. Unfortunately, 
reliability and validity of these type of measurement tools 
have not been examined.

In conclusion, we advise the Cutometer as the first choice 
for elasticity measurements, since this measurement tool is 
feasible and measures reliably, with a reasonable validity. 
Other possibilities could include Tonometry, which is both 
reliable and valid for measurements on scars. Unfortunately, 
Tonometry will be biased by the hardness of structures 
underneath the skin. Measurement tools that work by torsion 
and tension methods at present do not have a major role in 
the scar assessment armamentarium, because minimum 
requirements (reliability and validity) have not been investi-
gated or have not been met.

5.8.1  Surface Area: Planimetry

The most simple and commonly used method of planimetry 
is tracing the scar or wound margins. In 1992, Bryant et al. 
described the Transparent Acetate Wound Perimeter Tracing 
(Labelon Projection Transparencies, Braintree, United 
Kingdom) [100, 101]. The wound is traced on a transparent 
grid paper and subsequently the observer counts the number 
of squares that fall within the tracing and calculates the area. 
This technique was found to be reliable, valid, and feasible 
for quick wound assessment [102–104]. Beside tracing a 
wound or scar, it is also possible to cut out this trace and use 
the Weighing Method (Transparency Film, Scotch 3M, St 
Paul, USA, and Gram-atic® Balance, Mettler Instrument 
Corporation, Hightstown, USA) [100], whereby the weight 
has a linear correlation with the surface area. This method 
was found to be reliable, but is less practical because the 
observer first needs to determine the mass/cm2 and secondly 
needs a precise weighing scale. Moreover, tracing, cutting 
out this trace, and weighing could introduce extra variation 
into the measurements. Overall, cautiousness should be pre-
served in the tracing technique, since it appeared that the 
greatest source of error in wound tracings was in the tracings 
themselves rather than in the determination and calculation 
of the final wound area [100, 105].

More sophisticated surface area measurements can be 
done by Computer Assisted Planimetry. The wound or scar 
is traced on any kind of transparent sheet, followed by digi-
tizing this sheet and analyzing the scanned sheet by a com-
puter program. Various computer programs exist to 
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determine the real area [106–109]. Another example of 
computer assisted planimetry is tracing on a digital com-
puterized tablet, e.g., a sonic digitizer or Visitrak (Smiths 
and Nephew, London, United Kingdom), which is a reliable 
way of area determination. However, these tablets can be 
very expensive and costs may rise up to several thousand 
dollars [105, 110]. Validity of computer assisted planimetry 
has not been reported to date.

Another frequently used and simple method of planime-
try is photography. The use of photography has been applied 
in Photogrammetry and Stereophotogrammetry. In 
Photogrammetry, a calibrated grid is projected on the film 
image. The camera is held on a standard distance from the 
image of interest. In 1986, Bulstrode et al. found this tech-
nique to have an excellent reliability [111]. In 2004, van 
Zuijlen et al. found planimetry by photography (using a cali-
brated grid which is projected on the film image) to be valid 
and reliable, even more reliable than tracing on transparent 
sheets, except for extremely curved body parts [112]. 
Because difficulties remain in converting a three- dimensional 
image into a two-dimensional image, stereophotogrammetry 
has been developed. Stereophotogrammetry is 
Photogrammetry, which is extended by the use of two cam-
eras. These cameras generate a more precise reconstruction 
of the area of interest. Stereophotogrammetry was found to 
be a reliable and valid measurement tool, which is more 
accurate than tracing or simple photography [113]. Although 
this tool measures very accurately, the use in clinical practice 
is limited because it is expensive, time-consuming and 
requires specialistic skills [108].

Eventually, in planimetry various more extensive imaging 
techniques can be used, such as Ultrasound, Computed 
Tomography, and Magnetic Resonance Imaging [1, 114, 

115]. From these images, a three-dimensional computer 
reconstruction can be generated [115]. However, their appli-
cability is limited by a low feasibility, very high costs, and 
potential inaccuracy because of movement of the area of 
interest. In addition, these measuring techniques have not 
been properly assessed on their reliability and validity.

In surface area measurements, two important problems 
must be taken into account: the first problem is that the 
 borders of the wound or scar may become unclear, which 
may cause a broader variation in measured surface area. The 
second problem is that extremely curved body parts and 
areas with skin folds may influence the measurements that 
are done by the use of photography. In 2004 this was demon-
strated by Van Zuijlen et al., who found that for extremely 
curved body parts planimetry by photography was less reli-
able than the tracing method [112]. Planimetry of circumfer-
ential wounds or scars may cause similar problems.

In summary, for surface area measurements we advocate 
the use of reliable, inexpensive, and uncomplicated methods 
which are clinically validated and can be applied without 
limitation.

Overall, we recommend the photographic technique as a 
standard evaluation method for wounds or scars which are 
not subjected to curved body parts and skin folds: digitized 
measurements show better results than manual tracing, 
because the greatest measurement errors lie in the manual 
tracing done by the observers [100, 105]. However, for 
extremely curved body parts, large surface areas, and loca-
tions, which are difficult to measure, the most feasible and 
advocated method would remain the manual tracing method, 
either on metric paper or on transparent sheets.

Table 5.2 gives an overview of the abovementioned scar 
assessment tools.

Table 5.2 An overview of scar assessment tools and their relevant clinimetrical parameters

Inter-observer 
reliability normal skin

Inter-observer reliability 
scars Validity scars Pricea

Clinical 
application

Color
DermaSpectrometer Redness: CV < 22%

Pigmentation: 
CV < 4% [36]

Redness: 1 obs: 0.72; 4 
obs: 0.91
Pigmentation: 1 obs: 
0.94; 4 obs: 0.98

Redness: 0.50b

Pigmentation: 0.32b [31]
Not commercially 
available 
anymore

[116, 117] No 
scars

Labscan XE Redness: 0.92
Pigmentation: 
0.95–0.96 [32]

Redness: 0.50
Pigmentation: 0.88–0.99 
[43]

Redness: 0 .72 with  
VSS
Pigmentation: 0.50–
0.83b with VSS [43]

$26,455 –

Mexameter Redness: 0.97
Pigmentation: 0.99 
[39]

Redness: 0.82–0.97
Pigmentation: 0.95–0.98 
[39]

Redness: 0.52–0.65b 
with VSS [39]
Pigmentation: 0.37–
0.50b with VSS [39]

$14,205 [118–121] No 
scars

Minolta Chromameter 
CR-200

Redness: CV < 10%
Pigmentation: 
CV < 1% [36]

Redness: 1 obs: 0.75; 4 
obs: 0.92
Pigmentation: 1 obs: 
0.73–0.89; 4 obs: 
0.91–0.97

Redness: 0.42b with 
POSAS [31]
Pigmentation: 0.23–
0.24b with POSAS [31]

Not commercially 
available 
anymore

[44, 117]
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Table 5.2 (continued)

Inter-observer 
reliability normal skin

Inter-observer reliability 
scars Validity scars Pricea

Clinical 
application

Minolta Chromameter 
CR-300

Redness: 1 obs: 0.92
Pigmentation: 1 obs: 
0.97–0.99 [29]

– – Not commercially 
available 
anymore

[29, 122]

Thickness
Dermascan C 0.85 [39] 0.89–0.91 [39] 0.41–0.50b with height 

score VSS [39]
$ > 41,775 [123]

TUPS – 0.84 [46] 0.34c with height score 
VSS [46] 0.42c with 
total score VSS [46]

$16,480 [43, 124]

Vivid 910 (volume) – – 0.63c with total score 
MSS [48]

$67,950 [125] No 
scars

Relief
Mechanical Profilometry CV < 0.5% [56] – – Unknown [50] No scars
Optical Profilometry CV < 3% [61] – – Unknown –
Laser Profilometry – – – Unknown [63] No scars
Transparency 
Profilometry

Normal skin not 
assessed metal plates: 
CV < 10% [64]

– – Visiometer: 
$16,480

[65, 123] No 
scars

Interferometry CV < 4% [68] – – $111,435 [126, 127] No 
scars

PRIMOS 0.74 [70] 0.82 [70] 0.53–0.70c with relief 
score POSAS [70]

$42,320 [69, 128]

Elasticity
Cutometer 1 obs: 0.75–0.85; 4 

obs: 0.93–0.96 [75]
1 obs: 0.35–0.76; 4 obs: 
0.68–0.93 [75]

0.29–0.53b with 
pliability score POSAS 
[75]

$5575 [129, 130]

Dermaflex CV: 60.7–23.2% – 0.38–0.44c with 
DermaLab [77]

Not commercially 
available 
anymore

[77, 131] No 
scars

DermaLab CV: 44.4–57.8% – 0.38–0.44c with 
Dermaflex [77]

$6440 –

Tonometry 0.82–0.91 [89] Sclerodermal skin: 0.95 
[132]

0.57d with VSS [83] 
0.442–0.457c with VSS 
[84]

$405–820 [37, 83–85, 
132]

Dermal torque meter – – Poord with Cutometer 
[96]

$14,690 [95, 96]

Elastometer – – – Not commercially 
available 
anymore

[97]

Extensometer – – – Not commercially 
available 
anymore

[99]

Surface area
Transparent acetate 
wound perimeter tracing

0.48–0.88 [112] – Goodd [112] $ < 5 [104, 133, 
134] No scars

Weighing method – – – $1680–6800 [100] No 
scars

Computer assisted 
planimetry

– – – Visitrak: Not 
commercially 
available 
anymore

[133, 135, 
136] No scars

Photogrammetry 0.72–0.93 [112] – Goodd [112] Unknown [37] No scars
Stereophotogrammetry – 0.98c [113] (wounds) – Unknown [108] No 

scars

Obs observer, CV coefficient of variation in % ((Highest value − Lowest value)/Lowest value) × 100
aPrices based on the exchange rate of April 2010
bSpearman’s rho correlation coefficient
cPearson’s correlation coefficient
dCorrelation coefficient unknown
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5.9  Conclusion

In the future decades, the role of reliable and valid scar 
assessment tools will become more prominent. In this chap-
ter, several measurement tools that may be considered for 
scar assessment are described.

In general, objective scar measurements are preferred 
over subjective scar assessment scales. However, subjective 
scar assessment scales performed by observers have several 
advantages. They are convenient, cheap, and give semi- 
quantitative information along several clinical parameters. 
Moreover, they can be performed in outpatient clinics, as 
they require little time to complete. On the other hand, sev-
eral available assessment scales require more than one 
observer to obtain good reliability and to reduce the measur-
ing error of a single observer.

It is debatable whether evaluation of all scar features 
(color, thickness, relief, pliability, and surface area) is neces-
sary for a complete scar assessment scale. However, only 
after many years of experience with a certain scar assess-
ment scale such lists may be shortened, because the relevance 
of parameters first needs to be evaluated for different scar 
categories in different patient groups.

Measuring devices provide objective parameters and 
make errors that are usually consistent and predictable. The 
best scar measuring devices in terms of reliability and valid-
ity are yet to be determined for many of the parameters that 
bear importance for research goals.

Furthermore, it should be taken into account whether the 
measurement tool can be used in a clinical setting, where the 
time element is highly important and anyone should be able 
to perform the measurement, or on the other hand, in a 
research setting, where more time is available and more spe-
cialized observers carry out the measurements.

In this chapter, we systematically discussed methods to 
access scar formation that are considered relevant to research 
involving scars. Surprisingly, only few scar assessment tools 
have been studied sufficiently. Of course, there is no need to 
perform the entire array of clinical analyses in a single study. 
The aim of a study must dictate the methodology and the 
preferred methods of evaluation.
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6.1  Physiological Scarring

Scar formation is considered as an integrative part of the 
complex and dynamic process of normal physiological 
wound healing to restore skin integrity following injury and 
is referred to as the maturation phase. This phase is domi-
nated by fibroblasts. The pivotal feature of this process is the 
synthesis, deposition, and remodeling of collagen, the major 
structural substance of connective tissue. The collagen depo-
sition in normal wound healing peaks by the third week after 
injury. Collagen remodeling is characterized by a (balanced) 
continuous synthesis and degradation of collagen and is 
observed already early during the wound healing process. 
The degradation of wound collagen is controlled by a variety 
of enzymes such as collagenases (e.g., MMP-1) derived from 
granulocytes, macrophages, keratinocytes, and fibroblasts. 
On the other hand, the expression and activity of collage-
nases is tightly controlled by cytokines.

Wound contraction is a further inherent part of wound 
healing and is presented by an ongoing process resulting in 
part from the proliferation of a specialized fibroblast popula-
tion termed as myofibroblasts containing myofilaments 
(α-SMA, desmin).

Overall, it has to be mentioned that scar tissue is never as 
strong as normal, uninjured skin. For the first 3–4  weeks 
after injury, the wound can easily be re-opened by minimal 
trauma. After 6 weeks, the scar has attained approximately 
half of its final strength. During the next 12 months, the scar 
gradually increases its ability to withstand injury, but it never 
attains normal strength (for review, see [1]).

6.2  Pathological Scarring

In some individuals, however, and particularly in burn vic-
tims, some of the wound healing processes may lead to pro-
duction of overabundant extracellular matrix, resulting in 
abnormal scar formation, which is of altered composition 
(e.g., misbalanced collagen I/III ratio) and organization (e.g., 
nonlinear oriented collagen bundles). Causative factors 
which are implicated in pathological scar formation are a 
prolonged and subsequently dysregulated inflammatory 
phase, a misbalance between pro- and anti-fibrogenic fac-
tors, and the involvement of specific cell subpopulations.

Especially extended and deep wounds eliciting systemic 
responses, features of severe burn wounds, are prone to 
develop pathological scarring. While superficial burn wounds 
heal in a normal timely manner resulting in minimal scar-
ring, deeper burns often result in pathological (hypertrophic) 
scarring necessitating further intervention. This is due to the 
fact that the majority of epidermal and dermal regenerative 
structures such as basal membrane, appendices, and hair fol-
licles are destroyed and healing can only occur from the 
wound edges, thus prolonging phases of wound healing. It 
was clinically shown that wounds which are not healed 
within a 3 weeks period have a high risk potential of hyper-
trophic scarring, independent of age, site, and genetic predis-
position [2]. Additionally, dermal fibroblasts were found to 
exhibit similar characteristics as fibroblasts cultured from 
hypertrophic scars, expressing higher TGF-β1, CTGF (con-
nective tissue growth factor), and α-SMA levels [3–5].

Following the (thermal) impact the initial formed fibrin 
matrix serves as a scaffold for migrating cells. However, 
inadequate fibrin removal due to suppressed fibrinolysis con-
trolled by the activity tissue plasminogen inhibitor-1 (is 
upregulated by TGF-β1 and downregulated TGF-β3) 
impedes healing and might lead to fibrosis [6, 7]. Burns but 
also infected wounds (burn wounds are at high risk for infec-
tions) exaggerate especially the inflammatory phase, thus 
leading to a misbalance in favor of a pro-fibrogenic status. L. Teot (*) · S. Otman · A. Brancati · R. Mittermayr 
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Potential cytokines which are discussed in this context are 
PDGF, TGF-β, IGF-1, and IL-4.

PDGF is a degranulation product of platelets early during 
wound healing and is elevated in hypertrophic scar tissue. It 
has been shown as a potent promoter of fibroblast prolifera-
tion, extracellular matrix production, and the induction of the 
myofibroblast phenotype [1].

TGF-β is a cytokine well characterized as a fibrogenic 
factor and exists in three isoforms (TGF-β1–3). Following 
burn injury, TGF-β1 and 2 stimulate their own synthesis in 
an autocrine fashion and attract neutrophils, monocytes as 
well as fibroblasts. In fibroblasts, they stimulate the synthesis 
of collagen, fibronectin, and certain glycosaminoglycans 
partly via Smad transduction pathway [8].

TGF-β1 downregulates decorin, important for normal 
collagen fibrillogenesis, and upregulates versican and bigly-
can. Neovascularization is enhanced while different protein-
ases are modulated (MMP-1 downregulation).

In hypertrophic scars of post-burn patients, TGF-β is 
upregulated locally and systemically [9].

A further factor which is also increased in hypertrophic 
scars is IGF-1, a cytokine with mitogenic activity on fibro-
blasts and endothelial cells with collagen synthesis stimula-
tion of dermal fibroblasts [10]. Furthermore, it also decreases 
the expression of collagenase, thus aggravating the abnormal 
collagen deposition seen in hypertrophic scars [11].

Clinically, it has been well recognized that injuries associ-
ated with prolonged immune responses, such in burns, are 
predisposed to developing abnormal scarring. Therefore it is 
hypothesized that not the severity of inflammation predis-
poses to hypertrophic scarring but the type of immune 
response. The two subsets of CD41 cells present in wound 
healing, Th1 and Th2 cells, show antagonistic activity. While 
Th1 cytokine expression results in an antifibrotic phenotype 
(e.g., increased collagenase), Th2 cytokine profile results in 
pro-fibrotic milieu.

Studies evaluating the cytokine profile after burn injury 
show reduced Th1 cytokine synthesis (e.g., IL-2, IFN-γ) and 
increased Th2 cytokine profile [12, 13].

Th3, a further subtype of CD41 T-cells, is also pro- 
fibrotic, and was shown to be elevated in burn patients [14].

Therefore, it seems that early after burn injury a “Th2 
immune response” leads to the pro-fibrotic Th3 cells which 
are capable to induce fibrosis, while inhibiting the antifi-
brotic Th1 activity [15].

Recently, a newly identified cell population has been 
implicated in the pathophysiology of hypertrophic scars 
following thermal injury [16–18]. They exhibit both 
monocyte- and fibroblast-like characteristics and origi-
nate from the bone marrow. They are thought to play a 
role in tissue repair by several mechanisms (e.g., ECM 
secretion, antigen presentation, cytokine production, 
angiogenesis). It is discussed that this cell population 

contributes to the myofibroblasts. In the peripheral blood 
of burn patients, an increased percentage of fibrocytes 
were found compared to controls [17]. It was further 
shown that this fibrocytes from burned patients are able to 
modify dermal fibroblast function to increase the secre-
tion for TGF-β and CTGF (connective tissue growth fac-
tor), a factor stimulating the proliferation of fibroblasts 
and ECM protein synthesis and which may mediate many 
of the pro-fibrotic effects of TGF-β [19, 20].

There are many factors which lead in the outlined scar 
pathophysiology. In general, a higher prevalence of abnor-
mal scarring is observed in burn patients (dependent upon 
burn extension), especially when caused by flame. The burn 
location is also implied as a risk factor for pathological scar 
formation. However, both sexes show equal distribution, but 
hypertrophy is more common in children. Race as a risk fac-
tor is also discussed in the literature, with black patients 
bearing a higher risk compared to others.

To summarize, a lot of various factors of the normal phys-
iological wound healing cascade are altered in a manner that 
finally result in abnormal scarring, which is primarily char-
acterized by excessive disorientated collagen deposition.

6.3  Scar Classification and Grading

Classifying scars is essential for choosing the right treatment 
regime. Several approaches try to differentiate the pathologi-
cal scars according to their appearance, histological patterns, 
and clinical symptoms. Recently, a schema was proposed by 
Mustoe et al. [21] with modified standard terminology to be 
clinically as relevant as possible (Table 6.1).

On the other hand, also a number of different grading sys-
tems were developed, in an effort to adjust treatment to the 
stage of the scar. The Vancouver Scar Scale is probably the 
most common and widely used, evaluating the burn scar in 
an objective manner subsequently providing assistance in 
prognosis and management.

However, to prevent the development of unsatisfactory 
outcomes such as hypertrophic scarring or keloids, clinicians 
should already initially develop a routine scar assessment 
program during the first 3 months after complete healing has 
occurred [22].

6.4  Scar Treatment

Pathological scarring is seen in more than 50% of healed 
deep burns, thus making it an important entity in the long- 
term run of burn victims. Several clinical as well as experi-
mental attempts focus this specific problem ranging from 
conservative biophysical measures, surgical treatment, to 
pharmacological interventions.

L. Teot et al.
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According to the current knowledge of abnormal patho-
logical scarring therapeutic approaches can target (1) the 
mechanical properties of wound repair, (2) misbalance 
between collagen synthesis and degradation, and (3) the 
altered inflammatory response.

6.4.1  Scar Prevention

Prevention of a pathological event is usually more effective 
than treating them which is additionally often unsatisfying 
and associated with additional burden to health care expenses. 
As previously mentioned, thermal injuries especially when 
extended in area and depth are prone to hypertrophic scar-
ring and could potentially benefit from preventive burn scar 
management. However, focusing on burn treatment, preven-
tion or treatment of pathological scarring can be conceptu-
ally and practically similar especially when considering the 
high percentage of pathological scarring in burns. Therefore, 
treatment regimes which are used as preventive means could 
also be used in treating manifest pathologies and vice versa.

Many preventive (and) treatment strategies have proven 
their efficacy due to extensive clinical use, applied whether 
as single or as a combination therapy. However, only few 
have reached a certain evidence-based medicine level.

6.4.2  Surgical Treatment Options

6.4.2.1  Surgery: Prevention
A well-accepted classification system of burn injuries is ori-
ented on the extent of the skin component involved. Second 
(dermal) degree burns are additionally subdivided in superfi-
cial or deep. In the first, necrosis occupies only the upper 
(superficial) dermis, with unaffected reticular dermis. These 
burns are usually managed conservatively (without excision 
and grafting) due to the good healing prognosis as well as 
low incidence of abnormal scarring.

In contrast, in deep dermal burns, necrosis involves the 
reticular dermis and the zone of stasis further extends deep 
into the dermis. These burns are generally best treated with 
excision and grafting, which can reduce the risk of long-term 
complications such as hypertrophic scarring and burn con-
tractures [23].

Full-thickness (third-degree) burns involve the entire der-
mis and are generally managed with excision and grafting.

Degree of scarring is strongly dependent on the duration 
of healing and thus on the residues of dermal components (= 
burn depth). In particular, deep wounds (full-thickness 
wounds or wounds with considerable dermal component 
involvement) are considered to heal unlikely within 21 days, 
and Deitch et  al. showed a significantly enhanced risk of 
abnormal scarring if the wound is persistent for 10 days and 
that this risk rise to 80% for wounds which show delayed 
healing beyond day 21 [2].

Therefore, each burn which is expected to take more than 
3 weeks to heal (especially with knowledge of high risk scar 
formers) should be considered to be early skin grafted. 
Again, clinical correct assessment of the burn is mandatory 
to draw conclusions regarding the expected healing time.

Excision of burn wounds with an adequate technique and 
control of blood loss followed by early wound closure, pri-
marily with autologous skin grafts, could effectively decrease 
severity of hypertrophic scarring, contraction, and allows 
faster rehabilitation [24, 25].

Skin grafts are widely accepted as a standard method in 
covering extended excised burn and scar areas. Over the past 
decades, great advances were made regarding the technique 
and tools for skin graft harvesting as well as graft meshing. 
Skin graft could generally be divided in subgroups depen-
dent on the amount of dermis involved. Split-thickness skin 
grafts, thin or thick, include only a portion of the dermis, 
whereas full-thickness skin grafts consist of the epidermis 
and the entire dermal layer.

It is the thickness which determines also the postoperative 
degree of wound contraction. Normally, the thinner the skin 
graft applied the higher the degree of contraction which may 
occur at the recipient site. This is of clinical importance 
which skin graft should be used in which location. Split- 
thickness skin grafts are more suitable to cover large burn 

Table 6.1 Scar classification from Mustoe et al. [21]

Scar type Description
Mature scar A light-colored, flat scar
Immature scar A red, sometimes itchy or painful, and slightly 

elevated scar in the process of remodeling. 
Many of these will mature normally over time 
and become flat, and assume a pigmentation 
that is similar to the surrounding skin, although 
they can be paler or slightly darker

Linear 
hypertrophic 
(e.g., surgical/
traumatic) scar

A red, raised, sometimes itchy scar confined to 
the border of the original surgical incision. This 
usually occurs within weeks after surgery. 
These scars may increase in size rapidly for 
3–6 months and then, after a static phase, begin 
to regress. They generally mature to have an 
elevated, slightly rope-like appearance with 
increased width, which is variable. The full 
maturation process may take up to 2 years

Widespread 
hypertrophic 
(e.g., burn) scar

A widespread red, raised, sometimes itchy scar 
that remains within the borders of the burn 
injury

Minor keloid A focally raised, itchy scar extending over 
normal tissue. This may develop up to 1 year 
after injury and does not regress on its own. 
Simple surgical excision is often followed by 
recurrence. There may be a genetic abnormality 
involved in keloid scarring. Typical sites include 
earlobes

Major keloid A large, raised (>0.5 cm) scar, possibly painful 
or pruritic and extending over normal tissue. 
This often results from minor trauma and can 
continue to spread over years

6 Burn Scar Treatment
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areas or large defects originating from excised abnormal 
scars without involving mobile joint surfaces.

Split-thickness grafts also have significant disadvantages 
that must be considered. Split-thickness grafts are more frag-
ile (dependent on whether thin, intermediate, or thick is cho-
sen), especially when applied over areas with few underlying 
nutritional support. The contraction is more pronounced, 
lacks elasticity and grows adequately with the individual. 
They tend to be abnormally pigmented, either pale or white, 
or alternatively hyper-pigmented, particularly in darker- 
skinned individuals.

On the other hand, full-thickness skin grafts, which tend 
to less contraction, are particularly used over joints, in the 
face and in defects of the hand. Additionally, for smaller 
(profound) burns with sufficient donor sites or locations sus-
ceptible for contraction and scarring sheet grafts can be con-
sidered as a valuable tool.

However, the follow-up management has to be carefully 
carried out due to the possibility of hematoma and seroma 
accumulation underneath this sheet grafts compromising 
graft survival with potentially graft loss.

Skin grafts can be further subdivided into sheet 
(unmeshed) and meshed grafts. Meshed grafts are fenes-
trated using mesh ratios ranging from 1: 1 to 4:1, thus 
enabling to cover larger defect areas. The risk of hematoma 
or seroma formation is minimized due to the drainage via the 
fenestration. However, meshed grafts again show a certain 
degree of contraction and scarring (according to the mesh 
pattern) with prolonged healing times dependent on the ratio 
used, because of lacking dermal components in the mesh 
interstices. Further means such as allografts or other biologi-
cal dressings can be applied over higher meshed grafts to 
prevent desiccation.

In areas where functional as well as cosmetic results are 
favorable such as face, neck, and hands, sheet grafts are to 
prefer over meshed grafts.

6.4.2.2  Surgery: Treatment
Surgical excision of hypertrophic scars or keloids is a common 
management option whether to release associated scar contrac-
tion or to improve esthetical appearance. Small lesions can be 
excised in total and closed primarily but using essential princi-
ples to avoid re-scarring. This includes minimizing trauma to 
the dermal edges, avoidance of excessive wound traction, ade-
quate amount of suture material in the right location, and avoid-
ance of wound tension. However, in larger areas of abnormal 
scarring, which are more common in burned patients, with con-
siderable contractions, partial release of this contraction should 
be considered. Coverage of the resulting defect could be real-
ized using skin graft of flaps. Flaps are more effective than 
grafting in terms of prevention re-contraction.

However, excision alone for example of keloids without 
additional measures may result in a recurrence rate as high as 

90%. Therefore, adjunctive treatment modalities are recom-
mended for hypertrophic scars as well as in the treatment of 
keloids, which are discussed later.

Additional surgical techniques to treat hypertrophic scars 
are Z- or W-plasty to release scar tension. A profound treat-
ment should achieve both excision with narrowing the scars 
and change of the direction of the scars realized by Z- or 
W-plasty. The main principle of the Z-plasty is the extension 
of a reduced distance and the main scar axis is changed par-
allel to skin creases. The W-plasty causes a disruption of the 
scar, thus making it less conspicuous. Every other scar shank 
can be positioned within the skin creases.

In keloids, however, simple excision is inadequate due 
to the stimulation of additional collagen synthesis, thus 
resulting in fast and often more pronounced recurrences. 
Therefore, an intramarginal surgical excision is highly rec-
ommended to prevent this collagen synthesis. Moreover, 
especially in keloids, surgical therapy should be combined 
with adjuvant therapies, which were already shown to 
lower recurrence rates.

Stretching forces to wounds are considered to substan-
tially contribute to abnormal scarring. Tension at the wound 
borders compromises microvascular perfusion, prolongs 
inflammation, and increases time of healing resulting in 
enhanced fibroplasias. Thus special attention has to be drawn 
on preventing these avoidable risk factors. However, wounds 
prone to tension forces can be effectively physically sup-
ported by intradermal sutures for at least 6 weeks. Recently, 
a new suture material (V-Loc®, Covidien) was introduced 
that allows distributing the tension throughout the wound by 
grasping the tissue at multiple points that spreads the tension 
across the wound. Moreover, due to the design with unidirec-
tional, circumferential shallow barbs it allows avoiding knot-
ting and reduces foreign body material with associated 
complications. Some recent studies [26, 27] were published, 
with promising results in terms of cost-efficacy.

6.5  Dermal Substitutes

An intact basal membrane and the source of keratinocytes, 
like hair follicles and skin appendages are essential in re- 
epithelialization and wound healing. Additionally, the der-
mis is recognized to play a pivotal role in contraction. Scars 
of limited depth normally preserve elasticity. Contrarily, loss 
of dermal components in deep wounds results in the absence 
of elasticity, and fibroblastic cell proliferation issuing to 
hypertrophy and contraction.

The recent development of dermal substitutes could open 
a place for their use in pathologic scar prevention. Multiple 
devices, integrating different technologies, are now proposed 
for use in burns and reconstructive surgery. These artificial 
dermis formed either by a single layer of product (to be 
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immediately covered by skin grafts) or a double layer (a 
collagen- based product covered by a film, to be repopulated 
before a second procedure of skin grafting), some of them 
being of allogenic origin, or derived from synthetic com-
pounds, sometimes having been previously repopulated by 
cells (fibroblasts, keratinocytes, or both). Extensive researches 
are still to be done, both in fundamental research and in clini-
cal trials dermal substitutes burn scar treatment dermal sub-
stitutes establishing the real benefit of these technologies.

6.5.1  Bilayer Non-cellularized Dermal 
Regeneration Templates

Integra® was the first artificial dermis launched on the mar-
ket in the 1990s. Composed of bovine collagen (prion-free, 
containing glycosaminoglycans), bilayer Integra® is covered 
with a thin layer of silicone that prevents collagen desicca-
tion. In a two-step procedure, first full laminar adhesion is 
essential to initiate angiogenesis and remodeling which is 
characterized by a neodermis constituting an intermediate 
layer between the skin graft and the underlying wound bed. 
The second surgical procedure is performed when the colla-
gen has been re-vascularized (within 3 weeks if no adjunct 
negative-pressure therapy is implemented, or 10 days if TPN 
is employed). Following removal of the silicone layer, a 
split-thickness sheet graft is placed onto the scaffold. This 
technique has recently been proposed as an alternative 
method of covering burns with large surface areas [28].

Renoskin® is a bilayer artificial dermis. Like Integra®, it 
comprises a collagen layer covered with a thin layer of sili-
cone. It is used in deep burns, and more recently in all recon-
structive surgical applications. Renoskin® appears to improve 
the flexibility of scar tissue.

Hyalomatrix® promotes the formation of budding tissue 
formed by hyaluronic acid which enables skin grafting after 
1–2 weeks. The dermis formed in this manner is impregnated 
with hyaluronic acid, the graft takes more effectively and the 
underlying area is improved (elasticity and flexibility are 
enhanced) [29, 30].

6.5.2  Single-Layer Cellularized Dermal 
Regeneration Templates

Pelnac® is a porcine tendon collagen, neutralized and freeze- 
dried, available as sponge membranes. After debridement, 
the artificial dermis is applied to wounds, and ointment- 
impregnated gauze is applied to prevent wound desiccation. 
The adapted atelocollagen sponge promotes the early infil-
tration of mononuclear cells and fibroblasts and better growth 
of connective tissue strands and epithelium. Consequently, 
abundant granulation tissue develops on the wound surface, 

over which free skin grafting can be performed after about 2 
weeks [31].

Matriderm® is an original matrix consisting of collagen 
and elastin. Available as a flexible sheet it adepts to the 
wound shape. Once applied, it exerts a mild hemostatic effect 
through suction of the underlying tissue. Matriderm® can be 
applied to viable sub-cutaneous cell tissue, tendons, or bony 
tissue. In a one-step procedure, Matriderm® is first applied as 
a dermal sub-layer followed by the skin graft. The usage of a 
thin skin graft is preferred, and initial results show clear ben-
efits of this artificial skin in terms of ease of use and elastic-
ity [32, 33].

Single-layer Integra® is composed of collagen and gly-
cosaminoglycans. It exhibits the same properties as classic 
Integra®, but has no silicone layer, making it suitable for 
immediate application of a thin skin graft (one-step 
procedure).

Alloderm™, Strattice, and Permaform are derived from 
porcine dermis. These products may be used as solid thick 
structures. Their capacity of being penetrated by vessels is 
lower than the previous ones. Used in dura matrix replace-
ment, they can be proposed as fixation devices for abdominal 
wall reconstruction or internal brass in mammary ptosis or 
after breast reduction.

Gliader™ has recently been proposed by the Dutch skin 
bank. Clinical indications are burns coverage and trauma. 
The device is immediately covered using skin grafts during 
the same surgical procedure or some days after.

6.6  Non-surgical Treatment Options

Among a long list of proposals, some of them are considered 
now as a classical approach, like silicone gel sheets, with 
some evidence behind, others are gaining evidence like 5-FU 
[34] injections and Avotermin (TGF-β3) [35].

6.6.1  Adhesive Tapes

Multidirectional tension on wounds is meanwhile recog-
nized as an important pathophysiological factor in develop-
ing abnormal scarring. Eliminating such stretching forces on 
wounds can be easily achieved by applying microporous 
hypoallergenic paper tapes [36].

This enables to control the wound tension forces and pre-
vent hypertrophic scarring. Treatment should be initiated 
early after surgery and maintained for several weeks, as 
maximum strength of a scar is only achieved after at least 
12 weeks post wounding [37].

Although the exact mechanism of efficacy is unknown, a 
dual working hypothesis is suggested. The mechanical influ-
ence similar to that using pressure garments seems to be 
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obvious and second may be an occlusive component analo-
gous to the treatment with silicone gel sheets.

Nevertheless, paper tapes are non-invasive, inexpensive 
with minimal demands on patients and could be therefore 
used as a preventive mean at least in low risk patients.

6.6.2  Pressure Garments

It was in the late 1960 when pressure treatment arose as a 
therapeutic standard means to prevent and treat abnormal 
scarring in burned patients [38]. Mechanisms which are dis-
cussed to be involved in the effects of pressure therapy are 
decreased scar blood flow, decreased edema formation, 
decreased protein deposition including chondroitin sulfate, 
and increased lysis. Once edema formation is decreased, it 
lowers also the measured pressure and increases scar tissue 
temperature which is regarded to pertain positive effects. 
Increased temperature, even by 1  °C, will significantly 
increase collagenolysis and scar maturation [39–42].

The garments should be applied as soon as possible after 
the acute and subacute burn treatment.

Recommendations regarding the pressure which should 
be applied range between 24 and 30 mmHg for 6–12 months, 
although these recommendations are largely based on 
empiric clinical findings. Typically the garments which are 
used are custom-made from an elastic material with a high 
content of spandex. The use could be limited in difficult ana-
tomic locations such as flexures or areas of high mobility 
(e.g., joints). Furthermore, patient discomfort could lead to a 
major problem with reports of non-compliant patients from 
8.5% to 59% [40, 41].

A recently conducted meta-analysis on the effectiveness 
of pressure garment therapy for the prevention of abnormal 
scarring after burn injury was unable to demonstrate a differ-
ence to control scars [43].

6.6.3  Silicone Gel Sheeting

Since the early 1980s, silicone gel sheeting became popular 
in the treatment of scar pathologies and has now good evi-
dence in efficacy as demonstrated by several studies as a safe 
and effective management option [44–50].

More than 60 silicone elastomeric products have been 
marketed since 1990 [51].

Although the exact mechanism of silicone gel sheeting on 
improvement of abnormal scars is uncertain, several hypoth-
esis are proposed.

Possible mechanisms include increased temperature, 
hydration caused by occlusion of the underlying skin, 
increased oxygen tension, direct action of the silicone oil, 
and polarization of the scar tissue caused by the negative 

static electric charge generated by movement of the silicone 
[52–56].

The use of silicone gel sheeting is recommended to 
begin soon after the wound is entirely epithelialized and 
these sheets should be worn for at least 12 h/day for a mini-
mum of 2  months. Unfavorable events such as pruritus, 
rash, maceration, and odor can be managed by temporary 
interruption of treatment and regular washing of the sheet 
and the scar.

Many clinicians adopt a multimodal approach to the treat-
ment and prevention of hypertrophic and keloid scars.

6.6.4  Corticosteroids

Intralesional corticosteroid injections are already used since 
the mid-1960s in scar management and are able to reduce 
scar volume while improving pliability, height, and symp-
toms such as pruritus [57, 58].

Corticosteroid application has antimitotic effect on fibro-
blast, thus decreasing fibroblast proliferation. This dimin-
ishes the collagen synthesis, and glycosaminoglycans 
synthesis. Finally, it suppresses pro-inflammatory mediators 
by inhibition of leukocytes and monocytes [59, 60].

The most common corticosteroid which is used for the 
treatment of scars is insoluble triamcinolone acetonide in a 
concentration of 10–40 mg/ml dependent on the scar pathol-
ogy (10 mg/ml every 3–6 weeks in developing hypertrophic 
scars; 40 mg/ml three monthly in manifest keloids) [61].

Due to the painful sensations during intralesional injec-
tion the combination with a local anesthetic such as lidocaine 
is recommended. Further common side effects include tissue 
atrophy, telangiectasia, hypopigmentation, and rebound 
effects [57, 62].

However, there is broad variation concerning response 
rates from 50% to 100% and recurrance rates between 9% to 
50% [42].

Combination with other therapies such as surgery, laser, 
and 5-fluorouracil may improve outcome [57, 63, 64].

Because of the poor absorption of topical administered 
corticosteroids, usage is only of limited effect and thus pre-
served for superficial lesions only.

6.6.5  Radiotherapy

First reports using radiation for the treatment of keloids date 
back to 1906. But further evidence suggested that the mono-
therapy is inadequate [65] (response from 10% to 94% with 
keloid recurrence rate of 50–100%) [66].

Therefore radiotherapy was used in conjunction with other 
treatment modalities such as surgery and reported response 
rates varied between 65% and 99% when compared.

L. Teot et al.



75

Proposed mode of efficacy is the direct apoptotic effect on 
cells in particular on fibroblast by using the suggested 
15–20 Gy which should be fractionated over 5–6 treatment 
sessions in the early postoperative phase [67].

However, radiotherapy is still discussed controversially 
due to (anecdotal) reports of inducing malignancies espe-
cially when used as monotherapy. On the other hand, large 
studies with long-term follow-up showed no evidence to sub-
stantiate the risk of carcinogenesis [68].

Nevertheless, radiotherapy remains a valuable and effec-
tive therapeutic option in severe keloids. It is suggested that 
a close team workup is carried out between surgeons and 
radiation oncologists before excluding radiotherapy in the 
treatment of keloids [69].

6.6.6  Laser Therapy

Since the introduction of laser treatment in the indication of 
hypertrophic scars and keloids in the mid-1980s, more and more 
lasers with different wavelengths have been studied [70, 71].

Argon and CO2 lasers were examined in the treatment of 
hypertrophic scars with initially promising results but 
showed during follow-up high recurrence rate [72, 73].

More recent wavelength-specific lasers such as flashlamp- 
pulsed dye lasers (PDL) and the non-laser intense-pulsed 
light source were able to improve the scar texture, erythema, 
size and pliability of hypertrophic scar with the consequence 
that this lasers were used more frequently [74–77].

Currently, the PDL wavelengths 585 and 595 nm are most 
frequently used for therapeutic purposes.

For neodymium:yttrium-aluminum-garnet (Nd: YAG) 
lasers, response rates between 36% and 47% are reported [73].

However, in a recent study determining Nd:YAG laser on 
keloids, nearly 60% of the keloids were flattened after one 
treatment session. Additionally, these patients remained free 
of keloid scarring in the follow-up period of 5 years [78].

A study evaluating the pulsed erbium:yttrium-aluminum- 
garnet laser showed efficacy in the treatment of hypertrophic 
and depressed scars, without serious side effects [79].

Lasers have been shown also to be effective not only in 
the treatment of manifest abnormal scarring but also in the 
prevention of hypertrophic scars. In 1996, Gaston et  al. 
reported that a 585-nm PDL was effective in preventing the 
formation of hypertrophic scars in burn wounds [80].

This study is supported by other experimental studies, 
including incisional and burn wounds [81].

The mechanism of action by which laser irradiation 
improves proliferative scars is not known. Suggested theo-
ries are based on selective photothermolysis, in which the 
light energy emitted from a vascular laser (such as PDL) is 
absorbed by hemoglobin, generating heat and leading to 
coagulation necrosis, thus inducing local hypoxia [82, 83].

It is also suggested that hypoxia induction by laser 
destruction of capillaries might also alter collagen synthesis 
by fibroblasts and degradation through metalloproteinase 
release [84].

Further factors which are discussed in conjunction with 
scar improvement are decreased fibroblast proliferation and 
collagen III deposition [85].

TGF-β1 is considered to induce and modulate collagen 
formation and PDL treatment is associated with the down-
regulation of TGF-β1 expression associated with an increase 
of MMP-13 (collagenase 3) activity [86].

Although lack of large controlled studies, laser therapy 
remains emerging technology, and further studies should be 
conducted to further evaluate efficacy in abnormal scar 
treatment.

6.6.7  Cryotherapy

Cryotherapy whether by contact or by spray using liquid 
nitrogen can effectively improve hypertrophic scars and 
keloids [87, 88].

When used as a single therapy it can result in flattening of 
keloids in 51–74%, although several treatment sessions are 
necessary [88–90].

Application of cryotherapy induces local ischemia with 
subsequent necrosis of the hypertrophic scar tissue [63].

Due to the common side effect of permanent hypopig-
mentation as well as the long postoperative healing phase 
between the single applications, this treatment modality is 
limited in general for small scars only. Other side effects 
include pain upon application, hyperpigmentation, and skin 
atrophy [87].

Recently, a new method has been developed to avoid 
drawbacks of the classical cryotherapy. An intralesional nee-
dle cryoprobe is inserted longitudinally in the scar axis to 
maximize the volume of tissue which can be frozen [88].

It was shown that a single application can achieve 50% 
scar volume reduction, with only mild local edema and epi-
dermiolysis, accompanied by mild pain or discomfort.

6.6.8  5-Fluorouracil

5-Fluorouracil (5-FU), a pyrimidine analog used in chemo-
therapy, has been shown to be converted intracellular into its 
active substrate and ultimately incorporated into DNA, thus 
inhibiting DNA synthesis [91].

Cells with a high turn-over, such as fibroblasts in dermal 
wounds responsible for excessive collagen production, are 
preferentially targeted by 5-FU, whose proliferation is inhib-
ited. Scar softening was reported to be faster with intrale-
sional 5-FU than with PDL alone [92].
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However, 5-FU can be also used in combination with 
other treatment modalities such as corticosteroids.

Intralesional injection of 5-FU 50 mg/ml in combination 
with triamcinolone 10 mg/ml or with a very low concentra-
tion of betamethasone (5.7  mg/ml) may promote better 
regression without recurrence of keloid scars smaller than 
2 cm in diameter [91, 93].

Limitations of the treatment are that the injection can be 
painful, purpura and ulcers may occur, and that the agent is 
expensive [94, 95].

There is to date no consensus concerning the dosage and 
exposure time and further studies are needed to improve effi-
cacy of this potential treatment.

6.6.9  Interferon

It was outlined that Th2 polarized immune response contrib-
ute to abnormal scarring, thus newer therapeutics emerged to 
attempt the shift towards Th1 response. A Th1 cell product—
interferons, which are divided into a, b, and g, inhibit types I 
and III collagen synthesis by dermal fibroblasts in a dose- 
dependent manner [96].

It could be shown in a study on keloids that intralesional 
application of IFN-g is able to reduce scar size, to decrease 
collagen nodules and to change the orientation of the colla-
gen bundels into a more organized way. The recurrence rate 
assessed after 1 year following injection was minimal [97]. 
This finding is supported by others which showed improved 
symptoms after intralesional IFN-g injection of 10–200 μg 
twice weekly for 4 weeks [98, 99].

However, injections are painful and may require local 
anesthesia. Furthermore, potential side effects include flu- 
like syndromes characterized by headache, diffuse myalgia, 
low grade temperature, and fatigue [99].

Similarly, Tredget et al. reported significant improvement 
of hypertrophic scars when interferon-2b is injected three 
times weekly. Serum TGF-b levels were also reduced and 
continued to be low after treatment [9].

Reports further suggest that interferon treatment is signifi-
cantly better than triamcinolone acetonide injection in prevent-
ing postsurgical recurrences of keloids [100]. However, other 
research groups could not reproduce such low recurrence rates 
associated with intralesional IFN-2a application [101, 102].

Thus, further studies are required to determine if these 
contradictory results may be attributed to the dosage, deliv-
ery mode, differences of keloid location, or the combination 
of these factors.

6.6.10  Avotermin (TGF-β3)

The principle of preventing bad scarring was initiated by 
Renovo some years ago. Injections of TGF-β3 synthetic 

equivalent in the wound edges after closing the postoperative 
wound were initiated and analyzed in RCTs. Fergusson et al. 
could recently demonstrate statistical differences on a meta- 
analysis of those different trials [103].

6.7  Conclusion

Pathological scarring is linked to different etiologies, among 
them the mechanical stimulation represents an important factor. 
The biological abnormal behavior of fibroblasts, with signaling 
imbalance, is also a pathway for new biological inhibitors.

These two issues are reflected in the catalogue of poten-
tially valid solutions for scar management.

Mechanical stabilization of the scar, hydration and injec-
tion of products supposed to slow down inflammation, and 
the permanence of the fibroblast proliferation are the basis of 
the recently proposed options in this domain. Surgical solu-
tions like an extended use of dermal substitutes, skin grafts, 
flaps and the use of mechanically resistant sutures, taping the 
postoperative scar are also solutions having been proposed in 
the literature.

However, evidence is still weak and needs to be confirmed 
by prospective trials.
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The Future of Wound Documentation: 
Three-Dimensional, Evidence-Based, 
Intuitive, and Thorough

Michael Giretzlehner and Lars-Peter Kamolz

7.1  Medical Documentation

The Collins English Dictionary defines documentation as 
“the act of supplying with or using documents or references” 
[14]. The aim of any documentation is to make the docu-
mented facts available. In most cases, the focus of such doc-
umentations is the gathering of data itself instead of making 
existing data available.

The requirements for a modern wound documentation are 
far beyond traditional paper-based (even if converted into 
computer-based forms) documentation. The required medi-
cal features for wound documentation have already been 
well defined by experts. As stated by [8, 15], from a medical 
point of view, the following requirements are essential to 
ensure a modern and up-to-date wound documentation:

• Medical history (age of patient, wound history and wound 
anamnesis, social background, psychosocial situation and 
basic mood, attitude towards the condition, lifestyle, 
immune status, mobility, continence situation, blood flow, 
allergies, nutrition and fluid status, associated and meta-
bolic diseases, surgeries, tumors, medication, pain, etc.)

• Wound assessment (localization, wound dimension, 
wound bed, exudate/transudate, smell, wound edge, 
neighboring areas of the wound, pain, infection, etc.)

• Wound duration and relapse number
• Therapy (compression therapy, pressure relief, move-

ments and promotion of movements, pain therapy, ther-
apy of wound smell and wound exudate, antiseptics, 
debridement, wound cleaning, wound dressings, manage-

ment of malnutrition, dietary supplements, advising and 
education)

• General status of the patient
• Knowledge of the patients and their relatives
• Self-management of the patients and their relatives with 

regard to health care
• Individual schedule for measures
• Documentation of the measures and their efficacy.
• Result of a regularly carried out follow-up
• Traceability and verification of authors

7.2  Electronic Documentation

Especially if a documentation in relation to the patient’s 
body location is needed, paper-based documentation is still 
in use due to the lack of possibilities in electronic documen-
tation systems. However, paper-based wound documentation 
is no longer a valid alternative as the new requirements for a 
modern up-to-date wound documentation are far too 
complex.

Beside many others, Törnvall et al. confirmed a qualita-
tive and quantitative advantage of an electronic wound docu-
mentation in a study on ulcers [13]. An electronic 
documentation provides better availability and evaluability 
of the collected data, easier exchange of information (for 
consultation of experts), easier access to resources, and cre-
ation of new medical knowledge. This contributes remark-
ably to an improved quality in wound management.

7.3  Structured Data

Advantages of free-text documentation are flexible terms, 
dynamic expressions, and a more effective recording by dic-
tation. However, it has serious shortcomings: due to the lin-
guistic variety and the lack of structure, there is no possibility 
for verification of quality and completeness. Free-text docu-
mentation often assumes implicit information [5] and data 
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analysis beyond single patients is extremely difficult and 
error-prone.

A computer-assisted documentation alone does not neces-
sarily create scientifically useful data. To ensure an optimal 
basis for data evaluation, a documentation system should pro-
vide clearly structured data for selection and avoid free- text 
documentation. This allows clear recording of facts at defined 
scopes, as for example the complete patient, a special condi-
tion or a single examination. Although the given information 
might sometimes be less extensive than in free- text docu-
ments [5], the quality of structured data is superior due to 
implicit context information and uniform terminology.

7.4  Wound Management

A wound must not be regarded as an isolated problem. To 
identify the general condition of the patient, it is important to 
evaluate the background of the problem situation, general 
medical history, information about mobility and pain, other 
disorders and limitations, psychic condition, etc. In complex 
medical cases, only the observation of a long time can bear 
findings of the adequacy of the current therapy approach.

Modern wound management requires multi-professional 
and interdisciplinary cooperation of various professions. 
Thus, a system is necessary, which can provide the relevant 
information clearly in due time and over large geographical 
distances.

7.5  Photo Documentation

As only the health care personnel who is directly participat-
ing in the dressing change can evaluate the status of the 
wound, it is essential to create high-quality photographic 
material as often as possible. Dressing changes often have to 
be done in a timely fashion, so details that might have 
remained unnoticed can be reviewed later on. This can help 
avoiding unnecessary dressing changes (i.e., just for review-
ing the wound) and provide valuable information for other 
players in the interdisciplinary wound management team.

7.6  Data Standards

In order to enable knowledge extraction out of the collected 
data, it is necessary to merge them into a common data stor-
age, with respect to all data security concerns. The merging 
of data from various sources is a big challenge as institutions 
operate different software tools, use different types of data 
storage structures, varying conventions, unequal time spans, 
diverse levels of data aggregation and different errors. Only 
a common established data standard and conform implemen-

tation of all systems of involved parties can address those 
problems appropriately [2].

7.7  Existing Documentation Systems

Despite Törnvall et al. [13] stated that filling out papers in 
wound documentation has plenty of shortcomings compared 
to a computer-assisted wound documentation, many institu-
tions still use paper forms (or free-text-based electronic 
forms) for documentation and include them in the patient’s 
file. Literature shows that most systems used in clinical prac-
tice do not meet the known requirements for a successful 
wound documentation. Many systems show deficits in the 
record of a thorough medical history of the patient [4]. 
Various solutions use given terms without stating their 
sources [4]. Most existing documentation systems do not 
include mechanisms to perform statistical evaluation of the 
collected data. Furthermore, only a few systems are able to 
gather data via mobile devices as for example laptops, tablet 
PCs, or smartphones. No existing documentation system has 
the ability to access evidence-based knowledge [4]. Most 
existing systems have a poor inter-rater reliability.

7.8  Documentation for Burn Injuries

Especially for the documentation of burns, a holistic docu-
mentation system has been developed during the last decade. 
It’s called “BurnCase 3D” (www.burncase.at) and offers a 
wide library of 3D models, which can be precisely adapted for 
age, gender, height, and weight allowing for accurate burned 
surface area estimation regardless of body forms. The 3D 
model can be translated, rotated, and scaled along three axes. 
Physicians can represent burns by drawing on superimposed 
pictures of the burned areas onto this 3D model, allowing the 
burned surface areas to be automatically calculated by the sys-
tem. The system enables a complete documentation of the 
whole treatment process from first assessment to outcome.

Parvizi et  al. [10] has shown that a software tool, like 
BurnCase 3D, is a valid and reliable tool for the determina-
tion of percentage burned TBSA and documentation. Major 
improvements of modern burn care can be achieved by opti-
mizing methods of burned TBSA determination and a com-
plete comparable documentation set. Objective and validated 
documentation of wounds are needed for burn care as well as 
burn care research.

7.9  Research for Documentation Systems

Research for new approaches of holistic wound documenta-
tion is currently in progress by the Johannes Kepler 
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University Linz (RISC Software, Division of Medical infor-
matics) in cooperation with an experienced team of physi-
cians and nurses. Since 2002, the project team has worked on 
the burn injury documentation system BurnCase 3D [3], 
which is in clinical use worldwide. The aim of this follow-up 
research project is to make use of gained experiences and to 
develop a software system, which will revolutionize the doc-
umentation, evaluation, and therapeutic decisions in modern 
wound management.

According to the methods of action research [7], deduc-
tive and empirical methods and a synergy of practice and 
science in problem solving are used. These proposed solu-
tions by science are being tested and improved in practice in 
the form of prototyping feedback loops.

7.10  Data Quality and Data Completeness

The research project aims to improve the quality of data 
acquisition by providing clear structured characteristics and 
collecting qualitative data with default specifications. To 
make terminology transparent, the system includes an ency-

clopedia with definitions and charts including references to 
their sources. Thus, the system guarantees that everyone 
involved in the treatment process can understand and inter-
pret the provided data and information of the documentation 
correctly.

To assist in terms of completeness of the collected data, 
the system provides features for automatic reminding includ-
ing visual feedback of obligatory fields and their status. 
Consequently, the users can see where essential information 
is missing at a glance.

7.11  Virtual Patients

Three-dimensional virtual patients adapted the physical con-
stitution of the real patient by special computer algorithms 
are proved to be objective and accurate [10]. Pediatric 
patients are challenging due to varying size and body propor-
tions, and appropriate proportionally correct 3D models are 
already available [12] (see Fig. 7.1).

Model adaptation algorithms for different body shapes 
are scope of currently ongoing research (see Fig. 7.2).

ages: 0–1 1–2.5 2.5–4 4–6 6–11.5 11.5–18

Fig. 7.1 Proportionally correct 3D models of pediatric patients

Normal General obesity Abdominal fat Fat around waist + Gravity

Fig. 7.2 Example for obese body shapes
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7.12  Data Acquisition on Virtual Patients

Simple sketching on the virtual patients is used to document 
wound areas or therapy steps (see Fig. 7.3). This can be done 
by standard computer equipment (i.e., computer mouse) and 
does not demand any special hardware.

Virtual patient models provide the possibility to sketch or 
just drag-and-drop information about wound, dressings, clin-
ical findings, documents, or photos. Different colors repre-
sent the types of documentation items (see Fig.  7.3). By 
placing items directly on body positions, swabs, or additional 
relevant items, wound infection and complications can be 
consistently documented and understood.

7.13  Photo Documentation on Virtual 
Patients

The possibility to integrate photos to the actual body local-
ization is intuitive and beneficial. Plenty of photo documen-
tation systems have the major drawback that it is difficult to 
find desired photos later on. By positioning photos directly 
on a virtual three-dimensional patient, they are assigned to 
point of time, body localization, and diagnosis automatically. 
This can accordingly support research and medical treat-
ment, by easy access to pictures and their enclosed condi-
tions. Due to the rapid development of cameras, smart 
devices, and 3D scanner, 3D photos are arising. However, 
conventional high-quality two-dimensional photos can still 
be considered as state of the art in medical routine. To be 
prepared of the up-coming improvement of 3D photos, both 
2D and 3D photos can be positioned and projected to the 3D 
model (see Fig. 7.4).

A projection of a photo to a 3D patient model creates the 
ability to retain the three-dimensional character of the wound 
(see Fig. 7.5), which ensures an objective and quantitative 
evaluation of the wound. The information stored in the three- 
dimensional patient model can be used to derive medical 
codes as for example ICD (International Classification of 
Diseases). Documented photos should be accessible chrono-
logically as well as an aggregated illustration of the history 
of each wound.

7.14  Data Analysis Beyond Single 
Institutions

Possibilities for data analysis make acquired data accessible 
and useful. Functionalities to extract data from databases, 
aggregate and prepare data for further evaluation without 
special IT-knowledge are the key to success [1]. Special 
improved software components can avoid technical hurdles 

L89.34 Dekubitus 4. Grades

Kreuzbein
KOF: 1.2% (276 cm2 von 23452 cm1)

Fig. 7.3 Three-dimensional patient with wound and allocated informa-
tion objects as digital photographs (blue pin) and wound swabs (red 
pin)

C44.4 Sonstige bosartige
Neubildungen

Behearte kopthaut

KOF: 0.1% (11% (11cm1 von 20616 cm2)

Fig. 7.4 Semi-transparent transition and transmission of wound information
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of data collection for studies and medical registries. 
Consequently, data of wound documentations is easily avail-
able to be compared and evaluated beyond single institu-
tions. Arising multi-center data collections contain valuable 
information, which can serve as basis for further data-mining 
activities to extract knowledge and well-grounded new medi-
cal evidence.

In complicated medical cases, a second opinion or discus-
sion with medical colleagues can bring new findings. Secure 
and protected transferring of the recorded patient data can 
provide a good overview of the situation of the patient due to 
complete documentation and the intuitive three-dimensional 
patient.

7.15  Including Evidence

The rather slow inclusion of new published evidence into 
medical daily routine is a well-known problem. Jonitz [6] 
states that new medical knowledge is generated faster than 
medical practice progresses. Sackett [11] defines evidence- 
based medicine as “the conscientious, explicit, and judicious 
use of current best evidence in making decisions about the 
care of individual patients.” The practice of this paradigm 
thus includes the need to find the best available, externally 
clinically relevant research results. The essential factors for 
such a computer aided knowledge based system are com-

puter interpretable data and intelligent machine learning 
based search algorithms to find the best external clinical evi-
dence in relevant medical scientific publication databases.

An integrated mechanism to access reliable knowledge 
for the patient at hand can highly contribute to increase the 
quality of treatment. An established standardized wound 
documentation and the possibility to compare collected data 
can contribute to an effective training of machine learning 
systems. The aim is to detect specific characteristics in the 
data and to make proposals concerning medical treatment 
alternatives. Applying this technique will generate possibili-
ties to help physicians in their daily routine.

7.16  Mobile Documentation

Mobile phones are a rapidly expanding technology and facil-
itate the remote exchange of medical information in order to 
assist diagnosis and treatment [9]. Beside smart phones, tab-
lets on basis of Android, iOS, and Windows will be more and 
more used for documentation. Therefore, a modern state-of- 
the-art computer documentation system has be able to run on 
different operating systems—especially for medical domains 
with a big number of actors (doctors, nurses, mobile wound 
manager, etc.). For this reason, a completely platform inde-
pendent (e.g., HTML5-based) solution is needed (see 
Fig. 7.6).

Fig. 7.5 The documentation on a 3D model retains the three-dimensionality
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Evaluation of Mimic Function 
in Patients with Facial Burns  
by Use of the Three-Dimensional 
Video-Analysis

Maria Michaelidou and Manfred Frey

Objective evaluation of facial motion has always been a chal-
lenging task. Many grading systems have been developed 
through the years, but they have often been inconsistently 
reproducible and subjective or they have not been able to 
take into account the three-dimensional aspect of facial 
movements. Facial burns cause also a functional impairment 
apart from the visible deformity of facial characteristics and 
the anticipated consequences from an aesthetic and psycho-
social standpoint. The loss of facial skin and the resulting 
scar formation after conservative treatment or after skin 
grafting lead to an altered facial expression both in repose 
and during facial animation.

The need for development of an accurate system for eval-
uation of facial motion became urgent as reconstructive sur-
gery in facial palsy progressed. The most commonly 
employed system for evaluation of facial movements in this 
setting is still the House–Brackmann scale in many centers, 
which was actually developed by otolaryngologists and pri-
marily designed for the follow-up of Bell’s palsy patients [1]. 
The scale, as such, serves as an approximate estimation of 
the overall state of palsy and thus serves as a tool for the total 
assessment of the patient, without enabling, however, precise 
separate and detailed information in regard to individual 
parts of the face. Moreover, the House–Brackmann scale is 
not based on actual measurements and is therefore fraught 
with a considerable degree of subjectivity.

Similarly, the paresis score system suggested by Stennert 
[2, 3] is also based on the subjective opinion of the examiner 
on whether each of the ten points constituting the system 
applies to the patient or not. Moreover, the paralyzed side is 
evaluated on its own without consideration of the contralat-
eral healthy side. This leads sometimes to a faulty score of 
paresis, for instance when the statement upon the presence or 
not of a nasolabial sulcus must be marked as negative at a 
single patient and thereby increase the score of paresis 

although at this patient a nasolabial fold may not even be 
present at the healthy side, as in the case of young patients. 
Moreover, an ignoring of the contralateral healthy side in the 
estimation of the extent of the paresis leads to a neglect of 
individual patterns of smile, a problem that is best reflected 
when it comes to the points eight and nine of the system.

Johnson et  al. described in 1994 [4–6] a quantitative 
method known as the maximum static response assay of 
facial motion for the evaluation of the success of functional 
free muscle transplantation in patients with chronic facial 
paralysis. Although the attempt to express the extent of paral-
ysis in numbers and, thus, objectify the postoperative out-
come was a well-justified one, still this method was actually 
projecting a three-dimensional motion into a two- dimensional 
distance. Gross et al. [7] showed in 1996, however, that pro-
jecting 3D into 2D data leads to loss of accuracy of measure-
ment because three-dimensional amplitudes are significantly 
larger than the two-dimensional amplitudes.

First attempts to overcome the limitation of two- 
dimensionality of the existing evaluation systems were 
yielded with success in 1992, when Frey et al. introduced a 
new documentation system for facial movements as a basis 
for the International Registry for Neuromuscular 
Reconstruction in the face [8, 9]. The system, called VICON, 
enabled for the first time a three-dimensional motion analy-
sis based on the measurement of movements of standardized 
static and dynamic points in the face during standardized 
mimic activities. Although this system was very useful for 
research purposes, it was too complicated for daily clinical 
application.

In 1994 an electronic instrument, called faciometer®, was 
introduced by Frey et al. in order to measure excursions of 
facial landmarks during animation after reconstruction in 
case of facial palsy [10]. The faciometer® consisted of cali-
pers connected to a digital display, which showed the dis-
tance between the tips of the calipers [10].

Due to significant advances in computer technology, par-
ticularly in the field of image analysis, it became possible to 
achieve a three-dimensional analysis of a two-dimensional 
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video taken during the course of a facial movement. This 
new system was completed and installed for the first time in 
the Laboratory for Movement and Image Analysis at the 
Division of Plastic and Reconstructive Surgery, Department 
of Surgery, Medical School of Vienna in January of 1998 
[11]. Since then, the evaluation of all patients treated for 
facial paralysis at the abovementioned institution was per-
formed by use of this system, which has become the standard 
tool for the preoperative documentation, for the planning of 
the treatment, and for the postoperative monitoring and eval-
uation of the operative outcome.

The system consists of three main components (Fig. 8.1):

• The data acquisition system which includes the 
following:
 – A sample mirror system, consisting of two special mir-

rors arranged under a constant sharp angle and a com-

fortable seat placed underneath of them so that the 
patient’s head is positioned between the two mirrors in 
a way that complete images of the patient’s face can be 
obtained and all marked points are seen by the camera 
in both mirrors at the same time.

 – A calibration grid, which is essential for the definition 
of the three-dimensional space prior to every recording 
session.

 – A digital video camera (Sony DCR-CX700E®) for the 
recording of the films.

 – Computer station, where the recorded sequences are 
transferred using DV Manager® 1.7 (FAST Multimedia 
mInc., Woodinville, WA, USA) and edited by a pro-
gram of analysis.

• The data analyzing system with the following 
components:
 – Ulead®5-Video Editor software (Ulead Systems Inc., 

Torrance, CA, USA) for the selection of the most suit-
able sequences and

 – Facialis® software (Laboratory of Biomechanics of the 
Swiss Federal Institute of Technology, Zurich, 
Switzerland) for video editing.

• The data visualization system: a specially designed pro-
gram for presenting the data processed through the 
Facialis® software, called FaciShow® (Laboratory of 
Biomechanics of the Swiss Federal Institute of 
Technology, Zurich, Switzerland). The program enables 
the demonstration of landmarks both in two- and in 
three-dimensional perspective for every single move-
ment as well as the demonstration of excursions of land-
marks at each phase of the animation (Fig.  8.2). 
Additionally, the whole video clip for each and every Fig. 8.1 Schema of the three-dimensional video-analysis system [11]

a b

Fig. 8.2 FaciShow®: (a) graphical two-dimensional representation of the distances between landmarks of the face and (b) visualization of the 
movement of each landmark during the whole course of motion in a three-dimensional perspective [12]
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movement can be reviewed or the picture of the patient’s 
face both in repose and in the endpoint of every move-
ment can be seen.

The procedure of data acquisition follows a standard pat-
tern which has been described by Frey et  al. extensively 
[11–15] and is cited here in summarized form.

A selection of 18 standard reproducible anatomical land-
marks on the face, of which three are static and 15 are 
dynamic (Table 8.1 and Fig. 8.3), are marked on the patient’s 
face. A permanent marker is used to place a 2 mm black dot 
at each of the dynamic landmarks. The static points are 
marked with a plastic light ball 5 mm in diameter. All mark-
ings, except the points central nose and philtrum, are made 
on both sides of the face.

Each patient is videotaped under standard conditions. All 
recordings are made in the same room, in the same chair and 
by the same examiner. Light from four 1000  W Halogen 

Table 8.1 Abbreviations of the standardized facial landmarks [11]

Abbreviations of the standardized facial landmarks [11]
Central nose CN
Left ala of the nose LAN
Left brow LB
Left lower eyelid LLE
Left mouth corner LMC
Left midlateral point of the lower lip LML
Left midlateral point of the upper lip LMU
Left tragus LT
Left upper eyelid LUE
Philthrum PH
Right ala of the nose RAN
Right brow RB
Right lower eyelid RLE
Right mouth corner RMC
Right midlateral point of the lower lip RML
Right midlateral point of the upper lip RMU
Right tragus RT
Right upper eyelid RUE

RBP LBP

LBP

RTR
LTR

LTR

RUE LUE

LUE
CN

CN

RLE LLE LLE

RAN LAN LAN

RMC

RML LML

LML

RMU PH PHLMU LMU

LMC
LMC

Fig. 8.3 The locations of the static and dynamic landmarks on the face in frontal and lateral view [8]
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Photo-optic lamps (Osram, Munich, Germany) is used to 
generate uniform, symmetrical and standardized lighting.

The patient sits relaxed and upright in a normal chair 
without head support, eyes looking forward into the camera, 
which is positioned 5  m away. After the patient has been 
positioned in the calibrated measurement field, a series of 
nine standardized facial animations are performed in a 
sequential order after a verbal signal.

Three repetitions of each set of facial animations are digi-
tally collected through a video camera in real time with a 
sampling rate of 25 pictures per second and transferred to a 
computer, where the most suitable video sequence out of the 
three is edited and saved as video (.avi) and image (.uis) files. 
The selected data is then analyzed by the means of Facialis 
software [11] (Laboratory for Biomechanics, Swiss federal 
Institute of Technology, Zurich, Switzerland), which calcu-
lates the 3D coordinates of landmarks on the face. The pro-
cessed data can then be visualized by the FaciShow software 
[11] (Laboratory for Biomechanics, Swiss federal Institute 
of Technology, Zurich, Switzerland). Two-dimensional (2D) 
and three-dimensional (3D) trajectories of each landmark 
during movement can be presented. This procedure is per-
formed in every patient before every operative step and 6, 12, 
18 and 24 months after surgery.

After having applied the system of three-dimensional 
video-analysis in order to evaluate results after reconstruc-
tive surgery in cases of facial palsy [15, 17, 18], we applied 
the system also in patients with facial burns that had been 
treated by excision and grafting with allogenous keratino-
cytes [16]. The results of facial analysis of these patients 
were compared with the values of healthy volunteers who 
had already been analyzed in the same fashion in a previous 
study [12]. The burn patients showed on average smaller 
excursions of landmarks during facial animation and higher 
degree of static asymmetry than healthy volunteers. As in the 

case of healthy volunteers, the degree of asymmetry after 
animation of the face was smaller than in repose, i.e., static 
asymmetry was higher than dynamic asymmetry [16].

In Fig. 8.4, a male patient with facial burns is presented 
and the use of the three-dimensional system of video- analysis 
for quantification of the impact of the resulting scars on the 
static symmetry of the face and the facial motion is explained. 
In this patient, the burn injury affects only the right hemiface 
(Fig.  8.5). The overall scar formation affecting the entire 
right hemiface leads to a lateral displacement of the mouth 

Fig. 8.4 Male patient with facial burn scars of the right hemiface from a lateral point of view [16]

Fig. 8.5 The same patient as in Fig. 8.4 from a frontal point of view. 
The gray marking displays the extent of facial scar formation on the 
right hemiface [16]
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Table 8.2 Distance of the tragus to the mouth corner (TR-MC) and central nose point to the middle upper lip point (CN-MU) on the right and the 
left hemiface in repose and at the endpoint of motion [16]

Repose Right hemiface Left hemiface Asymmetry
Endpoint of motion Amplitude Repose Endpoint of motion Amplitude Repose Amplitude

TR-MC 100.50 94.64 5.86 101.45 93.54 7.91 0.95 2.05
CN-MU 64.46 63.10 1.36 66.79 64.50 2.29 2.33 0.93

Fig. 8.6 Three-dimensional view of all static and dynamic points of 
the face of the patient in Figs. 8.4 and 8.5 during the motion “smiling 
with lips closed”

corner and a cranial displacement of the middle upper lip 
point on the right side. Thus, there is a shortening of the dis-
tance of the mouth corner to the tragus and a shortening of 
the distance of the central nose point to the middle upper lip 
point on the right side of the face compared to the left one. 
As a consequence, the amplitude of motion of the mouth cor-
ner to the tragus and of the middle upper lip point to the 
central nose point is shorter on the right side of the face than 
on the left one. The three-dimensional video-analysis con-
firmed these observations (Table 8.2). In Fig.  8.6, a three- 
dimensional view of all static and dynamic points of the face 
of this patient during the motion “smiling with lips closed” is 
displayed. A different course of motion of the corner of the 
mouth, the upper middle and lower middle lip point are 
observed on the right hemiface compared to the left one.

In future, we will consider the use of three-dimensional 
video-analysis in order to quantify the impact of facial scars 
and the impact of different concepts of treatment (conserva-
tive vs. operative treatment, reconstruction with keratino-
cytes vs. skin grafts vs. artificial agents such as Integra®, 
Matriderm®, Acticoat®) on the static symmetry of the face 
and on the facial motion.
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Rehabilitation and Scar Management

Lars-Peter Kamolz and Marc G. Jeschke

9.1  Introduction

Survival was once the key parameter of success in managing 
serious burns, but due to improvements concerning burn care 
this has changed tremendously. Today, however, the aim of 
all treatment activities is the return of burn patients back into 
their private and social life under conditions, which allow 
independence and social sovereignty. This goal has extended 
the traditional role of the burn care team beyond wound 
closure.

Three broad aspects are involved in this effort: rehabilita-
tion, reconstruction, and reintegration. Modern burn care 
may be divided into the following four general phases [1]:

• The first phase, initial evaluation and resuscitation, occurs 
on days 1–3 and requires an accurate fluid resuscitation 
and thorough evaluation for other injuries and co-morbid 
conditions.

• The second phase, initial wound excision and biologic 
closure, includes the manoeuvre that changes the natural 
history of the disease. This is accomplished typically by a 
series of staged operations that are completed during the 
first few days after injury.

• The third phase, definitive wound closure, involves 
replacement of temporary wound covers with a definitive 
cover; there is also closure and acute reconstruction of 
areas with small surface area but high complexity, such as 
the face and hands.

• The final stage of care is rehabilitation, reconstruction, 
and reintegration. Although this begins during the resus-
citation period, it becomes time-consuming and involved 
toward the end of the acute hospital stay.

9.2  Rehabilitation in the Critically Ill Burn 
Patient

Burn rehabilitation is undeniably difficult and time- 
consuming, but the time spent is worthwhile [2–6]. For every 
member of the burn team, rehabilitation must start from the 
time of injury on, but the final obtainable treatment goals and 
strategies can vary, depending on the patient’s injury, age, 
and co-morbidities.

In critically ill patients, the primary goals of rehabilitation 
are:

• Limitation of the loss of range of motion (ROM)
• Oedema reduction
• Prevention of predictable contractures

If a body part is left immobile for a prolonged period of 
time, capsular contraction and shortening of tendon and 
muscle groups (which cross the joints) occur. Contractures 
often develop, if wounds are not closed promptly and 
adequately.

Several predictable contractures that occur in patients 
with burns can be prevented by a proper ROM, positioning, 
and splinting programmes [1].

• Passive ROM is best performed twice daily, with the ther-
apist taking all joints through a full ROM (Fig. 9.1). The 
therapist must be sensitive to the patient’s pain, anxiety, 
wound status, extremity perfusion, and security of the 
patient’s airway and vascular access.

• These procedures should be performed in coordination 
with the ICU staff. Attention to the security of endotra-
cheal tubes, nasogastric tubes, and arterial and central 
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venous catheters is paramount, as an unexpected loss can 
contribute to morbidity and mortality.

• Proper antideformity positioning minimizes shortening of 
tendons, collateral ligaments, and joint capsules; more-
over, it reduces oedema formation.

• Inspect all splints at least daily for evidence of poor fitting 
or pressure injury.

Oedema reduction should be encouraged from admission 
on. The only body system that can actively remove excess 
fluid and debris from the interstitium is the lymphatic sys-
tem. The principles of oedema reduction should be 
performed:

• Compression
• Movement
• Elevation or positioning of limbs
• Maximization of lymphatic function

Beside the factors range of motion (ROM), oedema reduc-
tion, and prevention of predictable contractures, a long-term 
relationship has to be established with the patient and family 
members to ensure compliance with therapy goals and to 
increase the patient’s morale for recovery. Moreover, ade-
quate pain control is important for long-term compliance of 
the patient. The factors compliance and pain control will 
become even more important in the later phase of 
rehabilitation.

9.3  Rehabilitation in the Recovering Burn 
Patient

As critical illness abates and wounds progressively close, the 
roles of the physical and occupational therapists (as well as 
the demands on the patient) expand and become more diffi-

cult. Patients become more aware of what has happened to 
them, and they can become fearful of the therapist and the 
associated potentially uncomfortable procedures.

• The principal components of burn therapy [2–6] that 
characterize this period include the following:
 – Continued passive ROM
 – Increasing active ROM and strengthening
 – Minimizing oedema
 – ADL training (activities of daily living) (Fig. 9.2)
 – Scar management
 – Preparing for work or play or school

Long-term favourable outcome requires hard work during 
this period, but it is important for the therapist not to push too 
hard. An early programme of passive ROM greatly facilitates 
successful retention of normal ROM during this period. 
Intraoperative ROM also can be useful; in coordination with 
the operating room team, passive ROM can be performed 
between induction of anaesthesia and preparation of the sur-
gical site. Other manoeuvres that can be used to increase the 
patient’s tolerance for passive ROM are the timing of the 
ROM session at the end of the dressing changes performed 
under pain medication.

• Burned and grafted extremities commonly have oedema 
that can contribute to joint stiffness. Reducing this oedema 
facilitates rehabilitation efforts.
 – In the early phase, the use of self-adherent elastic will 

help to reduce digital oedema. Tubular elastic dress-
ings, elastic wrap dressings, elevation, and retrograde 
massage also help reduce extremity oedema.

• As definitive wound closure nears and hospital discharge 
approaches, the focus of rehabilitation efforts becomes 

Fig. 9.1 Passive mobilization

Fig. 9.2 ADL training
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practical. Performance of ADL tasks and the impending 
return to play/school/work are important considerations.

 – Resisted ROM, isometric exercises, active strengthen-
ing, and gait training are important objectives.

 – When treating children, it is important to use develop-
mentally appropriate play to facilitate rehabilitation 
goals.

• For many burn patients, the first 18 months after discharge 
are more difficult than the acute stay. The principal reha-
bilitation goals at this time include the following:
 – Progressive ROM and strengthening
 – Evaluation of evolving problem areas
 – Specific postoperative therapy after reconstructive 

operations
 – Scar management

Unfortunately, it is not uncommon for ROM and strength 
to be lost during the first months after discharge. The burn 
unit team should monitor the quality of outpatient rehabilita-
tion services during routine clinic visits at the burn unit. If 
the patient is losing substantial ROM and strength due to 
inadequate therapy, readmission for focused rehabilitation 
efforts is appropriate and recommended.

9.4  Non-surgical Scar Management

The treatment of scars is a big challenging process and 
important part in the rehabilitation programme. Scars can 
lead to emotional conflicts and psychosocial problems, but 
beside these aesthetic and emotional problems scars can 
cause also important functional restrictions and impairments. 
Due to the fact that the process of the hypertrophic scarring 
begins often after discharge and may last for several month 
and years, a need for special aftercare especially during the 
first 12–24 months is needed.

Although the process of the scar maturation is not fully 
understood yet, several approaches are propagated for non- 
surgical scar management.

9.4.1  Compression Therapy

As early as possible compression therapy should be per-
formed by use of special customized compression gar-
ments (Figs.  9.3 and 9.4). Compression therapy helps to 
provide functionally and aesthetically satisfying scars and 
reduces the need for surgical scar revisions. By use of 
compression, good and satisfactory results can be achieved 
in 85% of the patients suffering from hypertrophic scars 
[7, 8], because as long as the scars are active, they can be 
influenced by compression. The exact mechanism of action 
is not cleared yet, but there is clear evidence that continu-
ous pressure reduces the blood flow within the scar and 

thereby its activity. The metabolism of the scar is reduced 
and local ischemia and hypoxia is resulting in a reduced 
proliferation and activity of the fibroblasts and thereby of 
the collage synthesis [9]. Thereby excessive scaring is 
decreased [10].

Fig. 9.3 Custom-made compression garments

Fig. 9.4 Special compression gloves plus additional pressure for the 
web spaces
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Wounds which heal within 14–21  days have a lower 
chance to develop hypertrophic scars, but if wound healing 
takes longer than 21 days, there is a higher chance to develop 
hypertrophic scars and a compression therapy is an abso-
lutely must [10] for a period of several months (in children 
often also more than 2 years until the scars are mature) and 
should be worn 24 h daily.

The optimum compression pressure, which should be 
exerted onto the scar, is discussed still controversially [11–14]. 
A pressure of 10 mmHg is probably enough to reduce scars and 
a pressure more than 40 mmHg is possibly not good for the 
skin and can cause nerve irritations and pain. The compression 
pressure, which is generated with compression clothes, 
amounts approx. 24–28 mmHg; this is more or less identical 
with the capillary pressure, which amounts around 25 mmHg.

9.4.2  Pressure Pads

Problems concerning compression therapy can occur in 
unfavourable localizations, above all in concave surfaces, as 
for example in the area of the sternum and the face. These are 
only hardly accessible to a suitable compression treatment. 
Mostly, a combination with special pads (pelotte), which can 
exert additional pressure, is useful. Pressure pads are made 
from different materials as for example from silicone gel, 
elastomeric and different plastic materials. The used material 
should be chosen depending on scar maturation and on the 
skin status of the patient. In general, one begins with a soft, 
thin and elastic pad and exchanges this with the time for 
harder and stronger pressure-exercising pads.

9.4.3  Hydration and Silicone

Silicone has been used with great success in order to reduce 
hypertrophic scars; hydration or the silicone related preven-
tion of wound desiccation appears to be the contributing 
mechanism. Hydration seems to inhibit the fibroblast related 
production of collagen and glycosaminoglycans. Silicone gel 
sheets can be worn 24 h daily. Beside gel sheets [8], there are 
also silicone gels [7] available; they are normally applied 
twice a day after suture removal. Both silicone sheets and gels 
seem to have positive influence on scare size and erythema 
reduction. The use is not limited to prophylactic scar treat-
ment, but also for improving pre-existing hypertrophic scars. 
The advantages of this kind of the scar treatment are the easy 
use and the quick improvement of the clinical symptoms.

9.4.4  Lubricants and Solar Exposition

Due to the functional impairment, special skin care is needed 
after a burn injury. Hydration protects the skin against dry-

ness. Special oils and creams, which do not irritate the skin, 
should be applied several times daily.

The patients should be cleared up thoroughly about the 
fact that the scars in the first year after a burn injury may be 
put out by no means to the direct sun. The danger of sunburn 
is very big and the scars will become probably darker in the 
sun. This discoloration is lasting and makes the scars even 
more remarkable. Solar cream with a solar protection factor 
from at least 30 as well as adequate sun protection clothing 
is strictly recommended [15].

9.4.5  Creams/Salves

There is a great variety of creams for conservative scar man-
agement on the market; many of them are used, but few of 
them enjoy medical acceptance. A lot of these creams are 
vitamin based or contain herbal extracts. Vitamin E, a lipid 
soluble antioxidant in skin has been used to reduce oxygen 
radicals, which alter collagen and glycosaminoglycan pro-
duction. Topical Vitamin A has been used as a superficial 
resurfacing agent. Softening and flattening of scars are pre-
sented in the literature, but the use is not generally recom-
mended. Other natural sources for scar improvements are on 
the market, but their efficacy is still under heavy discussion.

9.4.6  Scar Massage

Massage is a very good treatment option in order to improve 
the mobility of joints in the case of rigid scars. Rigid scar 
ropes are thereby dissolved and the scar becomes softer, 
more elastic, and more pliable. In the acute phase, only a 
local pressure should be applied to the scar. Furthermore, no 
special massage creams should be used in this early phase. If 
the skin tolerates friction, the scar can be manipulated by 
rotary and stroking movements under use of special oils and 
creams. It is recommended to carry out the massage at least 
twice daily. An electric massage device can be also used with 
additional heat application. Heat relaxes the tissue and raises 
the elasticity, so that the scars can be better mobilized. Here 
paraffin wax hydrotherapy and ultrasound are used with suc-
cess. Conscientious scar massage can be effective in limited 
areas of scarring; it is also convenient, because it can be per-
formed by family members.

9.4.7  Cortisone Treatment

In the non-surgical scar management, cortisone therapy has a 
firm place [16–18]; it is mainly used for the treatment of 
hypertrophic scars and keloids. The application of steroids 
can reduce collagen synthesis up to 60% [16]. Moreover, 
there is a significant reduction of glycosaminoglycan- and 
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hyaluronic acid synthesis by use of steroids. This leads to the 
decrease of the extracellular matrix and thereby to a scar 
reduction. Intralesional injections are often performed every 
4–6 weeks. They can be used alone or as an adjunct to other 
treatment modalities. It is often used in combination with 
compression and/or excision and post-surgical radiation 
[16]. The most frequent side effects are atrophy and hypopig-
mentation around the injection places [17].

9.4.8  Antimitotic Drugs

A new intralesional scar treatment option is mainly based on 
antimitotic drugs such as bleomycin and 5-fluorouracil 
(5-FU).

9.4.9  Verapamil

The intralesional injection of the calcium channel blocker 
Verapamil seems to be a new promising option for the treat-
ment of hypertrophic scars and keloids. In a recent study, 
Verapamil was injected into the wound edges directly after 
the scar and keloid excision [19–21].

9.4.10  Laser

Hypertrophic scars, keloids, and mild to moderate acne scars 
may benefit from skin resurfacing procedures using the car-
bon dioxide (CO2) laser and the Nd YAG laser [22, 23].

9.4.11  Radiotherapy

Nowadays the application of radiotherapy in the conserva-
tive scar treatment is critical because of its potential side 
effects and risks like radiodermatitis, ulceration, and tissue 
atrophy, but there are also many reports available that this 
kind of treatment option is still useful and should be taken 
into account for scar treatment, especially after keloid exci-
sion [24].

9.4.12  Soft Tissue Augmentation

Atrophic and depressed scars may also benefit from filling 
procedures. There are different fillers available on the mar-
ket. Collagen and collagen with fibroblasts are quite popular. 
Live cell transfer has been advocated as a long-lasting solu-
tion for tissue augmentation. Lipotransfer has become popu-
lar for scar treatment, because it seems that fat cell transfer is 

not only able to improve volume and contour, but also to 
improve skin quality [25].

9.5  Conclusions

The ultimate goal of all burn care is the reintegration of the 
patient into society. A few years ago, the goal of the burn 
team was survival of the patient and discharge was the mea-
surement of outcome. Ideally, patients return to their fami-
lies, schoolmates, and communities as if the injury had never 
occurred. In order to achieve this, rehabilitation and recon-
struction of the seriously burned patient became important 
parts of today’s burn care.
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Laser Treatment of Scars

Gerd G. Gauglitz and Julian Poetschke

10.1  Introduction

Scars can form as a result of surgery, trauma, or even sponta-
neously. In many cases, they are inconspicuous and result in 
little discomfort. Pathological scarring like linear or wide-
spread hypertrophic scarring or keloids often result in pro-
nounced functional impairments and can grossly disfigure 
the affected patients. Thus, effective scar therapy is para-
mount to rehabilitate both function and aesthetics. Well- 
researched and oft employed techniques for scar therapy 
include surgical options like scar excision, tension-relieving 
z- and w-plasty, skin grafting, local as well as free flaps and 
nonsurgical options like corticosteroid injections, pressure 
therapy, silicone-based wound gels and sheets, and many 
others. Further potential for scar treatment is offered through 
different laser treatment methods that have become increas-
ingly popular throughout the last years. With a variety of dif-
ferent laser technologies being available, physicians require 
an in-depth knowledge about their individual properties and 
capabilities as well as their applicability for the treatment of 
different scar types to ensure safe and effective laser scar 
treatment.

10.2  Laser Technologies for Scar Treatment

Laser technologies can be divided in different subgroups 
through their mode of action. A common distinction would 
be the differentiation between ablative and nonablative 
lasers. While nonablative lasers commonly target different 
physiological (oxyhemoglobin) or artificial (tattoos) pig-
ments, ablative lasers allow for the vaporization of tissue, 

thus allowing the physician to ablate, excise, and resurface 
the treated tissue.

10.2.1  Ablative Lasers

Through their distinctive wavelengths, the energy of ablative 
lasers is well absorbed by water. This allows for the vapor-
ization of water-rich skin cells and dermal matrix compounds 
and thus their controlled ablation. Ablative lasers used for 
scar treatment include the erbium-doped yttrium aluminum 
garnet laser also known as the Er:YAG laser, and the carbon 
dioxide (CO2) laser. The Er:YAG laser emits a wavelength of 
2940 nm which place it in the infrared spectrum. The laser’s 
energy is strongly absorbed by water and very little energy is 
transferred into the surrounding tissue, thus resulting in little 
to no heat necrosis. This is sometimes referred to as “cold 
ablation.” It also means that coagulating blood vessels dur-
ing treatment is ineffective with the Er:YAG, thus limiting its 
ability to ablate tissue and to influence dermal matrix regen-
eration and remodeling.

The CO2 laser uses a wavelength of 10,600 nm. While its 
energy is also strongly absorbed by water, use of the CO2 
laser results in significant heat dispersion into the surround-
ing tissue. In tissue ablation, this can be used to coagulate 
blood vessels, thus allowing for thorough and extensive tis-
sue resurfacing unlike with the Er:YAG laser. It also leads to 
significant skin tightening as heat-damaged proteins within 
the skin are remodeled [1]. In the past, continuous wave 
devices were commonly used and later replaced by pulsed 
units that minimized thermal damage to the surrounding tis-
sue. Recently, ablative lasers have further been modernized 
by the addition of fractional treatment modes. Fractional 
lasers divide the laser beam into an array of smaller beams, 
thus leaving intact skin islets in-between the treated skin. 
These microthermal treatment zones (MTZs) vary in size 
and depth depending on the device used but can reach over 
3 mm in depth with current laser technology, thus allowing 
for the effective treatment of thicker lesions. While fractional 
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ablative laser treatment slightly limits the treatment efficacy, 
it greatly enhances recovery time when compared to non-
fractional ablation. Deep fractional photothermolysis has 
also been proven to positively influence heat-shock proteins 
and other agents associated with dermal matrix regeneration 
[2, 3].

Side effects of ablative laser treatment include swelling, 
erythema, skin infection, scarring, hypopigmentation as well 
as demarcation between treated and untreated skin [1].

10.2.2  Nonablative Lasers

One of the most popular nonablative lasers used for scar 
treatment is the pulsed dye laser (PDL). With a wavelength 
of 585 or 595  nm its target chromophore is oxygenized 
hemoglobin within superficial blood vessels. While absorp-
tion by the hemoglobin is stronger with the 585 nm wave-
length, lasers with 595  nm are commonly favored as they 
allow for deeper tissue penetration. By transferring laser 
energy to the oxyhemoglobin, application of the laser leads 
to coagulation within the blood vessel which results in com-
promised microcirculation and decreased peripheral distri-
bution of nutrients and most critically, oxygen. The resultant 
tissue ischemia and hypoxia lead to TGF-β1 suppression, 
which inhibits fibroblast proliferation and stimulates the 
expression of antifibrotic substances such as MMP-13, ERK, 
or p38 kinase in treated scar tissue [1, 4, 5].

Side effects of PDL treatment are commonly mild. They 
include purpura that usually persist for 7–14 days as well as 
vesicles and crusts. The severity of the side effects is typi-
cally correlated with the employed energy density. In darker 
skin types, persisting hyperpigmentation can occur. The 
occurrence, however, is less common when using 595  nm 
PDL treatment as compared to 585 nm lasers [6].

The neodymium-doped yttrium aluminum garnet or 
Nd:YAG laser commonly employs a wavelength of 1064 nm. 
While similar to the PDL in its mode of action, the wave-
length of the Nd:YAG allows for greater tissue penetration. 
This however comes at a price. First, the Nd:YAG’s efficacy 
is significantly reduced in greater depths. Second, it is not as 
strongly absorbed by oxyhemoglobin as the PDL’s energy. 
Water and melanin compete with the hemoglobin as the tar-
get chromophores which can lead to heating of the surround-
ing tissue and thus burns and scarring as potential side effects 
[1]. Side effects of Nd:YAG laser treatment also include a 
prickling sensation during treatment as well as erythema and 
swelling post-treatment [7].

The erbium glass or Er:Glass laser is a nonablative laser 
commonly used as a fractional laser and employs wave-
lengths around 1500  nm within the infrared spectrum to 
achieve its effects. It allows for the selective distribution of 
heat within the subepidermal tissue, thus stimulating differ-

ent intradermal proliferative pathways as well as the regen-
eration of a physiological matrix structure. As this laser 
works through the sole application of heat into the skin with-
out damaging the epidermal barrier, down-time after treat-
ment is commonly very low. Treatment can, however, go 
along with light swelling, erythema as well as post- 
inflammatory hyperpigmentation [8].

10.3  Laser Treatment Options for Different 
Scar Types

10.3.1  Linear Scars

Linear scars are most often a result of surgery. When fresh, 
they usually appear reddish and slightly raised and can go 
along with light to moderate pruritus. Usually fresh scars 
mature within a few months becoming flat, pale, and depig-
mented [9]. For improved normalization of scar height, vas-
cularity and pliability PDL treatment has been suggested for 
surgical scars, starting with the day of suture removal. In 
split-scar studies, three treatment sessions at 4-week inter-
vals seemed to markedly improve the aforementioned scar 
parameters [10, 11]. Another study on postoperative scars 
showed improvements through both PDL and Er:Glass laser 
treatment with the latter resulting in greater improvements 
[12]. Sobanko et al. could not discern significant differences 
between treated and untreated scars after one session of frac-
tional ablative CO2 laser treatment on the day of suture 
removal after a 3-month follow-up using the Vancouver Scar 
Scale. Nevertheless patients reported satisfaction with the 
laser treatment [13].

Ultimately though, while prevention of severe scarring is 
important and can be recommended with the onset of com-
plete reepithelialization of the surgical wound, current guide-
lines recommend silicone sheeting or gels as well as onion 
extract containing products [6, 14–17]. While expert com-
mittees stress the potential of laser treatment for fresh post-
operative scars, especially in patients with a predisposition 
for pathological scarring [18], more research is needed 
before clear recommendations can be made.

Deliberate self-harm scars are an example of linear scar-
ring that are quite problematic for patients. They are com-
monly located on the volar forearms, on the abdomen or the 
inner thighs and even though they usually heal well and only 
leave slim, pale, and flat scars, their sheer number, their pat-
tern and the associated stigma result in grave psychosocial 
impairment [19] of the affected patients, thus resulting in a 
pronounced desire for treatment.

The treatment of deliberate self-harm scars using the 
nonablative fractional Er:Glass laser is currently the subject 
of intensified research. Our study group could show that 
three sessions of Er:Glass laser treatment in 4-week intervals 
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led to statistically significant improvement of scar relief as 
well as POSAS (Patient and Observer Scar Assessment 
Scale) scores (Fig. 10.1). Quality of life in the treated patients 
was also significantly improved (Guertler et  al., Lasers in 
Medical Science 2017, accepted). Standardized treatment 
parameters were used during each session which was divided 
into two passes. First, a small spot with a higher density and 
lower energy was employed to treat only the scars, while 
during the second pass, a larger spot with a reduced density 
but higher energy was used to treat the surrounding skin, too.

Even though these initial findings are highly encouraging, 
further research is required to further characterize the effi-
cacy of Er:Glass laser treatment for deliberate self-harm 
scars.

10.3.2  Linear Hypertrophic Scars

Linear hypertrophic scars form within 4–8  weeks after 
wound closure. Common reasons for hypertrophic scar 

a1 a2 a3

b3b2b1

Fig. 10.1 Self-harm scars before (A1/B1), 1 month after (A2/B2), and 
6 months after (A3/B3) 3 sessions of non-ablative fractional Er:Glass 
laser treatment (1565  nm ResurFx, M22, Lumenis Ltd., Yokneam, 
Israel) (Figures previously published in Guertler et al., “Objective eval-

uation of the efficacy of a non-ablative, fractional 1565 nm laser for the 
treatment of deliberate self-harm scars,” Lasers in medical Science, 
2017, accepted as of 1 October 2017)
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 formation include excess tension on the wound margins and 
wound infection. Their appearance is erythematous, rope- 
like, and bulging, and they are often associated with pruritus 
and pain, especially when irritated through contact or fric-
tion. They form within the margins of the original trauma 
and after a week-long phase of growth will eventually show 
steady involution after a short phase of stagnation [19]. Since 
linear hypertrophic scarring often regresses over time, pri-
mary laser treatment usually is not indicated. In inactive and 
burnt-out hypertrophic scars, however, ablative laser treat-
ment can be considered as a second-line treatment option for 
scar flattening and the loosening of contractures [16]. The 
latter is achieved through fractional treatment, which results 
in a normalization of the dermal matrix architecture through 
the induction of heat-shock proteins, TGF-β subtypes, and 
matrix metalloproteinases, while regular ablative laser treat-
ment can be employed for the ablation of burned-out scar 
tissue. In our experience several sessions are usually required 
to achieve sufficient blending of the scar into the surrounding 
tissue. Herein, CO2 laser treatment seems to be more effec-
tive than Er:YAG laser treatment, potentially due to the 
effects of the thermal energy on dermal matrix regeneration 
[9, 20].

10.3.3  Widespread Hypertrophic Scars

Widespread hypertrophic scars are most commonly the result 
of burn trauma. They appear raised with an irregular surface, 
they contain rope-like scar strands and are considerably 
firmer and less elastic than healthy skin. They can appear 
erythematous as well as hypopigmented and often lack skin 
appendages like hair and sebaceous glands.

In addition to this, burn patients often require skin graft-
ing, most commonly split-thickness grafts which show con-
siderable propensity to heal hypertrophically, thus adding to 
larger areas of hypertrophic scarring. Furthermore, split- 
thickness grafts often add further to aesthetic impairments 
through their often apparent mesh-pattern that results from 
expansion of the skin graft. Widespread hypertrophic burn 
scars commonly go along with great aesthetic, functional, 
and psychosocial impairments, resulting in an often dramatic 
need for treatment and scar improvement.

Commonly patients with widespread burn injuries are 
advised to wear compression garments for at least 1 year 
after deep burns and especially after receiving split-thickness 
skin grafts.

Silicone sheets are also often used to limit hypertro-
phic scarring. Should widespread hypertrophic scarring 
occur, patients are thus far often treated using medical 
needling to soften scars and through dermabrasion to flat-
ten thick scars [21].

In recent years, fractional ablative CO2 laser treatment has 
been recommended as an option for widespread hypertro-
phic scar treatment.

Pilot studies researching the effects of fractional photo-
thermolysis could demonstrate that such treatment modu-
lates the concentrations of different heat-shock proteins, 
subtypes of the TGF-β family as well as matrix metallopro-
teinases leading to dermal matrix remodeling and a shift to a 
normalized dermal architecture [2, 3, 22–25].

After the molecular effects of fractional photothermolysis 
were established, multiple pilot studies on CO2 laser treat-
ment have shown improvements in scar texture, pliability, 
and clinical symptoms resulting in improved functional and 
aesthetic aspects and considerable patient satisfaction [2, 22, 
25–31]. Levi et  al. reported patient satisfaction of 96.7% 
with pronounced reductions of scar tightness and pruritus as 
well as neuropathic pain after three treatment sessions every 
4 months [28].

Our study group examined the effects of one session of 
fractional ablative carbon dioxide laser (Lumenis Ultrapulse 
Encore, Lumenis Ltd., Yokneam, Israel) treatment on mature 
burn scars in an in-patient controlled approach. Two 10 cm 
by 10 cm areas of hypertrophic scarring were designated as 
study areas. One of them received one session of laser treat-
ment, the other was left untreated. Treatment included three 
passes with the laser. During the first pass, the whole scarred 
area was treated using a deep fractional approach with indi-
vidualized energy settings intended to allow penetration into 
the deep dermis (ScaarFX: 90–150  mJ/cm2 (2–3.3  mm), 
Density 1%, 250 Hz). During the second pass, a small spot 
with a slightly reduced energy and high density was used to 
ablate individual fine scar strands (ActiveFX (small spot): 
40–90  mJ/cm2, high density, 300  Hz). Lastly, a large spot 
with a high energy but low density was used for general sur-
face smoothening (ActiveFX (large spot): 125 mJ/cm2, low 
density, 125 Hz). Through this approach and with a 6-month 
follow-up we could demonstrate a significant reduction in 
scar firmness of over 30%. The scar texture was also 
improved greatly showing a reduction of profile irregulari-
ties of over 30%. POSAS and VSS scores were also signifi-
cantly improved as were Dermatology Life Quality Scores 
[32].

Fractional ablative CO2 laser treatment has been estab-
lished as a safe and effective treatment method for wide-
spread hypertrophic burn scars. As a consequence, current 
guidelines for the treatment of pathological scarring recom-
mend fractional ablative CO2 laser treatment as a promising 
treatment option for widespread hypertrophic scarring 
(Fig. 10.2) [14, 16]. Nevertheless, while current studies have 
been able to characterize the effects of this treatment method, 
further research into possible treatment paradigms is 
necessary.

G. G. Gauglitz and J. Poetschke
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10.3.4  Keloids

Keloids are often mistaken for hypertrophic scars and vice 
versa. They appear as smooth well-demarcated, embossed 
tumors of the skin. They are often erythematous and show 
telangiectasia and sometimes ulceration. Keloids oftentimes 
go along with excruciating pruritus and pain, especially 
when irritated and can grow to enormous sizes. Keloid occur-
rence can be the result of trauma, surgery, or even spontane-
ous formation without apparent reason. Keloids can form 
during the early stages of wound healing, continually grow-
ing for extended periods of time or also appear years after the 
causative trauma. Unlike hypertrophic scars, keloids show 
no tendency for regression over time. Keloid occurrence is 
associated with darker Fitzpatrick skin types commonly 
found in Africans and Asians, a positive family history for 
keloid disease and predilection sites include the chest, shoul-
ders, and ear lobes.

In 1995, Alster et  al. described the 585  nm PDL as a 
significantly effective tool to improve erythema, scar 
height, skin surface texture, and pruritus in previously 
untreated keloids after two treatment sessions in 6–8 week 
intervals [33]. Follow-up studies by different research 
groups, however, struggled to reproduce the promising 
results by Alster et  al. [34] and the overall level of evi-
dence on the PDL’s efficacy for keloid treatment remains 
low due to small study groups, uncontrolled designs and 
unstandardized treatment paradigms as well as insuffi-
ciently short follow-up periods [35]. Nevertheless, current 
treatment guidelines for pathological scarring recommend 
the PDL as a second-line treatment option in keloids that 
are pruritic and erythematous due to research indicating 
the potential of the PDL to ameliorate these symptoms 
(Fig. 10.3) [6, 14, 16, 36].

Nd:YAG laser treatment for keloids showed promising 
results in a small pilot study by Cho et al. after a 3-month 

Fig. 10.2 Widespread facial hypertrophic burn scars, before (a) and after (b) multiple sessions of fractional ablative CO2 laser treatment (Lumenis 
Ultrapulse Encore) using the aforementioned parameters

10 Laser Treatment of Scars
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follow-up [7]. Koike et  al., too, reported significant keloid 
scar improvement after monthly Nd:YAG laser treatment 
sessions over the course of 1 year. After 6 months of follow-
 up, however, over 50% of the keloids treated showed 
 recurrence [37]. Overall the level of evidence of Nd:YAG 
laser treatment for keloids is relatively low, thus resulting in 
the omission of this treatment modality in current 
guidelines.

Ablative lasers play a very limited role in the therapy of 
keloids. Since keloids are associated with significant recur-
rence after treatment, scar ablation is not recommended as a 
standard procedure in keloids much like conventional exci-
sion. Ablative laser treatment can, however, be considered 
for debulking large keloids or as a secondary measure in 
therapy refractory scars. Then, however, it is recommended 
to combine laser therapy with other prophylactic measures 
like intralesional corticosteroid injections to decrease the 
probability of recurrence.

10.4  Summary

While guideline-based scar therapy is still dominated by 
other therapeutic means, laser therapy plays an increasingly 
important role in the treatment of pathological scarring. With 
the advent of new laser technologies, an increased availabil-
ity of laser treatment, and continued scientific evaluation of 
new treatment forms, their role is likely to become more 
vital. While being an integral part in the treatment of almost 
every scar type except for keloids, laser treatment might soon 
become an option for scar prevention too, as our understand-
ing of their influence on the wound healing cascade and 

potential positive influence on the normalization of the der-
mal architecture improves.

Laser therapy offers physicians different targeted treat-
ment options for pathological scarring that are safe, effica-
cious, and comfortable to perform in an ambulatory setting, 
thus further adding to patient comfort. It has therefore 
become a staple in contemporary scar therapy that can 
greatly benefit patients that suffer from aesthetically and 
functionally debilitating scars.
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The Value of Medical Needling in Burn 
Scars

Matthias Aust, Desmond Fernandes, and Richard Bender

11.1  Introduction

Patients with burn scar deformities frequently request help to 
improve both the aesthetic and functional complications of 
their scars. There are numerous methods available for sur-
geons to treat burn scars, but nowadays, there is a demand for 
less invasive and more cost-effective procedures to give the 
desired benefits.

Non-invasive treatments such as silicone patches and 
pressure garments are important ways to control scars. 
Minimally invasive techniques such as cortisone injections 
also have a place. Surgeons have generally depended on sur-
gical interventions such as scar excision, W- or Z-pasties, 
and pedicled or free skin flaps to treat contractures or severe 
irregular scars. The quest for better results has also led to the 
application of many different topical therapies such as laser 
resurfacing, dermabrasion and deep chemical peels.

The last-mentioned methods all follow the same princi-
pal: they are ablative, they change the scar by destroying the 
epidermis partially or completely and scarring the dermis. 
The death of tissue leads to an inflammatory response. In the 
process of trying to treat dermal scarring, the epidermis may 
be completely destroyed and replaced by a thinner epidermis 
with flatter rete ridges covering parallel-orientated scar col-
lagen which is distinctive for scarred skin [1–3]. Furthermore, 
the skin becomes more vulnerable to infections [4].

The ideal scar treatment method would avoid ablation of 
the epidermis and rather promote the formation of physio-
logical dermal collagen in a lattice pattern by initiating the 
expression of growth factors which are relevant for scarless 

wound healing and regeneration of the skin. In other words, 
the perfect remedy would be to remove the visible defective 
scarring and regenerate healthier anatomically more normal 
skin.

In recent years, it has been shown that it is possible to a 
significant degree to achieve the ideal treatment by using 
percutaneous collagen induction or “Medical Needling” [5–
7]. Medical Needling is a minimal-invasive non-ablative pro-
cedure capable of improving scar quality and functionality 
by dermal reorganization with a decrease in scar collagen 
accompanied by an increase of physiological collagen and 
fibronectin as well as an increase of glycosaminoglycans. 
There is a decrease of trans-epidermal water loss because the 
epidermis is thicker, and the stratum corneum becomes a 
fully functional water barrier.

Approximately 20  years ago Camirand and Doucet [8] 
demonstrated that by simple “needle abrasion”, one could 
get significant clinical improvement in treating white surgi-
cal scars with a tattoo artists’ device. Orentreich also reported 
about “dermal needling or subcision” as an alternative for 
treating scars and wrinkles [9]. Based on these concepts, 
Fernandes developed the percutaneous collagen induction 
technique [10]. Thanks to targeted research within the last 
15 years, impressive scientific data is now available which 
underlines the efficacy and safety of Medical Needling and 
why it works [5, 7, 11–15].

11.2  Science

11.2.1  How It Works

Medical Needling is repetitive puncturing of burn scars with 
a roller equipped with 3.0 mm long needles that penetrate 
into the dermal scars and cause intra dermal bleeding (see 
Fig. 11.1).

The needling device is repeatedly rolled over the scar in 
three main directions: longitudinally, diagonally and hori-
zontally to get the best distribution of puncture holes. 
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According to the extent of the scar, this procedure can last 
30 min or longer. It is important to use the device with con-
stant pressure and do the rolling in one direction at a time to 
prevent shear forces. The needles are solid and do not have a 
lumen. Hence, they pierce the skin and mainly separate the 
skin cells rather than destroying them (see Fig. 11.2). They 
penetrate the dermis 2.0 mm to a maximum of 3 mm and 
produce thousands of micro puncture wounds and intrader-
mal bleeding. Some blood comes up through the channels to 

cause bleeding on the surface. The most important bleeding 
occurs in the dermis, but bleeding through the skin gives us a 
good idea of what is happening down below in the dermis.

11.2.2  Induction of the Wound Healing 
Cascade

This trauma initiates the activation of the physiological 
wound healing cascade but with a significant difference. 
Normally trauma causes the temporary presence of TGF-β3, 
and the wound heals predominantly under the influence of 
TGF-β1 and -β2 which results in scar tissue. After needling, 
TGF-β1 and -β2 rapidly disappear from the scene, and TGF- 
β3 dominates which results in scarless healing and regenera-
tion [16]. Skin needling induces a new (and as yet 
unrecognized) phase of regenerative healing which should 
not be confused with the post-traumatic inflammatory cas-
cade. Platelets, keratinocytes and neutrophils secrete growth 
factors such as platelet-derived growth factor (PDGF), fibro-
blast growth factor (FGF), vascular endothelial growth factor 
(VEGF), tissue growth factor and transforming growth 
factor-α and -ß (TGF-α and TGF-ß). These initiate the syn-
thesis of dermal structures such as collagen, elastin and 
fibronectin and also stimulate the migration of fibroblasts 
and keratinocytes [13, 17] The modulation of these growth 
factors right at the beginning signals the differences between Fig. 11.1 Needling device

Intraoperatively

a b c d

With minutes post-OP Few Days post-OP Days to week-OP

Fig. 11.2 Schematic illustration of Medical Needling and the effects 
on the wound. The needles pierce the epidermis and the blood vessels 
of the dermis, and when the needle is withdrawn, the needle tract closes 

and by the next day it cannot be detected histologically. Within days, 
collagen I and elastin are generated
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this new paradigm of scarless healing versus the archetypal 
healing with scar formation.

11.2.3  TGF and the Induction of Collagen I

This new repair and regeneration mechanism is relevant 
for the formation of collagen I which is the physiological 
type collagen in a lattice pattern in healthy skin, whereas 
collagen III is more prevalent in parallel-orientated scar 
collagen. TGF-β3 makes a transient presence in standard 
surgical wounds and has largely disappeared within 24 h 
of injury. Typical scars, we now know, are the result of 
dominant activity of TGF-ß1 and -2. In contrast, TGF-ß1 
and -2 levels are extremely low in scarless embryonal 
wound healing while the levels of TGF-ß3 are remarkably 
high [1, 5, 16, 18].

Medical Needling particularly influences the liberation 
of TGF-ß1, -ß2 and -ß3. Within days post-treatment, the 
levels of TGF-ß1 and -2 are significantly downregulated, 
whereas TGF-ß3 reaches high expression levels even 
beyond the initial wound healing phase [7, 13]. In support 
of this, the production of type I collagen was found to be 
increased after Medical Needling (see Figs. 11.3, 11.4 and 
11.5). The changes seen in skin needling indicate a lower 
level of TGF- ß3 by 2 months. Ferguson’s team argue that 
it is the initial height of the rise in concentration of TGF-
ß3 that is probably the most important influence, not so 
much the duration of the raised levels because he points 
out the TGF-ß3 does not stay raised for the extended heal-
ing period [19]. Studies in humans that are as yet unpub-
lished show that TGF-ß3 is raised after needling and 

become higher when needling is done at short intervals 
(Fernandes, personal communication).

11.2.4  Dermal Remodelling

Dermal reorganization after Medical Needling depends not 
only on the formation of physiological orientated collagen I 
but also on the inclusion of glycosaminoglycan molecules 
and fibronectin. This was shown in the animal model through 
the quantitative analysis of gene expression as well as 
through immunohistological analyses [12, 13, 20]. As seen 
in Figs. 11.12 and 11.13, the entire connective tissue frame-
work appears thicker and denser post-treatment.
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Fig. 11.3 Microarray analyses of TGF-ß1, -ß2 and -ß3 expression levels in treated animals. The induction of TGF-ß3 gene expression continues 
even beyond the initial wound healing phase, whereas TGF-ß1 and -ß2 are downregulated during the second week post-treatment

Fig. 11.4 Immunofluorescence visualization of collagen I: Staining 
with antibodies directed against Collagen I (Alexa488) and 
DAPI.  Un-needled animal of the dermis failed to react with the 
antibodies
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11.2.5  Increase in Skin Elasticity

Moreover, the stimulation of the endogenous FGF contrib-
utes towards improved skin elasticity. As seen in Figs. 11.6 
and 11.7, the amount of elastin is significantly higher after 
Medical Needling.

11.2.6  Normalized Perfusion

The secretion of VEGF during the healing phase stimulates 
angiogenesis and leads to the formation of tiny blood vessels 
in the corium. This helps to normalize the characteristic 
pathological erythema of scars after burn injuries. As seen in 
Figs. 11.8 and 11.9, the amount of VEGF significantly rises 
after Medical Needling.

Fig. 11.5 Immunohistochemical staining, anti-collagen I. Needled 
animal with 8 weeks of skincare stained without primary antibody. The 
amount of type I collagen was qualitatively increased in treated group 
compared to their controls judged by the brighter fluorescence

Fig. 11.6 Immunohistochemical staining, anti-elastin. Untreated ani-
mal immunofluorescence visualization of elastin: Staining with anti-
bodies directed against elastin (Alexa488) and DAPI.  Un-needled 
animal of the dermis failed to react with the antibodies

Fig. 11.7 Immunohistochemical staining, anti-elastin. Needled animal 
with 8 weeks of skincare stained without primary antibody. The amount 
of elastin was qualitatively increased in treated group compared to their 
controls judged by the brighter fluorescence

Fig. 11.8 Immunohistochemical staining, anti-VEGF. Untreated ani-
mal immunofluorescence visualization of elastin: Staining with anti-
bodies directed against elastin (Alexa488) and DAPI.  Un-needled 
animal of the dermis failed to react with the antibodies

Fig. 11.9 Immunohistochemical staining, anti-VEGF. Needled ani-
mal. VEGF showed a membranous staining pattern along the intercel-
lular junctions in the basal and suprabasal layers of the epidermis. A 
brighter fluorescence indicates that the amount of VEGF in the dermis 
is augmented in the needled groups compared to the un-needled groups

M. Aust et al.
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11.2.7  Increase in Skin Moisture Content

Scars often appear dry and loose due to a decrease of glycos-
aminoglycans with a result of reduced water retention in the 
skin and due to thinner epidermis with increased trans- 
epidermal water loss. Medical Needling is associated with a 
higher inclusion of glycosaminoglycans (see Figs. 11.10 and 
11.11) and with a thicker epidermis post-treatment (see 
Figs. 11.12 and 11.13). Both help to maximize the moisture 
of the skin back to the reference of healthy skin.

11.2.8  Increase of Epidermal Thickness

In contrast to ablative treatments, the skin structures are not 
injured after Medical Needling. The epidermis remains physio-
logically intact which means that potential side effects such as 

inflammation, new scarring or dyspigmentation are reduced to a 
minimum. Furthermore, it has been shown in the animal model 
that the thickness of the epidermis increases up to 140% after 
treatment versus untreated ones [12] (see Figs. 11.12 and 11.13).

11.2.9  Role of Vitamins in Wound Healing

Maximal post Needling improvement was seen in combina-
tion with pre- and post-treatment of the skin with vitamin A 
and oxidants vitamin C and E (see Figs. 11.12 and 11.13).

11.2.10  No Dyspigmentation After Medical 
Needling

A disadvantage of ablative scar treatments is that there is an 
increased risk of dyspigmentation especially in darker skin 

Fig. 11.12 Masson’s Trichrome staining. Untreated animal (control)

Fig. 11.13 Needled animal with 8  weeks of skincare collagen fibre 
bundles were increased, thickened and more loosely woven in both the 
papillary and reticular dermis most prominently in the needled plus 
skincare group (D). Elastin fibres in the dermis highly linear and the 
epidermal dermal interface showed regular dermal papillae; cellular 
polarity and normal epidermal differentiation appeared to be main-
tained; and the elastin network within the reticular dermis was regularly 
thickened and organized in all groups

Fig. 11.10 Immunofluorescence visualization of GAGs (Alexa488- 
conjugated) and DAPI (representative example). Un-needled animal 
with 8  weeks of skincare. GAGs showed dense deposits occupying 
much of the dermis, leaving only isolated collagen bundles visible 
(white arrows)

Fig. 11.11 Immunohistochemical staining, anti-GAG. Needled ani-
mal. Needled animal with 8 weeks of skincare stained without primary 
antibody. As observed in the PAS staining, a marked increase in the 
amount of GAGs was observed throughout the different needled groups 
in comparison to the un-needled groups
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types [21–23]. In 480 patients, it has been shown that there is 
no risk of dyspigmentation after Medical Needling [20]. 
Furthermore, Medical Needling does not change the number 
of melanocytes, but the expression levels of melanocyte- 
stimulating hormone (MSH) and interleukin-10 (IL-10) are 
modified [20]. MSH which influences the proliferation and 
activity of melanocytes is significantly downregulated within 
days after treatment. IL-10 as an anti-inflammatory cytokine 
is upregulated post-operatively [20]. In a subsequent study, it 
has been shown that it is not possible to repigment larger 
areas of hypopigmented skin with Medical Needling alone.

11.2.11  Repigmentation of Hypopigmented 
Burn Scars with Medical Needling 
and Non- cultured Autologous Skin 
Cell Suspension (NCASCS)

Currently, numerous methods are available to treat hypopig-
mented skin, such as split skin grafting [24, 25], lasers [26] 
and cultured skin cell transplantation [27–29]. In recent 
years, research focused additionally on non-cultured skin 
cell suspension. The autologous cell harvesting device is 
used to create a spray suspension of living autologous skin 
cells. These cells are harvested intraoperatively and directly 
applied, in suspension, to the prepared wound.

In order to prepare an area for treatment with NCASCS, 
the wound has been first treated by using dermabrasion or 
lasers which are both ablative methods. By their nature, abla-
tive treatments remove skin structures and cells, including 
the basement membrane, which are replaced by a thinner 
epidermis with flatter rete ridges [1, 2, 29]. This initiates an 
inflammatory response that stimulates fibroblasts to produce 
parallel-oriented scar collagen instead of physiological lat-
tice pattern collagen [1, 30]. Additionally, the risk of dyspig-
mentation increases after these ablative treatments due to 
associated damage to the melanocytes [31, 32].

An ideal wound preparation for the autologous cell sus-
pension would be a treatment that does not destroy structures 
of the epidermis yet creates a conduit that allows ingress of 
melanocytes, which promotes the formation of physiological 
collagen instead of scar collagen and initiates the expression 
of growth factors. As we described above, Medical Needling 
offers all these advantages.

To combine both procedures, it is at first necessary to pre-
pare a depigmented scar with intense medical needling. 
Afterwards, the autologous cell suspension is applied 
through a spray syringe on the wound.

The hypothesis is that the melanocytes of the cell suspen-
sion link through the epidermal canals onto the basal mem-

brane. In a pilot study with 20 patients, it has been shown 
that it is possible to get marked subjective and objective 
improvements regarding repigmentation with the combina-
tion of Medical Needling and NCASCS [33].

11.3  Clinical Results

11.3.1  Medical Needling

See Figs. 11.14, 11.15, 11.16, 11.17, 11.18, 11.19, and 11.20.

Fig. 11.14 One-month-old active burn scar due to open fire burn 
injury

Fig. 11.15 Needling was performed 1 month after trauma (just after 
the epithelium was closed) Pictures show improvement of the scar 
1 year post needling
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11.3.2  Medical Needling and NCASCS

See Figs. 11.21, 11.22, 11.23, 11.24, and 11.25.

11.4  Conclusion

Medical Needling offers a new alternative treatment for burn 
scars by changing pathological scar collagen with thousands 
of micro punctures into a scar with normal collagen. When 
we prick skin, we puncture blood vessels, and the release of 
platelets signals the release of growth factors which then 
improve dermal collagen, vascularization and epidermal 

thickening. Medical Needling liberates growth factors like 
VEGF and TGF-ß3 which initiate the replacement of paral-
lel, packed scar collagen by physiological collagen I in a lat-
tice orientation, with added elastin and glycosaminoglycans. 
The scars after Medical Needling tend to appear smoother, 
softer, less itchy and much less obvious. The skin becomes 
altogether more elastic, and as a result, contractures are also 
softened, and in some cases, invasive surgery to treat con-
tractures becomes unnecessary. Skin needling is showing us 
that it relieves tensions in tissues and minimizes the need for 
Z-plasty and major flaps. Early skin needling could help 
avoid scar contractures which is one of the most crippling 
feature of burns. A significant problem arises for young girls 
as their breast develops, because the breast tissue is entrapped 
by scar tissue and does not develop properly. Skin needling 
is worth doing for these patients and should be done as early 
as possible after the burn injury. There is a good reason to 
believe that if we can change the spectrum of tissue healing 
dominated by TGF-ß1 and -ß2 in the acute phase and convert 
it into a regenerative phase promoted by TGF-ß3, that we 

Fig. 11.16 Result after a second deep needling 1 year after the second 
needling (2 years post initial trauma)

Fig. 11.17 Hypertrophic burn scar lower arm 5 years post trauma

Fig. 11.18 Improvement of the hypertrophic burn scar 6 months post 
3 mm needling

Fig. 11.19 Full face burn scars after a deep second- and third-degree 
burn accident, picture taken 10 years post trauma

Fig. 11.20 Improvement of the skin and scar condition 6 months after 
a 3 mm needling of the face
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Fig. 11.21 Forehead scar with hypopigmented areas before and with better repigmentation 1 year post needling combined with NCASCS

Fig. 11.22 Hypopigmented scar after hot water burn 16 months post trauma before and with better repigmentation 1 year post needling combined 
with NCASCS

M. Aust et al.
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will have long-term effects and avoid contractures. Our 
experience at this stage is largely on treating well-established 
burns, but the authors feel that skin needling should become 
a part of the early management of burn scars.

For repigmentation, it offers the ideal pretreatment for 
non-cultured autologous skin cell transplantation. Both treat-
ments preserve the epidermis which results in a reduced risk 
of new scarring or dyspigmentation.

Medical Needling offers a treatment that for the first time in 
medical history can cause regeneration of tissue and soften 
burn scars and reduce contractures. When done repeatedly and 
intensively, then burn-scarred tissue can seem to be almost 
normal unscarred skin. However, the timing probably is of 
utmost importance. The authors believe skin needling should 
be done as soon after the burn injury as is reasonable because 

they have had experience treating burns within a few hours to 
days of the initial burn injury, and it seems the earlier the nee-
dling, the greater the chance to heal with minimal scars.

Skin needling needs to be understood by clinicians treat-
ing burns, so that this valuable technique can be offered to as 
many burn victims as possible.
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Principles of Autologous Fat Grafting: 
Current Application in Burn Wounds 
and Scars

Lukas Prantl and Alexandra Anker

12.1  Definition

Fat grafting is defined as the improvement of body contour 
by a multistep low-invasive procedure consisting of harvest-
ing, preparation, and final application of refined fat tissue 
into a recipient site inducing regenerative processes [1, 2].

12.2  Indications and Contraindications

Autologous fat transfer has become widely accepted for 
an increasing number of indications. Fat grafts are pri-
marily applied as a biocompatible filling substance for 
soft-tissue deficiency resulting from trauma, illness (e.g., 
breast cancer), or senescence as a secondary reconstruc-
tive measure [3].

Lipofilling has become a pivotal adjunctive therapeutic 
measure in breast reconstruction. Asymmetries or contour 
irregularities after the initial surgery (e.g., pedicled or free 
microvascular flaps, breast implants or expanders) can be 
corrected [4, 5]. Patients suffering from radiation injury with 
indurations and irregularities of the breast envelope are 
treated with fat grafts to smooth the skin surface and reduce 
adhesions [6]. In fact, in critically ill patients, complete 
breast reconstruction via fat mammoplasty can be consid-
ered to avoid the perioperative risks and comorbidities asso-
ciated with more extensive surgeries such as free tissue 
transfer (e.g., in the palliative setting) [1].

According to the recently published consensus statement 
of the German society of plastic surgeons (DGPRAEC—

Deutsche Gesellschaft für Plastische, Rekonstruktive und 
Ästhetische Chirurgie), the operative indication for fat graft-
ing after lumpectomy in marked contrast to complete breast 
ablation should be strictly handled. After segmental mastec-
tomy of ductal carcinoma in situ (DCIS), at least 2 years of 
absence of cancer recurrence is recommended before the 
procedure may be evaluated [1].

Likewise, patients with a hereditary predisposition for 
breast cancer (e.g., carriers of BRCA-1/-2 mutation, positive 
family history) should be treated with extreme caution only 
(e.g., in a controlled study setting) [6]. Postoperatively, the 
radiographic adjudication may be aggravated [7–9]. With 
regard to its oncologic safety, a recent study has shown no 
overall increase in  locoregional or systemic cancer recur-
rence after fat grafting in patients with segmental or total 
mastectomy followed by reconstruction compared to an 
analogous control group treated without lipofilling. However, 
further analysis of this data unveiled that a specific subgroup 
consisting of patients treated with hormonal therapy had an 
increased risk of locoregional recurrence of 1.4% following 
lipofilling versus 0.5% without lipofilling (p = 0.038) [10]. 
Nevertheless, based on current scientific knowledge, the 
recurrence rate can still be considered low. Investigations in 
the closer future will hopefully determine the clinical signifi-
cance of this increase.

Informed consent, close follow-up, and personalized 
breast cancer-screening regimes in accordance with the latest 
breast cancer guidelines (e.g., http://www.ago-online.de/en/
guidelines-mamma/march-2016/) are inevitable for patients 
under hormonal therapy, segmental resection of DCIS, and 
hereditary breast cancer predisposition.

Aside from its application in oncologic breast reconstruc-
tion, micromastia, Poland syndrome, or tuberous breasts 
have been considered as indications for fat grafting as pri-
mary reconstructive measure (Fig. 12.1) [5, 6]. In compari-
son to conventional breast augmentation, implant related 
complications such as foreign body reaction including cap-
sular contracture or implant rupture necessitating removal or 
replacement surgeries can be avoided. The unpredictability 
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of fat volume retention and related aesthetic outcome, how-
ever, remains a challenge in autologous fat transfer proce-
dures. As much as 40–60% of the transplanted fat grafts are 
typically retained [11]. In contrast, overcorrection increases 
the risk of fat necrosis and should be avoided [12]. Adequate 
volume gain along with a satisfying cosmetic result is usu-

ally achieved by serial interventions. Most authors recom-
mend a refractory phase of 3 months minimum in between 
two sessions [2].

Despite this variable degree of fat intake, fat grafting is 
generally well accepted by the great majority of patients due 
to its low morbidity, tolerable downtime, and natural results.

Fig. 12.1 Patient with 
congenital breast asymmetry 
before (first row) and after 
three sessions of autologous 
fat grafting (second row) with 
a considerable impact on 
breast volume, 1 year 
postoperatively (third row), 
and late results 4 years after 
the procedure (fourth row)
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Furthermore, autologous fat transfer has become an 
appreciated adjunct procedure for the low-invasive  correction 
of residual contour deformities occurring after breast reduc-
tion or augmentation [5, 6, 13].

Aside from the breast, fat grafting has been used in mul-
tiple other body regions. The aim of volume and contour 
improvement has been successfully achieved in facial, glu-
teal, and penile volume deficiencies [6, 14–23]. HIV sero-
positive patients suffering from facial lipodystrophy under 
antiretroviral therapy were successfully treated with facial 
fat auto-grafting leading to aesthetic and social benefits [24].

Skin rejuvenation by placement of fat grafts and restoring 
fullness to atrophic subcutaneous tissue in the face or on the 
dorsum of the hand showed promising results (Fig. 12.2) [22, 
25, 26].

Contraindications to autologous fat transfer include gen-
eral limitations to surgery such as unrealistic expectations or 
body dysmorphic disorder, active malignancy or infection in 
the donor or recipient site, hematologic abnormalities or 
anticoagulation, as well as pregnancy and breastfeeding. In 
severe chronic disease states, operability might be assessed 
with caution [1, 27].

As mentioned before, careful consideration is indicated in 
patients with positive family history for breast cancer or 
genetic predisposition (e.g., including BRCA-1/-2 gene car-
riers) as well as after lumpectomy of DCIS [1, 6].

12.2.1  Fat Grafting in Burn Wounds and Scars

Recently, autologous fat transfer has gained attention in the 
treatment of burn scars and wounds owing to its high plas-
ticity and scarce donor site morbidity. Improvements in 

scar softness, color, texture, and quality have been attrib-
uted to a favorable cytokine and growth factor profile of 
adipose derived stem cells (ASC) (Figs.  12.3 and 12.4) 
[28]. The well-known in vitro changes of cytokines, growth 
factors, and adhesion molecules in different co-culture 
models with ASC support the clinical observation that ASC 
have a stabilizing effect when injected into irradiated 
wounds and scars [29].

Fig. 12.2 Patient suffering from soft tissue deficiency in the right 
superior orbital compartment before (top) and 3 months after the lipo-
filling procedure (bottom)

Fig. 12.3 Patient suffering from burn injury in early childhood before and after three sessions of lipofilling. Reduced redness and less scar tension 
are reported by the patient
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In a controlled nude mouse model, fat grafting induced 
dermal hyperplasia due to increased collagen deposition 
compared to an untreated control site [30].

Further, investigations in chronic burn scars treated with 
lipofilling showed an increase in neovascularization and 
improved dermal organization in comparison to untreated 
areas. Immunohistochemical analysis confirmed a reduc-
tion of melanocytes with a corresponding decrease in 
hyperpigmentation and consecutive color improvement of 
the scar [31].

Another controlled study found enhanced skin elasticity 
following autologous fat transfer in cicatrices while no dif-
ference could be detected for the control group, which had 
been injected with saline only. Pre- and postoperative durom-
eter analyses confirmed a significant reduction in skin hard-
ness at 3 months follow-up in fat-grafted areas of mature 
burn scars [32].

Further, this regenerative effect is not limited to burn 
injuries. In fact, lower lid ectropion caused by chemical 
burn was effectively treated with autologous fat transfer. 
One month postoperatively, the patient presented with a 
considerably improved esthetic and functional aspect with 
the absence of xerophthalmia. Remarkably, sustainable 
results could be documented as long as 5 years after the 
procedure [33].

A few studies report beneficial effects of fat transfer pro-
viding wound coverage in acute burn injury with a potential 
reduction of inflammation and promotion of vascularization 
[34–36]. However, critical evaluation is indicated as an addi-
tional trauma is caused by harvesting fat from a healthy 
donor site in a critically ill patient.

Overall, studies on fat grafting in burn patients are of 
small sample size, and large randomized controlled trials are 

Fig. 12.4 Patient with extensive thoracic scalding requiring skin transplantation before and after autologous fat transfer. According to the patient, 
skin quality improved markedly with reduced tendency of laceration
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missing requiring further research [35]. We face the same 
conflict with the increasing application of platelet-rich 
plasma (PRP) as single therapy or in combination with 
ASC. Numerous in vitro studies have proved the regenera-
tive aspect of platelets; however, supportive clinical evidence 
is widely missing [37].

12.3  Technique

Autologous fat transfer is a highly elective surgery that is 
performed under sterile conditions by trained health profes-
sionals in an outpatient or inpatient setting. Preoperatively, 
patients need to be instructed in detail about the procedure 
itself, associated risks and complications, and the postopera-
tive course by the surgeon and provide oral and written 
informed consent acknowledging their understanding. 
Photographic documentation of the donor and recipient sites 
is essential to compare postoperative results with the preop-
erative status and assess the absorption rate of the trans-
planted tissue [2].

Fat grafting is a multi-step process including (1) harvest-
ing and (2) preparation of lipoaspirate as well as (3) injection 
of purified fat.

12.3.1  Harvesting

Prior to fat aspiration, small incisions of a few millimeters 
length, ideally hidden in creases or previous scars and placed 
convenient for access, are created with the tip of a scalpel 
No. 11. Then the donor site is prepared by infiltration of 
tumescent solution containing a vasoconstrictor (e.g., epi-
nephrine, 1:200,000) for minimization of bleeding and 
optionally a local anesthetic for pain relief [38]. Lidocaine 
and articaine have recently been associated with a reduction 
in viability of adipocyte precursor cells. Other agents such as 
ropivacaine might preferably be used for tumescent anesthe-
sia [39, 40].

The donor site is chosen preoperatively according to tis-
sue volume and the patient’s preference. To improve body 
contour, most commonly liposuction is performed on the 
abdomen, thighs, and hips.

For tissue extraction, various liposuction methods are in 
common use, e.g., manual syringe liposuction (“Coleman 
technique”), pump-assisted vacuum liposuction, water- 
assisted liposuction (“WAL”), ultrasound-assisted liposuc-
tion, or liposuction with the aid of harvesting devices such 
as LipiVage (Genesis Biosystems Inc., Lewisville, TX) [12, 
26, 41–45]. No clear evidence for the superiority of any fat 
aspiration technique has been found to date, and it appears 
that all available harvesting methods are appropriate for 

successful autologous fat transfer [2, 46–49]. Recently adi-
pocyte viability of up to 90% has been reported for water-
assisted liposuction [1].

Irrespective of the technique used, blunt harvesting can-
nulas are recommended to encourage viability of adipocytes. 
Cannulas with large diameters (>4  mm) may be advanta-
geous, and low suction pressure should be administered 
[50–53].

To avoid exposure to the air and potential bacterial con-
tamination, a closed, sterile system from suction device to 
collection container is favorable (Fig. 12.5) [1].

12.3.2  Preparation

After adequate accumulation of lipoaspirate, the tissue is 
transferred from the collection container into Luer-lock 
syringes, stored vertically upside down sitting in a grid for 
sedimentation for a few minutes (Fig. 12.6a, b) [54]. Under 
the action of gravity, the aspirate is separated into three 
phases, an upper oily layer from disrupted fat cells, a mid-
dle relatively pure layer containing vital adipocytes, and a 
lower watery layer consisting of blood and infiltration liq-
uids [6]. The aqueous phase is discarded from the syringe 
to obtain a proper purified fat graft ready to inject into the 
recipient site (Fig. 12.6c). It has to be considered that a sig-
nificant fraction of the obtained lipoaspirate is tumescent 
solution, erythrocytes, and other contaminants that are 
eliminated prior to fat injection, relevantly reducing the 
volume of the graft.

To separate the different phases, alternatively, the aspi-
rated tissue is processed via filtration or centrifugation [54]. 
Comparative studies trying to identify the optimal technique 

Fig. 12.5 Equipment used for fat grafting. Suction device, collection 
container, transfer syringe, Luer-lock syringes, and blunt infiltration 
cannula
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of fat graft preparation provided ambiguous results, and to 
date, none of them can be given a clear preference [25, 47, 
55–57].

12.3.3  Injection

For fat placement, blunt infiltration cannulas with a single 
distal aperture are used. The cannulas are available with dif-
ferent diameters, lengths, and curves as needed for different 
parts of the body (Fig. 12.7) [1]. For hand and face, usually 
1–3  mL Luer-lock syringes are used, for any other region 
(e.g. breast, gluteal region) 10 mL or even larger syringes 
seem to be appropriate.

Through the same incisions that were used for infiltration 
of tumescent solution, the cannula is inserted and a pathway 
is generated. While the cannula is being withdrawn, the 
plunger of the syringe is pressed slightly and fat is deposited. 
Multiple ducts in a V-shaped pattern are produced, and with 
each pass, about 0.5–1.0  mL of fat is placed to create a 
homogenously distributed three-dimensional meshwork [58].

12.3.4  Postoperative Care

A close follow-up with regular wound inspections to recog-
nize complications such as infection promptly is indicated to 
ensure patient safety [2]. Patients should be prepared for a 
recovery period of a few days minimum. Initially, analgesic 
agents may be necessary. Local cooling measures promote a 
rapid regression of swelling and alleviate pain. Fat graft 

donor sites are provided with compression garments to 
reduce the risk of formation of hematoma and seroma [1]. At 
the recipient site, a slightly shaping dressing can be consid-
ered; however, direct pressure on the freshly transplanted 
lipoaspirate should be avoided rigorously [4, 59].

12.4  Risks and Complications

Fat grafting is generally considered a low-risk, low- morbidity 
surgical technique associated with tolerable pain and a short 
postoperative downtime.

Complications include swelling, hematoma, or seroma of 
the donor as well as the recipient site, whereas severe bleed-
ing requiring emergency surgery has not been reported so far 
[60–62]. Infections with skin microbes occur occasionally, 
and rare cases of septic shock were noted [23, 60, 63].

Preoperative assessment of fat-intake rates is challenging. 
Graft volume loss up to 40–60% due to absorption or fat tis-
sue necrosis is described [11, 19]. Interestingly, fat transplant 
hypertrophy or overgrowth was seen as an infrequent event 
[64, 65]. Consequently, patients’ frustration is common if 
postoperative results do not mirror the expected outcome.

Adiponecrosis, oil cysts, or calcifications of breast tissue 
may develop after fat transferring [1]. These morphological 
irregularities may impede interpretation of breast sonogram, 
mammography, or MRI, thereby potentially interfering with 
breast cancer detection [7, 13, 60]. No reported case of delay 
in diagnosis or treatment of malignancy after autologous fat 
transplantation neither any other clear evidence was found to 
date; however, that strongly confirms this interference.

Unsatisfactory esthetic outcomes with scarring of stab 
incisions, surface contour irregularities, or asymmetry are 
rare [1].

Extensive thinning of the skin with the cannula at the 
donor and recipient site may lead to skin necrosis or lacera-
tion [1]. Nerve injury with sensory reduction or complete 
loss is another possible complication of fat grafting [1].

a b c

Fig. 12.6 (a) Fat transfer into Luer-lock syringes. (b) Syringes stored upside down in a tray for sedimentation. (c) Discarding the aqueous phase

Fig. 12.7 Blunt infiltration cannula
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The surgeon and anesthetist must be aware of adverse 
drug reactions, e.g., if tumescent solution includes local 
anesthetic agents that rarely induce allergic symptoms [1].

According to a recent study, during lipofilling procedures, 
interstitial pressures are reached that exceed pressure limits 
defined as hazardous for fat embolism [66]. Complications 
such as fat embolism, as well as stroke, lipoid meningitis, 
pneumothorax, or septic shock as potentially life-threatening 
conditions, however, are depicted as isolated incidents in sci-
entific literature databases [6, 63, 67–69]. Severe or lethal 
events seem to be extremely rare and causation in these sin-
gular incidents could not be fully established.

Overall, the complication rate associated with autologous 
fat transfer is low. Preoperatively, patients should be edu-
cated in an appropriate matter about the procedure and its 
associated risks.
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Exercise

Eric Rivas, Serina J. McEntire, Karen J. Kowalske, 
and Oscar E. Suman

13.1  Acute Stage

The benefits of exercise in reversing the negative conse-
quences of bed rest have been well documented. Exercise 
after hospital discharge is also clearly critically important for 
facilitating maintenance of and/or improvements in physical 
function, lean body mass (LBM), and metabolic recovery 
following a major burn injury [1, 2]. However, the utility of 
exercise during critical care and acute care hospitalization 
following burn injury has not been fully described. The pur-
pose of this chapter is to describe the importance of position-
ing, mobilization up out of bed, and aerobic exercise during 
the acute stage can be safely incorporated into the treatment 
plan following burn injury.

13.1.1  Safety and Efficacy Considerations 
Prior to Beginning Exercise

It is well known that bed rest has detrimental effects on psy-
chosocial well-being [3], cardiorespiratory capacity [4], 
LBM [5], and bone and whole-body metabolism [5, 6], yet it 
is the practice across the country for most patients in the 
intensive care unit to be sedated and on bed rest. This leads 

to many complications including atelectasis, pneumonia, 
hypovolemia, dampened carotid baroreceptor response, 
orthostatic hypotension, deep venous thrombosis and pulmo-
nary embolism, constipation and ileus, hyperglycemia and 
insulin resistance, muscle atrophy and deconditioning, bone 
demineralization, joint contractures, decubiti, depression, 
and decreased functional capacity [7, 8]. Clearly, these are 
not optimal for critically ill patients. Notably, a recent ran-
domized trial showed that, in sedated adults on mechanical 
ventilation, those receiving sedation combined with exercise 
and mobilization (physical and occupational therapy) had 
fewer days on the ventilator, a lower incidence of delirium, 
and better function and walking distance at hospital dis-
charge than those who received only daily sedation [9]. A 
study of this sort has not been conducted in patients with 
severe burn injury, begging the question: how do we decide 
who can begin getting up out of bed?

Timmerman and colleagues designed a specific decision 
tree that can be used as a guide. First, the managing physi-
cian needs a thorough understanding of the current medical 
condition, any medical comorbidities, and the patient’s pre-
morbid functional level. Obviously, the tolerance for sitting 
will differ between a geriatric patient and a teenager. Also, 
someone with premorbid tetraplegia or hemiparesis will be 
different than someone with no premorbid functional limita-
tions. Other conditions like arthritis should also be taken into 
account [10].

The next consideration is the patient’s cardiovascular 
reserve. At baseline, the individual’s heart rate should be less 
than 50% of the age-predicted maximum. This may be easier 
to achieve and perhaps less relevant now that many burn 
patients are treated with beta-blockers during their acute care 
course. Blood pressure must be stable in the absence of pres-
sors. Close monitoring for orthostatic hypotension is essen-
tial, as this is a common complication of bed rest. Wrapping 
the legs with Ace wrap may help decrease this effect. A nor-
mal electrocardiogram without signs of ischemia or unstable 
arrhythmia is obvious. If a patient has had a recent myocar-
dial infarction, getting out of bed is still feasible but may 
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need to proceed more slowly. Other cardiac contraindica-
tions include unstable angina, severe symptomatic aortic ste-
nosis, acute decompensated heart failure, acute myocarditis, 
and dissecting aneurysm [10].

Is there an adequate respiratory reserve? In general, oxy-
gen saturation should be greater than 90% on an inspired 
fraction of oxygen of less than 60%. Mechanical ventilation 
cannot be high-frequency oscillation. Other patient factors to 
be considered are hemoglobin greater than 7 g/dL without 
active bleeding, platelet count >20,000 platelets per microli-
ter, stable WBC count without an active acute metabolic 
compromising infection, and blood glucose, which should be 
>50 and <400  mg/dL.  Patients should be afebrile, alert 
enough to participate, and not significantly agitated. 
Neurologic complications include increased intracranial 
pressure, actively seizing, or delirium tremors. Orthopedic 
limitations are unstable spine or fracture, severe osteoporo-
sis, or unstable boney metastasis [10]. Acute deep venous 
thrombosis can be managed with 1 day of bed rest and pul-
monary embolism with 3 days.

Lastly, the burn community must address the issue of tim-
ing of getting up after a skin graft. Numerous studies have 
shown that ambulation is safe on the day of grafting for a 
lower leg burn. Obviously, these studies were done in other-
wise healthy subjects with smaller burns. Losing precious 
skin graft in a patient with a large burn is to be avoided, but 
is it worth the trade-off of additional ventilator days and a 
poorer outcome at hospital discharge?

Many external factors must be considered when mobi-
lizing a crucially ill patient. Although tracheostomy is pre-
ferred, an endotracheal tube is not an absolute 
contraindication. Extra care must be taken to avoid dis-
lodgement of the tube or trauma to vocal cords. Dialysis is 
not a contraindication, but timing the activity around dialy-
sis is pragmatic. Temporary pacemakers have fragile wiring 
and may be dislodged, so they are likely a contraindication 
to mobility [10]. The issue of lines is somewhat controver-
sial. Central venous catheters and arterial lines are not a 
contraindication.

Lastly, the issue of staffing is critically important. Many 
burn units have had cutbacks in therapy coverage. Future 
studies should show how this mobilization can decrease the 
number of days on the ventilator or hospital complications. 
This may justify the staffing essential for this activity even if 
it does not meet the traditional productivity criteria set for 
physical or occupational therapists (Table 13.1).

13.1.2  Mobilization Protocol

Complete bed rest orders should be an exception and should 
be questioned if a legitimate reason is not apparent. Once the 
above safety criteria have been reviewed, progressive mobil-
ity can begin.

Any patient immobile for more than 3  days will be 
deconditioned and will require orthostatic training for 
upright positioning. Patients ready to begin ventilator 
weaning are most likely ready for mobility. All patients 
should be turned every 2  h while on bed rest, with good 
documentation if turning is contraindicated or if the patient 
does not tolerate it.

All patients who cannot actively participate in therapy 
should receive range of motion (ROM) exercise at least twice 
per day. Mechanically ventilated patients should have the 
head of the bed (HOB) elevated >30° unless contraindicated.

Readiness for and progression of activity should be evalu-
ated on each shift. If mobilization does not occur, reasons 
should be clearly documented. Progressive mobilization 
should occur two or three times a day unless the patient 
meets exclusion criteria. Evaluate tolerance to activity and 
progress to the next step as tolerated.

Progressive Mobility Proposal [11]:

 1. Elevate HOB to 45°.
 2. Place the legs in a dependent position (partial chair position).
 3. Elevate HOB to 65° and place the legs in full dependent 

position (full chair position).
 4. Dangling the patient’s feet with assistance once the 

patient is conscious and following commands. Patient’s 
feet should be touching the floor if possible. Support torso 
but encourage independence.

Table 13.1 Decision guide to start physical activities

Characteristic Consideration
Cardiovascular 
reserve

50% of age-predicted 
maximum

Beta- blockers, 
orthostatic tolerance, 
ECG without signs of 
ischemia or unstable 
arrhythmia, recent 
myocardial infarction

Respiratory 
reserve

>90% O2 sat; <60% FiO2 Tracheostomy, 
endotracheal tube, 
deep vein thrombosis, 
pulmonary embolism

Mental stability Alert and not 
significantly agitated

Neurologic 
complications, 
increased intracranial 
pressure, seizing, or 
delirium tremors

Orthopedic 
limitations

Unstable spine, 
fractures, unstable boney 
metastasis

Limb loss

Skin grafting Severity and location of 
burns

Open wounds

Other Hemoglobin >7 g/dL, 
platelet count >200,000, 
WBC stable, blood 
glucose <50 to <250 mg/
dL

Care should be taken 
with pacemaker, 
central venous 
catheters, and arterial 
lines

ECG electrocardiogram, FiO2 inspired fraction of oxygen
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 5. Stand the patient at the bedside with support once the 
patient is able to lift his or her leg against gravity. The 
patient should bear weight.

 6. Transfer the patient to a chair by pivoting or taking one or 
two small steps. Patient should sit up for 1 or 2 h.

 7. Allow the patient to walk with assistance. The patient can 
use walker if needed.

 8. Allow the patient to walk independently.

13.1.3  Heterotopic Ossification

Heterotopic ossification occurs in about 4% of burn patients, 
the majority of which are critically ill [12, 13]. The factors 
that contribute to heterotopic ossification is a topic of consid-
erable debate; however, this condition is most common in 
patients who are critically ill and have burns with persistent 
open wounds [12, 14]. There is certainly a contention that 
significant edema fluid, prolonged sedation, and immobiliza-
tion as well as numerous missed therapy treatment sessions 
are also contributing factors [14]. Therefore, the burn team 
should emphasize keeping joints moving, avoiding over 
sedation, and closing the wound as quickly as safely 
feasible.

13.1.4  Positioning

Following burn injury, placing injured tissues in a position 
of stretch is essential [15]. Burned tissue has a tendency to 
shorten, resulting in contractures, which are the single most 
common complication following burn injury [16]. The clas-
sic description of positioning is well known in the burn 
community. This includes shoulder abduction, elbow exten-
sion, wrist neutral, and metacarpal phalyngeal (MP) flexion 
with proximal interphalyngeal and distal interphalyngeal 
extension [17]. This decreases the edema in the hand, avoids 
tension on any exposed extensor mechanisms, and facili-
tates the return of MP flexion. Avoiding over abduction of 
the shoulders is critical to prevent stretch on the brachial 
plexus. Prolonged elbow flexion can produce ulnar nerve 
ischemia. Wrist flexion or extension may compromise the 
median nerve in the carpal tunnel. The lower limbs should 
be in slight hip abduction with rotation, with knee extension 
and the ankles in neutral. The frog leg position can over-
stretch the peroneal nerve with resultant foot drop [13, 18]. 
The other key for positioning is to carefully monitor for 
pressure points, particularly on the occiput and heel. In con-
junction with positioning, the range of motion (ROM) and 
prolonged stretch are essential for avoiding permanent con-
tractures [19].

Edema following resuscitation can contribute to contrac-
ture formation, particularly in the hands where significant 

edema can cause MP hyperextension and proximal inter-
phalyngeal flexion [20]. This edema can also cause micro-
vascular ischemia with subsequent neuropathy. Appropriate 
positioning can be utilized to help limit edema and its conse-
quences. This leads to the question of whether more patients 
should undergo escharotomy. One would think that more 
escharotomies should be done given a neuropathy rate of 
12% in major burn injury. The counter argument is that the 
majority of these neuropathies resolve over time without 
intervention [21].

We know exercise can reverse or attenuate the effects of 
bedrest and facilitates metabolic recovery in the late stages 
of burns. The above review examines the evidence for safety 
and efficacy of beginning exercise for patients while they are 
in the ICU. This is combined with evidence for safely mobi-
lizing individuals on the day of or the day after a skin graft. 
Leaving burn patients in bed for days clearly affects time on 
the ventilator and functional outcomes. Each individual 
member of the burn team should be challenged to speak up 
on the importance of exercise in providing the best possible 
care for patients.

13.2  Outpatient Stage

The purpose of this section is to describe a typical exercise 
rehabilitation program that can be implemented once a 
patient has been discharged from the acute unit and into out-
patient care. The mode, duration, frequency, and intensity of 
exercise are discussed. In addition, methods of assessing 
aerobic function and muscle function are described.

13.2.1  Exercise: Background

Multiple physical and functional limitations are present post-
burn and must be addressed in a long-term rehabilitation pro-
gram. Traditionally, standard physical and occupation 
therapy programs for burn injuries concentrate on restoring 
and maintaining ROM, scar reduction, and prevention of 
contractures [22]. The major underlying factors that prohibit 
the burn patient from becoming independent in self-care, 
home management, work duties, and leisure activities point 
to limited ROM, loss of mobility, intolerance to standing or 
walking, pain, and decreased strength and endurance [23]. 
Indeed, ROM is reported to be the primary indicator for 
determining back to work status and impairment status [24]. 
However, despite participation in standard rehabilitation pro-
grams, patients experience a loss of LBM, muscle weakness, 
and diminished aerobic capacity [25–27]. We performed iso-
kinetic testing of the ankle, and elbow in burned adults who 
had normal ROM but complained of an inability to perform 
job-related duties. Significant deficits in muscle strength and 
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power were found. Despite normal ROM, these individuals 
were not ready to return to work, and their complaints of dif-
ficulty with job-related tasks were justified. Similarly, 
St-Pierre et al. [28] found that, at approximately 35 months 
postburn, muscle strength was 15–20% lower in adults with 
greater than 30% total body surface area (TBSA) burns than 
in age-matched controls.

Exercise has been demonstrated to be an essential compo-
nent of the long-term rehabilitation program postburn. 
Exercise reportedly aids in controlling edema, decreased ten-
don adherence, joint stiffness, capsular shortening, muscle 
atrophy, and whole-body deconditioning [29, 30]. Also, 
exercise is reported to decrease the likelihood of needing 
additional surgical procedures to release burn scar contrac-
tures [31]. In addition, exercise training has been shown to 
maintain and improve LBM, augment the incorporation of 
amino acids into muscle proteins, increase muscle strength, 
increase walking distance by up to 50%, and improve cardio-
pulmonary capacity [1, 31].

Despite evidence that exercise training has a host of ben-
eficial effects postburn, published reports on the effects of 
exercise training in burn patients are limited. de Lateur et al. 
[26] showed that adult burn patients had significant improve-
ments in aerobic fitness after completion of a 12-week tread-
mill exercise program. Matched controls who participated in 
only a standard rehabilitation program did not achieve the 
same gains in aerobic capacity as those in the training pro-
gram. Suman et al. [32] reported that a 12-week aerobic and 
resistance exercise program, in combination with a standard 
hospital rehabilitation program, significantly improved physi-
ologic function in children with severe burns (7–17 years of 
age and ≥40% TBSA burned) compared to standard of care 
(SOC) alone. In this study, leg muscle strength was assessed 
using an isokinetic dynamometer test on the dominant leg 
extensors at a speed of 150°/s. LBM was measured using dual 
energy X-ray absorptiometry (DXA). In addition, peak oxy-
gen consumption (VO2) was measured during a standardized 
treadmill exercise test, and the resting energy expenditure 

was measured after an 8–12 h fast. All exercise testing was 
performed at 6 months postburn and repeated 12 weeks later. 
Following the 12-week intervention, muscle strength 
increased 44% in the exercise group compared to a 6% 
increase in SOC group. LBM increased approximately 6% in 
exercisers but was unchanged in the SOC group. Aerobic 
capacity increased 23% in the exercisers but decreased 1.35% 
in the non-exercisers. Resting energy expenditure was ele-
vated in both the groups at baseline, but it increased an addi-
tional 15% in the SOC group, while it remained unchanged in 
the exercise group. In a similar population of children with 
burns, Suman et  al. [33] also reported significant improve-
ments in pulmonary function (maximum voluntary ventila-
tion, MVV; forced expiratory volume, FEV1; and forced vital 
capacity, FVC), treadmill time, and aerobic capacity follow-
ing a 12-week aerobic and resistance exercise training pro-
gram. In burned children 2–6 years of age, Neugebauer et al. 
[34] reported significant improvements in both passive and 
active ROM at the elbow and knee following a 12-week sup-
plemental group music and movement program. In general, 
6–12  weeks of concurrent (aerobic  +  resistance) exercise 
training at our institute has been found to yield improvements 
in peak VO2 (~20% increase), peak torque or strength (37% 
increase), and total LBM (11% improvement) (see Table 13.2) 
because many of our subjects are male. More studies are 
needed to understand if females respond similarly to our exer-
cise rehabilitation program.

Finally, it is important to note that thermal homeostasis is 
impaired in burn patients because of the inability of burned 
skin to control heat loss [35–37] coupled with an attenuated 
or absent sweat rate response in grafted skin [38–40]. 
However, this should not discourage the use of a  rehabilitation 
exercise program. Studies have investigated exercise and 
temperature regulation in burned adults and found that adults 
with burns can tolerate exercise heat stress similarly to non-
burned individuals [40–44]. In children, McEntire et al. [45, 
46] found that moderate intensity exercise at room tempera-
ture was safe for children with less than 75% TBSA burns 

Table 13.2 Characteristics of subjects and exercise functional outcome improvements from Shriners Hospitals for Children rehabilitation exer-
cise training program

Author N % Male Age (years)
TBSA 
burned Training program

Peak VO2 
(%∆) Strength (%∆) LBM (%∆)

Suman et al. [32] 16 84 10.5 ± 1 60 ± 3 A + R, 12 weeks 22.7 44 6.4
Suman et al. [33] 17 82 12.6 ± 1 60 ± 4 A + R, 12 weeks 24.3 – –
Suman et al. [2] 11 81 11.8 ± 2 61 ± 2 A + R, 12 weeks – 40.7 6.4
Clayton et al. [47] 24 81 11.3 ± 4 46 ± 15 A + R, 6 weeks 11.2 38.3 13.7
Clayton et al. [47] 18 82 12.3 ± 4 56 ± 13 A + R, 12 weeks 22.2 40 21.5
Hardee et al. [48] 24 80 13.0 ± 1 60 ± 2 A + R, 12 weeks 12.5 28 8.5
Wurzer et al. [49] 82 61 12.4 ± 4 56 ± 15 A + R, 12 weeks 22.5 25.3 13
Suman et al. [50] 13 70 10.5 ± 1 59 ± 3 A + R, 12 weeks – 42.6 5.4
Mean ± SD – 78 ± 8 11.8 ± 1 57 ± 5 – 19 ± 6 37 ± 7 11 ± 6

Data are reported as mean ± SD
TBSA total body surface, A + R aerobic + resistance exercise training program, VO2 volume of oxygen, Strength peak torque, LBM total lean body 
mass
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and did not result in hyperthermia or heat illness. Thus, 
patients with burns who participate in regular physical exer-
cise can gain the health-related benefits of improved flexibil-
ity, balance, stamina, and strength, all of which are needed to 
return to an active and independent lifestyle [26].

13.2.2  Exercise Prescription

Exercise training may be prescribed for persons with severe 
burns once they have been discharged from the hospital and 
into an outpatient setting. In addition, it is expected that the 
physician in charge of the patient will have given the approval 
to participate in an exercise rehabilitation program or will 
have even written the exercise prescription themselves. 
Exercise training is defined here as a “planned, structured 
and repetitive body movement done to improve or maintain 
one or more components of physical fitness” [51]. The exer-
cise prescription described in this chapter is based primarily 
on the outpatient exercise program that has been imple-
mented at Shriners Hospitals for Children in Galveston, 
Texas, for rehabilitation of severely burned children [32] and 
in some severely burned adults (unpublished data). This 
exercise program is supplemented with physical and occupa-
tional therapy. This program has been demonstrated to be 
beneficial in children 7–18 years old [2, 32, 52] [33] as well 
as in numerous adults with burns. The principles of design-
ing exercise programs for children and adults with severe 
burns are based primarily on guidelines for healthy, non- 
burned children and adults [51, 53–58].

An initial evaluation of risk factors for and/or symptoms of 
chronic conditions concomitant to the burn should be per-
formed prior to beginning exercise. Preexisting conditions 
may include chronic cardiovascular, pulmonary, and meta-
bolic diseases. The objective is to obtain the necessary infor-
mation to provide a safe and effective exercise rehabilitation 
program. Subjective data should be obtained to characterize 
any limitations or problems that the patient may have. A his-
tory of pre-burn physical activity as well as current medical 
problems, symptoms, and limitations is valuable in designing 
an effective exercise program. Pain or weakness during ambu-
lation, shortness of breath, or severe fatigue may adversely 
affect exercise tolerance. In addition, the medications that a 
patient is taking may affect their ability to exercise. Following 
this health screening, exercise testing should be performed to 
evaluate the patient’s exercise or physical capacity.

13.2.3  Exercise Testing

The objectives of exercise testing are multifactorial. For 
cardiopulmonary testing, the primary objectives are to 
assess physical work capacity and aerobic fitness, observe 

cardiorespiratory and metabolic responses, determine the 
basis for exercise prescription, and assess changes in fitness 
due to exercise training. For muscular strength testing, the 
primary objectives include measuring muscle strength 
(absolute and relative to body weight), measuring antago-
nist/agonist muscle ratios, assessing changes in body com-
position (lean mass, fat mass, and bone density), and 
providing a basis for exercise prescription. Exercise testing 
should be conducted prior to the start of any exercise reha-
bilitation program and at the end of such program. 
Sometimes, if the program is of long duration, a midpoint 
evaluation can be done. The patient’s developmental matu-
rity should be considered when performing exercise testing 
and training. We recommend a chronological age of 7 years 
and older, although children as young as 3–4 years of age 
have been tested [54]. Although we briefly describe meth-
ods of exercise testing in patients with burns, the reader 
should keep in mind that numerous field tests and predic-
tion formulas exist for the estimation of both cardiopulmo-
nary and muscle fitness [51]. Nevertheless, caution should 
be taken, as many have not been validated in burn 
populations.

13.2.3.1  Peak Oxygen Consumption or Aerobic 
Exercise Capacity

All patients should undergo a standardized exercise test. 
We use the treadmill exercise test and the modified Bruce 
treadmill protocol. However, other treadmill protocols 
such as the “Ramp Protocol” can be used [59] [51]. If it is 
not possible for the patient to be tested on a treadmill, a 
cycle ergometer or arm ergometer can also be used to eval-
uate or assess the physical conditioning of the patient 
before starting exercise rehabilitation or a training pro-
gram [60]. Heart rate can easily be obtained with monitors. 
VO2 should be measured if possible but requires more 
expensive equipment capable of indirect calorimetry, 
which entails continuous breath-by- breath analysis of 
inspired and expired gasses, flow, and volume. For the 
Bruce protocol, speed and grade begin at 1.7 mph and 0%, 
respectively. Thereafter, the speed and inclination are 
increased every 3 min. Patients are constantly encouraged 
to complete 3-min stages, and the test is terminated when 
peak volitional effort is achieved. Additional assessments 
that can be performed during the test include blood pres-
sure, Borg’s rated perceived exertion (RPE) [61], basic 
electrocardiogram, and spirometry. Notably, children and 
adolescents may lack cognitive ability or understanding of 
descriptors of exercise intensity associated with adult 
scales. Roemmich et  al. have developed the Pictorial 
Children’s Effort Rating Table (PCERT) for use in pediat-
ric populations [62].

If indirect calorimetry is used, it is important to under-
stand that no validated, universally accepted criteria exist in 
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children for the determination of peak VO2 [63]. Therefore, 
we use similar standards as adults [64]. Peak values are 
obtained, and tests are deemed maximal once subjects signal 
to stop (volitional fatigue) exercise and at least three of the 
following criteria are met: a respiratory exchange ratio 
≥1.05, leveling off in VO2 with increasing workloads (<2 mL 
O2 kg−1 min−1), a final exercise heart rate ≥190 bpm, or a 
final test time between 8 and 12 min. Similar criteria have 
been used by others in children [63, 65]. However, we have 
observed that peak heart rate is limited to 175–180 bpm in 
severely burned children (>50–60% TBSA burned) com-
pared to peak heart rate in age-matched children (195 to 
>200 bpm); therefore, caution should be taken for using for 
peak HR >190 as some burn children with severe burn injury 
may not be able to reach values that high. Once determined, 
peak VO2 and peak heart rate can then be used to establish 
the intensity with which patients should exercise during the 
exercise program.

13.2.3.2  Strength Measurements
Isokinetic dynamometry strength testing can be performed to 
assess muscle function or to evaluate progress. If a Biodex 
Isokinetic dynamometer is used, the test can be done on the 
dominant leg extensors and/or leg with burns. Testing can be 
performed at varying angular velocities such as 180°/s, 
150°/s, 120°/s, or 90°/s, although we recommend 150°/s 
based on our experience. For very young children (e.g., 
7–10 years), a velocity of 180°/s might be better, as a lower 
velocity of 90°/s seems to be too difficult. The patients are 
seated and their position stabilized with a restraining strap 
over the mid-thigh, pelvis, and truck. All patients should be 
familiarized with the equipment before the actual test starts. 
We recommend that the procedure first be demonstrated by 
the administrator of the test. Second, the test procedure 
should be explained to the patients. Patients should then be 
allowed to practice the actual movement during three sub-
maximal repetitions without a load as a warm-up. Finally, 
after the three submaximal warm-up repetitions, ten maxi-
mum voluntary muscle contractions (full extension and flex-
ion) can be performed consecutively without rest in between. 
The number of repetitions and sets can be varied. For exam-
ple, we recommend one set of ten repetitions at each veloc-
ity, with a 2-min rest interval between velocities. Values of 
peak torque, total work, and average power are calculated by 
the Biodex software system, and progress in muscle function 
can be monitored.

13.2.3.3  Three Repetition Maximum Test
Determining a safe and effective load for patients to use dur-
ing workouts is useful before starting a resistive training pro-
gram. The “repetition maximum” method can be used to 

determine the amount of weight or load that can be used as 
baseline or starting loads. We recommend that an initial three 
repetition maximum load (3RM) be performed prior to start-
ing the exercise rehabilitation program. The 3RM is deter-
mined as follows. After an instruction period on correct 
weightlifting technique, the patient warms up with the lever 
arm and bar (or wooden dowel), and they are allowed to 
become familiar with the movement. After this, the patient 
lifts a weight that allows successful completion of four rep-
etitions. If the fourth repetition is successfully achieved with 
correct technique, a 1-min resting period is allowed. After 
the resting period, patients are instructed to lift a progres-
sively greater amount of weight or load at least four times. If 
the patient successfully lifts the weight for three repetitions, 
but the fourth repetition is not volitionally possible, because 
of either fatigue or inability to maintain correct technique, 
the test is terminated, and the amount of weight lifted from 
the successful set is recorded as the individual 3RM. We rec-
ommend the order of exercises to be from exercises that 
involve large muscle groups to ones that involve smaller 
muscle groups: bench press, leg press, shoulder press, leg 
extension, biceps curl, leg curl, and triceps curl. If 3RM can-
not be obtained, we recommend that upper body exercise 
load be started at approximately 20% of the total body mass, 
and lower body exercise load be started at approximately 
40% of the total body mass.

13.2.3.4  Lean Body Mass Measurements
LBM measurements should be made if possible. We assess 
LBM using DXA. DXA with the appropriate software 
measures the attenuation of two X-ray beams, one of which 
is high energy and one of which is low energy. These mea-
surements are then compared with standard models of 
thickness used for bone and soft tissues. Subsequently, the 
calculated soft tissue is separated into LBM and fat mass. 
This is a useful tool for assessing the progress of an exer-
cise program and perhaps nutritional interventions. 
However, the DXA machine is expensive. Whether other 
methods of measuring body composition such as underwa-
ter weighing or bioimpedance are suitable for burn patients 
is unknown.

13.2.3.5  Additional Testing
Major muscle and joint flexibility may be assessed using sit- 
and- reach or goniometry for ROM. Other tests may include 
gait analysis, balance, or reaction time. Sit-and-stand scores, 
timed walk/jog, and/or lifting exercises may be used to assess 
functional performance. The results of all evaluations should 
be used to identify problem areas, to write an exercise pre-
scription, to design an exercise program, and to assess prog-
ress during and after an exercise program (Table 13.3).
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13.2.4  Exercise Programs

An example of our 12-week exercise rehabilitation program 
for individuals with severe burns is provided in Table 13.3. 
This program is implemented at hospital discharge. However, 
it has also been successfully implemented at 6 months post-
burn and up to 12 months postburn. The results of our pro-
gram have been published, and the reader is referred to these 
for more details [47, 51, 64, 66, 67].

13.2.4.1  Aerobic Training

Intensity
To improve aerobic fitness, one must ensure that the intensity 
of exercise is between 65% and 95% of the peak heart rate or 
between 45% and 85% of the heart rate reserve (HRR) 
[Target heart rate  =  ((HRpeak  –  HRrest)  ×  % intensity 
desired) + HRrest] [66]. HRR is the difference between the 
peak heart rate obtained during the maximal treadmill exer-
cise test and resting heart rate. Others have recommended 

estimating peak HR when it is not possible to perform a max-
imal treadmill exercise test, using a simple method of esti-
mating peak heart rate is to use the formula (220 − age) [51]. 
We caution using this formula in children. We have found 
that it is not appropriate to use this formula in children due to 
peak HR values in severely burned children top out at 175–
180 bpm. For this reason, in this population, we recommend 
using RPE (see below), together with the actual heart rate 
obtained during a maximal exercise capacity test.

RPE can serve as a guideline for establishing exercise 
intensity [51, 61], and the PCERT can be used in pediatric 
populations [62]. RPE and PCERT are valuable indicators of 
exercise tolerance and intensity, and they are useful when 
obtaining peak heart rate is not possible or if patients are on 
medications that affect heart rate, such as beta-blockers. 
Currently, there are two commonly used RPE scales. The 
original or category scale rates exercise intensity on a scale 
of 6–20, while the revised or category-ratio scale uses a rat-
ing of 0–10. The category-ratio scale has been reported to be 
better understood by patients, providing the tester more valid 
information. An aerobic training effect and the threshold for 
the start of anaerobic training are achieved at a rating of 
“somewhat hard” to “hard,” which equates to a category rat-
ing of 12–16 or a rating of 4–5 on the category-ratio scale 
[67]. PCERT ratings range from 1 to 10, with verbal cues 
ranging from “very, very easy” to “so hard I’m going to stop” 
and a cartoon picture of a child walking up stairs and becom-
ing more fatigued every two steps.

Another method of evaluating exercise intensity is the 
“Talk Test,” or the point where speech first becomes difficult. 
This point approximates exercise intensity almost equivo-
cally to the ventilator threshold. The patient should be 
advised to exercise at an intensity where speech is comfort-
able. When speech becomes difficult, one can assume that 
exercise intensity is consistently above ventilator threshold 
or above the desired intensity of exercise needed for general 
improvements in fitness [68]. Safety and effectiveness are 
equally important, and the intensity should also be sufficient 
to result in a long-term, active lifestyle.

After discharge, children with severe burn injury have 
aerobic exercise capacities that are ~50% of those in age- 
matched non-burned children [2, 32, 33, 52]. According to 
normative data for non-burned healthy children aged 
13–19 years available from The Cooper Institute for Aerobics 
Research, burned children fall into the very poor 
(<25 mL O2 kg−1 min−1)-to-poor (25–31 mL O2 kg−1 min−1) 
category (using standard ratio scaling) [69]. A comparison 
reference for non-burned healthy children, non-trained boys 
and girls have a reportedly peak VO2 of 47 and 
40 mL O2 kg min−1, respectively [70, 71]. We have reported 
that, at hospital discharge, burned children have values in the 
range of 24–32  mL  O2  kg−1  min−1 [48, 72]. We also have 
observed that burned children walking at a slow intensity 

Table 13.3 Shriners Hospitals for Children exercise rehabilitation 
program workouts

Aerobic 
workout Specifications
Intensity 70–85% of individual peak aerobic capacity (peak 

VO2) or 50–85% of heart rate reserve. Heart rate 
and rate perceived exertion measured at regular 
intervals

Duration 20–40 min (excluding warm-up and cool-down); 
continuous or intervals of work to rest or easy to 
moderate

Frequency 3–5 days per week
Mode Treadmills, cycle ergometers, elliptical machines, 

arm ergometers, rowing machines. Sports such as 
soccer, basketball, and kickball

Resistance workout
Exercise type Multi-joint, assistance, and core exercises involving 

both the upper and lower body
Weight/load 
lifted and 
repetitions

Weeks 1–2: 50–60% of 3RM for 12–15 reps; 
weeks 3–6: 70–75% of 3RM for 8–10 reps; weeks 
7–12: 75–85% of 3RM for 8–12 reps

Number of 
sets

2–3 sets

Order of 
exercises

Bench/chest press, leg press or squats, lat pulldown 
or row, leg extension, shoulder press, lunges, 
biceps curl, hamstring curl, triceps extension, toe 
raises, and core exercises (abdominals, back, or 
hip/gluteus). Larger muscles to smaller muscles

Type of 
exercises

Ten basic resistance exercises using variable 
resistance machines, free weights, or resistance 
bands: 5 for upper body, 5 for the lower body, plus 
1–3 core exercises

Rest period Approximately 1–2 min between sets
Frequency Three days per week is recommended but may do 

every day if alternating upper and lower body 
workouts. Need to account for the type of aerobic 
workout
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(1.7 mph/0%, first stage of the modified Bruce protocol) are 
working at ~70% of their peak VO2 and ~80% of their peak 
heart rate. In contrast, at that same workload, non-burned 
children exercise at 70% of their peak VO2 and at ~50% of 
their peak heart rate. Thus, even though the work rate may 
seem low, caution should be taken when initially starting the 
prescription of exercise. We have found that 12  weeks of 
exercise training increases aerobic capacity to up to 80% of 
that seen in non-burned age-matched children. Thus, the ini-
tial exercise training workload may seem low for children 
with severe burn injury, but they are actually working at a 
greater percentage of their peak capacity than non-burned 
children. Monitoring perception and heart rate are important 
tools for gauging rehabilitation exercise prescription.

Duration
The duration and intensity of an exercise session are closely 
linked. For burn patients, the duration of exercise should be 
5–20 min during the first week and depends on the functional 
status and pain tolerance of the patient. The objective should 
be to perform 20–60 min of aerobic exercise. This can be 
done continuously or intermittently (intervals), with a mini-
mum of 10-min exercise bouts. Typically, an exercise session 
of 20–30  min and between 65% and 85% peak VO2 or 
40–85% of HRR (excluding warm-up and cool-down time) 
should induce health and fitness improvements [51]. Burn 
patients with low aerobic capacity or endurance may benefit 
from an exercise program of four to six 5-min bouts with rest 
periods between bouts. However, even 1-min work intervals 
and 1-min rest intervals for a total of 20 min will confer ben-
efits. The duration of the exercise bout is progressively 
increased over time.

An aerobic exercise program should consist of warm-up, 
endurance, and cool-down periods. The warm-up period 
should consist of approximately 5–10 min of low-intensity 
exercises to increase body temperature and prepare the body 
for more strenuous work during the endurance phase. 
Stretching exercises were traditionally incorporated during 
the warm-up; however, recent evidence has shown stretching 
to be contraindicated at this point in the exercise session [73, 
74]. Light aerobic exercise has been shown to be adequate 
for increasing flexibility prior to an exercise session [51]. For 
example, the warm-up may consist of slow, easy walking fol-
lowed by moderately fast walking during the endurance 
phase. However, a moderate walk (3.5 mph) may be a warm-
 up speed for a patient that jogs at 5.5 mph during the endur-
ance phase. Heart rate can be monitored to ensure that the 
warm-up activity is not too strenuous.

The objective of the endurance phase is to develop and 
improve cardiorespiratory or aerobic fitness. This phase 
should consist of 20–60  min of continuous or intermittent 
(minimum of 10-min bouts accumulated throughout the day) 
aerobic exercise. The duration depends on the intensity of 

the activity. For example, moderate-intensity exercise should 
be conducted for 30 min or more, while high-intensity, vig-
orous exercise should last for 20 min or more [75]. In this 
phase, large muscle groups should be engaged during rhyth-
mic or dynamic exercises. Recreational activities or sports 
may be incorporated into this phase provided that they are of 
sufficient intensity and duration (minimum of 20 min) and 
that they complement the endurance phase.

Following the endurance phase, a cool-down period of 
2–5 min is recommended to gradually return heart rate and 
blood pressure to resting values. These exercises should be 
lower intensity and may include slow walking, jogging, or 
stretching exercises. The cool-down is important for reduc-
ing the possibility of a hypotensive event after exercise as 
well as other cardiovascular complications [76].

Frequency
The optimal training frequency for improving aerobic capac-
ity appears to 3–5 exercise sessions per week. However, 
deconditioned persons can improve cardiorespiratory fitness 
with only two exercise sessions per week [51, 75]. At 
60–80% of HRR or 70–85% of peak aerobic capacity, 3–5 
exercise sessions per week are sufficient to improve or main-
tain peak aerobic capacity. Patients with diminished aerobic 
capacities may benefit from multiple, short (5  days/week) 
exercise sessions. The number of sessions per week will vary 
depending on the patient’s limitations and lifestyle.

Mode
The mode of exercise chosen should engage large muscle 
groups during rhythmic or dynamic exercise. Treadmill 
walking or running, cycling, elliptical trainer, and rowing are 
all examples of aerobic activities that engage large muscle 
groups and have been used for exercise in burn patients. 
Walking or jogging at a track or field is also appropriate. 
Swimming is also beneficial; however, closure of burn 
wounds must be ensured to minimize infection or contami-
nation of others. Sports activities such as soccer, basketball, 
or tennis are also appropriate. However, care should be taken 
to avoid hard or extreme physical contact. Prescribing exer-
cises that are appropriate for the patients’ physical and men-
tal developmental maturity is extremely important.

In burn patients, walking or cycling and even rowing are 
typically initially prescribed exercises. These activities are 
easy to tolerate and safe, with intensity being easy to moni-
tor. Some patients may progress quickly through walking, 
jogging, and cycling programs because of the extent of the 
burn injury, personality, previous athletic experience, or psy-
chosocial health. The risk of injury during high-intensity or 
high-impact exercises should be considered when prescrib-
ing exercise modalities, particularly in those who have func-
tional limitations, are overweight or obese, or are novice 
exercisers. Cross training (participation in a variety of differ-
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ent exercise modes and intensities) is desirable to increase 
enjoyment and compliance as well as to reduce repetitive 
orthopedic stresses. For children, play activity is also highly 
desirable and should be mixed with standard exercise train-
ing sessions.

Progression of Exercise
The duration, intensity, and transition to more difficult exer-
cises should progress slowly to ensure the safety of the 
patient. This will decrease the potential for inducing exces-
sive muscle soreness, causing new injuries, or aggravating 
pre-existing injuries. In addition, the patient should be 
 educated to not move too quickly into demanding or chal-
lenging activities [2, 60]. For example, once the patient can 
walk 1–2 miles without fatigue or pain, they may progress to 
a walk/jog or jogging program. The rate of progression 
depends on the patient’s functional capacity, medical and 
health status, pain tolerance, location of burns, age, activity 
preferences and goals, and overall tolerance to the current 
level of training. For burn patients, the exercise prescription 
can be divided into three stages of progression: initial, 
improvement, and maintenance [77].

The initial stage should consist of light and moderate aer-
obic activities (50–60% peak VO2 or 40–60% HRR), which 
have a low potential for injury, muscle soreness, or pain. If 
the exercise is too hard or aggressive, adherence may be 
compromised. The amount of time spent in the initial stages 
varies. We recommend at least 4 weeks for initial condition-
ing. Exercise duration during this stage may begin with 
15–20 min and progress to 30 min, at least three times per 
week. Deconditioned individuals should be allowed addi-
tional time to adapt at each conditioning stage. Age of the 
individual also needs to be considered, as conditioning may 
take longer in older or extremely deconditioned patients [51, 
75, 77].

The goal of the improvement stage is to progressively 
increase the overall exercise stimulus to elicit significant 
improvements in aerobic fitness. This stage differs from the 
initial phase in that the patient is progressed at a more rapid 
rate. This stage usually lasts 4–5 months, during which time 
intensity is progressively increased within the upper half of 
the target range of 70–85% peak VO2 or 40–85% HRR. In 
our experience with a 12-week training program for burned 
children 7–18 years of age, some children are able to start the 
improvement phase after 3–4 weeks of initial conditioning. 
Duration is increased consistently every 2–3 weeks until par-
ticipants are able to continuously exercise at a moderate to 
vigorous intensity for 20–30 min. Interval training is benefi-
cial during this stage provided that the total time engaged in 
moderate to vigorous activity is at least 20 min.

Once the patient has achieved the objectives of the 
improvement stage, the long-term maintenance of their car-
diopulmonary fitness begins. At this time, the patient may 

not be interested in increasing the conditioning. Continuing 
the workout routine will maintain fitness level, improve qual-
ity of life, and reduce the risk of mortality. Re-evaluation and 
establishment of new goals are recommended during this 
phase.

13.2.4.2  Resistance or Strength Training
Strength is defined as the ability to produce force, while 
muscular endurance is defined as the ability to produce force 
over an extended time. Muscle strength and endurance play 
an important role in the ability to perform activities of daily 
living. Following a severe burn, extensive and prolonged loss 
of lean muscle mass occurs. Therefore, resistance training, 
which increases LBM, should be part of a comprehensive 
exercise rehabilitation program for burned individuals [32, 
77].

The principles of designing a resistance training program 
for burned individuals are similar to those for the aerobic 
training program outlined above. Individuals should be edu-
cated in proper weightlifting technique, and strict rules and 
safety should be enforced at all times to reduce the potential 
for injury or accidents. Breath holding should be avoided 
during lifting as it may increase blood pressure, which can be 
dangerous. Prior to beginning a resistance training program, 
individuals should undergo strength testing (isokinetic or 
3RM) and an evaluation to identify problem areas, prescribe 
exercise workloads, and track progress. Muscle strength tests 
are also valuable for determining return to work status [25].

Exercise Type and Order
Resistance training exercises can be divided into multijoint, 
assistance, and core exercises. Multijoint exercises involve 
one or more large muscle groups such as the chest, shoulder, 
back, or thigh. Assistance exercises are single-joint exercises 
that target smaller muscle groups such as the biceps, triceps, 
trapezius, and calves [77]. Core exercises are meant to 
strengthen and stabilize the spine, pelvis, and shoulder girdle 
as well as to provide a solid foundation for the movements of 
the extremities [78, 79]. Eccentric exercises are not recom-
mended in burn patients because they have a higher potential 
to cause delayed onset muscle soreness. Severe muscle sore-
ness may discourage participation or adherence to exercise.

For deconditioned or untrained individuals, the order of 
exercises should be multijoint or large muscle groups first, 
followed by assistance exercises [80, 81] and core exercises. 
In addition, alternating upper and lower body exercises 
allows more recovery time between exercises. In severely 
burned children, we have successfully implemented the fol-
lowing exercises into a resistance training program: bench or 
chest press, leg press or squat, lat pulldown or row, leg exten-
sion, shoulder press, lunges, biceps curl, hamstring curl, tri-
ceps extension, and toe raises. Core strengthening exercises 
follow and may include exercises such as crunches, back 
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extensions, pushups, plank exercises, bridging, bicycles, and 
hip and gluteus strength exercises. All types of equipment 
including variable resistant machines, free weights, resis-
tance bands, and medicine balls are acceptable for burned 
individuals to use during exercise. With children, it is impor-
tant that the equipment used fits their size, and this equip-
ment may need to be adapted to support smaller body sizes.

Frequency
For severely burned individuals, we recommend 2–3  days 
per week of resistance training. Resistance training is often 
performed on alternate days as aerobic training but can be 
combined into the same exercise session. If the patient 
desires to work out every day using weights, we strongly rec-
ommend splitting the days into routines for upper body and 
lower body. However, the type and intensity of the aerobic 
workout will need to be accounted for, as doing a lower body 
workout on day 1 and very high-intensity aerobic workouts 
on 2 consecutive days may be counterproductive.

Number of Sets and Repetitions
The current recommendations for resistance training include 
1–3 sets of 8–15 repetitions using exercises that target all 
major muscle groups [77]. For improving muscle strength 
and endurance, we recommend 8–15 repetitions of light-to- 
moderate weight in children [32] and 8–15 repetitions of 
moderate-to-heavy weight in burned adults. Heavy weight 
intensity may be possible in older children (i.e., 16 or 
17  years old), but we do not believe it is required for the 
general improvement of muscle strength and function.

Training Load
If load is established with the 3RM method, we offer this 
example, which is used in our 12-week hospital exercise pro-
gram for burn patients. During the first week of training, the 
individual is familiarized with the exercise and taught proper 
lifting form. The use of very light weights or a broomstick is 
recommended when individuals are learning new exercises. 
After the individual has mastered the correct form, the weight 
should be set at 50–60% of their 3RM, and 12–15 repetitions 
should be performed for 1–2 weeks. The load can then be 
increased to 70–75% of 3RM for 8–10 repetitions for 
4–5 weeks. At weeks 7–12, the training intensity is increased 
to 75–85% with 8–12 repetitions.

Rest Periods
Allowing sufficient time between sets is important, so that 
the muscle can recover enough for the individual to perform 
the next set of exercises with proper form. For 10–15 repeti-
tion sets, less than 1 min of rest should be adequate, but up to 
2 min is allowable. For recovery periods between resistive 
training sessions, we recommend at least 1 day of recovery 
period for any given muscle group.

Progressive Overload
Monitoring and recording an individual’s workout and 
weights lifted during each session is important, as it allows 
one to continue to see improvements during the exercise pro-
gram. Progressive overload may be achieved by increasing 
the weight, using a greater number of repetitions, or decreas-
ing the rest periods. The 2-for-2-rule is ideal for use in 
deconditioned individuals or young children. In this method, 
once two or more repetitions can be performed above the 
repetition goal for two consecutive workouts for a specific 
exercise, then the weight should be increased for that exer-
cise for the next training session [80, 82]. The increase in the 
amount of weight for an exercise is dependent on the physi-
cal condition of the individual and the area of the body 
(upper or lower body). In severely burned individuals, we 
recommend a 2- to 5-pound increase in weight for upper 
body exercises and a 5- to 10-pound increase for lower body 
exercises.

13.3  Special Considerations

For children, it is very important that machines and exercises 
be adapted to their size, strength level, and maturity level. 
We have found that traditional machine weights are often too 
large for children but can be modified using items such as 
foam blocks and seat padding to correctly position the child 
and accommodate their smaller statures. Adaptive equipment 
such as gloves, wrist or ankle weights, or elastic wraps is 
useful when working with patients with hand injuries or 
amputations. Resistance bands and medicine balls work well 
in deconditioned patients who do not have the strength 
needed to lift the minimum weight on a machine. Working 
with burned individuals often requires a bit of ingenuity, 
resourcefulness, and the ability to see outside the weight 
room when planning and adapting a resistance training 
program.

Goals for all patients should be set early in the exercise 
program. They should be evaluated regularly with the patient 
and adjusted as needed. The goals must be realistic and 
achievable. An intrinsic or extrinsic reward system may be 
implemented to help the patient achieve their goals.

An exercise rehabilitation program should be supple-
mented with an outpatient physical and occupational therapy 
program. Exercise professionals must work together to avoid 
duplication of services, identify areas that need attention, 
and provide the most comprehensive rehabilitation program 
for the individual patient.

Exercise should start early and as soon as possible after 
hospital discharge. The program should be structured and 
supervised by a trained professional. The ultimate goal of an 
exercise rehabilitation program should be to improve overall 
physical function. This program should be challenging, 

E. Rivas et al.



135

effective, safe, and fun. One must use common sense and 
follow established guidelines during programming. The 
exercise program should also teach and promote healthy life-
style habits to ensure that patients comply with the exercise 
program. The thought that “something is better than noth-
ing” is correct, but safety should be the number one priority.

The American College of Sports Medicine (ACSM) has a 
manual with a list of absolute and relative contraindications 
to exercise and exercise testing for adults, children, and spe-
cial populations [51, 75, 77]. Many of these contraindica-
tions will also apply to individuals with severe burns. This 
ACSM manual is a useful source of information, and one 
will find it helpful for use in exercise prescription and pro-
gram design.
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Principles of Burn Reconstruction

Lars-Peter Kamolz and David B. Lumenta

Due to extraordinary advances concerning the understanding 
of cellular and molecular processes in wound healing, wound 
care innovations and new developments concerning burn 
care have been made; burn care has improved to the extend 
that persons with burns frequently can survive. The trend in 
current treatment extends beyond the preservation of life; the 
ultimate goal is the return of burn victims, as full partici-
pants, back into their social and business life [1, 2].

A more aggressive approach in the acute phase has led to 
a higher survival rates on one side, but also to a higher num-
ber of patients, who will require reconstructive surgery on 
the other side. Successful reconstruction requires a profound 
understanding of skin anatomy and physiology, careful anal-
ysis of the defect, and thoughtful considerations of different 
techniques suitable to execute the surgical plan [3].

14.1  From the Reconstructive Ladder 
to the Reconstructive Elevator

Based on the concept of the reconstructive ladder by Mathes 
und Nahai, new advances in the understanding of the anat-
omy, operative techniques, instrumentation, and surgical 
skills have led to the concept of the reconstructive elevator: 
complex procedures are no longer considered as last resort 
procedures only. In the quest to provide optimal form and 
function, it is currently accepted to jump several rungs of the 
ladder, due to the knowledge that some defects require more 
complex solutions. The goal of surgical reconstruction is res-

toration of preoperative function and appearance. The sur-
geon must reconstruct the defect with tissues that are missing 
and which allows defect coverage with tissues of similar 
contour, texture, and color [4, 5].

14.2  The Reconstructive Clockwork

In clinical daily routine, combinations of different tech-
niques are often applied, in order to permit new reconstruc-
tive possibilities for the patient, but neither the reconstructive 
ladders of Mathes and Nahai in 1982 nor the reconstructive 
elevator permit a real combination of the different recon-
structive procedures and techniques.

The image of interlocking wheels of a clockwork illus-
trates the integration of different reconstructive methods 
even more impressive than the conventional reconstructive 
ladder and elevator [6] (Fig. 14.1).

14.2.1  General Principles

Hypertrophic scars and scar contraction with concomitant 
functional impairment are the most common problems that 
require correction or reconstruction. Choosing the right 
modality depends upon several factors, e.g., the age or matu-
rity of the scar. But also the knowledge of the healing proper-
ties of the patient (i.e., whether the patient has a tendency 
towards keloid or hypertrophic scarring) might help to decide 
on how aggressive or how conservative.

Objective assessment of deformities and functional 
impairment is of utmost importance for planning the right 
reconstructive procedure. Formulating a realistic plan to 
restore the functional problems requires analysis of the phys-
ical deformities and psychological disturbance of the patient. 
Psychiatric, psychosocial [7], and physiotherapeutic cares 
have to be continued while a surgical treatment plan is 
instituted.
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14.3  Indication and Timing of Surgical 
Intervention

For a surgeon, making a decision how to operate on a patient 
with burn deformities is quite simple. In contrast, deciding 
when to operate on a patient can be difficult. However, the 
basic principle is based on the following:

• Restoring bodily deformities that impose functional dif-
ficulties must precede any surgical effort to restore the 
appearance.

In short, a surgeon’s effort must be concentrated upon 
restoring the deformed bodily parts essential for physical 
functions, if not for patient survival. In contrast, restoration 
of deformed regions in general can be performed in a later 
phase.

It is postulated that attempts to correct burn deformities 
should be delayed for at least 1–2 years. During this time 
needed for scar maturation, an interim conservative treat-
ment by using pressure garments and splinting is recom-
mended to reduce scarring and to minimize joint contracture, 
because operating on an immature scar is technically more 
cumbersome and will lead to a higher number of complica-
tions. It is never too late to revise a scar, but conversely, it 
may be too early.

14.4  The Techniques of Reconstruction

Several techniques are routinely used to reconstruct deformi-
ties and to close defects related to the burn trauma.

Principally, they are:

• Excision techniques
• Serial excision and tissue expansion
• Skin grafting techniques with or without the use of der-

mal substitutes
• Local skin flaps
• Distant flaps
• Allotransplantation
• Tissue engineering
• Robotics and prosthesis

14.5  Excision Techniques

Excision with direct closure of the resultant wound is the 
simplest and the most direct approach in burn reconstruction. 
It is important to determine the amount of scar tissue that can 
be removed, so that the resultant defect can be closed directly. 
A circumferential incision is made in the line previously 
marked and is carried out through the full thickness of the 
scar down to the subcutaneous layer. In case of a keloid, an 
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intralesional excision might be better instead of an 
 extralesional one in order to avoid recurrence. In order to 
minimize vascular supply interference along the wound 
edges, undermining of the scar edge should be kept to a min-
imum, whenever possible.

14.5.1  W-Plasty and Geometric Broken Line 
Closure

W-plasty [8, 9] is a series of connected, triangular advance-
ment flaps mirrored along the length of each side of the scar, 
but a W-plasty, unlike a Z-plasty, does not result in an overall 
change in length of the scar, it makes the scar less conspicu-
ous, and it disrupts wound contracture with its irregular pat-
tern. As with all other procedure, it is helpful to mark the 
planned design prior to the operation (Fig. 14.2).

The Geometric Broken Line Closure (GBLC) is a more 
sophisticated scar regularization technique than the W-plasty 
and requires more time to execute [10–13]; unlike the 
W-plasty’s regularly irregular pattern, which results in a some-
what predictable scar pattern that can be followed by the 
observer’s eye, the irregular irregularity of the GBLC allows 
maximum scar camouflage. This is achieved by various combi-
nations of triangles, rectangles, squares, and semicircles in dif-
fering widths and lengths along the scar (Figs. 14.2 and 14.3).

14.6  Serial Excision and Tissue Expansion

The goal of surgical reconstruction is the restoration of pre-
operative function and appearance. The surgeon must recon-
struct the defect with tissue of similar contour, texture, and 
color. Surgical excision of scars relies upon recruitment of 
local tissue for closure of the resulting defect, and thus, adja-
cent skin will usually provide the best match for the defect. 
In areas where tissue laxity is poor or the resulting defect 
would be too big, tissue expansion and serial excision are 
useful techniques to overcome a lack of sufficient local tis-
sue for closure. Tissue expansion allows large areas of burn 
scar to be resurfaced by providing tissue of similar texture 
and color to the defect. Moreover, it is combined with the 
advantage of donor site morbidity reduction. Issues and dis-
advantages that need to be addressed are that the technique 
of pre-expansion requires additional office visits for serial 
expansion and at least one extra surgical procedure with 
potential for additional complications. A significant time 
period between 9 and 12 weeks for progressive tissue expan-
sion is required. Tissue expanders are very versatile tools in 
reconstructive burn surgery, but still, careful patient selec-
tion, correct indications and realistic treatment concepts, 
large experience and well-selected surgical techniques, pre-
cise instruction of the medical staff, as well as detailed and 
continuous education of the patients are essential [14, 15].

Fig. 14.2 W-plasty (left)  
and geometric broken  
line closure (right)  
(scar: pink)
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Serial excisions involve the partial excision of the scar 
with consecutive advancement of adjacent skin. In a series of 
sequential procedures, the area of a scar is completely 
excised. The number of procedures needed depends on the 
elasticity of the surrounding skin and the size of scar being 
excised. The primary disadvantage of this technique is the 
requirement for multiple operations. If more than two opera-
tions are needed, tissue expansion should be considered as an 
alternative treatment option.

14.7  Skin Grafting Techniques

Covering an open wound with a skin graft harvested at a vari-
ous thickness is the conventional approach of wound closure. 
A skin graft including epidermis and dermis is defined as a 
full-thickness skin graft, and a piece of skin cut at a thickness 
varying between 8/1000 of an inch (0.196 mm) and 18/1000 
of an inch (0.441 mm) is considered to be a partial- or a split-
thickness skin graft. The thickness of a full- thickness skin 
graft is quite variable depending upon the harvest region.

In case of a full-thickness skin graft, a paper template 
may be made to determine the size of the skin graft needed 
to close a wound. The skin graft is laid down to the wound 
bed and is anchored in place by suturing or stapling the 
graft onto the wound bed. A continuous contact of the skin 
graft with the wound bed is essential to ensure an in-growth 
of a vascular network within 3–5 days and thereby for graft 
survival. A gauze or cotton bolster tied over a graft has been 
the traditional technique to anchor and to prevent fluid accu-
mulating underneath a graft, if there is a flat and well-vascu-
larized wound bed. In regions that are associated with a less 

good take rate (concave defects; regions, which are subject 
to repeated motion like joints) or in patients with co- 
morbidities that may have an impact on graft healing, other 
techniques [16–18], instead of the bolstering technique, are 
used for skin graft fixation. The use of topical negative pres-
sure or fibrin glue can lead to better skin graft healing [16] 
(Fig. 14.4).

The criteria for using skin grafts of various thicknesses 
are mainly based on:

• The use of a thin graft is more appropriate for closing 
wounds with unstable vascular supply, particularly if the 
skin graft donor site is scarce.

• Moreover, the quality and the presence of dermis seem to 
have an influence on the extent of wound contraction. The 
extent of contraction, which is noted if a thin partial- 
thickness skin graft is used, is larger than using a full- 
thickness graft. The presence of a sufficient dermal 
structure could reduce wound contracture.

Skin graft in combination with a dermal substitute—For 
the past several years, artificial dermal substitutes have 
been used in order to improve skin quality, e.g., Alloderm™, 
Integra™ [19]; these materials, when implanted over an 
open wound, have been found to form a layer of close to 
normal dermis, thus providing a wound bed better for skin 
grafting and thereby better skin quality. However, the need 
for a staged approach to graft a wound using this technique 
is considered cumbersome. Matriderm™ is a new dermal 
matrix, which consists of collagen and elastin, and allows a 
single-step reconstruction of dermis and epidermis in com-
bination with a split thickness skin graft [20–22] (Fig. 14.5).

Fig. 14.3 Geometric  
broken line closure: clinical  
example
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Fig. 14.4 (a) Dermal to full-thickness burn. (b) Tangential excision and grafting with 1:3 meshed skin graft. (c) Skin graft fixation by use of 
V.A.C. for 5 days. (d) After removal of V.A.C. dressing: 100% take rate of the skin grafts

a

b

c
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d

Fig. 14.4 (continued)

Fig. 14.5 (a) Hypertrophic and contracted scars (right hand). (b) 
Hyperextension in of the MCP joints. (c) Flexion only possible in the 
PIP and DIP joints, hyperextension in the MCP joints. (d) Complete 

excision of the hypertrophic and contracted scar plate. (e) Early results 
obtained by use of Matriderm® and skin graft in a single-step procedure 
(3 months postoperative)

a b

c

d
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14.8  Local Skin Flaps

The approach using a segment of skin with its intrinsic struc-
tural components attached to cover a defect follows also the 
fundamental principle of reconstructive surgery to restore a 
destructed bodily part with a piece of like tissue. The recent 
technical innovation of incorporating a muscle and/or facial 
layer in the skin flap design, especially in a burned area, fur-
ther expanded the scope of burn reconstruction as more 
burned tissues could be used for flap fabrication.

No single flap is optimal for every scar excision. Each 
individual scared area has to be analyzed for:

• Depth of the scar.
• Tissue involved.
• Availability of normal tissue for reconstruction. Based on 

this, the ideal flap or the combination of flaps and tech-
niques is chosen for reconstruction.

Often-used skin flaps are the Z-plasty technique, the mul-
tiple Z-plasties, the ¾ Z-plasty technique.

14.8.1  Z-Plasty

There are three purposes to perform a Z-plasty:

• To lengthen a scar or to release a contracture
• To disperse a scar
• To realign a scar within a relaxed skin tension line

The traditional Z-plasty consists of two constant features; 
first there are three incisions of equal length—two limbs and 
a central incision. Second there are two angles of equal 
degree—the limbs form 60° angles with the central incision 
(Fig.  14.6). Ideally the central incision should be placed 
along the axis of the scar; alternatively the scar itself may be 

e

Fig. 14.5 (continued)
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completely excised with a fusiform defect acting as the cen-
tral incision (Fig. 14.7).

14.8.2  Double-Opposing Z-Plasty

Two Z-plasty incisions placed immediately adjacent to one 
another as mirror images will produce an incision known as 
a double-opposing Z-plasty (Figs. 14.8 and 14.9) The advan-
tage of this technique is that significant lengthening can be 
achieved in areas of limited skin availability. Ideal indication 
for this technique is the release of web space contractures 
(Fig. 14.10).

The ¾ Z-plasty or half-Z used to refer to a technique 
(Figs. 14.11 and 14.12) with one limb incision being perpen-
dicular to the central one. The incision is created on the scar 
side, which creates a fissure in the scar in which a triangular 
flap is introduced. The length gained on the scar side is 
directly proportional to the width of the triangular flap.

Despite its geometric advantage in flap design, fabricating 
a skin flap or skin flaps for reconstruction of burn deformities 
is not infrequently plagued with skin necrosis. Aberrant 
 vascular supplies to the skin attributable to the original injury 
and/or surgical treatment could be the factor responsible for 
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Fig. 14.9 Modified double-opposing Z-plasty (scar: pink)

Fig. 14.10 Scar correction by use of a modified double-opposing Z-plasty (1. Web space)
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problems. In recent years, the use of a skin flap designed to 
include muscle or fascia underneath has further expanded the 
usefulness of conventional Z-plasty and the ¾ Z-plasty tech-
niques in burn reconstruction.

14.8.3  Musculocutaneous (MC) or 
Fasciocutaneous (FC) Flap Technique

Inclusion of not only the skin but also the subcutaneous tis-
sues and fascia and muscle is necessary to fabricate a skin 
flap to reconstruct a tissue defect in individuals with deep 
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Fig. 14.11 ¾ Z-plasty or half-Z (Scar: pink)

a c

b

Fig. 14.12 (a) Scar contracture right cubita. (b) Correction by use of a ¾ Z-plasty, coverage with Prevena® for 6 days. (c) Long-time result after 
correction by use of a ¾ Z-plasty
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burn injuries. Which means, fabricating a flap in a burned 
area is possible, if the underlying muscle or the fascia is 
included in the design [23].

Moreover, multiple Z-plasties are often used for scar cor-
rections (Figs. 14.13 and 14.14).

14.9  Distant Flaps

A distant flap involves a donor site, which is distant from the 
defect. The mode of transfer might be direct or microvascu-
lar. Direct flap, e.g., the forehead flap or the groin flap, 
involves direct approximation of the recipient bed to the 
donor site. These flaps all require a second operation to 
divide the pedicle.

14.9.1  Free Tissue Transfer

The evolution of microsurgery and free tissue transfer has 
dramatically expanded the functional and esthetic potential 
of reconstructive surgery. Due to microvascular anastomo-
ses, free transfer of single or compound tissues and replanta-
tion of amputated parts are possible. Moreover, by using a 
free tissue transfer, single-step reconstructions are princi-
pally possible.

14.9.2  Perforator Flaps

Based on the septocutaneous perforator vessels, perforator 
flaps were developed. Song et  al. described in 1984 [24] 
that the lateral femur region can serve not only as a skin 
harvest place but also as the donor side for the “antero lat-
eral thigh (ALT) flap” based on a long pedicle. Then 
Koshima and colleagues from Japan refined exemplarily 
the ALT transfer subsequently. In 1989 Koshima introduced 
an abdominal skin and fat flap based on the inferior epigas-
tric vessels and muscle perforators. Recently, the theory of 
perforasomes is under evaluation: every perforator contains 
a unique vascular territory, the perforasome [25]. This 
knowledge will lead to new useable pedicled and free flaps 
for reconstruction.

With the advent of microsurgical techniques, transplant-
ing a composite tissue can be carried out with minimal mor-
bidities. The regimen, in caring for burn victims, however, 
may be limited because of a paucity of donor materials. It is 
ironic that burn patients with suitable donor sites seldom 
require such an elaborate treatment, but those, who are in 
need of microsurgical tissue transplantation, are inevitably 
without appropriate donor sites because of extensive tissue 
destruction.

14.10  Composite Tissue 
Allo-Transplantation

“Composite tissue allotransplantation” (CTA) of parts of the 
face, or forearms and upper extremities [26–29], is a young 
area of transplantation medicine. The first clinical results are 
promising in comparison to the first reports of organ trans-
plantation, although the medium-term and long-term prob-
lems, for example, tumor induction by the immunosuppression 
as well as chronic rejection have to be taken into account. 
This is not an unimportant fact, because CTA is normally not 
of vital importance. Nevertheless, for the affected persons, 
who must live in social isolation with exhausted reconstruc-
tive measures or prostheses, such operations may result a 

Fig. 14.13 Multiple Z-plasties (scar: pink)

Fig. 14.14 Scar corrections by use of multiple Z-plasties (right axilla)
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dramatic improvement concerning quality of life. However, 
it is important to mention that currently only a selected small 
number of highly motivated patients are candidates for CTA.

14.11  Regeneration: Tissue Engineering

Tissue regeneration and tissue engineering have gained rele-
vance for reconstructive surgery [30–32]. Recently, fat trans-
plantation or lipo transfer is of utmost interest. Czerny 
transplanted in 1895 a lipoma for mamma reconstruction, 
and fat injection was described among other things by 
Eugene Holländer in 1910 within a patient with “progressive 
decrease of the fatty tissue.” Erich Lexer dedicated in the first 
part of his book nearly 300 pages for free fat transfers. In 
2001 it was demonstrated that beside fat cells also “adipose- 
derived stem cells” (ADSC) and other cell populations in the 
fatty tissue are usable for these purposes. The transplantation 
of ADSC was able to regenerate full-layered cartilage defects 
in the animal model [33]. The stem cell associated with fat 
cell transplantation in patients with a radioderm has led to 
improved healing. Moreover, fat cell transplantation is able 
to improve not only volume and contour defects but also skin 
quality [34–36]; thereby it seems that fat transfer will play an 
important part in burn reconstruction in the future.

14.12  Robotics/Prosthesis

If all reconstructive measures fail, myoelectric prostheses are 
a promising resort to go to. In recent years, these have been 
improved tremendously by introducing targeted muscle 
transfers (TMR) to the armamentarium of reconstructive sur-
gery [37, 38]. Modern myoelectric prostheses have multiple 
degrees of freedom that mandate a complex control system 
to provide dependable use for the patient. Extremity recon-
struction in the twenty-first century will see many new ave-
nues to replace the loss of a limb and reconstruct the loss of 
function. Both biological and technical advances will pro-
vide possibilities that may well open up therapies that have 
been unthinkable only a few years ago. Targeted muscle rein-
nervation together with the provision of a myoelectric pros-
thesis with several degrees of freedom is such an approach 
and will definitely be a solid stepping stone leading to new 
strategies in extremity rehabilitation and reconstruction.

14.13  Summary

The regimen of burn treatment has changed drastically over 
the past 50 years. The regimen of an early debridement and 
wound coverage, initially with biological dressings and later 

with autologous skin grafts, enhanced the survival rate. It is, 
however, ironic that this improvement in survival has caused 
an increase of patients, who will require reconstructive 
surgery.

Unsightly hypertrophic scar, scar contracture, affecting 
particularly the joint structures, and missing bodily parts are 
still the most common sequelae of burn injuries today.

The difficulty concerning burn reconstruction is largely 
due to a lack of adequate donor sites, but due to the improve-
ments in reconstructive surgery, better results are achievable. 
New areas like “composite tissue allotransplantation” of 
compound tissues like arms or parts of the face, prosthesis, 
and also regenerative medicine with “tissue engineering” 
have already entered the clinical routine and will improve the 
final results obtained by burn reconstruction.
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Tissue Expanders in Burn Surgery

Norbert Pallua and Erhan Demir

Part I

15.1  Introduction

Tissue expansion is based on a dynamic process of nature in 
which vital tissue responds to continuous mechanical stress 
load. The capability to gain or lose weight during pregnancy 
for instance demonstrates the skin ability to develop inde-
pendently. Tissue expansion has a significant implication in 
different ethnic societies throughout the world. Enlarged lips 
of Ethiopian Mursi women or elongated necks of Padauang 
women attest the exotic esthetics associated with tissue 
expansion [1]. Tissue expansion represents the medical 
application of this normal physiologic process for recon-
structive purposes and has already provided to be a reliable 
principle in plastic and reconstructive surgery [2, 3].

15.2  Historical Aspects

In 1905 the clinical use of tissue expansion gained signifi-
cance when bone lengthening by distraction resulted in skin 
expansion [4]. However, the first clinical concept of tissue 
expansion was reported by Neumann in 1957 for the recon-
struction of a traumatic ear defect with a post-auricular 
expanded skin flap to cover the cartilage framework of the 
ear [5]. Twenty years later, skin expansion was re-introduced 
independently by Radovan and Austad [6, 7]. Radovan 
became the first surgeon to gain extensive experience in the 
use of silicone expanders, whereas Austad was the first to 
report his laboratory scientific experience prior to the subse-
quent clinical application. Primarily established for breast 
reconstruction, skin expansion represents one of the major 

developments in reconstructive surgery in recent years, par-
ticularly as a valuable approach for many problems in recon-
structive burn surgery [8]. More recent surgical modifications 
advanced the basic concept of tissue expansion to pre-expand 
flap donor regions or to prefabricate regional or microsurgi-
cal free flaps [9–15].

15.3  Biology of Expanded Tissue

Tissue expansion places an inflatable device beneath the skin 
flap, which is then expanded over a period of time. Basic 
studies confirmed that the increased surface area is the result 
of newly regenerated tissue [16]. Experimental data on the 
biology of expanded skin in animal and human studies 
showed that the epidermis underwent significant thickening 
after 5 weeks to 5 months of expansion. The dermis and sub-
cutaneous tissues, on the other hand, were significantly thin-
ner after expansion. They found the greatest thinning over 
the dome of the expander and a gradually decrease toward 
the periphery [17–20]. Histologically, the most significant 
thinning occurred in the reticular dermis. These observed 
changes persisted 2 years. Expanded tissues 2 years after 
cessation of expansion had the same thickness as control tis-
sues and had no remnant fibrous capsule [6, 21]. Additional 
increase in dermal collagen content with disruption of elastic 
fibers has been noted. The noticed dermal and subcutaneous 
collagen increase occurs with a constant ratio between col-
lagen type I and III. Skin appendages are not affected by the 
expansion procedure [1].

Therefore, some believe that much of the expanded skin 
represents stretch and reorganization of dermal collagen 
fibers rather than new skin created by mitosis. Austad postu-
lated that tissue expansion causes a decrease in cell density 
in the basal layer of the skin and that cell density may regu-
late skin mitotic activity. A greater cell proliferation is a con-
sequence of lower cell density, resulting in growth of 
additional skin [1]. The physiology of expansion by pro-
longed tissue expansion (PTE) is therefore considered not to 
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be just a matter of skin stretching, but the formation of addi-
tional new skin, which has all the characteristics of the origi-
nal tissue.

A significant increase in vascularity has been associated 
with soft tissue expansion. Experimental studies observed 
proliferation of blood vessels and numerous neovascular 
branches in expanded flaps [20, 22]. The measured blood 
flow after flap expansion was higher than contralateral non- 
expanded controls.

The ability of soft tissue to expand is based on several 
aspects. The skin has the constant ability to adapt, depending 
on the amount and distribution of structural proteins and tis-
sue fluids. Collagen fibers become parallel with the stretch-
ing of tissue. Although elastin fibers are important for recoil 
after stretching, collagen fibers lengthen permanently [1].

Any expansion-related muscle damage with fiber atrophy 
or degeneration dissolves after pressure relief with expander 
removal.

The process of tissue expansion affects not only the adja-
cent tissue but also a number of cell types. On the molecular 
level, a key function in the mechanical intercellular signal 
transduction has been attributed to the protein kinase C. In 
this context, some growth factors such as platelet-derived 
growth factor (PDGF), vascular endothelial growth factor 
(VEGF), angiotensin II, and transforming growth factor beta 
(TGF-ß) have been reported to have important influence on 
cell proliferation and extracellular matrix production. TGF-ß 
can also enhance fibroblast proliferation [1, 22, 23].

In summary, prolonged dynamic tissue expansion is a 
passive physical process with a metabolically active compo-
nent [8].

15.4  Basic Principles and Techniques

15.4.1  Indications, Patient Selection, 
and Compliance

The appropriate patient selected for burn reconstructions 
with tissue expanders faces a difficult reconstructive chal-
lenge. The patients must be willing to subject themselves to 
a prolonged treatment concept. The patient must be able to 
emotionally deal with the temporary extreme deformity and 
the somewhat bizarre appearance of the expanded anatomic 
regions. This may require a thorough dialog with the patient 
and high individual compliance and motivation.

Indications for the use of expanders in burn reconstruc-
tions are instances where there is not enough adjacent tissue 
to resurface or close a defect primarily or with a local flap. 
The same criteria used to select a suitable patient for a 
regional skin flap are applicable in the selection for tissue 
expanded skin or flap reconstruction. Ideally the patient 
should have no serious medical problems (e.g., diabetes, 
hypertension) and should not be a heavy smoker.

Tissue expansion allows large areas of burn scar to be 
resurfaced and provides tissue of similar texture and color to 
the defect to be covered combined with the advantage of 
reduced donor site morbidity. It is therefore indicated when-
ever defect repair by an alternative method such as a local, 
regional, or free flap may result in an unacceptable donor 
region or recipient site deformity [2, 11, 24, 25].

Issues and disadvantages that need to be addressed are 
that the technique of pre-expansion requires additional office 
visits for serial expansion and at least one extra surgical pro-
cedure with potential for additional complications. A signifi-
cant time period between 9 and 12  weeks for progressive 
tissue expansion is required.

15.4.2  Expanders

Tissue expanders belong to the most frequently used implants 
in plastic and reconstructive surgery [26–28]. The most com-
monly used expanders are the different types and variations 
of Radovan expanders. Elliptical, rectangular, round, cres-
cent type, or custom-made shapes with integrated or separate 
port systems are available. The various volumes range 
between 1 and 1000 cc. Expanders can be over inflated at 
least two times the stated maximum volume.

Expanders with an incorporated filling valve are designed 
in a way that the expander and injection port form a single 
unit. The port has a self-sealing membrane and is lined with 
metal or a thick polymer to prevent accidental puncture of the 
dome during injection of saline. The shapes include hemi-
spheric, rectangular, crescent, and teardrop. Limitations are 
the size ranges between 50 and 1000  cc, as this type of 
expander are not available as mini-expanders. The stiffness of 
the injection port causes an increased risk of skin erosion.

The third relevant expander groups are the self-inflating 
systems. They consist of a semipermeable silicone mem-
brane that surrounds a hydrogel core (co-polymer based on 
methylmetacrylate and N-vinylpyrolidon) to create an 
osmotic gradient across the expander wall. The interior core 
of the expander is hypertonic relative to the extracellular 
water, causing a net influx of water into the expander. In burn 
reconstructions, this type of expander is somewhat experi-
mental [29].

15.4.3  Aspects in Expander Volume and Shape 
Selection

The three-dimensional expander geometry needs to match 
the expansion site and the design of the planned flap. The 
shape of the expander depends primarily on the site of expan-
sion and the reconstruction needs. The use of a rectangular 
expander provides the most effective surface area gained 
when compared to the round or crescent types [30].
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The selected expander size must be large enough to provide 
desired expansive forces necessary to achieve the sufficient tis-
sue augmentation. One method of selecting the appropriate 
expander is based on the size of the expander base. The expander 
base and the defect width are helpful parameters to estimate the 
required expansion (Fig. 15.1) [31]. While using a rectangular 
or crescent expander, the appropriate size expander would be 
one in which the surface area of the expander base is 2.5 times 
as large as the defect to be closed. With round expanders, the 
diameter of the expander base should be 2.5 times as large as the 
defect [17]. Another method of expander selection is based on 
the circumference of the balloon portion of the expander. The 
expander must be of sufficient volume that the apical circumfer-
ence of the dome of skin overlying the fully inflated expander is 
2–3 times the defect width.

It is best to select the largest expander that can reasonably 
be placed beneath the donor region of expansion or to con-
sider the use of two or more expanders to gain the needed 
tissue. Still, the proven safety of limited over inflation allows 
a margin of error in the initial choice of implant volume and 
later permits to continue expansion if more tissue is required. 
The disadvantage of over inflation is the increased leakage 
from the injection port dome.

15.4.4  Surgical Expander Placement 
and Expansion

The donor site is selected where tissues are most suitable 
(e.g., thickness, color, texture) to those of the anatomic 
region to be resurfaced with close proximity to the defect. 
The use of local tissue with the advantage of color and tex-
ture match with the recipient region is sometimes difficult or 
impossible to achieve in burned patients.

The incision for expander placement should be in a site 
well hidden or ideally perpendicular to the desired vector of 
expansion, to keep the forces of scar tension as low as pos-
sible. The incision can be incorporated into the scar area 
planned for reconstruction after expander removal but should 
not potentially compromise the viability of advancement 
flaps during reconstruction. However, while using more than 
one expander, it is crucial to respect appropriate distances 

between the expander pockets to prevent expander displace-
ments with inefficient skin expansions.

The correct anatomic position while placing the expander 
is critical. In the face and neck, it is usually beneath the sub-
cutaneous fat or below the platysma in the neck. In the scalp, 
expander placement is in a subgaleal plane. While perform-
ing pre-expanded muscular flaps such as the pre-expanded 
trapezius flap, the correct level of dissection while creating 
the expander pocket is submuscular. The dissected pocket 
needs to be large enough to fit the expander without any fold-
ing. The surgeon should make sure the implant is intact and 
functioning prior placement. The port system is placed sub-
cutaneously in a more distant position approximately 5 cm 
away from the expander. Meticulous hemostasis is essential; 
suctions drains are placed to drain the wound. The implanted 
expander is inflated with 10% of the end-volume to obliter-
ate dead space and to aid with the hemostasis.

The procedure of serial ambulatory expansion is begun 
after completion of wound healing about 2–3 weeks postop-
eratively. During inflation, aqua ad iniectabilia is instilled till 
tension of the overlying skin is noted or patients report about 
discomfort. In a clinical observation, the skin may blanch 
with pressure from the expander, but capillary refill should 
return to normal after pressure is withdrawn.

The process of expander inflation is continued on a weekly 
basis until the desired amount of volume and tissue needed is 
obtained (usually between 8 and 12 weeks). Meticulous doc-
umentation of instilled volumes is important.

15.4.5  Expander Explantation 
and Management of the Capsule

The second reconstructive step consists of removal of the 
expander and local, regional, or free flap reconstruction. 
Total capsule excision may create ultrathin and flexible flaps 
as desired in facial reconstructions [9, 32]. As an alternative, 
it is useful to incise the capsule or to remove the inner layers 
of the capsule to allow further lengthening of the expanded 
flap. Leaving the superficial layers of the capsule may pre-
vent the compromise of the flap vasculature as the reported 
vascular proliferation occurs primarily at the junction of the 
capsule and the host tissue. Any surgical maneuver should be 
limited to the expander capsule [8].

15.4.6  Pre-expanded Flaps

Since their introduction, several pre-expanded flaps have 
been used in burn reconstructions. These include the lateral 
arm fasciocutaneous flap, the scapular/parascapular fascio-
cutaneous flap, radial forearm fasciocutaneous flap, the groin 
flap, the latissimus dorsi musculocutaneous flap, the trape-
zius muscle flap, the serratus anterior musculocutaneous 

E – Expansion

PortB – BaseD – Defect

Expanded area = Base + Defect size
E = B + D

Fig. 15.1 Estimation of the expanded area, according to the base size 
and defect width
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flap, the tensor fascia lata flap or the supraclavicular island 
flap to name a few [9, 12, 13, 15, 33–35]. More recently, 
methods of perforator-based tissue expansion for pre- 
expanded free cutaneous perforator flaps such as the anterior 
lateral thigh flap are becoming more common [36, 37].

15.5  Complications

Although the expansion related reconstructive procedure is 
based on a simple concept, this technique is associated with 
complications [38–43]. In studies providing data of all ana-
tomical regions, failure rates ranged up to 24% [1, 44]. 
Appropriate patient selection and surgical experience may 
reduce the complication rates below 20%.

Major complications are usually defined as those requiring 
expander removals. These complications may include tissue loss 
caused by overexpansion and induced ischemia, inadvertent flap 
thinning, fat necrosis, expander infection, expander exposure, 
implant failure, and interference of the flap design due to incor-
rect incisions used to place the tissue expanders. This may occur 
secondary to trauma, flap erosion due to folds in the expander, 
aggressive expansion methods, or port placement over a bony 
prominence. If implant folding or flap ischemia secondary to 
over-filling of the expander is suspected, in an early stage, 
expander deflation and skin observation should be performed. If 
skin viability returns, the device can be slowly re-inflated in a 
later stage. In cases with skin necrosis or expander extrusion, the 
implant needs to be removed. After surgical debridement, the 
wound can be managed by conservative measures with broad-
spectrum antibiotics and frequent wound dressings. Infections of 
the expander pocket may respond in some cases to antibiotics 
and partial implant deflation to minimize vascular compromise. 
If these procedures fail, the implant should be removed, the 
pocket irrigated, drained, and allowed to heal.

Minor complications are defined as seroma and drainage 
after expansion, poor compliance, intolerance of the injec-
tions to fill the expanders or alterations in the early preopera-
tive plans secondary to incomplete coverage following 
expansion. Rates range between 17% and 40%, with a mean 
in the range of 20% [1, 44].

Part: II

15.6  Clinical Applications of Tissue 
Expanders

15.6.1  Head and Neck Reconstruction

15.6.1.1  Alopecia Reconstruction of the Burned 
Scalp

Deep scalp burns result in cicatricial alopecia in the long 
term [1]. The treatment of these problems depends on the 
size, the particular location, and the status of the remaining 

hair-bearing scalp. Burn alopecia is frequently noted in up to 
32% of the patient population. In addition, a 2.2% incidence 
of complications including scar alopecia is due secondary to 
the use of the scalp donor site in burn patients [45, 46]. The 
reconstruction of scalp defects with serial excisions and rota-
tional flaps may in some cases be not sufficient enough [25]; 
therefore, skin expansion and correction of alopecia using 
scalp rotational flaps have become the gold standard 
treatment.

McCauley classified burn alopecia in four types based on 
the pattern and the extent [1].

Patients with type IA and IB alopecia can be corrected 
with a single expansion. Patients with type I-C and ID may 
achieve complete defect coverage with sequential expansion. 
Type II can be corrected with a single pre-expanded scalp 
flap. Patients classified as IIB, IIC, or IID may respond well 
to multiple expanders. Unfortunately type III and IV patients 
are not good candidates for tissue expander procedures [1] 
(Table 15.1).

Multiple expanders (average volumes 200–400 cc) with 
distant injection ports are placed beneath the galea aponeuro-
tica. Inflation of the expander begins 2 weeks postoperatively 
on a weekly basis. After an initial 3-week period with slow 
proceeding of the expansion due to galeal resistance or 
deformation of the external tabula in young patients, ade-
quate expansion can be accomplished in 8–10 weeks. The 
endpoint of expansion is until the distance across the 
expanded scalp is equal to the starting distance, plus the 
scalp width to be replaced. The second stage involves 
 incision at the margin of the alopecia and expander removal. 
The bald scalp is excised only after advancing or transposing 
the expanded scalp to be sure that sufficient tissue is avail-
able to close the proposed resection. If there is insufficient 
tissue to allow removal of the alopecia, tissue expanders can 
be replaced for further expansion. If there is adequate tissue, 
the capsule surrounding the expander is usually not excised. 
The wounds are closed in two layers, and suction drains are 
used.

Case sample: An 11-year-old boy with type II burn alope-
cia. Same patient with three implanted expanders and 2 years 
after scalp expansion and alopecia reconstruction (Figs. 15.2, 
15.3, and 15.4).

Table 15.1 McCauley RL Classification of burn alopecia

Type I Single alopecia segment
IA Less than 25% of hair-bearing scalp
IB 20–50% of the hair-bearing scalp
IC 50–75% of the hair-bearing scalp
ID 75% of the hair bearing scalp
Type II Multiple alopecia segments amendable to tissue 

expansion placement
Type III Patchy burn alopecia not amendable to tissue expansion
Type IV Total alopecia
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15.6.1.2  Eyelid Reconstruction
The skin of the eyelids is best replaced by adjacent eyelid 
tissue, rather than skin grafts. In rare indications, the ideal 
implant is a cigar-shaped, 1.2 cc silicone expander with an 
expansible anterior and rigid back wall to prevent expansion 
and pressure on the globe. An oblique skin incision is made 
in the crow’s feet lateral to the canthal region. The implant is 
placed in a subcutaneous pocket that extends from the medial 

to lateral canthus. The reservoir dome is placed in a remote 
pocket over the temporal region. After sufficient expansion, 
the expanded skin will cover the lower lid defect.

15.6.1.3  Nose Reconstruction
The total or partial reconstruction of the nose may require 
pre-expanded paramedian forehead flaps including the for-
mation of the vestibular lining and columella. A careful 
staged plan with flap pre-lamination and pre-fabrication with 
previous placement of the cartilage framework prior recon-
struction are the key to successful nose reconstruction with 
pre-expanded forehead flaps. A rectangular expander of 
100–250 cc volume is placed through an incision behind the 
hairline in the subgaleal plane. The expansion of the fore-
head skin causes a desired thinning of the tissue to facilitate 
contouring to reconstruct the ala region.

Fig. 15.2 An 11-year-old boy with type II alopecia, multiple 
segments

Fig. 15.3 Implantation of three tissue expanders with external ports
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15.6.1.4  Facial Reconstruction
The implantation of expanders into the head and neck region 
to use randomized loco-regional flaps is an elegant proce-
dure. Still, loco-regional flaps may have their limitations in 
facial reconstruction depending on the defect size. The pre- 
expanded ultra-thin supraclavicular island flap is a useful 
option in facial resurfacing of hemifacial defects.

Generally to achieve satisfactory functional and esthetic 
results, the texture, color, and thickness of the flap need to be 
similar to those of the head and neck regions. The primary 
indication for facial reconstruction after burns is scar reduc-
tion or improvement [8, 9, 47]. Preferable donor sites in 
facial reconstruction are the supraclavicular area or the retro-
auricular area. As the retroauricular area is too small for 
large defects, the cervicohumeral shoulder region is well 
suited [9, 47–49]. Controlled tissue expansion with expand-
ers prior transfer to modify the donor site and to increase the 
size of sensate thin pliable skin with good texture match cre-
ates flaps to cover the whole esthetic unit after complete scar 
resection [9, 35].

15.6.1.5  Supraclavicular Island Flap (SIF-Flap)
A random pattern flap of the supraclavicular region first 
described by Mutter in 1842 was modified after closer ana-
tomic examination of the arterial blood supply of the shoul-
der region by Lamberty. The supraclavicular axial patterned 
flap was based on the supraclavicular artery arising from the 
superficial transverse cervical artery, beneath or lateral to the 
posterior part of the omohyoid muscle. The supraclavicular 
island flap, after having identified the venous drainage of the 
angiosome, was first introduced to reconstruct mentosternal 
contractures and has been further optimized to expand the 

indications in facial reconstruction [49]. The technique of 
SIF flap pre-expansion with expanders in the anterior shoul-
der region increased the size of ultra-thin pliable skin with 
good texture match to cover the whole esthetic unit of the 
face [9, 32].

Adequate planning and flap design needs to respect the 
esthetic units of the facial area. In hemifacial reconstruction, 
the entire scar area needs to be excised ranging from the 
nasolabial fold to the preauricular region and from the infe-
rior orbital rim and the temporal region to the mandibular 
rim. The defect sizes range between 12 × 16 and 15 × 19 cm 
after complete excision with respect to the esthetic unit [32].

The expander, previously inserted into the supraclavicular 
artery angiosome, will be carefully removed. After complete 
flap dissection, the SIF flap is mobile on its vascular pedicle, 
allowing up to 180° angle of rotation on the vascular axis as 
required. To create an ultra-thin flap the expander, the cap-
sule is partially removed taking care not to damage the flap 
vasculature. In facial reconstruction, a lesser degree of flap 
rotation is required to reach the facial defect. The donor side 
defect of the anterior shoulder region will be closed directly 
in a double layer fashion after extensive undermining and 
preparation of two advancement flaps. A secondary proce-
dure 3 weeks later to divide the pedicle will utilize the spare 
skin to perform small local flaps of the mental and cervical 
region.

Case sample: An 18-year-old patient recovering from 
25% TBSA full-thickness flame injury in a house presented 
with heavy facial scarring following primary burn recon-
struction with eschar excision and multiple skin grafting pro-
cedures (Fig.  15.5). A multi-staged plan with bilateral 
pre-expanded SIF reconstructions was scheduled. 

Fig. 15.4 Final result, 
2 years post OP with short 
and long hair after burn scar 
excision and reconstruction 
with pre-expanded scalp flaps

N. Pallua and E. Demir



159

Consecutive bilateral expansion with two crescent-type tis-
sue expanders (Mentor Corporation, Irving, Texas, USA) of 
700 cc each placed in the ventral shoulder regions has been 
carried out for 10  weeks (Fig.  15.6). The flap procedures 
were carried out 11 weeks after expander inflation with pre- 
expanded SIF-flaps on both sides. After bilateral pedicle 
division, a pleasant color and texture match has been 
achieved. The final outcome 6 years after reconstruction is 
shown (Fig. 15.7).

15.7  Reconstruction of the Trunk 
and Extremities

All previously mentioned random pattern lipo- and fasciocu-
taneous flaps or musculocutaneous flaps are useful in tissue 
expansion and reconstruction of the trunk and extremities [8, 
34, 47, 50, 51].

Case sample: Severe shoulder scars have been resur-
faced following local skin expansion with two 400 cc cres-
cent type expanders. The final outcome illustrates 
acceptable scar reduction at the 2 year follow-up (Figs. 15.8, 
15.9, and 15.10).

Musculocutaneous flaps require expander placement 
below the dorsal muscle surface, whereas fasciocutaneous 
flaps should be placed directly underneath the deep fascia. 
The angiosomes of the body and their clinical use have 
been studied in detail. Most recent developments have 
increased the interest in perforator-based expansion of 
angiosomes to create pre-expanded perforator flaps as 
needed. Vascularity and surface area resulting from tissue 
expansion allow the harvest of more healthy tissue beyond 
the anatomical angiosomes of local or regional flaps. The 
observed enhancements of perfusion rates in these flaps 
are attributed to a “delay phenomenon” in the distal parts 
of the flap. The meticulous preservation of the axial or seg-
mental flap vasculature during expander implantation is 
critical [8].

Fig. 15.5 Severe facial 
scarring following housefire

Fig. 15.6 Bilateral inflated crescent expanders in the angiosome of the 
supraclavicular island flap
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Fig. 15.7 Final outcome of facial reconstruction 6 years after bilateral pre-expanded supraclavicular island flaps

Fig. 15.8 Severe shoulder 
scars

Fig. 15.9 Two implanted and 
inflated crescent expanders in 
the shoulder and upper arm 
region (400 cc)
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Case sample: A pre-expanded parascapular flap has 
been worked out for a 25-year-old patient with severe 
hypertrophic scarring of the left lower arm region follow-
ing burns (Fig. 15.11). Ten weeks after implantation of a 
700  cc rectangular expander of the left donor region, a 
microsurgical free pre-expanded parascapular flap has 
been performed. The final outcome demonstrates suffi-
cient defect coverage after scar excision (Figs. 15.12 and 
15.13).

15.8  Summary

Tissue expanders are very versatile tools in reconstructive 
burn surgery. Still, careful patient selection, correct indica-
tions, realistic treatment concepts, large experience, well- 
selected surgical techniques, precise instruction of the 
medical staff, as well as detailed and continuous education of 
the patients are essential. However, although afflicted with a 
broad range of possible complications, tissue expansion pro-

cedures remain a valuable and reliable technique for the 
reconstruction of burn patients suffering from extensive 
scarring.

Fig. 15.10 Final outcome with pre-expanded locoregional flaps

Fig. 15.11 Severe scarring of the left lower arm region
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16.1  Introduction

Skin, also known as the integument, is not only the largest 
laminar organ but also the appropriate interface between the 
human organism and its environment. Besides other func-
tions, the skin represents the primary barrier of the immune 
system. Thus, an extensive skin loss due to thermal trauma 
represents in the majority of cases a life-threatening situation 
and demands particular requirements from the plastic and 
burn surgery to provide a sufficient skin substitution. 
Development and improvement of innovative strategies con-
cerning skin expansion and tissue engineering have contrib-
uted to the fact that burns affecting more than 80% of the 
body surface (TBS) are survivable today [1]. Although the 
application of cultured epidermis and compound cultured 
skin analogues is approved as a life-saving method today, the 
indications for this novel approach have become more dif-
ferentiated. Besides historical aspects, the present chapter 
gives insights into both the conventional techniques and the 
application forms of current cultured skin substitutes.

16.2  History of Skin Transplantation

Skin replacement by means of transplantation is one of the 
earliest approaches in the history of reconstructive surgery. 
Following Baronios early sheep skin experiments (1804), it 
was Bünger who reported for the first time about the trans-
plantation of a full-thickness human skin graft [2]. In 1869 
Reverdin has set the gold standard for skin replacement with 
his landmark publication about the transplantation of the 

patient’s own skin [3]. Nevertheless, Reverdin noticed a fre-
quent loss of the small transplanted islands related to a strong 
wound secretion. During the following decades, the full- 
thickness skin graft practice according to Krause has become 
the most established technique. Meanwhile, insufficient inte-
gration into the healing wound and too little skin resources 
of the patients own body have driven investigators to find 
other approaches. In 1895 it was the German surgeon 
Mangoldt who described the clinical application scraped 
endothelial cells, which are considered to be the precursors 
of the recent keratinocyte suspensions [4]. The so-called epi-
thelial cell seeding was epithelial cells or cell clusters har-
vested by scraping off superficial epithelium from a patient’s 
forearm with a surgical blade, which were grafted together 
with the exudated serum to various wounds. Based on this 
technique, an additional approach was established later on 
whereby mechanical hackled skin particles were plunged 
into the granulation tissue [5]. Up to the present day, this 
modified technique is still useful for the therapy of chronic 
or problematic wounds and for the treatment of perianal 
burns [6].

Large-scale skin transplantation was first mentioned by 
Ollier [7] and subsequently improved by Thiersch [8]. In this 
context, he also designed the so-called Thiersch knife, which 
allows to gain split-thickness skin grafts in a reliable manner 
via a tangential excision. Although the Thiersch knife 
enabled the release of large skin surfaces, it was still a chal-
lenge to provide an equal thickness for the entire skin graft, 
even for experienced surgeons. Especially at the edge 
regions, grafts exhibited often less homogenous and less aes-
thetic appearance. Encouraged by this disadvantage, the 
search for new technologies led to the development of the 
dermatome in 1939 according to Padgett-Hood [9]. The der-
matome is nowadays usually driven by an electrical motor 
that represents down to present day the standard tool to gain 
skin grafts with the possibility to select the depth of the tis-
sue to be excised.
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16.3  Indications for Skin Grafting

In case of deep second-degree and third-degree burns, a soli-
tary conservative management fails to achieve an adequate 
functional and aesthetic result. Thus, surgical interventions 
are required, whereby the early eschar debridement followed 
by a split-skin grafting (see below) is considered to be the 
gold standard [10, 11]. The choice of a respective skin sub-
stitute is also based upon the surgical procedure according to 
the depth of the eschar excision. For that reason, a brief 
introduction to wound preparation before transplantation is 
outlined in the following.

16.4  Necrotomy

Since necrotic tissue after deep second-degree and third- 
degree burns represents a principal nidus for bacterial infec-
tion and a source for toxic cytokines, excision of necrotic 
areas improves the general state of the patient rapidly [12] 
and exposes a viable bed for skin grafting (Fig. 16.1a, b).

Until recently, the most prevalent opinion concerning the 
ideal point of time for a necrotomy was to do the procedure 
at the second to third day of therapy associated with a decline 
of interstitial oedema and a more stable patient state. 
However, today there is broad consensus that the eschar or 
necrosis debridement should start as soon as possible after 

stabilization and that all the necrotic tissue should be excised 
during the following days in order to minimize vital threats 
due to toxins or bacterial infection [13]. Early tangential or 
epifascial excision of the burn eschar [14] is followed by a 
transplantation of either a split-thickness or a full-thickness 
skin graft during the same intervention [10, 15]. This early 
approach has been shown to reduce inflammation, as well as 
the risks of infection, wound sepsis, and multiorgan failure 
[16]. Furthermore the length of hospitalization is reduced 
among patients who underwent early excision.

16.5  Methods of Skin Grafting

As a current standard, wound surfaces are covered by means 
of full thickness or expanded or non-expanded split skin 
autografts after necrotomy [10, 15]. Although tangential 
excision induces usually a well-bleeding wound basis due to 
opening of the capillary bed, it is especially this environ-
ment that maintains a rapid and secure nutritive junction 
between the graft and the subsurface [17, 18]. Responsible 
for a solid adhesion of the transplant is the formation of a 
strong interplanar fibrin bridge which is fixed between the 
elastin parts of the skin graft and the wound ground elastin 
[19]. This modest linkage allows the sprouting of capillaries 
and bridges the time until more differentiated adhesion 
structures arise.

a b

Fig. 16.1 Superficially burned skin (level IIa) depicted shortly after injury (a) and two months later (b). Up to a burn level of IIa a restitutio 
ad integrum take place without the need of surgical interventions
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16.6  Split- and Full-Thickness Skin Grafts

Skin grafts are distinguishable according to their dermal 
proportion into split-thickness or split skin grafts and 
into full- thickness skin grafts. The latter occurs when the 
skin is excised under the preservation of the complete 
dermis [20].

The typical split skin graft has a thickness between 0.20 
and 0.45 mm (Fig. 16.2). The sectional plane is located in a 
manner that not only the avascular tissue but also parts of 
the microcirluation are cut and thus transferred to the 
lesion. The dermal appendage which is located in deeper 
cutaneous layers remains at the excision site after trans-
plantation and serves as a source for the reepithelization of 
the extraction site. An impressive reepithelization occurs 
when the skull is used as a donor, because the high density 
of hair follicles accelerates the regeneration, thus leading to 
an early restitutio ad integrum. Due to this shortened period 
of recovery, the skull represents an area, which can be used 
immediately up to six times as a donor [21]. However, full-
thickness skin explanation sites are lacking for recovering 
dermal structures. Wound healing initiated from migrating 
keratinocytes of the surrounding intact tissue is only of lim-
ited extend, whereby it is obligatory to close the extraction 
defect primarily.

16.7  Standard Methods

16.7.1  Autologous Full-Thickness Skin Grafts

The autologous full-thickness skin graft is still considered to 
be the gold standard [22] and is most commonly used for 
areas, which do not bleed extensively after excision and pro-
vide an opportunity for compression. As the strong dermal 
component prevents an excessive scare formation, the full- 
thickness graft represents the best choice for aesthetic and 
functional demands, especially for grafting of burned areas 
that involve the face, the hands, or regions of large joints. 
Due to the limited amount, solitary full-thickness skin graft-
ing is only suitable for burns which affect a minor percentage 
of the body surface.

16.7.2  Autologous Meshed Split-Thickness 
Skin Grafts

Reduction in the size of the skin graft donor site can be real-
ized by turning the split-thickness skin graft into a “mesh 
graft”. Due to a specific parallel arrangement of scissors on a 
role multiple small slits can be placed in the graft, allowing 
it to expand up to six times of the original area. The method 

Fig. 16.2 Different skin grafts depicted according their thickness during excision. Graft thickness increases from thin split skin (0.2 mm, left- 
hand) to the full thickness skin grafts, which contain all skin layers (right-hand)
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is based on the tendency of keratinocytes to migrate into the 
intermediate spaces. In addition, these so-called mesh slits 
provide a drain for wound secretions, thus preventing the 
appearance of hematoma and seroma. Mesh grafts are of 
special importance if the burn is so extensive that the surface 
of donor sites is limited. The most common expansion ratios 
are 1:1.5–1:3 [17, 18, 23] (Fig. 16.3a–g).

16.7.3  Meek Technique

In 1958, Meek invented a dermatome which was able to 
cut harvested split skin into small squares of equal size 
[24]. Meanwhile, the mesh technique was founded which 
was mostly preferred to Meek’s invention because of its 
simpler handling. Besides rarely published Chinese 

a

c

b

d

e
f

Fig. 16.3 (a) Excision of “thin” split skin (0.2 mm) using a battery 
driven dermatome. (b) Punctual bleedings of the superficial dermis 
after split skin removal. (c) Transfer of the split skin graft on a synthetic 
carrier with the dermis on top. (d) Split skin during meshing by means 
of a special dermatome. (e) Split skin graft after meshing (expansion 

ratio 1.5:1) with the visible mesh net grid structure. (f) Foil bandage of 
the graft removal area guarantees an adequate wound milieu for the 
reepitheliasation. (g) Split skin shortly after transplantation. Through 
the meshes wound secret can drain, thus preventing a diffusion barrier 
below the graft
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reports, it was Kreis and his colleagues who modified the 
Meek technique to a simple method that allows to cut off 
split skin as well as to expand it up to a ratio of 1:6 on a 
special cork and silk carrier in one step [25]. Due to its 
practicability and attractive magnification factor, this mod-
ified approach is currently well established in many burn 
centres and in case of extensive burns often favoured 
towards mesh grafts (Fig. 16.4a–g).

16.7.4  Stamp Technique

The stamp technique has a higher prevalence in Asia and is 
based on split skin cut into large squares. Afterwards the 
quadratic skin pieces are positioned in an appropriate man-
ner over the debrided area. Through the variation of the 
square size and the distance between the islands, it is also 
possible to achieve an expansion ratio up to 1:6 [26, 27]. 
The stamp technique was no longer of practical impor-
tance in Europe after the microskin technique combined 
with allogenic or xenogenic skin as a carrier was 
implemented.

16.8  Alternative Methods

The surgical procedures discussed above are dependent upon 
the availability of intact donor skin. If the burn is so exten-
sive (>70% of TBS) that there are only few viable areas of 
donor skin left over for harvesting, alternative methods 
should be used to enable a chance of survival. Insights into 
research and experiences with these alternative methods are 
discussed in the following.

16.9  Temporary Allogenic and Xenogenic 
Skin Grafts

16.9.1  Allogenic Skin Grafts

When there is a lack of sufficient donor skin, allogenic skin 
transplants can be used as a temporary skin graft. Usually 
this skin is submitted to a rejection process. Due to the burn 
injury of the mainly immunocompetent organ skin, the rejec-
tion starting from the recipient occurs usually with a delay of 
1–2 weeks after application.

First experiences were collected with cryo-conserved 
skin, which was used to cover deep second-degree burns [28] 
or areas, where autologous grafts had not been grown in [29]. 
An advantage of the cryo-conservation is a partially loss of 
the antigenicity [30].

Burns treated with cryo-conserved allogenic skin become 
germ-free and exhibit an epithelial migration tendency starting 
from the wound edge [31]. Hence, it is a useful tool to bridge 
the time to the autologous transplantation. Cryo- conserved 
allogenic grafts were also used for the so-called sandwich 
technique (see below), where largely meshed autologous 
transplants were covered with less-expansive meshed allo-
genic skin. Although this approach did not represent a durable 
solution, it was able to prolong the period of the rejection 
occurrence up to 3 weeks [29]. To minimize the allogenic skin 
antigenicity among others, a graft conservation with 98% 
glycerine was developed [29], whereby the cellular plasma 
was replaced by glycerine without affecting the tissue struc-
ture. Glycerinized allografts are well suited for the sandwich 
technique expressed by a high epithelialization rate [32, 33].

Allogenic grafts mostly serve as a temporary cover when 
there is insufficient donor skin available. These grafts are 
usually attached with sutures or staples to the surrounding 
tissue after slitting at stated intervals with a scalpel to guar-
antee a draining of the secretions.

Until the rejection occurs, allogenic grafts have the same 
beneficial properties as autologous ones including the ability 
to reduce inflammation, fluid loss as well as the risk of infec-
tion, wound sepsis, and multiorgan failure.

Up to the present day, there are just a few cases known, 
whereby selected immunosuppression has achieved a dura-
ble integration of the allogenic graft into the wound ground 
[34, 35]. Usually the antigenic potency of the epidermis is 
responsible for the rejection. In theory the dermal elements 
might survive; however, selective y-chromosome methods 
for detection cannot prove the appearance of allogenic cells 
in all cases [34, 35]. Exposure to UV-light and the use of 
glucocorticoids can induce an inactivation of Langerhans 

g

Fig. 16.3 (continued)
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Fig. 16.4 Equipment and application of the modified Meek technique. 
(a) Special cork and silk carriers for the autologous skin graft. (b) Hand 
driven Meek dermatome. (c, d) Skin graft after cutting and expanding 
through the Meek dermatome. Noticeable is the characteristic quadratic 
arrangement of the skin at end of the process (d). (e) Square skin grafts 

shortly after application onto a burned shoulder. (f) Wound ground after 
Removal of the silk carrier (gauze) with remaining skin grafts. (g) 
Burned Arm a few days after Meek technique grafting. (Asterisk) 
Displayed pictures were kindly provided by Humeca BV (Enschede, 
The Netherlands)
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cells within the graft in order to delay the duration up to the 
allograft rejection [36]. Due to immunosuppression, the 
interaction between Langerhans cells and class-II antigens of 
graft keratinocytes is diminished [37–40]. In this case, cyclo-
sporine is a suitable agent because of its sufficient inhibition 
of the keratinocyte DNA synthesis without adverse effects 
for the vitality of the transplant [34, 41, 42].

16.9.2  Xenogenic Skin Grafts

Since the mid-1950s, the use of pig skin has become famous 
for temporary grafting of large burns especially in china. 
There it was used particularly in combination with the so- 
called intermingled technique.

The nutritive maintenance of the xenogenic grafts occurs 
mainly due to diffusion [43] because an initial revascularisa-
tion disappears after a short period and is rapidly replaced by 
collagen structures [44]. In countries that do not perform 
allogenic grafting because of ethical concerns, xenogenic 
transplants are still an important tool for temporary wound 
covering. From South America, comparable good results are 
also reported with frog or snake skin used as transplants.

16.10  Mixed Skin Grafts

16.10.1  The Chinese Method: Intermingled 
Grafting

The intermingled grafting method is based on the migrative 
properties of epidermal cells. On a large sheet of homo- or het-
erologous skin, islands of autologous skin are inserted into pre-
punched holes at certain distances. The expansion ratio is 
dependent upon the distance and the size of the skin islands. 
Yang and colleagues selected a distance of 1 cm between their 
0.25  qcm sized autologous islands which correlates with an 
expansion ratio of 1:4 [45, 46]. Bäumer and his group modified 
this method by raising the island size up to 1 qcm and by insert-
ing the islands 3.5 cm away from each other, thus enhancing 
the expansion ratio up to 1:20 [47]. Despite its effectiveness, 
the method is mostly restricted to the Far East primarily because 
of high personnel and manual requirements.

16.10.2  Autologous Allogenic Intermingled 
Grafts

The autologous allogenic intermingled graft technique was 
performed for the first time in the mid/end-1950s to mini-
mize the loss of blood during the allograft removal [48].

After transplantation, the autologous epithelium grows 
concomitant to the recipient rejection from the placed islands 
rapidly in-between the allogenic dermis and the allogenic 

epidermis. This histopathomorphologic behaviour is called 
“sandwich phenomena” [46]. At the end of the process, the 
desquaming alloepidermis is replaced completely by the 
confluating neoepidermis. The allogenic dermis beneath the 
intact autoepidermis degenerates and is reabsorbed due to 
the immunogenic response [33, 46].

16.10.3  Autologous Xenogenic Intermingled 
Grafts

Intermingled grafts using xenogenic pig skin as a heterogenic 
donor show a similar outcome compared to autologous allo-
genic intermingled grafts. After transplantation, the xenogenic 
graft exhibits a vital character due to the plasma and tissue 
fluids of the underlying tissue that provide a nutritive environ-
ment [43]. Neocapillaries appear 2–4 days after transplanta-
tion within the heterogenic graft followed by an ingrowth of 
capillaries from the granulating wound ground on days 7–10 
[49, 50]. The internal autologous transplants start to grow 
immediately leading to an undermining of the xenoepidermis. 
The rejection of the pig skin dermis occurs as either an exter-
nal or an internal process [44]. The external rejection is associ-
ated with an infiltration of fibroblasts and inflammatory cells 
that degrade the heterogenic skin. The internal rejection 
describes the confluent and expansive growth of the autolo-
gous epithelium into the xenogenic corium. Rejection of the 
corium induces furthermore the desquamation of the xeno-
genic epidermis. During these processes, the heterogenic con-
nective tissue is infiltrated by a large number of capillaries, 
fibroblasts, and lymphocytes. Finally the dermal collagen is 
degraded and partially reabsorbed.

16.10.4  “Sandwich” Technique

The term “sandwich” describes the application of a wide 
meshed autologous split skin graft, which is covered by a 
sparsely meshed (1:1.5), slit, or untreated allogenic trans-
plant. Knowing that the integration into the healing wound of 
wide meshed autologous skin grafts with expansion ratio up 
to 1:6 is rather weak because of the adverse relation between 
the gaps and the cell carrying grid like skin, this method 
improves the rate of the integration into the healing wound 
by means of a temporary coverage with allogenic skin. Thus, 
it is well suited for the treatment of severe burns with limited 
skin donor sites [12, 51–53] (Fig. 16.5a, b).

16.10.5  Microskin Grafts

According to microskin grafts. thin split is harvested and 
mechanically reduced to small particles <1 qmm (microskin 
grafts), which are placed onto the wound followed by a cov-
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erage with a homo- or heterologous graft [54–57]. For this 
purpose, the skin particles are distributed equally on a fat 
gauze using a NaCl water bath. The resulting pulp is topi-
cally applied to the wound ground. The microskin technique 
was developed and perfected in China, where it is today the 
first choice for the treatment of large burns in combination 
with an allogenic coverage instead of the transplantation of 
cultured keratinocytes. Besides the relatively easy handling, 
the attainable expansion ratio up to 1:100 is one of the major 
benefits. Thereby, unburned areas are used economically, 
offering satisfying results [55].

16.10.6  Buried Chip Graft Technique

The effectiveness of conventional, meshed split skin is rather 
low in the critical perianal and perineal area because of the 
complex location und the usually heavily contaminated sore 
ground [58–60]. Therefore, in these areas, the buried chip 
graft technique is particularly useful.

Within this method, split skin taken from an unburned 
area is mechanically chopped into small pieces (1–2 qmm). 
Afterwards the particles are inserted obliquely (depth 
~3–4  mm) and in rows (distance ~1  cm) into the wound 
ground, thus the gluteal skin’s surface closes itself after a 
few weeks above the “seedlings” [5]. Usually a particle-free 
area is left within a radius of 5–6 cm around the anus. Due to 
their inoculation, the small transplants are well protected 
against faecal contamination and mechanical cleaning activi-
ties. Even in the case of infection, the risk for destruction and 
a complete loss of the transplants is rather low [1, 59].

Five to nine days after insertion, first epithelial islands 
appear at the surface. Starting from their edges, the epitheli-
alization runs concentrically leading to a closed epidermis. 
Histomorphologically noticeable is a characteristic bell- 
shaped growth from the deep to the wound surface, which 
exhibits a regular epidermal layering [5].

Hand burns represent another sensitive field for skin 
grafting because of the particular anatomy. To preserve as 
much functional structures as possible (e.g., the sliding tis-
sue) a spare and careful necrotomy is of special importance. 
The additional use of a vacuum-assisted closure (VAC) ther-
apy has proved to be very effective in a lot of cases. Due to 
the negative pressure, not only oedema reduction but also 
increased perfusion and formation of granulation tissue can 
be observed. Meanwhile, it provides an adequate contact 
pressure for skin grafts, which is crucial because of the 
inconstant hand skin surface. Furthermore, the VAC therapy 
prevents the greatly feared dehydration of the tendon and its 
sliding tissue (Fig. 16.6a–g).

a

b

Fig. 16.5 Over transplantation of conservative external slit skin serves 
as a biological protector and enables the integration and healing of 
meshed skin grafts with large expansion ratios (e.g. 6:1 or 9:1). (a) 
Coverage of 3:1 and 6:1 mesh grafts with slit and glycerine-conserved 
allogenic skin. (b) Dark pigmented 6:1 and 3:1 expanded autologous 
split skin areas with the typical grid-like pattern after complete healing 
and rejection of the allograft
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a

c

e

f g

b

d

Fig. 16.6 (a) Depicted is a hand during tangential necrotomy after 
burn injury (modified from [61]). (b) Deep second- and third-degree 
burn of the hand. (c) Oedema reduction and beginning of granulation 
after tangential necrotomy and vacuum therapy. (d, e) Scheme (modi-

fied from [61]) and photography of split skin transplantation at the 
hand. (f) After the integration of the split skin a continuous compression 
with a specially-designed glove is of special importance. (g) Final result 
after split skin grafting and compression therapy
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16.10.7  Purely Epithelial Skin Grafts

A method that has been known for diagnostic purposes in 
skin diseases treated by dermatologists and for repigmenta-
tion in vitiligo has recently been developed to serve as a 
potential source of transplantable skin cells. By applying 
shear stress to the epidermis by producing blisters merely, 
epithelial grafts can be harvested. These thin grafts consist of 
a layer of epithelial cells including a number of vital basal 
keratinocytes. A commercially available product has been 
launched that allows harvesting of a defined number of circu-
lar epidermal grafts utilizing gentle continuous suction to the 
skin. These grafts are then transferred to a carrier and can be 
used to transport epidermal cells to wounds. Although the 
5 × 5 cm2 template with cells can only be used for smaller 

areas in burns, it may well serve to optimize treatment of 
localized burns, such as in the face. The donor site is almost 
invisible, because only the superficial epidermal layer is 
removed, and no surgical excision is necessary to harvest 
these grafts. It has been shown in a standardized split- 
thickness skin donor site study that such grafts do help resur-
face the superficial wound at an early time point. In addition, 
it can be concluded from preliminary studies that wound 
healing and scarring are positively influenced [62].This 
method can lend itself as an adjunct for repigmentation and 
can be seen as another new option to influence the final heal-
ing process in burns and in paediatric scalds [63]. Studies 
that utilize the power of mesenchymal stem cells [64, 65] to 
accelerate epithelial growth are also promising and might 
further improve this new tool (Fig. 16.7) [66, 67].

Fig. 16.7 Scheme of an ideal production process of tissue engineered 
skin substitutes. Subcultures of fibroblasts, keratinocytes and melano-
cytes are mixed and transplanted as a skin substitute. The depicted tech-

nique, which merges several components after subculturing to a skin 
like substitute, has since yet failed to prevail in the clinical practice due 
to several technical barriers.
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16.11  Cultured Epithelia and Tissue 
Engineering

In case of extensive burns, the surgical standard methods 
described above are limited when the unburned skin is 
reduced to a minimum extent. A potential way out of this 
dilemma is the development and improvement of cultured 
skin substitutes as well as the integration of transplantable 
and resorbable biomaterials into the healing wound by means 
of tissue engineering. Aim of the former and recent efforts is 
the in vitro generation of tissues, which exhibit similar bio-
mechanical and biochemical properties compared to the lost 
tissue and guaranty a permanent functional substitution. The 
first organ or layer of an organ that was ever generated 
in vitro and successfully transplanted in vivo was the epider-
mis. This ground-breaking success paved the way for the 
treatment of extensive burns with an affected TBS  >  80% 
during the last 30 years. Today cultured autologous and allo-
genic skin substitutes are commercially available and used 
around the world (Fig. 16.7) [68–75].

16.11.1  Requirements

Demanded requirements to modern cultured skin grafts:

• Shortening of the culturing period for accelerated 
availability.

• Sufficient quantity to decrease lethality after extensive 
burns.

• Easy handling to reduce the operation time.
• Reduction and prevention of bacterial infection due to an 

early restitutio ad  integrum of large-scaled wound 
surfaces.

• Economic consumption: Large amounts of transplants 
should be gained from a few autologous substrates.

• Application of biomaterials should improve both the 
adhesion between cells and the wound ground and the 
functional and aesthetic results.

• Time reduction of wound healing in order to decrease the 
period of therapy.

16.11.2  Historical Review

The beginnings of cell culturing go back to the nineteenth 
century. Since that time, the culturing of skin has been an 
object of interest not at least because the therapeutic poten-
tial due to the substitution of destructed skin has been identi-
fied very soon. It was recognized that explanted skin 
embedded into a culture medium exhibited an expansive 
growth starting from the peripheral edges.

According to the cell biology, the cell culture can be dis-
tinguished into two forms: the explant and the dissociated 
culture assay.

16.11.3  Explant Cultures

In 1899, Ljunggren for the first time kept human skin in a 
culture. He harvested small pieces of patient skin, transferred 
them for a longer time period into a special medium contain-
ing ascites and replanted them successfully to the donor [76]. 
Later on different investigators have observed that skin 
embedded into a suited medium exhibits a sprouting of epi-
thelial and connective tissue cells [77–79]. The culture medi-
ums used for these early assays were composed of 
physiological saline with or without glucose that were 
enriched with serum or ascites. The much later following 
additives of amino acids and peptides paved the way for the 
development of standardized mediums, which made it pos-
sible to compare the results from different work groups [80].

Börnstein [81] and Pinkus [82] revealed in their experi-
ments that the epithelial sprouting is mainly based on the 
migration of keratinocytes within the explanted skin. A 
 further landmark was the work of Medawar in 1941, who 
achieved an enzymatic separation between dermis and epi-
dermis due to the addition of trypsin. Furthermore, he 
revealed by means of clinical and microscopical studies that 
elastic fibres from the basal membrane play an important 
role for the anchorage between the epidermis and the under-
lying tissue. In 1948 Medawar added fractionated explants to 
a continuously shaken culture and observed an overgrowth 
of the epidermal parts, which covered the dermal compo-
nents after a few days [83]. Although the cell proliferation 
was abundant, this approach was still limited because the 
growth stopped while the dermis coverage was finished. 
Following investigators were able to circumvent this contact 
inhibition by modifying the breeding medium and adding a 
particular agent. However, they also failed to suppress the 
fibroblastic overgrowth, which was the limiting factor for a 
therapeutic use of explant cultures [84].

In 1949 Lewis and colleagues figured out by means of cell 
dynamic studies using a time-controlled film technique that 
keratinocytes own a peripheral lamellae-like membrane, 
which allows them to migrate [85].

In the 1960s culture techniques were perfected, so that it 
was possible to gain epidermal growth without the limiting 
connective tissue factor which is associated with fibroblastic 
activity. It was shown that the sprouting neoepidermis in 
explant cultures exhibits a similar cell formation compared to 
the in vivo epidermis [86]. However, one failed to submit them 
into a subculture. These high-density epithelial cell formations 
were primarily used for the dermatological research [87].
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Several early investigators had recognized the therapeutic 
benefit of cultured skin for the treatment of burns and chronic 
wounds [79, 88, 89]. In 1948, it was the aforementioned 
anatomist Medawar, who was able to replant autologous 
 cultured epidermis to the donor [90]. Moscana succeeded 
1961 in transplanting a mixed dermal and epidermal cell sus-
pension onto a wound surface [91].

The merit of the first well-documented transplantation of 
keratinocytes is due to efforts of Karasek, who succeeded in 
1968 in transplanting primarily cultured autologous kerati-
nocytes to rabbits [92]. Besides the evidence for a complete 
ingrowth of the cells, he observed a histomorphological ref-
ormation of the cells to a fully functional epidermis. 
However, the neoepidermis degraded after a period of 
6 weeks due to unknown circumstances. Several years later, 
Freeman and his group continued Karasek’s approach of 
generating transplantable epidermis from explant cultures 
[93]. They were able to increase the mitotic rate of isolated 
keratinocytes, thus achieving a considerable augmentation of 
the cell mass [94]. In contrast to Freeman’s work, Rheinwald 
and Green presented in 1975 another approach to generate 
large amounts of keratinocytes based on a well-engineered 
system of subculturing [95, 96]. Their findings were a mile-
stone on the way to therapeutically used keratinocytes 
cultures.

16.11.4  Dissociated Cultures

After Medawar’s invention of an enzymatic separation 
between dermis and epidermis using trypsin [97], Billingham 
and Reynolds revealed in 1952 that trypsinized keratinocytes 
remain vital and are suitable for cell culturing [98].

In 1960, Cruickshank demonstrated the mitotic activity of 
cultured epithelial cells, thus enabling in vitro proliferation 
[99]. A further important step in the history of dissociated 
cultures was the development of fibroblast-free cultures due 
to Prunieras [100]. However, keratinocytes in his setting 
exhibited a rapid differentiation with a tendency to poly- 
stratifications [101]; hence, a sufficient augmentation via 
replication was still impossible at this stage. A significant 
improvement in this context was the additional use of acid- 
precipitated collagen gel [102]. This setting increased the 
proliferation rate of keratinocytes in a remarkable manner, 
plus enabling confluent growth and sub-culturing. Although 
the extraction rate has still been too small for a broad clinical 
use, it indicated the importance of the so-called feeder layer 
that contains connective tissue elements, for a large produc-
tion of keratinocytes. Especially the presence of radiated 
embryonic 3T3-fibroblasts achieved good results due to their 
ability to inhibit normal fibroblast growth while not affecting 
the keratinocyte growth.

Finally the discovery of epidermal growth factor (EGF) 
paved the way for the clinical implementation of cultured 
epidermis. By means of EGF epidermal proliferation could 
be induced without hormonal influence, leading to a rapid 
and extensive growth of epidermal cell associations [103]. 
Thereby a transplantation of dissociated culture-gained epi-
dermis became possible [70, 104, 105].

Since the crucial studies of Green and others, who brought 
the therapeutic use of cultured epidermis into clinical praxis, 
several innovations improved the culturing technique. 
Among others it has been shown that low potassium concen-
trations [106, 107] and the addition of trace elements [108, 
109] have a positive impact upon the culture medium. 
Beneficial effects were also described after treatment with 
hydrocortisone, transferrin, and insulin. Due to these modifi-
cations, well-matched mediums arose over time, which 
enabled a proper proliferation of keratinocytes in the absence 
of a feeder layer [110, 111]. These keratinocytes remained 
undifferentiated, grew in a monolayer-like manner, and were 
suited for subculturing. By transferring these cells into a 
“normal” culture medium, enriched with foetal calf serum 
(FCS), differentiation as well as poly layer formation could 
be induced at a definite time.

16.12  Cultured Skin Substitutes

Although a large number of skin constructs is commercially 
available today (Table 16.1), only three techniques match the 
former mentioned requirements for the treatment of exten-
sive burns. The majority of available skin substitutes are not 
qualified for the acute therapy of severely burned patient 
according to their complex and prolonged production. 
However, these substitutes are rather aiming at the market of 
chronic wound therapy (Table 16.1).

16.12.1  Cultured Epidermal Autografts (CEA)

The transplantation of a cultured epidermal cuticle derived 
from autologous keratinocytes was the first clinical applica-
tion of a bioartificial organ component with a lifesaving 
effect. Since then, thousands of severely burned patients were 
treated and rescued by means of CEA worldwide. 
Nevertheless, the clinical use of CEAs is still discussed con-
troversially. A major concern is the combination of high costs 
with uncertain healing rates, which may result in repeated 
transplantations [112, 113]. The estimated costs for 1% suc-
cessfully treated body surface with CEAs were approximately 
13,000 US$. The main reason for the transplant loss, which 
occurs usually within the first days after transplantation (crit-
ical period) starting from the sensitive dermo–epidermal 
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junction zone, is the liability of CEAs towards wound-
ground-associated germs. Meta-analysis revealed that almost 
50% of the transplanted CEAs do not integrate into the wound 
ground, thus requiring further operations [114].

Applied cultured epidermal autografts usually contain 
3–5 cell layers; hence, not only the wound transfer but also 
the wound care within the first days after transplantation is 
rather difficult.

Until today, a serious problem of CEAs is the insufficient 
adherence to the wound bed often combined with blistering 
due to shear stress. An explanation for this phenomenon 
might be an incomplete formation of anchoring fibrils during 
culturing as well as an enzymatic separation within the cul-

turing bottles before transplantation [115]. In addition, the 
lacking dermal component contributes to the development of 
bullae especially in case of third-degree burns. To solve this 
problem, much effort was put into the development of der-
mal substitutes with varying compositions (Table 16.2) dur-
ing the last years. Some of these substitutes are already used 
in the clinical praxis.

Until an adequate amount of cultured epidermal auto-
grafts is available, the temporary coverage with allogenic 
and xenogenic skin (see above) represents a lifesaving and 
well established opportunity [1, 6, 33, 53, 116, 117].

Table 16.1 Currently commercially available or marketed matrices 
and products for tissue engineered skin substitutes

Material Brand name Manufacturer
collagen gel + cult. 
Allog. HuK + allog. 
HuFi

Apligraf™ 
(earlier name: 
Graftskin™)

Organogenesis, Inc., 
Canton, MA

cult. Autol HuK Epicell™ Genzyme 
Biosurgery, 
Cambridge, MA

PGA/PLA + ECMP 
DAHF

Transcyte™ Advanced Tissue 
Sciences, LaJolla, 
CA

Collagen GAG- 
polymer + silicone foil

Integra™ Integra LifeScience, 
Plainsborough, NJ

Acellular dermis AlloDerm™ Lifecell Corporation, 
Branchberg, NJ

Acellular xenogenic 
dermis

Strattice™ KCI-Lifecell 
Corporation, 
Branchberg, NJ

HAM + cult. HuK Laserskin™ Fidia Advanced 
Biopolymers, Padua, 
Italy

PGA/PLA + allog. 
HuFi

Dermagraft™ Advanced Tissue 
Sciences, LaJolla, 
CA

Collagen + allog 
HuFi + allog HuK

Orcel™ Ortec International, 
Inc., New York, NY

Fibrin sealant + cult. 
autol HuK

Bioseed™ BioTissue 
Technologies, 
Freiburg, Germany

PEO/PBT + autol. 
HuFi + cult autol HuK

Polyactive™ HC Implants

HAM + HuFi Hyalograft 3D™ Fidia Advanced 
Biopolymers, Padua, 
Italy

Silicone + nylon 
mesh + collagen

Biobrane™ Dow Hickham/
Bertek Pharmac., 
Sugar Land, Tx

ECMP extracellular matrixproteins, DAHF derived from allog. HuFi, 
GAG glycosaminoglycan, PGA polyglycolic acid (Dexon™), PLA 
polylactic acid (Vicryl™), PEO polyethylen oxide, PBT polybutylitere-
phthalate, cult. cultured, autol. autologous, allog. allogeneic, HuFi 
human fibroblasts, HuK human keratinocytes, HAM microperforated 
hyaluronic acid membrane (benzilic esters of hyaluronic 
acid = HYAFF-11®)

Table 16.2 Summary of possible skin substitute techniques utilizing 
cultured human keratinocytes with regard to the various possible 
designs that are currently used or experimentally developed

I. Autologous cultured human keratinocytes
  1.  Autologous epidermal sheet transplants (“sheet grafts” = gold 

standard)
  2.  In-vitro cultured and constructed dermo-epidermal autologous 

transplants:
   2.1. Keratinocytes on a collagen gel + fibroblasts
   2.2.  Keratinocyte sheets + 

Kollagen-Glycosaminoglycane-Membrane + Fibroblasts
   2.3. Keratinocyte sheets on a layer of fibrin-gel
   2.4. Keratinocyte sheets on cell free pig dermis
   2.5. Keratinocyte sheets on cell free human dermis
   2.6. Keratinocytes on bovine or equine collagen matrices
   2.7.  Keratinocyte sheets on micro-perforated hyaluronic acid 

membranes
   2.8.  Keratinocyte sheets on collagen + Chondroitin-6-sulfate 

with silicon membrane coverage (living skin equivalent)
  3.  Combination of allogenic dermis (in vivo) with epidermal 

sheets
  4. Non-confluent keratinocyte suspensions
  As a spray suspended in saline solutions
  As spray or clots suspended in a fibrin matrix
   4.1. Exclusively
   4.2.  In clinical combination with fresh or preserved allogenic skin
   4.4.  As non confluent keratinocyte monolayers on equine or 

bovine collagen matrices or on top of hyaluronic acid 
membranes

   4.6.  In combination with collagen coated nylon on silicone 
backing

   4.7. Dissociated keratinocytes without cell culture
   4.8.  Outer root sheath cells (from plucked hair follicles) 

cultured or without culture
  5. Three dimensional cell cluster cultures (spherocytes)
   5.1.  Cultured on microspheres as carrier systems 

(experimentally on: dextrane, collagen, hyaluronic acid)
   5.2. Cell seeded microspheres + allografts/biomaterials
II. Allogeneic keratinocytes
  6. Allogeneic Keratinocytes
   6.1. Keratinocyte-sheets (as a temporary wound cover)
   6.2. Allogeneic keratinocyte suspensions (experimentally)
   6.3. Syngenic-allogeneic keratinocytes
  In-vitro constructed dermo-epidermal composites/analogues
   6.4. Keratinocytes and Fibroblasts (collagen matrices)
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16.12.2  Cell Suspensions

As mentioned introductorily, in 1985 von Mangold per-
formed a successful transplantation of scraped keratinocytes 
suspended in autologous wound serum [4]. However, even 
after the invention of the cell amplification via culturing, this 
technique failed to prevail because of a lacking carrier 
substance.

Hunyadi et al. have been the first, who used fibrin glue as 
a suspension for trypsinized, non-cultured keratinocytes. By 
this means, they succeeded in the therapy of chronic wounds 
[118]. As a member of the coagulation cascade, fibrin is of 
special importance for the wound healing process. Besides 
its role as a carrier substance for keratinocyte suspensions, 
fibrin is also useful to improve the adherence and healing of 
split skin grafts [119]. It was also shown that fibrin glue does 
not affect the clonogenic properties as well as the growth and 
proliferation rate of epidermal cells. Especially in case of 
hardly manageable third-degree burns, suspended keratino-
cytes embedded into fibrin glue exhibit good healing and 
take rates. In addition, simultaneous covering with meshed 
allogenic skin grafts can be useful to increase the biostability 
by preventing a washing away effect of the cells after lysis of 
the fibrin clot. Moreover, this “biologic bandage” protects 
the cells against dehydration. After a brief initial revasculari-
sation, the allogenic skin is rejected 12–14  days after 
transplantation.

Compared to CEAs, the usage of cell suspensions is not 
only cheaper but also easier to handle and more quickly 
available (Table 16.2).

16.12.3  Membrane Cell Transplants

The usage of bio-compatible membranes as a carrier for cul-
tured cells for the coverage of burn wounds failed to prevail 
in the clinical practice. Although several constructs have 
shown good experimental results in vitro as well as in vivo, a 
further development remains questionable [52, 53, 120]. 
However, a potential advantage of this method is especially 
an improved mechanical handling, thus simplifying the 
application of cultured cells.

16.12.4  Alloplastic and Synthetic Biological 
Carriers for Cultured Cells

The combination of cultured autologous keratinocytes with 
different alloplastic materials as dermal regeneration matri-
ces has been investigated by different groups [86]. In 1989 
Yannas and Burke developed a skin equivalent by centrifug-
ing trypsinized keratinocytes and fibroblasts in a collagen–
glycosaminoglycan matrix (C-GAG). This mixture was 

completely integrated into the healing wound after transplan-
tation onto guinea pigs. Despite these promising results, the 
technique failed to prevail among others due to the complex 
generating process.

A noticeable alternative is the usage of a bilaminare mem-
brane (Integra®) containing a dermal component, which is 
covered by a silicone membrane as a temporary epidermal 
substitute [86]. Due to its porosity, the dermal component 
allows the in-growing of wound-grounded fibroblasts as well 
as the recapillarization through sprouting vessels out of the 
wound, which has to be covered. During these processes, 
there is a transformation of the substitute matrix through the 
incoming fibroblasts [106, 111] with consecutive reconstitu-
tion of a vital dermal compound in vivo, which can be cov-
ered with thin split skin grafts or CEAs [86] after removal of 
the temporary artificial epidermis. Recent studies show that 
the additional use of a vacuum sealing (VAC®) can shorten 
the time period until the healing of the dermal component is 
finished and improves significantly the intake rate.

Another approach is the transplantation of pre-confluent 
non-contact-inhibited keratinocyte monolayers embedded 
onto polymer membranes or polyurethane (membrane cell 
constructs). These constructs are available after a short cul-
ture period and reconstitute the epidermis in vivo after appli-
cation onto the excised burn wound (Fig. 16.8).

16.12.4.1  Bioprinting and Biofabrication
A new field of research has been termed “biofabrication” and 
utilizes latest 3D printing technologies. This aims at hierar-
chically and spatially incorporating different cells, biomate-
rials, and molecules into a matrix to alleviate a directed 
maturation of artificial tissue. Various different printing tech-
niques are momentarily under research, such as stereolithog-
raphy, extrusion-based printing, laser-assisted printing, 
inkjet-based printing, and nano-bioprinting [121, 122].

It has also been preliminary applied to the generation of 
artificial skin but is not yet available for clinical use. It seems 
possible that using so-called bioinks to print cells into a spe-
cial 3D scaffold, some of the problems of reconstituting 
replacement skin in the laboratory can be optimized. 
Nevertheless, future developments might also influence skin 
replacement in burns.

16.13  Summary

Cultured skin substitutes are nowadays a glimmer of hope 
for the recent and future treatment especially of large scaled 
burns. They can so far save lives, but have to be improved to 
completely reach the quality of split-thickness or full- 
thickness skin grafts in the future. Until this goal is reached, 
mixed techniques, like temporary allogenic skin grafting 
combined with a one- or second-stage transplantation of 
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autologous cultured skin substitutes, which already have 
achieved good clinical results, will be improved and used for 
the acute treatment of severe burned patients. In summary, 
cell culture and tissue engineering support and improve the 
conventional techniques of burn therapy and might have the 
potential to replace them in the future.
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17.1  Introduction

Improved wound care has increased life expectancy in both 
patients with chronic and acute wounds. Nowadays, treat-
ment is not only focused on patient survival; eventual patient 
outcome has also become more important. The long-term 
consequences of skin loss, e.g. scars that remain after burns 
or other trauma can be severe and cause physical and cos-
metic problems. Therefore, therapies for improvement of 
scar quality is mandatory. The standard therapy for extensive 
full-thickness wounds is the application of an autologous 
skin graft. However, this treatment leads to poor skin quality 
and scar contractures. One of the causes of this poor skin 
quality is the lack of dermis in the remaining scar. The der-
mal layer of the skin is responsible for pliability and mechan-
ical resistance. Consequently, the lack of dermis predisposes 
to severe scarring.

In 1981, Yannas and Burke were the first to report on the 
development of an artificial dermis derived from bovine col-
lagen [1]. Since then, research has focused on the use of der-
mal substitutes to improve the functional and cosmetic 
outcome. Dermal substitution in acute and reconstructive 

wounds is thought to lead to a better scar elasticity, mechanical 
stability, and appearance. This could be due to the fact that the 
use of a dermal substitute results in the formation of a neoder-
mis that is comparable with the normal dermis. It is hypothe-
sized that dermal substitution serves as a support structure for 
the in-growth of vessels and autologous fibroblasts [2–5].

Multiple studies have investigated the use of dermal substi-
tutes, such as Integra®, Apligraf®, Matriderm®, and Alloderm®, 
in acute and reconstructive wounds [4, 6–17]. Good results 
have been demonstrated, e.g., an increased scar elasticity and 
an improved cosmetic appearance [4, 6–10, 12, 14, 16, 17]. 
The majority of these studies, however, only reported short-
term follow-up. To our knowledge, one study reported on the 
results of a study on dermal substitution with a follow-up lon-
ger than 1 or 2 years [14]. Sheridan et al. described a study on 
the use of Integra® in acute burns with a follow-up of up to 
10 years [14]. Good results were found for scar function and 
appearance in substituted scars. Unfortunately, only patients in 
whom the artificial skin was successfully grafted were evalu-
ated in follow-up, thus a selection bias might probably have 
occurred. In addition, the quality of substituted scars was only 
evaluated subjectively. Besides the above described study, lit-
tle information is available on the long-term effectiveness of 
dermal substitutes. A clinical trial with a long-term follow-up 
can investigate long- term effectiveness of dermal substitution 
and show a long- lasting functional and cosmetic scar improve-
ment. In addition, the need for reconstructive surgery and 
patient’s quality of life can be investigated in long-term stud-
ies. This chapter will focus on a study that was performed on 
the long- term effectiveness of a dermal substitute using objec-
tive and subjective criteria [18].

From 1996 to 1998, a controlled clinical trial was per-
formed at the Burn Centre Beverwijk, The Netherlands, in 
which effectiveness of a dermal substitute was investigated. 
Publications of this study reported on the graft survival and 
scar aspects 3 and 12 months postoperatively [19, 20]. First, 
it was shown that this dermal substitute could be  successfully 
applied in a one-stage procedure. Second, in scar assessment 
3  months postoperatively, the clinical effectiveness of this 
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substitute was established by demonstrating a statistically 
significant increase of elasticity for reconstructive wounds 
[19]. Twelve months postoperatively, elasticity had improved 
in both scars, and although the substituted scar was more 
elastic, the difference did not reach the level of statistical 
significance. Also, in a separate analysis of acute burn scars, 
it was seen that elasticity was higher in substituted scars 
treated with a large expansion graft [20]. Finally, in the fol-
low-up 12 months postoperatively, substituted scars seemed 
smoother compared with reference scars [20].

The Vancouver Scar Scale (VSS) and the Cutometer were 
used to assess the scars at 3 and 12 months postoperatively. 
Since then, several additional measuring tools have been 
developed. First of all, an improved subjective assessment 
scale was developed, the Patient and Observer Scar Assessment 
Scale (POSAS), which was used in the follow- up 12  years 
post-surgery, instead of the VSS [21]. In addition, scar color 
and pigmentation were quantified with objective measuring 
tools, and for the first time, the effect of dermal substitution on 

scar roughness was objectified [22–25]. Summarizing, more 
scar aspects were investigated subjectively and objectively 
12 years after the application of the substitute.

17.2  Clinical Trial

From 1996 to 1998, 62 burn patients were included in the 
controlled clinical trial. The use of a collagen–elastin matrix 
as dermal substitute was investigated in both reconstructive 
and acute burn wounds [19, 20, 26]. Patients were included 
if they were admitted to the Burn Centre and needed surgical 
treatment for their reconstructive and acute burn wounds. In 
all patients, a paired intra-individual comparison was made; 
one (part of the) wound was treated with the conventional 
split skin graft (SSG) and the other (part of the) wound was 
treated with the precursor of the dermal substitute, 
Matriderm® (Dr. Otto Suwelack Skin & Health Care AG, 
Biller-beck, Germany) and an SSG (Fig. 17.1). This substi-

Fig. 17.1 Patient example of clinical application of the dermal substitute 
in a reconstructive burn wound and scar appearance 12 years postopera-
tively. Upper left: Reconstructive wound in the neck with the substitute 
applied on the right side of the patient’s wound (in the picture left). Upper 

right: Reconstructive wound in the neck with an SSG applied on top of 
the substitute (patient’s right side) and the wound (patient’s left side). 
Below: Scar appearance 11.6 years postoperatively is presented; substi-
tuted scar in the picture left, reference scar in the picture right
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tute is a 1-mm-thick, highly porous membrane, composed of 
a native bovine type I, III, and V collagen fiber template. The 
collagen fibers are coated with α-elastin hydrolysate derived 
from the bovine nuchal ligament in a concentration of 3% 
weight-to-weight ratio (GfN-Herstellung von Naturextrakten 
GmbH, Wald-Michelbach, Germany). The substitute was 
treated with low-dosed γ-irradiation (approximately 
1000  Gy) and stored at room temperature. Matrices were 
applied in a single-stage grafting procedure. During the 
operation, the experimental and reference treatments were 
allocated to anatomically related areas; therefore, a right/left, 
superior/inferior, or medial/lateral comparison was made to 
exclude any bias caused by the selection of the surgeon.

After 12 years, all patients were addressed for a third fol-
low- up. In total 46 of the initial 62 patients participated in 
this follow-up, consisting of patients with acute (26) and 
reconstructive burn wounds (26). Six patients were also 
included in the reconstructive group after being included in 
the burn wound category previously. The category of acute 
burn wounds consisted of 35 scar pairs which could be evalu-
ated; in the reconstructive burn group, 34 scar pairs were 
included in the follow-up. Table 17.1 demonstrates several 
patient characteristics of the study group. In each patient, the 
experimental scar (treated with the dermal substitute and an 
SSG) and the reference scar (treated with an SSG alone) was 
located with the use of a well-documented photographic 

archive and precise wound descriptions (Fig.  17.2). 
Consequently, scar elasticity, erythema, melanin, and surface 
roughness were examined by means of different objective 
scar evaluation tools, and the scars were also evaluated 
subjectively.

17.2.1  Scar Elasticity

Scar elasticity was measured with the Cutometer Skin 
Elasticity Meter (Courage and Khazaka GmbH, Germany) 

Table 17.1 Patient characteristics

Acute
Number of patients (n) 26
Number of scar pairs (n) 35
Male sex 15 (58%)
TBSA (%) 24.3 ± 14.7
Follow-up period in years 11.8 ± 0.4
Reconstructive
Number of patients (n) 26
Number of scar pairs (n) 34
Male sex 16 (62%)
TBSA (%) 30.5 ± 17.6
Follow-up period in years 11.8 ± 2.1

TBSA total body surface area

Fig. 17.2 Patient example of 
substituted and reference scar 
on arm with tracings of the 
previous assessment. 
Substituted scar in picture left 
(distal scar of arm). Reference 
scar in picture right (proximal 
scar of arm)
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which has been established as a reliable and valid instrument 
for the evaluation of this scar aspect [27]. The Cutometer 
measures the vertical deformation of skin in millimeters dur-
ing a controlled vacuum. The following elasticity parameters 
are provided (in mm): maximal skin extension, pliability, 
elasticity, retraction, and viscoelasticity. In the analysis of all 
acute and reconstructive scars together, elasticity parameters 
in the substituted scars were similar to or higher than elastic-
ity data in reference scars, although not statistically different. 
In the separate analysis of scars in the acute burn category, 
no differences in elasticity were seen between the substituted 
and reference areas. In the reconstructive scars, all elasticity 
parameters were higher in substituted scars, although not sta-
tistically significant. Figure  17.3 shows the elasticity data 
12 years post-operatively (student t-test). Figure 17.4 illus-

trates the improvement of elasticity of substituted areas com-
pared to reference areas, on the short and long term.

17.2.2  Scar Erythema and Melanin

Scar erythema and melanin were measured with the 
DermaSpectrometer (Cortex Technology, Denmark). This is 
a validated assessment tool, which emits light by means of 
diodes at two defined wavelengths: green light (568 nm) and 
red light (655  nm) [28]. Photodetectors measure the light 
reflected by the skin. As green light is absorbed by 
 hemoglobin and red light is absorbed by melanin, an ery-
thema and melanin index can be computed, based on the 
intensity of absorbed and reflected light. In the analysis of 
acute and reconstructive scars together and in the analysis of 
the acute burn group alone, no statistically significant differ-
ences in erythema and melanin were found between the sub-
stituted and reference scars (Student’s t-test, data not shown). 
In the reconstructive scars, a statistically significant differ-
ence was found between melanin of the substituted and ref-
erence scars. In substituted scars, melanin differed more 
from patient’s normal skin compared to reference scars. 
However, this difference was only 5% (substitute versus nor-
mal skin 1.05; reference versus normal skin 1.00, p < 0.010).

17.2.3  Scar Surface Roughness

In this study, the relevant parameter scar surface roughness 
was assessed objectively. Scar surface roughness was evalu-
ated with the PRIMOS (GFMesstechnik GmbH, Germany). 
This imaging system produces a three-dimensional image of 
the micro-topography of the skin and is proven to be reliable 
and valid in the assessment of surface roughness in scars 
[22–24, 29]. The system projects a parallel stripe pattern 
onto the skin and by means of elevation differences on the 
skin surface, a 3D image is achieved. Accordingly, images 
are digitized and the software reconstructs the data into sev-
eral surface roughness parameters. In this study the parame-
ters Sa, Sz, and PC were used and are described as follows. 
Sa is the arithmetic mean of the surface roughness (μm), Sz 
is the mean of the five highest peaks and five deepest valleys 
from the measuring field (mm), and PC (peak count) demon-
strates the number of peaks per unit length. In Fig. 17.5 the 
use of the PRIMOS is demonstrated in one of the patients. In 
the analysis of the acute and reconstructive scars together, 
Sa, Sz, and PC were significantly lower (better) in substi-
tuted scars, indicating a smoother surface. In the scars of the 
acute burn category, the three roughness parameters were 
lower in substituted scars compared to the reference scars, 
although no statistically significant difference was seen. In 
the reconstructive scars, all roughness parameters showed 
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Fig. 17.3 Elasticity 12 years postoperatively . Different parameters of 
skin elasticity measured by the Cutometer in both the scar groups. 
Black: substituted scar. White: reference scar
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Fig. 17.4 Improvement in 
scar elasticity. Increase in 
elasticity of the substituted 
scar compared to the 
reference scar measured by 
the Cutometer in the 
reconstructive scar group (3 
and 12 months, 12 years)

Fig. 17.5 Use of the PRIMOS in study patient. Upper left: The 
PRIMOS as objective measurement tool of scar surface roughness. 
Upper right: Use of the PRIMOS in the measurement of a scar on a 
hand. Middle left: PRIMOS live picture of scar treated with a substitute 
and a split-skin graft (substitute). Middle center: PRIMOS live picture 
of scar treated with split-skin graft alone (reference). Middle right: 

PRIMOS live picture of normal skin. Lower left: PRIMOS picture after 
filtering of scar treated with a substitute and a split-skin graft (substi-
tute). Lower middle: PRIMOS picture after filtering of scar treated with 
split-skin graft alone (reference). Lower right: PRIMOS picture after 
filtering of normal skin

17 Twelve-Year Follow-Up: A Clinical Study on Dermal Regeneration



188

lower scores in substituted areas compared to conventionally 
treated areas, of which Sz differed statistically significantly 
(Wilcoxon signed-rank test, Fig. 17.6 and Table 17.2).

17.2.4  Subjective Scar Evaluation

Lastly, all scars were evaluated subjectively with the 
POSAS. This is a validated tool which consists of two sub-
scales: the patient and the observer scales [21, 30]. On a 
10-point scale, the patient gives his or her opinion on the 
parameters: color, thickness, surface roughness, pliability, 
itching, and pain. The observer scale was first validated for 
the use in burn scars and contained five items: vasculariza-
tion, pliability, pigmentation, thickness, and relief [21]. 
Subsequently, the scale was validated for the use in linear 
scars as well, and therefore, the item surface area was added 
to include aspects of contraction and scar widening [30]. The 
total observer score and the total patient score consist of add-
ing the scores of the six items (range 6–60). A low score 
means a better scar quality: 1 is comparable to normal skin 
and a score of 10 reflects the worst imaginable scar or sensa-
tion. In addition to these items, the observer and the patient 
give a general opinion on the scar appearance (score 1–10, in 
which a score of 10 corresponds with the worst possible 
scar). The observer assessment was performed by three 
experienced researchers.

Twelve years postoperatively, subjective scores were low 
(good) for all evaluated scars; a mean score of 3.6 was the 

highest (worst) observer score. In the acute and reconstruc-
tive scars together, a significant difference in favor of the 
substituted scars was seen for the items pliability, pigmenta-
tion, thickness, relief, general score, and the total score (data 
not shown). Substituted scars received lower (better) observer 
scores than the reference scars. In the separate analysis of 
scars in the acute burn group, a statistically significant differ-
ence was seen in favor of the substituted areas in all POSAS 
items, except for vascularization. In scars of the reconstruc-
tive category, observer scores for pliability, relief, and the 
general score were significantly lower (better) for substituted 
areas (Table 17.3). Assessment by the patient demonstrated 
that substituted scars in the acute group received a lower 
(better) total score than the reference scars (substitute 3.2, 
reference 4.0, p = 0.034). In both the groups, other POSAS 
items did not show significant differences (data not shown).

17.2.5  Substitution in Combination 
with Different Graft Expansions

All acute burn wounds in this study were treated with a split- 
skin graft, with or without a dermal substitute. For the skin 
grafts, different mesh expansions were used in each wound 
pair; small expansions (mesh 1:1.5 and 1:2) were applied in 
20 wound pairs, and larger expansions (mesh 1:3 and 1:4) 
were used in 15 pairs. Twelve months postoperatively, an 
analysis was performed to investigate differences between 
these two groups. At that time, differences in elasticity 

Fig. 17.5 (continued)
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between the large and small mesh expansion groups were 
found.

In the analysis performed at 12 years postoperatively, sig-
nificant differences were found for several elasticity param-
eters as well. The parameters pliability, retraction, and 
viscoelasticity were significantly lower (indicating less pli-
able scars) in substituted scars compared to the reference 
scars, in the small expansion group. In the category treated 
with the larger expansions, significant differences for the 
elasticity parameters maximal skin extension, elasticity, and 
retraction were found. Scars treated with the substitute 
showed higher scores of elasticity (i.e., more pliable) than 
the reference scars (Fig. 17.7). In this analysis, vasculariza-

tion, pigmentation, and surface roughness were not signifi-
cantly different between the substituted and reference scars. 
The subjective evaluation showed significantly lower (better) 
scores for relief, surface area, and the total score in the sub-
stituted scars with a small expansion. In scars treated with a 
larger expansion, all POSAS items received significantly 
lower (better) scores in the substituted scars, except for the 
item surface area (data not shown).

17.3  Discussion

In this chapter, the results of a long-term follow-up study on 
dermal substitution are presented. First, long-term subjective 
and objective data are described in which the clinical effec-
tiveness of a collagen–elastin matrix is shown 12 years after 
application. In contrast to the scar evaluation at 3 and 
12 months postoperatively, an objective evaluation tool for 
surface roughness was used 12 years postoperatively. Short- 
term scar assessment had shown a smoother surface in sub-
stituted scars compared to reference scars (subjectively), for 
that reason, we expected a difference in roughness between 
the substituted and reference scars [20]. In the analysis of the 
acute burn and reconstructive group together, all three sur-
face roughness parameters were significantly better in the 
substituted scars, which implies a smoother surface of these 
scars (Fig.  17.6 and Table  17.2). In reconstructive scars, 
roughness parameter Sz was significantly lower in scars 
treated with the substitute. The larger number of patients in 
the analysis of all scars could have resulted in statistically 
significant differences.

Results of the objective scar surface roughness support 
the clinical observation, as numerous substituted scars 
showed a reduced visibility of the mesh pattern. In addition, 
in the acute and the reconstructive substituted scars, a better 
score for relief was found, measured with the POSAS. This 
positive effect of dermal substitution could be of great value 
as an irregular scar surface can be cosmetically disturbing 
and long-lasting, despite scar maturation (Fig.  17.2). How 
can this effect of dermal substitution be explained? One 
hypothesis is that the dermal substitute replaces the dermis 
and bridges the interstices of the autograft. As a consequence, 
the hypertrophy, which appears in the interstices of the auto-
graft, is less when a dermal substitute is applied. This could 
explain the smoother surface of the scar.

In several studies, an improvement of elasticity (often 
evaluated subjectively) was reported in scars treated with a 
dermal substitute, such as Matriderm® or Integra® [9, 12, 31, 
32]. In preceding studies, Van Zuijlen et al. had reported a 
significantly higher elasticity in substituted areas compared 
to reference areas in the reconstructive group, 3 months post-
operatively [19]. In the scar assessment 12 months postop-
eratively, the absolute difference in elasticity between the 

Table 17.2 Results of surface roughness measurements

Substitute Reference Normal skin p-value
All scars (nscar pairs = 69)
Sa 42.9 47.1 21.3 0.038*
Sz 558.8 682.0 297.5 0.015*
PC 30.0 39.4 15.2 0.022*
Acute (nscar pairs = 35)
Sa 32.6 36.4 19.6 0.061
Sz 417.6 448.5 291.8 0.604
PC 25.3 34.1 16.3 0.083
Reconstructive (nscar pairs = 34)
Sa 53.9 58.7 23.1 0.275
Sz 709.7 931.7 303.6 0.014*
PC 41.2 52.0 14.0 0.172

Substitute: wound sites treated with the dermal substitute and a split- 
skin graft
Reference: wound sites treated with a split-skin graft alone (control 
treatment)
CI confidence interval, Sa arithmetic mean of the surface roughness 
(μm), Sz mean of five highest peaks and five deepest valleys from the 
measuring field (mm), PC peak count, number of peaks, p-value substi-
tute vs. reference
*p < 0.038

Table 17.3 Results of observer scar assessment 12  years 
postoperatively

Acute burn group Reconstructive group
Substi-
tute

Reference p-value Substi-
tute

Refe-
rence p-value

Vasculari-
zation

2.0 2.2 0.206 2.2 2.2 0.768

Pliability 2.5 3.0 0.023* 3.0 3.6 0.038*
Pigmen-
tation

2.3 2.7 0.002* 2.6 2.6 0.661

Thickness 2.0 2.4 0.001* 2.3 2.5 0.129
Relief 2.3 3.1 <0.001* 2.7 3.2 0.038*
Surface 
area

1.7 1.9 0.008* 2.4 2.5 0.496

Total score 12.8 15.0 <0.001* 15.2 16.6 0.087

The mean scores of three experienced researchers of the observer scar 
assessment scale (O-SAS) are shown. In this scale, 1 is comparable to 
normal skin, and a score of 10 reflects the worst imaginable scar
*p < 0.038
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substituted and reference scars was the same; however, as 
both scars had improved, no statistically significant differ-
ence was found [20]. For this reason, no significant differ-
ence in elasticity was expected 12 years after the application 
of the substitute. Nevertheless, similar to the results of 
12  months postoperatively, the scores were higher in the 
reconstructive scars treated with the substitute compared to 
reference scars. In addition, in the acute and the reconstruc-
tive substituted scars, a better score for pliability was found, 
measured with the POSAS. It appears that the application of 
a substitute in the early phase of wound healing contributed 
to a lasting higher elasticity. This gain in elasticity in the 
substituted scars is highest shortly after surgery and remains 
present, even after 12 years (Fig. 17.4).

Wounds treated with a smaller skin graft expansion gener-
ally develop into scars with a higher scar quality compared to 
scars treated with a larger mesh expansion. Van Zuijlen et al. 
reported that the effectiveness of the dermal substitute 
seemed to have a relation with the expansion of the overlying 
mesh graft [20]; a higher elasticity was found in acute burn 
scars treated with the substitute in combination with a largely 
expanded mesh graft (1:3 or 1:4) compared to the reference 
scars, after 1 year. Twelve years post-surgery, a higher elas-
ticity was seen in the reference scars treated with a smaller 
expansion compared to the scars treated with the larger 
expansion. The substituted scars, however, showed almost 
the same elasticity when treated with large and small expan-
sions (Fig.  17.7). Additionally, the elasticity of substituted 

scars treated with a larger expansion graft was significantly 
higher than non-substituted scars with the same expansion. 
In contrast to these results, the elasticity of substituted scars 
treated with a small graft expansion was lower than the refer-
ence scars. Dermal substitution appears to contribute to a 
higher elasticity, mainly in combination with a larger mesh 
expansion.

Besides the objective measurement tools, a subjective scar 
assessment tool was also used. The subjective scar data from 
this study are comparable with the results of other clinical 
studies on the use of dermal substitutes [6, 9, 12, 20, 32]. 
Three and 12 months after surgery, the subjective scar assess-
ment using the VSS showed no significant differences 
between scars treated with and without the dermal substitute. 
Twelve years after application, the POSAS was used for 
 subjective scar evaluation, as this tool was found to be more 
reliable than the VSS. It was remarkable that subjective scores 
were relatively low (good) for all scars, probably due to pro-
longed scar maturation. Despite the results seen shortly after 
surgery, the appearance of substituted scars, 12 years post- 
surgery, was found to be better than the reference scars; in 
both the reconstructive and the acute burn scars, significantly 
lower (better) scores were reported for the substituted scars in 
several POSAS items (Table  17.3). A shortcoming of the 
study was the impossibility to blind the observers, because no 
randomization procedure was applied, and in each patient the 
substitute was applied on the right, superior, or medial (side 
of the) wound. Therefore, a bias might have occurred.
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Fig. 17.7 Elasticity and graft 
expansion. Elasticity of the 
acute burn scars measured by 
the Cutometer. The acute burn 
scars were divided into scars 
treated with a small graft 
expansion (mesh 1:1.5 and 
1:2) and scars treated with a 
large graft expansion (mesh 
1:3 and 1:4). Substitute: 
wound sites treated with the 
dermal substitute and a 
split-skin graft. Reference: 
wound sites treated with a 
split-skin graft alone (control 
treatment). *p < 0.009
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Another disadvantage of this treatment allocation is that 
in patients with only one wound, two different therapies 
were used within the same wound. It is possible that treat-
ments could have affected each other. Furthermore, after 
12  years, some study areas were difficult to trace due to 
improvement of these areas. In several patients, it was there-
fore complicated to distinguish the substituted scar from the 
reference scar or even the surrounding skin or scar, espe-
cially when repeated corrective procedures were applied in 
that area. The scars were excluded if the original study areas 
could not be retraced or measured. Another limitation of the 
study was the difficulty for some patients to assess their own 
scars. Patients with a high percentage total body surface area 
(TBSA) burned found it complicated to give their opinion on 
a relatively small study area. Despite this, in the analysis of 
all scars, the total subjective patient score of substituted scars 
was lower compared to the reference scars, but not signifi-
cantly different (substitute 18.2; reference 19.7; p = 0.089).

17.4  Conclusion

This chapter describes the first study that objectifies scar out-
come after 12 years with the use of a collagen–elastin matrix 
in acute and reconstructive burn surgery. This dermal substi-
tute showed clinical effectiveness by a significant increase of 
scar elasticity in the short term. Even after a period of 
12 years, improved scar parameters in both acute and recon-
structive substituted wounds were found. For the first time, 
scar surface roughness was objectified, and it was shown that 
substituted areas were significantly smoother than areas 
treated with an SSG only. Another important finding was the 
increased elasticity in substituted scars treated with a largely 
expanded autograft. The results of this study indicate a long- 
lasting effect of dermal substitution on scar quality, and it 
can be concluded that dermal substitutes play an important 
role in the treatment of full-thickness skin defects.
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Burn Reconstruction: Neck Region

Norbert Pallua and Erhan Demir

18.1  Part I: Basic Principles

18.1.1  Introduction

The cervical region with its functional and anatomical design 
to achieve a maximum range of motion is of eminent impor-
tance. The anatomic prone interposition of the neck between 
the corpus and the head represents great challenges and 
opportunities. Therefore, the reconstructive surgeon is con-
fronted with a unique set of problems compared with the rest 
of the body. The thin pliable neck is prone to contracture 
formation. It is important to emphasize that burn scar con-
tractures of the neck region have an impact on facial defor-
mities and may cause considerable problems especially in 
the developing period of young burn victims [1, 2].

The success in treatment requires sound surgical judg-
ment, technical expertise in combination with a thorough 
understanding of the pathophysiology of the burn wound, 
scarring, neck contracture formation, and alteration of skin 
texture and pigmentation. Realistic expectations of both 
patients and surgeons are crucial to achieve and value suc-
cessful treatment outcomes. Still, profound functional and 
aesthetic improvement of the neck region for this large group 
of challenging patients is possible [3].

The requirement of a well-functioning and extensive team in 
the approach to reconstructive head and neck surgery cannot be 
overemphasized [4]. Therefore, in addition to the plastic sur-
geon, many disciplines such as skilled burn nursing, experi-
enced occupational and physical therapy, and psychological 
and social support systems are required to successfully treat and 
care for patients with burns of the neck. The care of a patient 
from the onset of a major burn involving the head and neck to a 

successful reconstructive outcome requires skill, patience, 
determination, and enthusiasm from all who are involved [1].

18.1.2  Pathogenesis and Associated Problems 
of Neck Contractures

The skin of the neck is thin and pliable and highly flexible; it 
is prone to contracture formation following deep burns with 
tissue damage and scarring. While superficial second-degree 
burns usually heal without scars or pigment changes, still 
some completely epithelialized “medium-thickness” superfi-
cial burns may demonstrate long-term changes in skin texture 
and pigmentation. Deep second-degree burns in the neck 
region usually require surgical intervention with tangential 
excision and skin grafting or the use of biological membranes 
(Biobrane® or Suprathel®). After the initial healing with wound 
closure and complete epithelialization these patients require 
careful management and monitoring, as they have the poten-
tial to develop severe late hypertrophic scars and contractures. 
Additional preventive perioperative measures after surgery 
include the immediate application of neck extension casts.

The pathologic process of wound contracture involves 
contraction of tissue by myofibroblasts until the limits of 
neck motion are reached. Wound contracture occurs during 
scar remodeling as collagen undergoes reorganization. The 
resulting distortion may be either extrinsic or intrinsic. 
Extrinsic contractures result from shrinking of adjacent tis-
sues, whereas intrinsic contractures result from direct con-
tracture of the affected region. Extrinsic contractures require 
release; intrinsic contractures require replacement of tissue.

Full-thickness injuries are usually excised and skin 
grafted. Any tension on the neck region may promote early 
hypertrophic scarring. Relief of neck tension requires either 
focal release with Z-plasties or extensive adhesiolysis and 
defect coverage with flaps [1, 5].

At first signs or any tendency towards hypertrophic scar-
ring and contracture formation of skin grafts, ancillary 
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modalities such as compression garments or silicon pressure 
treatment need to be carried out.

Patients with neck contractures are confronted with sev-
eral problems. Burn scar contractures not only affect neck 
movements but also face function as traction forces may pull 
the chin, cheeks, and lower lip caudally or by tension through 
either normal or scarred cheek skin pulling down the lower 
eyelids. Increased tension in facial scars caused by burn con-
tractures of the neck can create increases in the size, thick-
ness, and contracture of hypertrophic scars of the face.

In the developing child considerable problems, including 
flexion deformity with restricted extension, lateral flexion and 
rotation, aching of muscle and vertebral joints eventually with 
compensatory kyphosis posture, growth disturbances of the 
spine, incomplete oral occlusion with drooling of saliva, air-
way problems, and dental imbalance with severe permanent 
damage due to neck contractures are well-documented [5, 6].

In addition to pure physical problems, studies clearly 
indicate that children with extensive head and neck scarring 
from burns may have temporary or permanent alterations in 
their process of psychological growth and development [7].

18.1.3  Evaluation and Classification of Burn- 
Related Neck Deformities

In 1958 Kirschbaum reported about Spina’s classification of 
neck contractures into central, lateral, or complete [8]. Later 
Achauer classified anterior neck contractures into mild, mod-
erate, extensive, and severe depending on the fraction of the 
anterior part of the neck involved in the contracting band [9].

A classification in three main groups of neck contractures 
(severe, moderate, and mild) defined by the degree of 
involvement and functional deformity has been described by 
Remensnyder und Donelan in 2002 [5].

The classification proposed by Remensnyder und Donelan 
is very useful while reviewing and analyzing patients, as the 
degree of involvement and functional deformity, are 
described very precisely by the abnormal joining up of vari-
ous anatomical areas. During the assembly of an individual 
surgical treatment plan for mentosternal contractures, the 
Achauer classification describes the extent of the anterior 
neck defect after surgical release very well and is therefore 
of eminent practical use (Tables 18.1 and 18.2).

18.1.4  Case Samples

Especially in the group with severe neck contractures, the 
functional impairment is a very distressing problem, with the 
burn scar extending directly from the lower lip down to the 
sternum. The head is uncomfortably fixed in a caudal posi-
tion to the chest with the mandible involved in all cases. The 
severe flexed position limits any head and neck movements 

to a certain degree. You may notice that these patients tend to 
walk around with their mouths constantly open to reduce the 
tension of the contracture (Fig. 18.1).

Moderate neck contractures cause discomfort and reduced 
neck movements with some degree of limitations in the 
lower facial features (Fig. 18.2).

Mild contractures with isolated scars create discomfort 
with a minor degree of tension on the lower face.

18.1.5  Prevention, Nonsurgical Treatment 
Modalities, and Adjunct Surgical 
Procedures

In the treatment of burn patients, the development of hyper-
trophic scarring and contractures belong to the most com-
mon and frustrating problems. In the neck region, due to the 
fact that the knowledge of the pathogenesis is still limited to 
some extent, different techniques are used.

Nonsurgical management options include massage, 
hydrotherapy, ultrasound therapy, or adhesive tapes. 
However, the two most commonly accepted noninvasive 
therapies without major side effects are topical silicone gel 
application and pressure therapy. Different studies have 
demonstrated that the silicone gel sheeting is a safe and 
effective option in the management of hypertrophic scars. 
Pressure therapy is essential in the treatment of neck burns 
and is recommended as a “first-line therapy” even if scien-
tific evidence of its efficacy is limited.

Useful invasive strategies such as laser therapy, radiother-
apy, cryotherapy, high pressure steroid injections, and 

Table 18.1 Achauer classification of anterior neck contractures

Achauer classification of anterior neck contractures
I—Mild defect Scar band which involves less than 1/3 of the 

anterior surface of the neck
II—Moderate 
defect

More than 1/3 but less than 2/3 of the anterior 
surface involved

III—Severe 
defect

Greater than 2/3 of the anterior surface of the 
neck

IV—Extensive 
defect

A mentosternal adhesion

Table 18.2 Classification of cervical burn contractures by 
Remensnyder und Donelan (2002)

1. Severe neck contractures
a. Labiosternal
b. Mentosternal
2. Moderate neck contractures
a. Cervicosternal
b. Heavy multiple bands
c. Upper neck involvement exclusively
3. Mild neck contractures
a. Discrete linear bands
b. Isolated cervical scars
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 application of cytokines such as TGF-ß or interferon-α2b are 
most commonly used [10].

18.2  Part II: Surgical Reconstruction 
of Neck Contractures

18.2.1  Indications

Neck contractures with functional and aesthetic deficits, 
drooling, dental deterioration, folliculitis, significant defor-
mity, and obstacle for intubation for general anesthesia are 
indications to reconstruct the neck region [11]. Severe neck 
flexion contractures on the acute phase often require early 

reconstruction to aid in airway management. Neck contrac-
tures should usually be managed prior to carrying out facial 
burn reconstruction. Due to the extrinsic contractile forces 
from the neck, any facial deformity may adversely affect the 
maturation of facial scars [1].

18.2.2  Reconstructive Options and Guidelines

In comparison to burn injuries of the face with distorting fea-
tures, proportions, and expression, thermal injuries of the 
neck region result rather in functional impairments than aes-
thetic alterations. They require careful strategic planning in 
which different reconstructive options are analyzed, and 

Fig. 18.1 Severe neck contracture

Fig. 18.2 Moderate neck contracture with multiple bands
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areas with distortion of neck features, displaced mobile 
structures, and compression of soft tissue contours requiring 
reconstructive surgery are carefully prioritized [9]. However, 
major deformities of patients with various forms of neck 
contractures caused by burns may limit both neck and jaw 
mobility and may also influence and increase facial deformi-
ties. In order to achieve optimal correction of burned facial 
deformities of patients who have scarring of both the face 
and neck, it is necessary to correct the neck contracture first 
in order to attain the best possible result of successful facial 
reconstruction [5].

Ignoring these principles may result in iatrogenic failures 
and catastrophes during the process of reconstructive surgery 
of the head and neck following thermal injuries.

Many surgical approaches with varying success for the 
treatment of neck contractures or facial resurfacing follow-
ing burns are favored including skin grafting, Z-plasties, a 
variety of local skin flaps with or without expansion, trans-
ferred regional flaps, and microsurgical free flaps [11–14]. 
Generally, to achieve satisfactory functional and aesthetic 
results, the texture, color, and thickness of the flap need to be 
similar to those of the original tissue [15]. Therefore, the 
technically most feasible operation is favored if functional 
and aesthetic results are good, and postoperative risks for 
recurrence remain low.

18.2.2.1  Mild Defects
Mild scar bands can generally be corrected by the use of 
local flaps or Z-plasties. As vertical scars of the neck are 
likely to produce contractures, the vertical scar is converted 
to a transverse orientation.

18.2.2.2  Moderate Defects
Local flaps are not useful to correct moderate neck contrac-
tures. One option is to consider tissue expansion: unscarred 
lateral aspects of the neck are expanded, and afterwards the 
adjacent pre-expanded skin is brought into the area of con-
tracture. The lateral skin can be stretched and transposed 
medially. The lack of hard tissue immediately underneath the 
expanded skin limits efficiency of expansion procedures in 
the neck region.

Skin grafting should be avoided if possible. There is a 
tendency for the transplanted skin to contract as the neck 
angle does not oppose shrinkage.

18.2.2.3  Severe and Extensive Defects
Severe contractures require regional flaps, any types of local 
flaps are not adequate.

Extensive (mentosternal adhesion) contractures require 
an extensive surgical release and flap coverage. The impor-
tance of an extensive, complete release cannot be overem-

phasized. The most common error is to do an inadequate 
release. All contracting bands regardless of the depth require 
release. This procedure may include strap muscles in depth 
and the midlateral neck in width. Defect coverage options 
include regional flaps such as the supraclavicular island flap 
(SIF-flap) or the trapezius flap as primary options; free flaps 
remain as second options [2, 16–20].

18.2.3  Skin Grafts

Skin grafts after scar release are suitable, but there is a ten-
dency for recurrence of contracture. Therefore, after exten-
sive scar release and thorough hemostasis, split-thickness 
skin graft sheets (non-meshed) are placed in transversely 
oriented fashion. A pressure dressing with foam rubber 
sponges is applied. It is critical to immobilize the neck for 
14 days with a custom-made splint [9, 11]. A recurrence rate 
of 89% without splinting in comparison to 17% after splint-
ing is reported [21]. However, skin grafts may work well, but 
they require the prolonged period of neck immobilization 
and pressure application and are often not aesthetically 
pleasing.

18.2.4  Dermal Regenerative Templates

For the past several years, artificial dermal substitutes have 
been developed from alloplastic or xenographic materials, 
e.g., AlloDerm®, Integra®, or Matriderm® [3, 22, 23].

Following full-thickness excision of scars and the release 
of contractures utilization of dermal substitutes or dermal 
regenerative templates such as Integra® or Matriderm® in 
combination with skin grafts demonstrated some promising 
results [22, 23].

Yannis and Burke initially described in 1980 the two- 
layered template composed of semipermeable silicone mem-
brane and biodegradable collagen–glycosaminoglycan 
matrix [24]. The implanted material has been found to form 
a layer of parenchymal structures resembling dermis. In the 
second stage, after skin grafting, acceptable results of the 
neck region are possible [25, 26] (Figs. 18.3, 18.4, 18.5 and 
18.6).

Another template is Matriderm® which contains non- 
crosslinked bovine collagen types I, III, V, and elastine. It is 
available as 1 mm or 2 mm thick sheets. Good outcomes are 
recently reported after early excision and Matriderm® appli-
cation with simultaneous autologous skin grafting in facial 
burns [23]. However, early experimental results revealed no 
major differences in engraftment rates or vascularization 
between Matriderm® and Integra® [22].
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Fig. 18.3 Severe neck contracture, scheduled for scar release and Integra® transplantation

Fig. 18.4 Scar excision and release

Fig. 18.5 Integra® transplantation
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18.2.5  Local Flaps

Any type of local tissue without scars might become useful 
to restore smaller scar bands or contracture of the neck area 
after mobilization. Unfortunately, nearby tissue is often 
burnt and unavailable [27].

Any axial skin flap, Z-plasty, or W-plasty technique is 
based on the principle of mobilizing a full segment of skin 
without disturbance of their vascular supplies from an area 
adjacent to the region to be resurfaced. After scar excision 
and contracture release the local flaps are interposed in an 
opposite direction to release the vector of tension [3]. It 
might be very useful to include the platysma or cervical fas-
cia underneath the transposed flap to secure vascular blood 
supply. Especially in severe cases with deep burns when 
Z-plasties are performed to release tension bands without the 
possibility to resurface the neck region with uninjured skin, 
this technical modification of including muscle or fascia will 
enhance local flap survival rates.

18.2.6  Tissue Expansion

The technique of tissue expansion is based on the dynamic 
nature in which the integument responds to constant 
mechanical stress load using an inflatable device system, 
such as an expander. The neck region is not the primary 
region for direct application of expanders, in comparison 
to pre-expanded regional or free flaps, which have a per-
manent place in the armamentarium of reconstructive burn 
surgery of the neck region. Tissue expanders should be 
used with caution in the head and neck region [1]. 
Stretching adjacent tissue in order to carry out scar exci-
sion may result in an increase in tension and can lead to 
iatrogenic contour changes. However, expansion of the 
skin and local flap coverage might be useful in smaller 
defects as tissue expansion offers the chance to replace 
unstable neck tissue with uninjured normal adjacent tissue. 
Larger defects usually require regional flaps from distant 
sites [1, 28–30].

Fig. 18.6 Temporary sufficient outcome after full-thickness skin graft transplantation on Integra®
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18.2.7  Regional Flaps

Extensive and often recurrent neck flexion contracture with 
defects larger than two thirds of the anterior neck require 
distant tissue and are usually not amenable to local flaps [9]. 
Regional flaps are the primary choice as they provide full- 
thickness skin and subcutaneous tissue, with improved aes-
thetics and superior resurfacing options compared to skin 
grafts without the need for microsurgery. Fasciocutaneous 
flaps are preferred as they are thin, elastic, and easily con-
toured, leading to decreased bulk [2, 31]. Therefore, the first 
choice is the thin supraclavicular island flap with its good 
color and texture match of the anterior neck region followed 
by the myocutaneous trapezius flap or the dorsal scapular 
island flap if the angiosome of the SIF-flaps is scarred and 
unavailable [16, 32]. The pre-expansion of flaps allows their 
thinning and delay prior to transfer will enhance the safety in 
terms of tissue perfusion [33].

18.2.7.1  Supraclavicular Island Flap (SIF)
A random pattern flap of the supraclavicular region first 
described by Mutter in 1842 was further modified after closer 
anatomic examination of the shoulder region angiosome by 
Lamberty [34, 35]. Anatomically, this supraclavicular axial 
patterned flap was based on the supraclavicular artery. In 
1997 Pallua introduced the supraclavicular artery island flap 
(SIF) for the release of postburn mentosternal contractures 
[16]. Modifications have been added to optimize and expand 
indications in head and neck reconstruction [17]. Further 
modifications such as flap pre-expansion through tissue 
expansion resulted in ultra-thin SIF flaps [33].

Adequate planning and flap design need to respect the 
aesthetic units of the neck. Mentosternal contractures require 
dissection up to the borders of the aesthetic units, until the 
neck is fully released. Deep scars such as collagen tension 
bands and plates of scar require special attention to create an 
optimal bed for the flaps and to release facial tensions. Due 
to the skin laxity, a much larger defect than expected will 
occur after resection and release of severe neck contractures. 
The defect sizes after mentosternal scar excisions may reach 
dimensions of 12 cm × 21 cm up to 15 cm × 26 cm.

The supraclavicular vessels arise from the superficial 
transverse cervical artery, beneath or lateral to the poste-
rior part of the omohyoid muscle. During the flap elevation 
from its lateral to its medial portion, skin and subcutane-
ous tissue are elevated en bloc with the axially running 
supraclavicular pedicle. In prefabricated flaps, the tissue 
expander will be removed prior to flap preparation. After 
dissection of the medial portion, the complete flap is 
mobile on its vascular pedicle, allowing up to a 180° angle 
of rotation on the vascular axis as required. In mentoster-
nal contractures, it is recommended to subcutaneously tun-
nel the isolated pedicles into the anterior cervical defect. 

The flap tissue will efficiently cover the entire surface of 
the anterior neck region. The donor site defect will be 
closed directly in a double layer fashion after extensive 
undermining and preparation of two advancement flaps. A 
sterile soft dressing is placed on the wound together with a 
suited Philadelphia collar for 2  weeks [2, 16, 17, 33] 
(Figs. 18.7, 18.8 and 18.9).

Fig. 18.7 Severe scarring with disfigured cervical and mental region. 
Scheduled for a supraclavicular island flap from the right donor region 
to restore the anterior neck region

Fig. 18.8 Five years after successful mentosternal restoration with a 
supraclavicular island flap from the right shoulder region. She has been 
scheduled for a pre-expanded SIF flap from the left side to resurface the 
mental region. Inflated crescent-type expander with 700 cc
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18.2.7.2  Trapezius Muscle Flap
The trapezius muscle flap is a useful myocutaneous flap 
to release contractures of the anterior and lateral neck. 
The trapezius muscle originates from the external occipi-
tal protuberance and the spinous processes of C7–T12. 
Fibers insert on the clavicle, the acromion, and the scapu-
lar spine. Motor innervation is done by means of the spi-
nal accessory nerve and ventral rami of the third and 
fourth cervical nerves. The trapezius muscle is vascular-
ized through the trapezial branch of the occipital artery 
and the transverse cervical artery and its extension 
through the dorsal scapular artery. Based on these ves-
sels, superior, lateral, and lower trapezius myocutaneous 
flaps can be developed. The skin and subcutaneous tissue 
are supplied through cutaneous and musculocutaneous 
perforators [36, 37].

The boundaries of the flap are the midline, the lateral 
muscle border of the trapezius, and a keypoint approximately 
5 cm to 10 cm below the scapula tip. After mentosternal con-
tracture release, the flap dissection is carried out to the level 
of the facial investment of the muscle including the fascia. 
The clavicle is the limit of the superior mobilization. The 
superior medial aspect of the flap with the vascular pedicles, 
the dorsal scapular, and the transverse cervical arteries need 
to be handled with care to avoid injury to the vessels. The 
mobile longitudinal flap is transposed anterior into the defect 
of the neck region and secured in two layers over two suction 
drains [37].

Further modifications with flap pre-expansion are possi-
ble to provide thin, large, and pliable tissue for the neck 
reconstruction [36]. The pre-expanded trapezius flap requires 
the insertion of a tissue expander below the trapezius muscle 

via a lateral incision in the first reconstructive stage. Two 
months later, after serial ambulatory expansion of the 
expander, the neck scar can be excised and the pre-expanded 
flap harvested and rotated anterior into the defect. Primary 
donor site closure is possible.

This procedure cannot be carried out without causing 
morbidity, even with muscle-preserving techniques with 
skeletonization and tedious dissections of the proximal vas-
cular pedicle. The muscle-sparing flap or its perforator alter-
native is the dorsal scapular island flap utilizing the dorsal 
scapular arteries [32]. The trapezius flap or the dorsal scapu-
lar island flap in anterior and lateral neck resurfacing belongs 
to the most distant areas the flap can be harvested from, still 
we believe that mentosternal contracture release and defect 
closure with a trapezius muscle flap or the dorsal scapular 
island flap should remain in the armamentarium of recon-
structive options for this anatomic region (Figs. 18.10, 18.11 
and 18.12).

18.2.8  Free Flaps

Microsurgical transfer of free flaps is indicated whenever 
local or regional options are not available—it is usually 
not considered a first-line option in neck reconstruction. 
Published reports and series underline that the use of free 
flaps in the neck region is reserved for cases in which 
more conventional methods were considered to be less 
feasible. Still, the number of reports of successful utiliza-
tion of free flaps in reconstruction of burns in the head and 
neck region has increased in the last years due to advances 
in free tissue transfer and microsurgical techniques [12, 
13, 38, 39]. Additional modifications such as flap prefab-
rication, prelamination, pre-expansion, chimeric flaps, 
and super-thin flaps have increased the quality of preexist-
ing well-established free flaps [15, 40–45]. These 
advances allow the use of thinner, customized flaps with 
better color and texture match of the head and neck region 
combined with low donor site morbidity [41]. Therefore, 
free flaps belong to the essential tools used in burn recon-
struction of the neck region. Microsurgical free tissue 
transfer requires proper patient selection, long, complex-
staged operations with the need for revision procedures. 
Therefore, the surgeon and the patient must be flexible 
with realistic goals and expectations. Whenever regional 
options are unavailable, free flap reconstruction can be 
successfully applied.

Fig. 18.9 Final outcome with good restoration of the anterior neck and 
mental region with bilateral pre-expanded supraclavicular island flaps
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In complex cases, free flaps may be preferred to pedi-
cled flaps to achieve the optimal functional and aesthetic 
result for the patient. The principle of the reconstructive 
ladder of Gillies may be transposed into a reconstructive 
elevator [15].

Among the well-established flaps, the free fasciocutane-
ous scapular-parascapular flap and the groin flap are very 
versatile in the reconstruction of the anterior neck region 
[12, 13].

Perforator-based free flaps are suitable as they provide 
thin, supple, large, and well-vascularized tissue with low 
donor site morbidity. The anterolateral thigh perforator flap 
(ALT) and the thoracodorsal artery perforator flap (TDAP) 
are most commonly used [46, 47]. Especially the  suprafascial 
dissection technique of ALT flaps provides a thin flap to 
improve the cervical contour.

Fig. 18.10 Recurrence of mentosternal bands 2 years after initial surgery

Fig. 18.11 Reoperative surgery with pre-expanded musculocutaneous 
trapezius flap. Inflated submuscular expander of the left donor region
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18.2.9  Summary

The reconstruction of neck deformities is a difficult task. 
Careful selection of reconstructive tools and adequate timing 
of reconstructive procedures may achieve a functional and 
aesthetic restoration of the burn victim. Most recent techni-
cal innovations of pre-expanded, pre-fabricated, or perfora-
tor flaps, to name a few, may overcome difficulties with the 
high functional and aesthetic requirements of the neck 
region. The pre-expanded ultrathin supraclavicular artery 
island flap for instance is a reliable and safe tool to resurface 
defects of the neck region after the release of cervical con-
tractures following burns.
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Burn Reconstruction: Eye Region

Andreas Heckmann and Peter M. Vogt

19.1  Introduction

Facial burns occur in up to 30% of thermal trauma patients 
admitted to burn units [1]. Eyelid and ocular involvement is 
relatively common [2], but the loss of an eye primarily from 
a thermal injury is rather rare [3]. Reasons therefore are 
mechanisms like protective movements of the head and arms 
to avoid the source of a burn, the blink reflex with the closure 
of the eye, and the Bell phenomenon of the eyeball.

The lid is built-on of skin, the orbicularis muscle, the tar-
sus, lashes, meibomian glands, lid retractors, and tarsal con-
junctiva. The lower eyelid is commonly described as a series 
of tissue layers (Figs. 19.1 and 19.2):

• The anterior lamella is composed of the outer skin and 
orbicularis oculi muscle.

• The middle lamella consists of the orbital septum.
• The posterior lamella consists of the tarsus, the lower lid 

retractors, and the conjunctiva.

The goals of eyelid reconstruction are restoration of the 
lid lamellae, reconstitution of facial symmetry and provision 
of corneal protection. Inadequate reconstruction techniques 
may produce corneal exposure and sight-threatening kera-
topathy. Visual deprivation and amblyopia are rare but may 
also follow. Periocular skin is thin with no subcutaneous fat, 
resulting in deeper burns than a similar exposure to skin else-
where. Eyelid burns (50–85%) and eyelid contractures (30–
65%) in burned people are more frequent than injuries to 
eyeball like conjunctival burns (3–11%), corneal abrasions 
(7–22%), corneal burns (5%), corneal perforations (1–2%), 
and cataracts (2%) [1, 4]. A series of 143 burn patients with 
ocular injuries reported that two were left blind, two had 
impaired vision, and three underwent enucleation [5]. 
Mandatory in burns involving the eyelids is immediate 

 consultation of the ophthalmologist and prophylactic ocular 
lubrication. Early surgical intervention is indicated if eyelid 
retraction causing corneal exposure occurs. But this often 
requires repeated procedures due to eyelid contraction. 
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Fig. 19.1 Third-degree burned face involving the eyelid region, 
directly after the damage, 45-year-old male patient with burned 50% of 
body surface area degree 2–3
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Secondary complications such as corneal ulceration, expo-
sure keratopathy, secondary infection, and orbital compart-
ment syndrome are potentially preventable by appropriate 
early and sustained management and are thought to be pre-
ventable. In further readings, controversial meanings exist 
regarding the role of prophylactic ocular lubrication, exci-
sion and debridement of eschar, temporary suture and surgi-
cal tarsorrhaphy, timing of surgery for eyelid contraction, 
and the role of full- and split-thickness skin grafts in eyelid 
reconstruction. For eyelid reconstruction, each case needs an 
individual approach based on what defect exists and what 
skin is available. The lid surgeon needs a wide knowledge of 
the reconstructive principles and possibilities. The recon-
struction of anterior lamellar has a significant risk of devel-
oping ectropion. Large defects may require different 
transposition flaps to achieve a good skin texture and color 
reconstruction. New autogenous and cadaveric materials for 
posterior lid reconstruction are known well meantime. They 
reduce donor site morbidity and surgical time, but they 
undergo contraction significantly after surgery. A new 
approach for entropion and symblepharon caused by con-
junctival cicatricial changes is reached by amniotic mem-
brane transplantation and may enhance the prognosis for 
patients.

19.2  Reconstruction of the Eyelid Region

19.2.1  Upper Eyelid and Anterior Lamella 
of Lower Eyelid

Reconstruction of the anterior lamella of the upper eyelid 
can be done by:

 1. Skin grafting
 2. Local flaps
 3. Free flaps (often used in combined damage of anterior 

and posterior lamella)

19.2.2  Reconstructive Skin Grafting  
(Split- Thickness or Full-Thickness 
Skin Graft) in the Eyelid Region

Both full-thickness skin grafts (FTSG) (most suitable har-
vested from post-auricular, supra-clavicular or from the 
unburned contra lateral upper eyelid) and split-thickness skin 
grafts (STSG) (mostly harvested from the upper leg) are not 
ideal for eyelid burn reconstruction. In literature, there are 
different reports concerning which method (FTSG or STSG) 
is the best for upper and lower eyelid reconstruction. Most 
authors use STSG (more mobility) for the upper eyelid and 
FTSG (less contraction tendency) for lower eyelid recon-
struction. Some others prefer FTSG for both. Very thin but 
full-thickness skin grafts are often-used grafts for recon-
struction of both upper and lower eyelid. Both kinds of skin 
grafts have disadvantages and advantages in color-match, 
tendency to contraction, range of mobility, transplantation of 
root of hairs, developing ectropion, and hyperpigmentation.

Wound contraction tendency is indirectly proportional 
to the amount of structurally dermal collagen. For this, 
FTSG (more dermis) should have fewer tendencies for con-
traction than STSG. In cases of extensive burn damage with 
limited viable skin, FTSG is often reserved for later repair, 
and STSG is used for first reconstruction [6, 7] (Figs. 19.3, 
19.4 and 19.5). Also STSG is used when FTSG areas are 
not available. FTSG contracts less than STSG and does not 
compromise mobility or appearance too much. For a good 
color- match, FTSG should be harvested from post-auricu-
lar, supra-clavicular, or the unburned contralateral upper 
eyelid and should be taken oversized because of contrac-
tion over time. If upper and lower eyelids require grafting, 
it is best to perform grafting at separate sessions. This is to 
avoid insufficient skin being introduced to each and to 
maximize the stretched graft-bed for each eyelid. Some 
authors prefer first the upper and others the lower eyelid 
reconstruction. Maybe it should depend on the extent of the 
damage of the particular eyelid. The skin should be placed 
under tractioned wound- bed and padded for 5  days. 

Fig. 19.2 Third-degree burned face involving the eyelid region, 7 days 
after damage
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The other eyelid can be reconstructed after sufficient skin 
grafting and healing 7 days later. Before skin transplanta-
tion to upper eyelid, a skin crease incision is used at the 
lower border of the graft. For the lower eyelid, a subciliary 
incision is preferred. For both upper and lower eyelids, the 
way of dissection should be canthus-to- canthus [8] and 
extend up to 2 cm beyond the lateral canthus, very slightly 
angulated upwards for lower eyelid incisions and well into 
the nose at the medial canthus [9, 10]. Dissection should be 
layered with a wide release and resection of all scar tissue 
because of later shrinking. Special attention should be 
placed to the preservation of Müllers muscle (if still pres-
ent) and the levator aponeurosis. After this a thinned full-
thickness graft could be fashioned to fit the recipient 
wound, and a petrolatum gauze is placed over the graft and 
a bolster is tied in place for 5–7 days.

19.2.3  Reconstructive Local Flaps in the Eyelid 
Region

Local tissue flaps in the eyelid region include the skin pedi-
cle flap with subcutaneous base, anterior and posterior lamel-

Fig. 19.3 Postoperative view 3 days after split thickness skin grafting 
of the face region, first step in reconstruction of the face and eyelid 
region

Fig. 19.4 Postoperative view after full-thickness skin grafting of lower 
and upper eyelid because of skin contraction, left eye still covered with 
a bolster

Fig. 19.5 Postoperative view 3 weeks after full-thickness skin grafting 
of lower and upper eyelid

19 Burn Reconstruction: Eye Region
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lar advancement flaps, and more complex interpositional 
flaps for combined lid and cheek defects.

The possibilities of reconstructive flaps in the eyelid 
region in the treatment of burns and contracture are limited. 
Mostly the reason therefore is the lack of normal adjacent 
skin [7, 11]. Orbicularis oculi myocutaneous flaps are obvi-
ously indicated only in the rare circumstance where the 
upper eyelid is unaffected and available for harvesting. They 
have the advantage of additional support and possible lower 
eyelid suspension in the repair of lower eyelid burn- ectropion 
[12]. A destroyed tarsus because of severe burn damage 
complicates reconstruction possibilities because it normally 
stabilizes skin grafts and flaps in their new position. The 
simple skin grafting of the posterior lamella is not a success-
ful long-lasting tool in reconstruction. This damage better 
needs a vascularized flap for reconstruction of the eyelid. 
Some possibilities are a tarsoconjuctival Hughes flap, a fore-
head periosteal flap, or an island pedicle flap. If ambient skin 
is not damaged, a local subcutaneously based pedicled flap 
can be transposed into the defect after debridement. For this 
Tei et al. [13] described the advantage of using a subcutane-
ously based flap in lower lid reconstruction. They used for 
reconstructing of a lower lid defect a Hughes tarsoconjuncti-
val flap in combination with a nasolabial skin transposition 
flap, with a deep subcutaneous base. A nasolabial flap results 
in an acceptable scar and provides a good color and texture 
match for the lower lid, and the advantages of this approach 
over a cheek rotation flap, which also maintains its good 
blood supply, is a lower risk of ectropion, entropion, or inad-
vertent facial nerve damage, and that hair-bearing skin from 
the upper cheek is not brought medially. Large defects of the 
anterior lamella of the lower lid combined with burned cheek 
skin have a high risk for developing ectropion after recon-
struction. They can be closed with a heteropalpebral skin flap 
from the unburned upper to the lower lid and a temporoman-
dibular and retroauricular transposition flap for closure of the 
cheek defect. This approach enables optimal color and tex-
ture matches [14].

Medial and Lateral Canthal Deformities after burn injury 
often result in displacement of the punctum and causing 
epiphora because of hypertrophic scars and vertical contrac-
ture [6, 8, 15]. Multiple Z-plasties or Mustarde’s Jumping 
Man plasty may be good possibilities for the correction of 
mild linear contractions on the medial canthus. Otherwise 
local transposition flaps or transplantation of skin after 
releasing the canthus is viable [15, 16]. Lateral epicanthal 
folds and scar bands can be corrected by a local transposition 
flap.

Spherical contraction due to full-thickness skin-burned 
eyelids (scar contracture, adhesion of eyelid margin) will 
lead to a minor function of the palpebral opening. The typi-
cal “round eye deformity” particularly resulting of skin con-
tracture leads to lagophthalmos. The first step in 

reconstruction is the correction of the skin deficit of the eye-
lids. By incisional release including the whole horizontal 
opening length, a reposition of the medial canthus is possi-
ble [9].

19.2.4  Reconstructive Free Flaps in the Eyelid 
Region

Myocutaneous free flaps are often indicated in full thermal 
damages of both eyelids and are combined with other recon-
structive procedures when both the anterior and posterior 
lamella of the lower lid are burned. Thai et al. [17] report a 
patient with a unilateral complete defect of both upper and 
lower eyelids from a deep thermal injury with partial sclera 
burn (damage of anterior and posterior lamella). Local tis-
sues were unavailable for donor sites due to the severe burn 
of the head and neck areas. They used a free-tissue transfer 
of the unburned dorsalis pedis flap (anastomosing with the 
superficial temporal vessels) as soft tissue coverage for the 
outer lamella. The partially burned inner lamella was recon-
structed by releasing and advancing the upper and lower con-
junctiva. To preserve the natural inner lamella lining, this can 
be achieved by advancing the conjunctival tissues from the 
conjunctival cul-de-sacs. Furthermore, it also serves as a vas-
cularized bed for cartilage grafts for replacing a missing tar-
sal plate and providing support for the new eyelids. A 
conjunctivodacryocystorhinostomy was performed for lacri-
mal drainage. The dorsalis pedis flap’s advantage as donor 
tissue is the thin and pliable nature of this flap. This coverage 
will only provide static support without active mobility of 
the reconstructed eyelids.

19.3  Posterior Lamella

Reconstruction of the posterior lamella can be done by:

 1. Nasal septal-, auricular-, and hard palate cartilage
 2. Bovine-preserved sclera
 3. Amniotic membrane transplants (AMT)
 4. Dermis skin grafts
 5. Conjunctival release

Posterior lamella can be reconstructed by using nasal sep-
tal-, auricular-, and hard palate cartilage, bovine-preserved 
sclera, amniotic membrane transplants, and dermis skin 
grafts. In particular, when more than 50% of the lid has full- 
thickness burn damage, a graft of stabilizing material is nec-
essary. An allograft of preserved bovine sclera has the 
advantages of avoiding donor site morbidity and reducing 
surgical time. Fortunately allogeneic grafts for reconstruc-
tion of the posterior lamella of the lower lid are well toler-
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ated without appearance of keratopathy in the interval 
between surgery and re-epithelialization at 3  months. 
Unfortunately, in several countries, the use of preserved 
sclera has fallen from favor due to the association with trans-
mission of prion disease [18].

The use of autogenous dermis skin grafts has no risk of 
prion disease but leaves a little donor site defect. Therefore, 
dermabrasion of preferably posterior auricular skin for com-
plete absence of epidermal structures and keratin is per-
formed and is used similar to a full-thickness skin graft [19]. 
Conjunctival epithelialization of the graft occurred within a 
month. Because of its tendency to contract, the graft should 
be taken oversized. The advantage of autogenous dermis 
skin grafting includes low donor site morbidity and the avail-
ability of a material sufficiently supple to conform to the 
shape of the globe. Split-thickness dermal grafts or tenon-
plasty are procedures in large corneal and scleral defects 
without the possibility of reconstruction with conjunctival 
flaps [20]. After raising a superiorly hinged, thin epidermal 
flap, the split-thickness dermal graft could be harvested from 
the thigh. A thin dermal graft may then be taken from the 
exposed dermal bed. The epidermis flap is then closed after 
being perforated. The graft is placed on the defect following 
a limbal peritomy, depending on the site of the defect with or 
without undermining of close-by conjunctiva. Postoperative 
thinning of the grafts may be needful.

An alternative material to autogenous dermis without 
donor site morbidity is acellular allogenic human or porcine 
cadaveric dermis. This material has unfortunately a high ten-
dency of contraction and shrinking (up to more than 70% in 
comparison to hard palate mucosal cartilage grafts with only 
15%) and high costs [10, 21]. Because of this, its application 
should be reconsidered well and should be used rather as a 
temporary spacer.

The structural arrangement of collagens and laminin in 
amniotic membrane transplants (AMT) is similar to that in 
conjunctiva. AMT acts as a scaffold for conjunctival re- 
epithelialization and restores the integrity of the corneal and 
conjunctival surfaces. Its advantages compared with buccal 
and labial mucous membrane grafting include no donor site 
morbidity, and no need for adjunctive irradiation or antime-
tabolite treatment for reducing shrinkage of an autogenous 
graft. AMT is an acellular nonimmunogenic material with 
stromal epithelial growth factors, antiangiogenic proteins, 
and anti-inflammatory proteins.

19.4  Scar Management

Controlling burn scar contraction is a difficult task as usual 
in face burns. Compression with custom-made splints which 
are fitted inside a face mask or custom-fitted conformers is a 
common treatment. The patients have to be followed closely 

to see if the splint works effectively in preventing ectropion. 
If the eyeball is effectually covered, it is acceptable to wait 
for scar maturation for definitive correction. Ectropion of the 
lower eyelid is the most appearing and feared problem after 
burn lid damage and unfortunately cannot been eliminated 
totally.

19.4.1  Retraction of Upper Eyelid 
and Ectropion of Lower Eyelid

After early eyelid reconstruction combined with skin 
graft appearance of progressive upper eyelid contraction 
and lower eyelid ectropion could be estimated (Figs. 19.6 
and 19.7).

In general, opposing forces in ectropion are levator func-
tion and scar contraction against gravity, edema, elasticity, 
and orbicularis function in upper eye lid. In the lower eye lid 
tissue pliability, age (loss of elasticity), paralysis, gravity, 
and lid scar contraction work against orbicularis function, 
tissue elasticity, and tarsal rigidity [22].

The operative correction of entropion and retraction is 
one of the most important operations in the entire surgical 

Fig. 19.6 Fourteen months after reconstruction face with split- 
thickness skin grafts and upper and lower eyelid regions with full- 
thickness skin grafts with scleral show and ectropion
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rehabilitation of the facial burn and should be carried out 
before any other facial surgery [23], but early surgery has no 
evidence-based advantage to reduce further reconstructive 
procedures required in the long term. It has only been shown 
to help reduce the risk of exposure keratopathy. Controversial 
is the time of debridement in deep eyelid burns. In general, 
eyelid burn debridement is performed later compared to 
burns elsewhere [6, 8]. Time of surgery is often at 2–3 weeks 
post injury. Then tissue destruction has become demarcated, 
and eyelid contracture and lagophthalmos are present. 
Therefore, fully, wide and overcorrecting releasing of the 
eyelids is essential. It is recommended that either the upper 
or lower eyelid should be reconstructed at one setting. The 
reason for this is the difficulty of doing an adequate and fully 
overcorrection of upper and lower eyelid release simultane-
ously. There is a big controversy in literature if the upper or 
the lower eyelid should be released first. It should be always 
individually decided due to the amount of damage of the par-
ticular lid and fear for the globe.

To avoid damage to the M. orbicularis oculi, Huang [9] 
only excises the eschar. However, most of the authors con-
sider a full debridement to receive a wound bed with a good 
blood supply and to prevent further wound contracture [24, 

25]. If there are repeated problems with irritation of the eye 
and damage to the cornea, the ectropion is released early in 
the post burn period. If there is no risk for the eye, one can 
await scar maturation [26]. An important consideration is to 
eliminate extrinsic forces which cause entropion before cor-
recting the eyelids. There could be a tight contraction over 
the face or neck which pulls on the eyelids and causes ectro-
pion or retraction.

In summary generally the surgical release and skin graft-
ing should be done delayed. If there is early appearing of 
lagophthalmos, corneal exposure, conjunctival injection, or 
chemosis, the eyelids could be closed and secured with draw- 
string tarsorrhaphy sutures.

19.4.2  Surgical Tarsorrhaphy

Surgical tarsorrhaphy is discussed as very controversial in 
facial burns and has largely been abandoned as routine 
practice. Tarsorrhaphy does not prevent wound contraction 
when there is cicatricial ectropion present. Furthermore 
the basic principle of tissue replacement should be the bet-
ter procedure [6, 23, 27]. This procedure seems to be ideal 
2  weeks after burn accident when eyelid contracture 
occurs, overcoming any temporary suture tarsorrhaphy 
and producing ectropion. Suturing of the eyelids together 
may be indicated in certain situations like following 
destruction of the eyelid margins if there is sufficient tis-
sue remaining instead of the masquerade procedure [15]; 
also in case of combined grafting of upper and lower eye-
lid in cases where the tarsus is missing. A tarsorrhaphy 
combined with skin grafting may help reduce the need for 
further skin grafting or recurrent ectropion. As the risk for 
ectropion persists for months due to persistent eyelid 
shrinkage, a tarsorrhaphy would need to remain in place 
until facial scars mature [28].

19.4.3  Masquerade Procedure

This is a temporary procedure of closing the eye for further 
reconstruction of the eyelids. It is used if there is severe dam-
age of the eyelid, and no viable or adjacent tissue is avail-
able. All necrotic tissues including muscle and eyelid 
margins get excised, then mobilizing and suturing together 
of a conjunctival flap from the remaining upper and lower 
eyelid to cover the anterior surface of the globe with the epi-
thelial surface of conjunctiva. This is covered usually with a 
split-thickness skin graft. Because of the poor vascularity of 
the wound bed, a full-thickness graft will undergo necrosis. 
After 3 months, the reconstructed lids get divided to create 
new eyelid margins. The globe has nearly normal coverage, 
and the eyelid function is very good [7]. But we could also 

Fig. 19.7 Fourteen months after reconstruction face with split- 
thickness skin grafts and upper and lower eyelid regions with full- 
thickness skin grafts. Nearly fully eyelid closure
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have appearance of slight eyelid eversion, followed by pto-
sis, stiffness, and lagophthalmos.

If the upper and only the upper part of the lower eyelid 
need full reconstruction, advancing the muscle levator palpe-
brae and covering with a full-thickness skin graft show good 
results after flap dividing with good function of the new eye-
lids [6].

19.4.4  Tenonplasty

In the absence of nearby conjunctival flaps, this alternative 
globe-preserving procedure involves dissection of the 
Tenon’s layer and anterior advancement of Tenon’s in a flap- 
like fashion and suturing to the globe at the limbus in order 
to provide a vascular supply and promote corneal epitheliali-
zation [29]. The results nearly complete epithelialization of 
advanced Tenon’s within 21–54 days [30] with the preven-
tion and healing of scleral ulceration.

19.5  Deformities of the Eyebrows

A loss of the eyebrows is noticeable and defacing. A good 
cosmetic result could be achieved by temporal pedicle flaps 
of hair-bearing skin [8, 9]. The flap is outlined above an 
appropriate branch of the superficial temporal artery. Hair 
direction should correspond similar to the brow hair. The flap 
is then pedicled subcutaneous on the temporal artery and 
vein and transposed a little more medially than the normal 
eyebrow position because of the tendency of contraction to 
the lateral side.

Hair transplantation is another good tool for correction 
after burn damage. Full-thickness composite skin graft of 
hair-bearing skin from the temporoparietal region (because 
of the thinness of this regional skin) could be transplanted. A 
portion of the scalp should be taken that has the same general 
angle of hair follicles exiting the skin as the remainder of the 
eyebrow or the opposite eyebrow. While excising care must 
be taken to cut parallel to the hair follicles. Then they are 
positioned in the way that the hair can grow in the correct 
direction [23]. Due to the minor satisfactory vascularized 
wound bed, they should be taken as 1 mm strips up to 5 mm 
grafts [8, 9]. Unfortunately there is loss of hair within 
3 weeks, but hair returns in the following 3 months with up 
to 70% of surviving follicles [23]. Re-grafting is here often 
required.

The micrograft technique in hair transplantation shows 
good natural and long-lasting results in eyebrow reconstruc-
tion. But this technique depends on a not too much scared 
wound bed and is very time consuming and may be repeated 
for a complete new eyebrow [31–33]. Using this technique or 
small grafts is useful in producing the correct angle of the 

eyebrow. McConnell and Neale prefer a pedicle island flap 
based on the superficial temporal artery especially for recon-
struction in bushy male eyebrows. The vascular pedicle is 
tunneled beneath the skin to the eyebrow. They recommend 
that free hair transplantation has marginal results due to the 
scarred recipient site [34].

The gender of the patient plays a big role in the choice of 
reconstruction. Male patients need more thick and bushy 
eyebrows, and the flap procedure is more capable. In female 
patients, permanent make up or eyebrow pencils can be an 
alternative method to surgery [8, 9].

19.6  Horizontal Eyelid Shortening

Horizontal eyelid tightening is a possible procedure in ectro-
pion after skin transplantation for eyelid reconstruction. The 
reconstructed eyelid does not have the luxury blood supply 
like in normal circumstances, so this is not a safe procedure 
in the presence of severe burn-induced progressive ischemic 
scarring.

Danger of necrosis if eyelid shortening is really required 
is less in the lower eyelid. To avoid central infarction, the 
release should be at the lateral canthus maybe with a lateral 
tarsorrhaphy for a safer blood supply via an upper eyelid 
transconjunctival flap [7]. Normally an additional skin trans-
plantation is essential.

19.6.1  Lower Eyelid Sling

For recurrent lower eyelid ectropion, the use of lower eyelid 
fascial slings (fascia temporalis or fascia lata) have been 
reported [35]. It provides a vertical support and does not 
overcome contraction or tissue deficit, which requires release 
and tissue replacement. It is secured to the medial canthal 
tendon and to the lateral orbital rim and braces the lower lid 
margin [36].

19.6.2  Obstruction of Canaliculi

A burn damage involving the puncta and canaliculi is infre-
quent. Meyer et al. recommend early punctal evaluation and 
daily dilatation if necessary during the first 10  days [37]. 
This may be a good opportunity to prevent early stenosis but 
is not practical for longer prophylaxis or for reconstruction.
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Ear Reconstruction in Post-burn Ear 
Deformity

Andrew Burd, Paul Wurzer, and Thomas Rappl

20.1  Introduction

Post-burn ear reconstruction is a challenge for reconstructive 
and burn surgeons. Depending on the damage, the ear 
requires a total or partial reconstruction. The anatomy of the 
external ear is quite simple but still unique. The ear consists 
of a sandwich of skin, cartilage and skin, and all three layers 
have to be reconstructed in order to achieve a natural and 
aesthetically pleasing outcome. In addition to the layered 
reconstruction, the three-dimensional shape including helix, 
anti-helix, triangular fossa, concha, tragus and lobule have to 
be formed. In this chapter, we describe the basic anatomy, 
history of the ear reconstruction, initial post-burn treatment 
and principal methods.

20.2  Basic Anatomy and the Appearance 
of a Natural Ear

The anterior border is defined by the tragus, whereas the cau-
dal border is defined by the lobule, which is directly con-
nected to the helix. The posterior and superior borders are 
determined by the most prominent structure of the ear, the 
helix. The centre is formed by the concha (derived from 
Latin meaning spiral shell), which is surrounded by the anti- 
helix and triangular fossa (Fig. 20.1). The avascular cartilage 
is covered by the vascular perichondrium, which is in turn 
covered by a thin and almost hairless skin. The blood supply 
to the external ear comes from the anterior auricular artery, a 
branch of the superficial temporal artery, and the posterior 
auricular artery, a branch of the external carotid. The auricu-

lar temporal branches of the mandibular nerve provide sen-
sory innervation of the external ear.

20.3  The Position of the External Ear

The outer ear is located in the middle third of the face and is 
roughly the length of the nose; some say that the length is 
directly proportional to the length of the nose. On average, it 
is 6 cm, from the top of the helix to the lowest part of the 
lobe. The distance of the helical rim from the scalp is com-
monly 2 cm, but can be larger in protruding ears (Fig. 20.2). 
For reconstructive purposes, if there is unliteral damage, it is 
important to consider the shape of the unharmed contralat-
eral ear. In cases where both outer ears are deformed or even 
not available, the surgeon needs to focus on the established 
surgical landmarks (Fig. 20.3).

Studies have looked at variations of ear positioning in dif-
ferent racial groups [1, 2]. There are no distinct racial fea-
tures as far as the external structure of the ear is concerned, 
and the relative position of the external ear is another global 
feature. The vertical position of the ear is shown in Fig. 20.4a. 
It is the same height as the nose and when looking at the 
lateral aspect of the face, the lower edge of the ear is at the 
level of the lateral ala base, and the upper level of the pinna 
typically lies on the same level as the lateral extent of the 
eyebrow. The ear can be considered to pivot around the 
external auditory meatus, and the horizontal position of the 
central point of the upper margin of the external auditory 
meatus, the porion, lies in the same vertical axis as the vertex 
of the skull (Fig. 20.4b). The long axis of the ear is not verti-
cal, and the normal ear inclines backwards and the axis of 
recline is parallel to that of the line from the tip to the nasion 
of the nose (Fig. 20.4c).

The influence of the position of the external ear on the 
overall aesthetics of the lateral view of the head and neck is 
illustrated by this patient who has sustained a unilateral 
facial burn (Fig. 20.5). The scarring on the ear has caused the 
pinna to curl forwards losing the grace and ‘flow’ of the 
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Fig. 20.1 The elegance of the human ear—anatomy Fig. 20.2 The elegance of the human ear—imagery

Fig. 20.3 The ‘sandwich’ 
with cartilage in green and 
fibrous connective tissue 
(yellow)
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 contralateral (normal) ear. In addition, the right side of the 
face is scarred, and there has been a contracture of the right 
cheek and neck which is distorting the position of the ear. 
The entire ear is pulled forwards and also downwards. This 
is possible due to the mobility of the external auditory canal. 

Figure 20.6 shows a computer-generated overlay of the right 
and left sides of the face which puts into perspective the two 
contrasting ear positions.

20.4  Initial Management of the Burned Ear

Burns involving the head and neck commonly affect the ears. 
Depending on the temperature as well as exposure time, the 
burn can cause superficial up to full-thickness burns. 
However, the structures of the external ear including skin and 
cartilage are very vulnerable, and hence, a short time expo-
sure to a thermal source can cause a severe damage to the ear. 
Besides the external structures, the internal ear, especially 
the tympanic membrane, can be damaged. If there is concern 
about deep damage, a physical examination by an ENT phy-
sician of a burn to an ear is recommended, to avoid misdiag-
nosis and prevent further damage to inner structures of the 
ear. This must be done acutely before swelling of the audi-
tory meatus precludes examination.

Initial care of the burned ear includes a well-padded cover 
with antimicrobial dressings. The priority is to maintain the 
shape of the ear and to prevent local infection and in particu-
lar a perichondritis. The dressing has to be moulded to the 
shape of the ear It is important to cover every part of the ear, 
including the postauricular fold. Padding and correct posi-
tioning of the ear is crucial to prevent folding, pressure 
effects and preserve vital tissue. Initial treatment of the 
burned ear is conservative, and attempts at surgical interven-
tions should be delayed. If topical antimicrobial creams are 
used a cotton wool pledget can prevent blocking of the exter-
nal auditory meatus. Determination of the burn depth can be 
difficult after using some agents such as silver sulphadizine; 
however, this is still a popular product due to simplicity of 
use and patient comfort.

20.5  History of Ear Reconstruction

The first records of rear reconstruction are going back to 
sixth century BC, where an Indian advancement flap was 
performed to address partial ear reconstruction by the 
Sushruta Samhita [3]. In Europe, the first description of par-
tial rear reconstruction was described in the sixteenth cen-
tury by the Branca family in Sicily, who used skin from the 
arm. Later, Gaspare Tagliacozzi, an Italian surgeon, described 
in his book, De Curtorum Chirurgia per Insitionem Libri 
Duo, the reconstruction of the helical rim as well as lower 
auricle. Later in 1845 Dieffenbach spoke against a total ear 
reconstruction due to the high rates for complications and the 
poor aesthetic outcome [4]. In 1970, the ‘Gavello flap’, a 
bilobed flap for lower auricle reconstruction was described 
by Szymanowski [3]. Ear reconstruction underwent a new 

a

b

c

Fig. 20.4 (a–c) The position of the normal ear
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phase in the early twentieth century, where regional superi-
orly based retroauricular skin flaps were described by Smith 
and later by Ombredanne. Meanwhile, Gilles described, for 
the first time, an inferiorly based island flap for the lower 
third auricle reconstruction [5]. Another surgical approach 
for ear reconstruction, a tubed cervical and supraclavicular 
pedicled flap, was described by Pierce [3]. With further time, 
new surgical improvements in reconstruction of the cartilage 
framework using xenografts or ivory, silicone, metal, Teflon 
or porous polyethylene were described. Nevertheless, most 
surgeons in the early twentieth century were still unhappy 
with the aesthetic outcomes [6].

20.6  Post-burn Reconstruction

In 1944, Suraci [7] defined seven important criteria for ear 
reconstruction: symmetrical size, similarity of outline and 
height, correct cephalo-auricular angle, permanency of size 
and shape, rigidity of the ear and matching colour 
(Fig. 20.7).

Fig. 20.5 A unilateral facial burn resulting in malpositioning of the right ear

Fig. 20.6 An overlay of right and left lateral views to emphasis 
malposition
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When a patient is being reviewed regarding problems 
related to the ear after a burn, the patient will focus on one, 
or a combination, of the following problems:

 1. Impaired hearing
 2. Abnormal scarring
 3. Loss of function

 (a) Retention of glasses
 (b) Inability to adorn with jewellery

 4. Deformity of the ear (without loss of tissue)
 5. Displacement of the ear due to surrounding scarring
 6. Loss of part or whole of the extend ear

20.6.1  Impaired Hearing

Whilst this may be due to meatal stenosis, there are other 
causes of unilateral or bilateral hearing impairment that 
could be completely unrelated to the burn injury. In view of 

this, it is important to arrange for a baseline audiometric 
assessment to be made when the patient presents with such a 
concern. Other causes need to be excluded.

Hearing impairment can be attributed to a physical block-
age or distortion of the external auditory meatus, and direct 
involvement of the skin by the original burn injury can result 
in scarring and a cicatricial stenosis.

If the deformity is more like a slit due to a traction force, 
then release of this force will be needed. The case illustrated 
shows a typical example of how this can be achieved by 
insetting a flap into an incisional (or excisional) defect cre-
ated by the surgical release of the deforming scar tensions. 
The patient illustrated had been the victim of an acid assault 
and had developed extensive scarring of the mouth, nostrils, 
chin, neck and left ear. She was referred having had the acute 
burn treated elsewhere, and some initial reconstruction had 
been commenced, but her specific concerns were the 
 ectropion of the lower lip and the deformity of the left neck 
and impaired hearing. A splint had been made to try and 

Fig. 20.7 The unfortunate consequences of suboptimal acute care
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counteract the ‘stenosis’ of the EAM, but on inspection it 
was the scarring in the neck that was causing the problem. To 
address both the problems, a bi-paddled anterolateral thigh 
flap was raised. This actually proved to be anatomically 
interesting as the perforators came from two completely sep-
arate systems allowing the flaps to be placed some distance 
from each other whilst there was only one anastamosis to the 
recipient vessels (Fig. 20.8).

The two flaps were inset with the anterior paddle oriented 
horizontally to correct the lower lip ectropion. The posterior 
paddle was oriented vertically and was inset into the lateral 
neck defect left after an incisional scar release. The upper tip 
of the flap was inset into the external audiotory meatal canal 
to release the cicatricial stenosis (Fig. 20.9).

20.6.2  Abnormal Scarring

In certain patients, there is an accumulation of excessive 
connective tissue which forms an abnormal scar. The two 

principle forms of abnormal scar are hypertrophic and keloid 
scars. These do appear to be two very different forms of scar 
[5]. A major clinical difference is that the hypertrophic scar 
appears to be associated with active tissue remodelling, and 
the effect is that tensions are created within the skin sur-
rounding the scar tending to cause a contracture of the scar 
area. This can be seen by the effects of the scar on the sur-
rounding soft tissues, for example, the mouth or eyelids. 
When the hypertrophic scar is excised, the resulting defect is 
always much larger than the area of excised scar. The keloid 
scar behaves very differently and is characterized more by an 
accumulation of connective tissue matrix which appears to 
grow into the surrounding tissues. The edge of the scar is 
often raised and rolled, and when the scar is excised, the 
resulting defect is usually the same size as the excised scar. 
There is another very important clinical difference between 
the keloid scar and the hypertrophic scar and that relates to 
the duration of the abnormal scarring. Typically a keloid scar 
will grow to a certain size and then remain at that size for a 
prolonged period of time. Indeed the keloid scar is generally 

Fig. 20.8 An intra-operative series indicating the two flaps
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thought not to involute. The hypertrophic scar in contrast is a 
self-limiting form of abnormal scarring and will mature 
albeit over the course of several years.

The two forms of scarring are rarely seen together in any 
patient group other than in post-burn patients and particu-
larly children. The reason for this is not clear, and it is also 
clear that the pathology as well as the pathogenesis of the 
keloid scar, in particular, is different in the burns patient 
when compared to keloid arising from other stimuli, such as 
acne or ear piercing. Our understanding of the nature of the 

evolution of the post-burn keloid scar remains rudimentary, 
and it is possible that it does have a tendency to be more self- 
limiting than other types of keloid.

Figure 20.10a shows both right and left lateral views of a 
young boy who developed classical keloid-type scarring of 
the upper helical ruin. The close-up view shows the massive 
raised, rolled accumulations of scar tissue (Fig. 20.10b). The 
standard teaching is that if a keloid scar is excised, then it 
always recurs and also tends to be more aggressive. To pre-
vent or reduce the incidence of recurrence, it is always nec-
essary to apply some adjuvant treatment in combination with 
the surgery. This may involve the application of cytotoxic 
agents to the post-excisional wound, the injection of steroids 
or exposure to irradiation or even cryotherapy. These 
approaches reduce the cellular response to further wounding 
and appear to have an immunosuppressive effect.

Our approach to the post-burn keloid is rather different, 
and the first case was detailed in a case report involving a 
large buttock and posterior thigh keloid [4]. Basically, the 
keloid was shaved flesh with the normal skin, and cells cul-
tured from a biopsy taken from a site of normal skin were 
applied as suspension with a concentration of 8.3 × 104 cells 
per cm2. The cells were pipetted onto the excisional defect 
and ‘fixed’ in place by the subsequent application of Tisseel® 
fibrin glue. The glue was sprayed on gently taking care not to 
blow the liquid suspension off the wound. The wound was 
then allowed to dry, and Mepitel was then applied. The heal-
ing of the wound is depicted in Fig. 20.11.

The upper two pictures show the post excisional wound at 
1 week post cell spray. Of note as the ‘excision’ of the keloid 
was flesh with the surface of the surrounding skin, there is 
still keloid tissue in the wound bed. The lower two pictures 
show the wound dressed with gentian violet and complete 
healing occurred in 3 weeks. Figure 20.12 shows the appear-Fig. 20.9 Two flaps inset

Fig. 20.10 (a, b) Abnormal scarring with close-up view
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Fig. 20.11 Early post-operative views

Fig. 20.12 Lateral views. It appears as if the scar trajectory has changed, and whilst initially there is obvious scar growth, this does resolve in 
12 months

A. Burd et al.
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ance at 6 months post cell spray. The scar is raised and red 
but subsides and when viewed 3 years post cell spray (the 
lower two pictures of Fig. 20.12). The scarring is all flat and 
mature. Again, the underlying biological mechanisms at 
work remain unknown, but in a series of five cases, the 
response has been similar and persistent.

20.6.3  Loss of Function

Apart from the function in association with the middle and 
inner ear for hearing, the external ear has a function for retain-
ing ear-mounted devices. These may simply be spectacles 
although there is an increasing range of wireless free devices 
that can be attached to the ears. This retention function depends 
more upon the well-defined upper pole of the ear with a retro-
auricular sulcus. The other function is for the adornment of 

jewellery, and this is typically applied to the lobe of the ear. 
Thus loss of the lobe can be a concern for some patients.

Figure 20.13a shows a patient who sustained 65% TBSA 
burns in an injury involving a mosquito net [3]. The scalp 
was severely damaged and the external ears were deformed, 
but the patient was not concerned about the ears as they 
retained their function of stabilizing his eye glasses 
(Fig. 20.13b).

The interval between Figs. 20.4c and 20.13b was 3 years, 
and in that time, the patient had received multiple surgeries 
to improve the function of his hands. Another case shows the 
creation of a retroauricular sulcus by elevating the cartilage 
together with a rim of scar approximately 8 mm wide and 
then inserting a split thickness graft secured with a tie over 
dressing (Fig. 20.14).

The appearance is shown 2 years later, and the sulcus has 
been maintained although some graft contracture has dis-

Fig. 20.12 (continued)

Fig. 20.13 (a, b) Early and late views of bilateral ear burns which caused deformity but retained the function of supporting eyeglasses
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torted the upper pole of the ear, and the superior sulcus has 
not been satisfactorily defined.

20.6.4  Deformity of the Ear Without Loss 
of Tissue

This is a preventable but unfortunately all too common com-
plication of inadequate primary treatment of ear burns. The 
deformity is a consequence of dressings that are either inap-
propriately applied or not checked. The ear becomes folded 
forwards and the helical rim becomes attached to the pre- 
auricular skin or scar tissue. Where the attachment occurs, 
there will inevitably be an accumulation of scar tissue, and 
when releasing the anteriorly displaced ear, the helical rim 
will appear as a secondary deformity.

There will also be a defect in the pre-auricular region that 
was the site of the attachment. This defect can often be con-
veniently closed using a superiorly based flap of post- 

auricular skin. The ear thus formed lacks the helical definition 
of the normal ear but is acceptable to most patients.

Examples of this type of reconstruction are shown in 
Figs. 20.7, 20.15 and 20.16. Figure 20.7 is the deformity at 
presentation. The entire cartilaginous framework is present, 
but the ear has been folded anteriorly, and scarring is main-
taining the deformity. When the scar is released, there is a 
significant loss of skin that prevents a direct closure of the 
defect in the pre-auricular area and on the helical rim. A 
superiorly based post-auricular flap can be used to close the 
defect. Although the resulting ear does not have the aesthetic 
impact of the natural ear, the return to a normal position and 
a grossly normal ear has produced a result that is acceptable 
to the patient.

Of interest in this case is the keloid-like scar nodule that is 
arising from the anterior aspect of the ear. The follow-up 
2 years after the surgery shows a result that is acceptable to the 
patient. Of interest is that the keloid-like scar has matured and 
is no longer visible suggesting atypical keloid behaviour.

Fig. 20.14 Both this and the previous patient suffered from mosquito net-related burns. These cause deep burns of head, neck and hands. The 
patient was happy with a very limited procedure

A. Burd et al.
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20.6.5  Displacement of the Ear 
Due to Surrounding Scarring

It is quite fascinating how the human brain processes infor-
mation with regard to facial features. With regard to the ear, 
the extent and nature of a deformity of shape are secondary 
to an appreciation of an abnormal position. The external ear 
is joined to the skull by a deformable cartilaginous tube lined 
by skin and surrounded by fibro-fatty tissue. Scarring of the 
neck and/or the cheek can cause the ear to be pulled down 
and/or anteriorly. The extent and nature of the scarring will 
determine the extent and nature of the deformity, and in turn 
the extent of the defect created as the ear is returned to its 
original position.

In the neck which is a highly flexible part of the body, a 
substantial and permanent release is most often achieved by 
the use of flaps. These have the shared advantages of requir-

ing no post-operative immobilization or splinting, and there 
will be no subsequent contracture.

The cheek is not so dynamic in its movement, and full- 
thickness or thick split-thickness grafts or the use of tissue 
engineered material specifically Integra dermal regeneration 
template can achieve satisfactory closure of the defect left 
after excision of the scar causing the positional deformity.

The series of pictures in Fig. 20.17 show the excision of 
the right facial scar of the patient with unilateral facial scar-
ring shown in Fig. 20.5. The defect is resurfaced with a sheet 
of full-thickness skin graft. The three pictures at the bottom of 
Fig.  20.17 show the situation before the surgery and the 
immediate and 4-year post-reconstruction appearance. 
Figure  20.18 shows computer composites of the pre- and 
post-surgery to show the change in ear position and also a 
composite of the right and left sides which underlines the 
importance of ear position in the overall aesthetics of the face.

Fig. 20.15 Another case using the superiorly based post-aurical flap. A ‘keloid’ nodule is present on the anterior surface of the ear (*)

20 Ear Reconstruction in Post-burn Ear Deformity
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20.6.6  Loss of Part or Whole of the External Ear

There is a major difference in reconstructing the ear after 
congenital absence and reconstructing an ear after traumatic 
loss and in particular burns. The difference relates to work-
ing with skin on the one hand and scar tissue on the other. 
Skin is a much more versatile reconstructive medium, and 
the quantity can always be increased by tissue expansion. It 
is interesting to note that the first reported case of medical 
skin expansion was performed by Neumann in 1956. He 
used a rubber balloon which he inflated by air. And the 
patient? The patient had sustained traumatic amputation of 
the upper two thirds of his right ear many years before. 
Neumann introduced the balloon under the skin in the tem-
poroparietal region. He subsequently removed this and 
inserted a C-shaped costal cartilage graft. Neumann con-
ceded that much work needed to be done before such a 
reconstruction could become accepted by the plastic surgical 
community at large, but a concept had been born [8].

Even in busy specialized units, taking trauma and con-
genital cases, there is little call for tissue expansion. The 
details are however very clearly explained by the Mount 
Vernon team. They expanded the available skin and then 
when removing the expander, also performing a capsulec-
tomy. This very thin skin was drawn over the preformed 
framework and a close attachment was created using pro-
longed mini-suction drains [9].

Looking at the literature regarding ear reconstruction, it 
would be misleading to think that they will be equally useful 
using skin flaps compared to scar flaps. Scarred skin can be 
used in other parts of the body because the subdermal capil-
lary plexus is still present if the burn was of partial thickness. 
It is the movement that is the problem so skin can be tubed 
but scar cannot, or at least cannot be tubed so easily [10].

Tubing can be useful for loss of the helical rim and the 
lobule, but when more extensive loss involving a significant 
cartilage deficiency occurs, then the reconstruction requires 
a framework.

Fig. 20.16 Two years later, the ear shape is acceptable, and the ‘keloid’ nodule has gone

A. Burd et al.
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Fig. 20.17 The malposition of the right ear shown in Fig. 20.5 is corrected with a full-thickness graft to resurface the right face. A post-auricular 
flap has also been used to ‘open’ up the ear. The follow-up picture is 4 years after the operation

Fig. 20.18 Computer-generated overlays to demonstrate the change in position and appearance of the right side of the face

20 Ear Reconstruction in Post-burn Ear Deformity
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The Mount Vernon team published their experience in 
1999 [11] looking at partial ear defects. In a series of 27 
cases, they dealt with four ears from three patients. Three 
involved upper defects and one a lower pole defect. This 
group used autologous costal cartilage, covering it with 
local skin with and without prior tissue expansion. In three 
cases where there was a significant scarring of the local tis-
sues, the framework was covered with temporoparietal fas-
cia flaps.

A more burn specific review of a case series was pre-
sented by the group from Qatar who reported a series of 22 
patients who underwent subtotal reconstruction of the auri-
cles after burns [12]. All patients had autogenous cartilage 
used for the framework, but different techniques to cover this 
were used:

 1. Temporoparietal flap
 2. Subcutaneous pocket technique
 3. The pre-auricular skin flap
 4. The post-auricular skin flap

These papers introduce new concepts of reconstruction 
with specific relation to the ear.

Figure 20.19 shows a case of unilateral loss of the upper 
pole of the ear together with tethering and distortion of the 
lower pole (lobule). Both can be addressed with local proce-
dures, the upper pole requiring cartilage support.

20.6.6.1  The Temporoparietal Flap
This flap was first described in 1898 but remained primarily 
overlooked until 1983 when Brent and his colleagues 
reported the flap as:

 1. An axial-pattern fascial flap
 2. A random-pattern fascial flap
 3. A free fascial flap

This flap is highly versatile and is unique in being the only 
flap consisting of a single, vascularized, fascial layer in the 
head and neck region. It can readily drape over the convexi-
ties and concavities of the cartilagineous framework but also 

Fig. 20.19 Distortion of both upper and lower poles in a unilateral burn

A. Burd et al.
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is able to take a thin skin graft providing reliable vascularized 
cover. Because of the rich vascularity of the flap, it is sturdy 
and resists infection. The flap comprises the superficial tem-
poral fascia and the superficial temporal artery and vein.

Figure 20.20 shows a pre-operative slide of the course of 
the posterior branch of the superficial temporal artery which 
has been mapped with the Doppler. Although the patient does 
not have an upper pole of the right ear, he has elected for a 
reconstruction of the right eyebrow instead. This is an impor-
tant point to consider before using the temporoparietal flap for 
ear reconstruction: what are the patient’s priorities for repair.

Figure 20.21 shows another case where there is obviously 
some surviving ear cartilage, but the side of the scalp has 
been grafted. In such cases, it is not possible to harvest the 
flap safely and replace the overlying skin.

20.6.6.2  The Subcutaneous Pocket Technique
The subcutaneous pocket technique has a number of applica-
tions in reconstructive and trauma surgery. Essentially it 
means burying something in a pocket, so that viability can be 

Fig. 20.21 In this patient, the left side of the scalp has been grafted, and it will not be possible to raise a temporoparietal flap

Fig. 20.20 The temporoparietal layer of the scalp is a multilayered 
complex comprising (a) bone, (b) pericranium, (c) temporalis muscle, 
(d) temporalis muscle fascia, (e) loose areola tissue, (f) temporoparietal 
fascia, (g) subcutaneous tissue, (h) skin. The posterior branch of the 
superficial temporal artery runs in the temporoparietal fascia and is 
marked out before raising a pedicled flap for eyebrow reconstruction
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achieved immediately via diffusion and subsequently by 
neovascularization. The group from Qatar described harvest-
ing cartilage from the seventh and eighth costal cartilages 
and, after carving them, inserting them into a subcutaneous 
pocket. This pocket was dissected at a level that kept the sub-
dermal plexus intact and was large enough to drape easily 
over the cartilaginous framework. Suction drains were used 
to maintain a closed space, and creation of the posterior 
auricular groove was undertaken 3–4 months later.

This case demonstrates another burn injury where there 
has been a loss of the helix and a significant loss of hair- 
bearing skin of the scalp surrounding the posterior ear. A pre-
cise analysis of the defect told us that the posterior wall of 
the concha, anti-helix and anti-tragus were all preserved, and 

so a partial reconstruction of the helix and scaphoid fossa 
was possible (Fig.  20.22). The skin of the retroauricular 
region has been preserved and used as subcutaneous pocket 
to cover the cartilage in the first stage. An expander was used 
to expand the hair-bearing area and allow a further resection 
of the retroauricular scar to create a more natural hair border 
(Fig. 20.23).

20.6.6.3  Pre- and Post-auricular Skin Healing 
Flaps

The anteriorly based post-auricular flap has already been 
illustrated in the context of repositioning displaced ears 
whilst a caudally based pre-auricular skin flap can be used 
for lower pole/lobe, defects.

Fig. 20.22 In this patient presented with a loss of the helix and hair-bearing post-auricular skin, the ear has been reconstructed with the subcutane-
ous pocket technique using autologous rib cartilage (Photos with the courtesy of Dr. Francoise Firmin)

Fig. 20.23 The retroauricular hair defect was reconstructed using an expander; both the pictures on the right show a post-operative comparison 
of burned and reconstructed ear to non-burned ear (Photos with the courtesy of Dr. Francoise Firmin)

A. Burd et al.
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20.7  Total Ear Reconstruction

Total ear reconstruction following burns is a considerable 
challenge. Indeed there are few reported cases worldwide 
and even fewer where the results are aesthetically pleasing. 
The problem relates to the specific nature of the burn injury 
in that in many patients the total loss of the pinna is associ-
ated with very severe burns involving other parts of the body. 
The priority in these cases is to address the areas of greater 
functional significance first, and ear reconstruction comes 
low in the list of priorities. It is not just that prioritization is 
an issue, but also with extensive scarring, the possibility of 
reconstructing an ear that is aesthetically acceptable is real-
istically limited. Although having counselled over 20 patients 
who did have complete loss of the ear, when considering the 
risk–benefit analysis, all patients have opted not to have 
reconstruction. This decision is not affected by sex or 
culture.

Bhandari [13] describes the challenge in terms of (a) the 
framework fabrication and (b) the quality and quantity of the 
skin available for covering the framework. On the basis of 
skin availability, they recognize five groups of patients.

Group 
I

Patients with healthy skin in the auricular region

Group 
II

Patients in whom the surrounding skin is either scarred or 
grafted but is supple

Group 
III

Patients with no local skin but a pedicled temporoparietal 
flap can be used for draping over the cartilage framework

Group 
IV

Patients with neither local skin nor fascial flap available 
but who have potential donor fascial flaps available for 
free microvascular transfer

Group 
V

Patients with no donor sites for free fascial flaps or having 
other problems such as high anaesthetic risk. In this 
group, ear reconstruction is not possible

In Bhandari’s paper, the framework is made of cartilage, 
but synthetic materials have been used such as Teflon, poly-
ethylene and silicone. This is strong and flexible, but also 
being porous, it encourages both vascular and soft tissue 
ingrowth. The design of the cartilaginous framework has 
been well described in the chapter in Mathes written by 
Brent. He describes an evolution in technique beginning first 
with sculpting a framework from an ‘en -bloc’ resection of 
cartilage from the ipsilateral ribs and progressing to subse-
quent refinements adding a tragal strut and helical run. 
Figure 20.23 is an adaptation from Brent’s chapter and shows 
the ‘en bloc’ creation of the cartilage scaffold. More recent 
publications have focused more on a reconstruction of the 
framework from several rib cartilages [14], and increasing 
attention is being paid to reconstituting the cartilage donor 
site to avoid both unpleasant scar and contour defects [15].

Nevertheless, no matter how sophisticated the technique, 
the results of total ear reconstruction in the post-burn patient 
still leave much to be desired in terms of the aesthetics [16]. 
Ultimately the reality of the Group V classification accord-
ing to Bhandari has to be faced. Even ectopic reconstruction 
using the pre-laminated ear reconstruction under an expanded 
radial forearm flap as illustrated by Wikstrom [17] is an 
unlikely possibility in a major burn where fascial excision of 
burns of the limbs may have been undertaken (Fig. 20.24).

An option remains and that is to use an external prosthesis 
attached either with adhesive or better still using osteointe-
gration. In a review of nearly 1500 ear reconstruction cases, 
the Auricular Centre of the Plastic Surgery hospital of the 
Chinese Medical Sciences reported 24 cases using titanium 
dowel-retained prosthesis and described favourable clinical 
outcomes [18].

20.8  Summary

Reconstruction of the burned ear remains a challenge. It 
ranges from simple plastic surgical techniques to complex 
reconstructive procedures. Simple procedures which involve 
repositioning and/or unfolding a deformed ear have to be 
kept in mind and may lead to good aesthetic and functional 
results.

The total reconstruction of the ear in a patient with an 
extensive burn is a completely different issue, and good 
results can hardly ever be obtained. In some cases, an exter-
nal prosthesis may overcome the aesthetic appearance of sur-
gical reconstructed ears and should hence be offered the 
patient as another option.

Fig. 20.24 The composite cartilage harvest

20 Ear Reconstruction in Post-burn Ear Deformity
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Reconstruction of the Perioral Region 
After Facial Burns

Timo Alexander Spanholtz and Riccardo E. Giunta

21.1  Introduction

21.1.1  Aetiology and Pathophysiology

Deep facial burns occur for different reasons and often affect 
patients’ outcome and life quality in a dramatic fashion. 
Although they are present in a minority of burned patients, 
they pose a greater challenge in surgical and non-surgical 
treatment. Chemical, electrical and thermal burns can lead to 
disfiguring scar formations and restrain sufficient mouth 
opening (impaired temporomandibular joint range of motion). 
The average physiological mouth opening measures 
40–50 mm. An opening of 25–35 mm is still functional while 
an opening of less than 24 mm is severely limiting in daily 
life [1]. In the literature, 3.7–10.8% of thermal burn admis-
sions are complicated by reduced size of the oral aperture, 
generally called microstomia. In infants, perioral burns often 
occur when a child bites into or sucks on an electrical cord or 
the improperly connected junction of two electrical cords.

In case of electrical accidents, both the enoral mucosa and 
the lip are damaged more extensively than the surrounding 
skin, as the high electrical resistance of skin tissue reduces 
injury to the skin while the saliva-coated lip and enoral sur-
faces conduct electricity very well. The soft tissue injury 
caused by electricity is often more extensive than initially 
estimated, because the current may follow the low-resistance 
paths of nerves, vessels and facial muscles. Coagulation 
necrosis with inflammation of adjacent vital tissues results in 
crippling scars causing hypotonicity of the circumoral 
muscles.

As, in fact, thermal burns of 95% total body surface area 
(TBSA) are today associated with a 50% chance of survival 
in children [2], the treatment of deep facial thermal burns 

becomes more important to improve the quality of life in 
these patients. The scar contracture caused by deep facial 
thermal burns or electrical accidents results in several prob-
lems such as tongue cicatrization, disturbance in facial 
expression and microstomia. Nowhere in the body are scars 
more apparent than in the face.

21.1.2  Relevant Anatomy

No cartilage or any other rigid frame supports the oral orifice 
nor the lips. The vermillion border flanks the oral aperture 
and extends to facial skin tissue to all sides. The upper lip is 
subdivided in three subunits: the philtrum and two lateral 
subunits that extend from the philtral columns to the nasola-
bial folds. At the oral commissure, upper and lower lips 
meet. Not subdivided, the lower lip stretches out to the labio-
mental fold inferiorly and to the nasolabial folds laterally 
(Figs. 21.1 and 21.2).

T. A. Spanholtz (*) · R. E. Giunta 
Department of Hand Surgery, Plastic and Aesthetic Surgery, 
Universitätsklinik, Ludwig-Maximilians Universität München, 
Munich, Germany
e-mail: timo@spanholtz.net;  
Riccardo.giunta@med.uni-muenchen.de

21

Fig. 21.1 Surface anatomy of the lip: (1) Nasolabial fold; (2) Philtrum; 
(3) Tubercle; (4) Vermilion of the lower lip; (5) Vermilion border;  
(6) Horizontal fold of mentum; (7) Mental fold; (8) Oral commissure; 
(9) Cupid’s bow
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Levator labii superioris
alaeque nasi m.

Levator labii superioris m.

Zygomaticus minor m.

Zygomaticus major m.

Depressor septi m.

Risorius m.

Depressor anguli
oris m.

Compressor naris m.
Levator anguli oris m.

Dilator naris m.

Buccinator m.

Orbicularis oris m.

Depressor labii
inferioris m.

Mentalis m.

Fig. 21.2 Facial muscles in 
the perioral region

Fig. 21.3 Arterial and nervous supply of the perioral region

The infraorbital nerve (V2) and the mandibular nerve (V3) 
assure the sensory innervation to the upper and lower lips. Oral 
commissures are innervated mainly through the buccal branch 
of the mandibular nerve. The main arterial supply is from the 
labial arteries (branches from the facial artery, Fig. 21.3). This 
arterial frame forms a 360° loop, which allows for various flap 
designs. The arteries provide perforators through the orbicularis 
muscle to the overlying skin of the lip. Theoretically flaps in the 
lip area should contain one labial artery, although blood supply 
is so numerous in the perioral region that survival of local flaps 
can be secured by including one single segment of mucosa. 
Lymph nodes of the submandibular and submental area drain 
the lymph of the lower, preauricular and infraparotid nodes and 
the lymph of the upper lip.

The orbicularis oris muscles consist of two portions: the 
deep portion is oriented horizontally and acts to compress 

the upper and lower lips and to provide sphincter function. 
The superficial portion is in control of finer movements for 
facial expression. The depressors of the lip include four mus-
cles: the depressor anguli oris, mentalis, depressor labii infe-
rioris, and the platysma muscle. Elevation of the lips is 
secured by the levator anguli oris, zygomaticus, and risorius 
muscle. Many of these muscles stretch out to the oral com-
missures (Fig. 21.2).

21.1.3  Presentation and Classification

Dependent on the degree of tissue damage, individuals with 
perioral burns may experience a large variety of functional 
symptoms such as nutritional needs with limited oral intake, 
articulation abnormalities with impaired communication, 
dental hygiene, dental treatments, and abnormal development 
of the definition and dental arches in childhood. Restriction of 
mandibular motion can be hazardous when attempting to 
administer general anaesthesia [3]. Apart from these func-
tional restrictions, patients suffer from their facial asymmetry, 
disfigurement and noticeable facial expression deficits.

Ortiz-Monasterio offered a classification based on the 
percentage of upper and lower lip involvement [4], while 
Al-Qattan classified electrical commissural burns in a three- 
stage grading system [5] (Table 21.1). A more general clas-
sification according to the involved structures is presented by 
Hashem and colleagues [6]: type I includes isolated anterior 
oral contractures, type II isolated posterior oral contractures 
and type III total contractures (anterior and posterior).

T. A. Spanholtz and R. E. Giunta
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21.1.4  General Considerations and Indications

Rose outlined five general principles for the treatment of 
facial burns [7]: an undistracted “normal” look at conversa-
tional distance, facial balance and symmetry, distinct aes-
thetic units fused by inconspicuous scars, a doughy skin 
texture appropriate for corrective makeup and a dynamic 
facial expression. The subunits of the face as described by 
Gonzalez-Ulloa [8], which are of certain interest in perioral 
burns, are the following:

• Cheek unit (medial subunit, zygomatic subunit, lateral 
subunit, buccal subunit)

• Upper lip unit (with the philtral columns and the Cupid’s 
bow which is the concave or dipped portion of the vermil-
lion border in the centre of the upper lip)

• Lower lip unit (central subunit, mucosal subunit)
• Mental unit

Crossing these units will always lead to disfiguring scars 
for the patient. Scars should always be positioned into the 
lines connecting these units, what will make them most 
unimpressive.

Focusing on perioral burn injuries, the commissures 
should form an acute angle at a vertical perpendicular 
dropped from the patient’s pupil and need to be positioned 
symmetric with the opposite side. The ratio of the height of 
the upper lip to that of the lower one is ideally 1:1.4. These 
principles should guide the surgeon when planning both con-
servative therapy and reconstructive surgery.

In accordance to any deep burn injury, facial burns are 
treated by excision and soft tissue reconstruction. Aesthetic 
subunits are excised in their entity. Mesh grafting should 
always be avoided to gain satisfying aesthetic results. Fraulin 
et  al. provide the largest study on this issue, finding that 
patients with extensive deep facial burns fared best with tan-
gential excision and split-thickness skin grafting [9]. Unlike 
the rest of the face, where excision and grafting can avoid 
poor skin texture, primary (or early) excision of perioral 
burns is generally not recommended, as it may result in over-
resection of indispensable tissue or underresection of 
necrotic skin and muscle [2, 10].

A wide veriety of techniques have been described for the 
the reconstruction of the upper and lower lips. Most impor-
tant in addressing reconstruction are two basic principles: 
reconstruct lost tissues with tissues of the same kind (“like-
with- like”) and respect aesthetic units of the face.

The external lip consists of four layers: skin and subcuta-
neous tissue, the underlying orbicularis oris muscles, the lip 
mucosa and the vermilion (visible portion of the lip), which 
is distinct from the mucosa in its colour, texture and appear-
ance. All techniques of vermilion reconstruction by using 
other tissues will lead to unsatisfying results. Whenever 
planning reconstructive surgery to the lip, the most important 
factor is therefore the amount of residual lip vermilion as it 
shows a unique light reflection and can hardly be replaced.

If either upper or lower lip is not injured, healthy tissue 
can be transferred from one unit to the other. The planning 
should always prefer to reconstruct lip tissue with lip tissue 
(“like-with-like”). Two techniques available to achieve like- 
with- like reconstruction are the Abbe flap and the reverse 
Abbe flap. Both are lip-switch flaps with two advantages: 
they have no impact on the oral commissure, and they tighten 
the donor lip and thereby redress the balance with the (also 
tightened) reconstructed lip. Another approach to recon-
struction is to slide parts of the uninjured lip through the 
commissure to the recipient side: flaps that follow this con-
cept are for example Estlander-flaps, Gilles-flaps and 
Karapandzic-flaps. Not pedicled, they do not need any sec-
ondary flap division, but always affect the oral commissure 
and therefore often need secondary corrective procedures to 
restore normal lip architecture.

In presurgical decision-making, it is important to know 
that defects of >40% of the total available upper- and lower- 
lip surface (or >80% of either lip) cannot be reconstructed 
with local flaps but need other techniques. For these cases 
different authors described pedicled and free flaps for soft 
tissue reconstruction, such as DIEP flaps [11], bilateral ped-
icled forehead flaps [12] and free gracilis flaps [13].

Particular attention should be drawn to deep burns of 
the oral commissure that may result in microstomia—the 
most challenging complication from perioral burn injuries. 
Apart from early non-surgical therapies, reconstruction of 
the oral commissure can become necessary. Principles for 
commissuroplasty are based on the idea of reconstructing 
a symmetrical appearance and a decent function. Therapy 
is composed of non-surgical and surgical approaches. 
Anyway, as the skin is relatively mobile in the perioral 
region, scar maturation can take from 6 months to over a 
year [2]. Early and effective conservative (non-surgical) 
treatment is important and can prevent microstomia and 
the need of delayed reconstructive surgery. If microstomia 
developed, the surgical procedure must be fitted to the 
patient’s need and performed by a plastic surgeon experi-
enced in burn surgery. One important principle for surgery 

Table 21.1 Classification of electrical burns to the perioral region [5]

Degree Description Treatment Prognosis
Minor Second-degree burn 

of the red lip only
Nil Excellent

Moderate Full-thickness burn 
at the commissure 
involving the red lip

Early splinting plus 
commissuroplasty if 
needed

Good

Severe Extensive tissue 
destruction

Flap surgery is 
required

Poor, with 
aesthetic and 
functional 
problems
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is that the commissure needs to be in a symmetrical posi-
tion with the opposite member. This requires optimal mea-
surement to determine this location and some overcorrection 
to prevent relapse. Another important detail is the fact that 
the oral commissure is not triangular. The short vertical 
component of the lateral margin needs consideration. 
Again, when planning surgery, local tissues are primarily 
used, and lost tissues are replaced by tissues of the same 
kind (“like-with-like”).

21.2  Treatment of Facial Burns

21.2.1  Microstomia: Acute and Non-surgical 
Treatment

Early therapy of perioral burns includes some sort of appli-
ances to prevent microstomia and is non-surgical at first. 
Moreover, conservative treatments for the prevention and 

management of microstomia include compression therapy 
[3, 14], mouth splinting [3, 5, 15, 16], scar massage [17], 
contact media [15], exercise [3, 16], patient education and 
neck splinting [3, 15].

Devices used in burn patients having circumoral burns 
need vertical, horizontal and oblique stretch vectors in order 
to prevent contracture in more than one plane [18]. While 
adults find putting on these devices tolerable, it can be chal-
lenging to satisfy children and toddlers, in particular over the 
extended period of time necessary for obtaining satisfying 
results. There are many appliances available, categorized as 
intraoral vs. extraoral and removable vs. fix and to provide 
force in a vertical, horizontal or circumferential direction [3] 
(Fig. 21.4a–c).

The efficacy of many different types was reported [2, 3, 5, 
6, 15, 16]. Obviously, neither perfect tool nor generally 
accepted protocol has been agreed upon. In general, the 
device should be simple to fabricate, easy to handle and well 
tolerated by the patient, as the compliance is known to be the 

a b

c

Fig. 21.4 Different microstomia prevention devices
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most limiting factor [3]. It is generally recommended to use 
the splints continuously over a period of 6 months even after 
scar maturation [2, 3].

Stretching devices are but one aspect of the treatment: 
exercise, local pressure and massage are mandatory and must 
be implied early as well for optimal outcome [3]. Scar con-
tracture can be very forceful, and early splinting alone may 
not prevent contracture of the oral commissures [1].

21.2.2  Microstomia: Reconstruction 
of the Oral Commissure

Aim of the surgical procedure (named “commissuroplasty” 
or “commissurotomy”) is the restoration of the oral commis-
sure by correction of the oral commissure contracture. 
Indication for commissuroplasty is found in patients with 
manifest microstomia, impairment of function and aesthetic 
appearance as those described above. There are no contrain-

dications for the correction of microstomia. Depending on 
the technique, all scarred contractures are either released or 
excised, and the apex of the oral commissure is redefined. 
The emerging soft tissue defect is then covered with local 
adjacent tissues. Mucosal flaps taken from the enoral cheek 
proved to be more reliable and successful than advancement 
of the remaining vermilion towards the defect for closure. 
This last procedure usually resulted in shortening of the oral 
orifice on the affected side.

Landmarks to plan the new position of the commissure 
can be determined by examining the contralateral anatomy 
or—if both sides are affected—according to the general ana-
tomical landmarks. In this case, a slight overcorrection is 
sensible, so that the commissural apex is positioned between 
the medial limbus and the midpupillary perpendicular of the 
eye (Fig. 21.5), allowing a slight overcorrection of 1–2 mm 
but taking care to avoid macrostomia.

Numerous technical variants of surgical procedures have 
been put forth in the literature, but none has proven ideally 

Fig. 21.5 Patient with microstomia and oral commissure medial to the perpendicular of the pupil; left: mouth closed; right: maximum opening of 
the mouth with significant microstomia
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suited to address all problems associated with commissural 
contractures. Although Dieffenbach was the first author to 
present a surgical technique in 1831 [19], today’s common 
procedures were initially described by Converse [20] and 
Fairbanks [21] in 1972. Converse described a commissuro-
plasty whereby a dermal triangle was excised at the con-
tracted commissures which was then deepened by 
full-thickness incision to the new apex position. Buccal 
mucosa flaps were then wrapped out to meet the skin edges 
(Fig. 21.6a–c). The small flap in the commissure is crucial to 
the success of this technique. Several authors presented a 
modification of this technique that pays respect to the verti-
cal component of the lateral margin. Brent Egeland intro-
duced a modified technique without resection of any tissue. 
Instead he releases all intrinsic and extrinsic contractures and 
used a “Y to V” musculomucosal advancement flap to cover 
the soft tissue defect [2].

Fairbanks and Dingman used two small triangular muco-
sal flaps, one with a superior base and one with an inferior 
base [21]. After dissection, these flaps were transposed for a 
lengthening effect while the buccal mucosa was advanced to 
the commissure to cover the soft tissue defect (Fig. 21.7a). 
Spanholtz et al. modified this technique and covered the soft 

tissue defect of the lateral lip with an additional rotation flap 
raised from the mucosa of the enoral lower lip. Resulting 
scars were thereby shifted to the enoral side of the lower lip, 
which caused less contracture in the region of the oral com-
missure [22] (Fig. 21.7).

Some others presented more experimental ideas using 
composite grafts harvested and reshaped from the ear lobule 
[23]. A major shortcoming of all techniques is the difficulty 
of precisely reconstructing the vermillion border.

It can be useful to combine surgical correction with splint-
ing devices as described by Koymen and colleagues, who 
found an increase of the interincisal opening by an average 
of 5 mm when Converse’ technique was combined with post-
operative splinting for 3 months [24].

On some occasions, one procedure may not be sufficient 
to manage large deformities, and numerous surgical proce-
dures are necessary over the years to eliminate functional 
and aesthetic impairment. In these cases, it is advisable to 
delay reconstruction until scar contracture is complete, and 
the scar and surrounding tissue are adequately softened. 
Between reconstructive procedures, months may elapse 
before considering a result final, requiring great patience for 
all parties involved.

a b

c

Fig. 21.6 Converse technique to correct microstomia: (a) pink zone to be deepithelialized; (b) full-thickness horizontal Y-shaped dissection of the 
deepithelialized zone; (c) advancement of the intraoral portion of mucosa to replace the vermilion
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Complications of surgical correction include flap failure 
with partial or complete flap necrosis. Bleeding and infection 
can be considered as general risks of any surgical procedure.

The most important complication is represented by the 
recurrent contracture with subsequent microstomia. Also 
unfavourable cosmetic results may occur at the mouth or 
donor site. Seldom one can see cases of postoperative 
 incomplete mouth closure with leakage of fluids when swal-
lowing increases intraoral pressure (macrostomia). This can 
result from overcorrection or false technique and needs sur-
gical correction after an adequate period of time.

21.2.3  Reconstruction on the Upper 
and Lower Lips

21.2.3.1  Flowchart for Surgical Planning 
(Table 21.2)

The goal when using healthy adjacent lip tissue for recon-
struction is to evenly distribute the remaining lip tissue 
between the upper and lower lips.

21.2.3.2  The Upper Lip
With regard to the subunits of the upper lip, defects are clas-
sified as central defects and lateral defects. Superficial cen-
tral defects of the philtrum need wedge resection if they 
involve less than half of the central segment. If the defect 
exceeds the philtral borders, the whole subunit can be 
replaced by (haired) skin from retro- or preauricular full- 
thickness skin grafts.

If the orbicularis muscles are involved, and the surgeon is 
facing a full-thickness defect, damaged structures need to be 

a

b

Fig. 21.7 (a) Left part of the picture: Fairbanks technique to correct 
microstomia with two flaps facing each other on the oral commissure; 
right part of the picture: expected soft tissue defect of the donor site 
after lateral rotation of the flaps; (b) intraoral mucosa rotation flap to 
cover the donor site defect of the vermillion and to shift the scar con-
tracture away from the commissural zone

Table 21.2 Flowchart for surgical planning

Defect 
size

Tissue quality/
defect 
localization

Involvement of lip 
tissue Technique

Lower lip
<1/3 Primary 

closure
1/3–
2/3

Sufficient lip 
tissue

Commissure 
involved

Karapandzic (first 
choice) Estlander

Commissure not 
involved

Abbe (first choice) 
Karapandzic

Insufficient lip 
tissue

Bernard–Burrow’s

>2/3 Sufficient 
cheek tissue

Karapandzic

Insufficient 
cheek tissue

Distal flap or free flap

Upper lip
<1/3 Central Perialar crescentic 

closure
Vermillion 
intact

Local flap from 
nasolabial fold

Lateral Primary closure
1/3–
2/3

Central Abbe (first choice) 
Karapandzic

Lateral Commissure and 
philtrum intact

Abbe

Commissure 
and/or philtrum 
involved

Estlander with/
without perialar 
crescentic excision

>2/3 Sufficient 
cheek tissue

Central Bernard–Burrow’s
Lateral Bernard–Burrow’s 

plus contralateral 
perialar crescentic 
excision

Insufficient 
cheek tissue

Distal flap or free flap
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fixed layer by layer. Defects up to 30% can be managed by 
primary closure via advancement of adjacent tissue. Full- 
thickness defects within the philtrum and affecting up to half 
of the philtrum width can be managed by direct closure. For 
wide defects, Abbe flap gives best results, although bridging 
of one column will result in asymmetry. Described in 1898 

by Robert Abbe who was plastic surgeon and radiologist in 
New  York City, the flap was initially used as a complete 
reconstruction technique for the relief of the bilateral cleft 
lip deformity. It can be raised from upper and lower lips, and 
its size and shape are dependent on the corresponding defect 
(Fig. 21.8). The flap can be based on the labial artery. A por-

a b

c d

Fig. 21.8 The Abbe flap (lip-switch procedure) for defects of the 
upper and lower lips; it can either be raised to cover central or lateral 
defects; (a) defect and planning of the flap; (b) after 180° rotation of the 

flap with left-sided pedicle; (c) clinical example of soft tissue defect of 
the upper lip; (d) clinical picture after soft tissue coverage with Abbe 
flap
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tion of the uninjured lip is rotated across the oral orifice and 
into the defect of the burned lip. An accurate closure of all 
three layers at the recipient site is standard. A second stage is 
required to ligate the pedicle and inset at around 2–3 weeks 
after the initial procedure. From our experience, this flap has 
an excellent cosmetic result when it is used to replace the 
entire philtrum of the upper lip.

If the defect is located on the lateral site of the upper lip 
and involves the oral commissure, the Estlander flap is a rea-
sonable procedure (Fig. 21.9). This flap, too, is a lip-switch 
flap but designed at the lateral part of the lip. It uses a medi-
ally based full-thickness portion of the upper lip. Upon 
realignment of the vermillion border, the mucosa needs to be 
advanced to match the thickness of the recipient site. This 
technique may result in a typical rounding of the oral com-
missure and therefore often needs corrective procedures at 
earliest 12 weeks after the initial operation. A triangular part 
of the flap can be incised, and the oral commissure can be 
reconstructed based on available techniques (see above).

The Gillies flap allows for subtotal or total lip reconstruc-
tion and is an extension of the Estlander flap. Tissues lateral 
to the commissures are advanced, and the flap is rotated to 
create new commissures while tissue is advanced medially to 
fill the defect (Fig. 21.10). This technique surely has the dis-
advantage of sensory loss of the flap caused by surgical 
denervation as well as vermillion deficiency.

Fig. 21.9 The Estlander flap (rotation flap procedure) for defects of the 
upper and lower lips; it is rotated through the commissure and thereby 
shifts the commissure and thereby reduces the oral orifice

A

A

2

2

1
1

A’

A’

a b

Fig. 21.10 Gillies flap to cover hugh central defects of the upper lip. Philtrum is sacrificed by this procedure. To spare out the paranasal skin, a 
sickle-shaped piece can be excised lateral to the alae nasi
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Large defects that need functional reconstruction can 
instead be addressed with the Karapandzic flap, which takes 
the disadvantages of the Gillies flap into account. It was 
described in 1974 and is based on the idea of reconstructing 
the lost lip tissues with tissues from the adjacent lip and 
cheek. Two flaps are raised from the neighbourhood skin 
with a width equal to the height of the defect. These full- 
thickness musculocutaneous flaps are then slid towards each 
other and stitched to one another (Fig. 21.11). The neurovas-
cular supply (facial artery and facial nerve branches) are dis-
sected out and spared. For advancement, it can be necessary 
to gradually cut the peripheral muscle fibres without the need 
to dissect the mucosa. Philtrum relief will commonly be lost 
and needs second-stage reconstruction. Perialar crescentic 
cheek excision is applied in large defects of the upper lip that 
need extensive advancement from the cheek. Because simple 
advancement would result in bunching at the perialar folds, a 
perialar elliptical skin excision is carried out with the upper 
part shifted laterally to avoid the nostril.

Defects affecting more than 80% of the upper lip can only 
be covered with the help of non-lip tissues (local flaps from 
surrounding skin or free flaps [25, 26], e.g., free gracilis [27] 
or free radial forearm flap folded to also reconstruct the inner 
lining of the mouth [28]) and seldom appear naturally, espe-
cially when the lip if moving.

The distinct contour of the upper lip is difficult to create 
and maintain for correction. Diligent study of the surface anat-
omy of the upper lip is required. The sophisticated realign-
ment of the vermillion is paramount. If vermillion is lost, it can 
be reconstructed with tattooing or buccal mucosa grafting. If 
relevant parts of the philtrum are affected, resurfacing of the 
entire aesthetic subunit should be considered [29]. Philtrum 
can be reconstructed with ear composite cartilage grafts. It 
must be located centrally in relation to the nasal columella.

21.2.3.3  The Lower Lip
The reconstruction of the lower lip is not as complicated as 
the upper lip as it tolerates wedge resection in the majority of 
cases. Moreover, Abbe and Estlander flaps can be used in a 
reverse manner to cover defects of the lower lip with tissues 
from the upper lip.

In most of the cases, wedge resection and direct closure 
leads to satisfying results. If more than 50% of the central 
portion are deeply burned and need reconstruction, 
Schuchard’s technique or Karapandzic flap is to use. 
Schuchard’s technique utilizes the tissue from the lower 
lip/cheek region to close central defects by advancement 
with bilateral inferior incisions along the labiomental folds 
the mandibular border (Fig. 21.12a). This sliding-lip pro-
cedure has the advantage of minimal scarring most of 
which lie in between the aesthetic units. The Karapandzic 
techniques preserve the nerves to the orbicularis muscle, 
and the lip stays innervated. Bilateral flaps can be used to 
cover defects with up to 80% of tissue loss. Disadvantage 
is the risk of microstomia and the rounding of the commis-
sure that might need corrective procedures afterwards 
(Fig. 21.12b).

For larger or paramedian defects, the (bilateral) reverse 
Abbe flap allows like-with-like reconstruction with primary 
closure of the upper lip, which serves as donor site 
(Fig. 21.13). This technique gives best results, when the flap 
is harvested from the lateral aspect of the upper lip and 
thereby does not include the philtrum. The calculated width 
of the flap should account for half of the defect width. It must 
not affect more than one third of the upper lip, so the donor 
defect can be closed primarily. Literature differentiates 
between a central and a lateral reverse Abbe flap. The central 
reverse Abbe flap is primarily used for median tissue loss of 
the lower lip and differs from the lateral flap in that it does 

2
2

1

1

Fig. 21.11 Karapandzic flap to cover hugh soft tissue defects of the lower lip; musculocutaneous flaps raised bilaterally and slid forward each 
other and stitched up in the midline
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2 1

2 1

a b

Fig. 21.12 Schuchard flap to cover hugh defects of the lower lip by rotating skin from the lower cheek around the chin

a b

Fig. 21.13 Bilateral (reverse) Abbe flap to cover hugh defects of the 
lower lip by replacing vermillion with vermillion from the upper lip; 
sickle-shaped parts of surplus tissues; (a) two medial pedicled Abbe 

flaps are raised from the upper lip; (b) after 180° rotation, the flaps are 
stitched to the defect in the lower lip
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not involve the perialar crescents and is based on a medial 
vascular pedicle.

There are also two sliding procedures available for the 
reconstruction of the lower lip. The Estlander flap as 
described above for reconstruction of the upper lip pro-
vides good amounts of mucosa for reconstruction of the 
vestibulum oris and also matches with rectangular defects 
in the lower lip. Like the Abbe flap, the Estlander tech-
nique can be combined with the step technique in defects 
involving more than two thirds of the lip and in cases with 
involvement of the commissure. Estlander full-thickness 
flap matches well with the remaining lower lip tissue but 
has a tendency to produce microstomia especially when 
performed bilaterally. A reasonable modification was pro-
vided by Balch [30],  minimizing the resulting deformity in 
the donor (upper) lip. He positioned the lateral aspect of 
the flap into the nasolabial fold and thereby preserved the 
natural course of the fold which prevents philtrum distur-
bance. Moreover, this procedure pays respect to the oral 
commissure more than the classic Estlander technique 
(Fig. 21.14).

Based on the procedure described by Gillis, Karapandzic 
modified this technique by preserving the nerve supply to the 
lower lip and thereby replaced the technique of Gillis com-
pletely. The flap pivots at the commissure and upper lip and 
slides along the nasolabial fold. It must be classified a rotation- 
advancement flap and is the most useful flap for large defects.

Also described for large defects of the lower lip, the 
Bernard–Burrow flap allows reconstruction with the 
advancement of adjacent cheek tissue (Fig. 21.15). Lateral 
triangular flaps based at the level of the commissures are 
flipped over to reconstruct defects of the central portion of 
the lower lip. Webster modified this technique and described 
incision through skin and subcutaneous tissue to preserve 
underlying neuromuscular structures.

Large defects of the lower lip that make the use of local 
solutions impossible can be challenging and demanding for 
the treating surgeon [31]. Distant flaps include submandibu-
lar, anterior cervical, deltopectoral, sternocleidomastoidal, 
as well as forehead flaps. Also free tissue transfer [26] (e.g. 
radial forearm flap [28, 32] or gracilis flap [27]) has been 
described [26].

c

d e

a b

Fig. 21.14 (a, b) Classic Estlander flap; (c–e) Balch flap raised from the nasolabial fold to reduce donor defect of the upper lip by placing the 
donor site more laterally
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21.3  Summary and Conclusion

Patients with facial burns often suffer from perioral loss of 
tissue with subsequent facial scarring. Some individuals 
present with nutritional needs with limited oral intake, artic-
ulation abnormalities with impaired communication, dental 
hygiene, dental treatments and abnormal development of the 
definition and dental arches in childhood. Early treatment 
options are different stretching devices that positively 
 influence contract scarring in the perioral region. The treat-
ing physician must not forget to apply such a device even in 
mechanically ventilated patients. Externally placed devices 
may not be able to be used too early because of open wounds 
or recently transplanted skin grafts. Important: early splint-
ing decreases the need for surgical reconstruction.

In general, surgical treatment is not indicated directly 
after injury, because the extent of necrotic tissue cannot be 
defined accurately. If microstomia develops and surgery is 
needed, different techniques are available for the reconstruc-
tion of the oral commissure. A detailed preoperative plan-
ning according the opposite (uninjured) side or to typical 
established landmarks should be carried out. Most tech-
niques are based on the idea of recruiting a mucosal flap 
from the cheek and transferring it to the commissure. 

Aesthetic and functional results are sometimes not optimal 
and make subsequent surgery necessary.

When analysing lip defects and planning reconstructive 
procedure, the amount of remaining vermillion is the most 
important assessment. It is distinct in colour and texture and 
can hardly be replaced. Reconstruction of the function is 
more critical in the lower lip, whereas it can generally toler-
ate wedge resection in the majority of defects.

Aim of all reconstructive procedures is a well-balanced 
length of upper and lower lips. The two lips should generally 
share the remaining tissue. Lip switch procedures are accom-
panied by lip sliding procedures. Most of the techniques are 
single-step procedures but might need corrective surgery in 
some cases. All techniques show advantages and disadvan-
tages. To pick the appropriate procedure for specific defects 
and the individual needs of patients ensure best functional 
and aesthetic outcomes.
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Nasal Reconstruction

Lars-Peter Kamolz, Maike Keck, Harald Selig, 
and David B. Lumenta

The nose has a central position in the face and serves as the 
key anatomic area for aesthetic and facial balance. Due to its 
central position, the nose is very often involved in facial 
burns. Due to its importance, nose reconstruction plays a 
major role in regaining quality of life, but besides its aes-
thetic impact, the nose also plays a major role as a functional 
organ in the upper airway.

Advances in the philosophy, approach, and techniques for 
nasal reconstruction have resulted in increasingly refined 
aesthetic and functional results. This has been achieved by 
adhering to the paradigm of replacing missing tissue with 
like tissue.

The tenets include replacing the:

• Lining
• Framework
• Cover of the nose with material that matches the deficient 

tissues as close as possible

Achauer has described a nasal deformity according to the 
following schema [1]:

• Burn scar deformity without major tissue loss (hypertro-
phic scars, hypo- and hyperpigmentation, asymmetry)

• Ectropium (e.g., due to the loss of the alar rim)
• Subtotal tissue loss
• Extensive tissue loss
• Nostril stenosis

22.1  Principles of Nasal Reconstruction

Nasal reconstruction in patients suffering from burns is simi-
lar to nasal reconstruction in patients suffering from cancer. 
The most important factors are soft tissue coverage, lining, 
and skeletal support. Therefore, an exact analysis of the 
missing tissue has to be performed prior to surgery in order 
to understand the tissue needs.

If there is only a need for skin coverage, an unmeshed 
split-thickness or full-thickness skin graft is required. Don’t 
forget to take the aesthetic subunits of the nose into account 
(Fig. 22.1) [2, 3]. In case of small defects and good quality of 
the surrounding tissue, a local flap can be used to solve the 
problem (Figs. 22.2 and 22.3).

In case of extensive or subtotal tissue loss, autologous 
material and alloplastic material can be used for bony aug-
mentation or bony reconstruction. With reference to the lit-
erature, autologous material seems to be superior than 
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Dorsum

Sidewalls

Tip

Alae

Soft
triangles

Columella

Fig. 22.1 Aesthetic subunits of the nose

Fig. 22.2 Late results after defect coverage (frontal view): Dorsum: full-thickness graft. Tip—Alar Region: tunneled nasolabial island flap
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Fig. 22.3 Late results after defect coverage (lateral view): Dorsum: full-thickness graft. Tip—Alar Region: tunneled nasolabial island flap

alloplastic material due to their possible complications, 
which are associated with the use of alloplastic materials 
[4–10], but in both cases, an adequate soft tissue coverage is 
of utmost importance. Bone and cartilage are really optimal 
for replacing the framework of the nose. Generally free 
grafts harvested from the rib, calvarium, nasal, septum, or 
ear can provide the foundation for the internal lining and 
external coverage. Occasionally, composite grafts from the 
ear can serve as a replacement for full-thickness defects of 
the lower nose [11], but also free composite auricular flaps 
have been used to cover larger defects in the lower part of the 
nose [12].

The workhorse for nasal reconstruction in case of 
larger defects is the forehead flap [13, 14] (Figs.  22.4, 
22.5 and 22.6) and for inner lining the septal mucoperi-
chondrium [15].

A total nasal defect including all layers of tissue, from 
skin to bone, might be reconstructed with a prelaminated 
free flap. Prelamination includes additional tissues into a flap 
in a multistage fashion. The forearm has been cited as a com-

mon donor site. Skin, mucosa, and cartilage grafts are 
inserted prior to flap raising. After lining, support, and cover-
age have formed a stable unit, they are raised and a microvas-
cular anastomosis performed [16].

In future allotransplantation might gain importance for 
large and complex defects of the face [17–19]. Moreover, the 
use of tissue engineering and engineered products like carti-
lage will improve future possibilities for nasal reconstruction 
[20, 21].

22.2  Summary

Reconstruction of the nose continues to progress to new level 
that allows plastic surgeons to restore near normal form and 
function to the majority of nasal defects. These advances are 
based on the concepts of respecting the borders of the aes-
thetic units (Fig. 22.1) and replacing missing tissue with like 
tissue. In future allotransplantation and tissue engineering 
will gain importance for nasal reconstruction.

22 Nasal Reconstruction
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Fig. 22.4 Preexpanded forehead flap

Fig. 22.5 Forehead flap in position

L.-P. Kamolz et al.



253

References

 1. Achauer BM.  Burn reconstruction. New  York: Thieme Medical; 
1991.

 2. Manson PM, Hoopes JE, Chambers REG, et al. Algorithm for nasal 
reconstruction. Am J Surg. 1979;138:528.

 3. Gonzales-Uloa M.  Regional aesthetic units of the face. Plast 
Reconstr Surg. 1987;79:489.

 4. Adams JS.  Grafts and implants in nasal augmentation: a ratio-
nal approach to material selection. Otolaryngol Clin North Am. 
1987;29:913–30.

 5. Schuller D, Bardach J, Krause D.  Irradiated homogenous cos-
tal cartilage for facial contour restoration. Arch Otolaryngol. 
1997;103:12–5.

 6. McCollough EG, Weol C.  Augmentation of facial defects 
using Mersilene mesh implants. Otolaryngol Head Neck Surg. 
1979;87:515–21.

 7. Brown BL, Neel HB, Kern E.  Implants of supramid, proplast, 
plasti-pore, and silastic. Arch Otolaryngol. 1979;104:605–9.

 8. Berman M, Pearce W, Tinnin M. Theo sue of Gore-Tex E-PTFE 
bonded to silicone rubber as an alloplastic implant. Laryngoscope. 
1986;96:480–3.

 9. Chou TD, Lee WT, Chen SL, et  al. Split calavarial bone graft 
for chemical burn associated nasal augmentation. Burns. 
2004;20:380–5.

 10. Neel HB.  Implants of Gore-Tex. Arch Otolaryngol. 
1983;109:427–33.

 11. Haug MD, Rieger UM, Witt P, Gubisch W. Managing the ear as a 
donor site for composite graft in nasal reconstruction: update on 
technical refinements and donor site morbidity in 110 cases. Ann 
Plast Surg. 2009;63:171–5.

 12. Pribas JJ, Falco N. Nasal reconstruction with auricular microvascu-
lar transplant. Ann Plast Surg. 1993;31:289–97.

 13. Mennick FJ.  Nasal reconstruction. Forehead flap. Plast Reconstr 
Surg. 2004;113:100–11.

 14. McCarthy JG, Lorenc ZP, Cutting C, et  al. The median forehead 
flap: the blood supply. Plast Reconstr Surg. 1989;84:189.

 15. Burget GC, Menick FJ. Nasal support and lining: the marriage of 
beauty and blood supply. Plast Reconstr Surg. 1989;84:189.

 16. Taghina AH, Pribas JJ.  Complex nasal reconstruction. Plast 
Reconstr Surg. 2008;121:15e–27e.

 17. Decauchell B, Badet L, Lengele B, et al. First human face allograft: 
early report. Lancet. 2006;368:203–9.

 18. Alam DS, Papay FP, Djohan R.  The technical and anatomical 
aspects of the world’s first near-total human face and maxilla trans-
plant. Arch Facial Plast Surg. 2009;11:369–77.

 19. Semionow M, Papy F, Alam D, et al. Near total human face trans-
plantation for a severely disfigured patient in the USA.  Lancet. 
2009;374:203–9.

 20. Watson D. Tissue engineering for rhinoplasty. Facial Plast Surg N 
Am. 2009;17:157–65.

 21. Sage A, Chang AA, Schumacher B, et al. Cartilage outgrowth in 
fibrin scaffolds. Am J Rhinol Allergy. 2009;23:486–91.

Fig. 22.6 Final result after forehead flap procedure

22 Nasal Reconstruction



255© Springer Nature Switzerland AG 2020
L.-P. Kamolz et al. (eds.), Handbook of Burns Volume 2, https://doi.org/10.1007/978-3-030-34511-2_23

Reconstruction/Correction of Burn 
Alopecia

Christian Smolle, Lars-Peter Kamolz, Maike Keck, 
Harald Selig, and David B. Lumenta

Burn alopecia is a significant disfigurement, and its sequela 
includes not only physical problems but also psychological 
problems, such as low self-esteem, unhappiness, and dissat-
isfaction. Therefore, burn alopecia is a significant challenge 
for plastic surgeons concerning reconstruction and rehabili-
tation. The primary goal of reconstruction for burn alopecia 
is to recreate a natural hair-bearing appearance on the recon-
structed scalp.

Generally, there are two basic principles available to 
achieve this:

• First, scalp tissue should be replaced by scalp tissue, if 
possible.

• Second, the reconstructive procedure must restore and 
preserve hair growth patterns and hairlines for a cosmeti-
cally appealing result [1].

Based on these principles, numerous reconstructive meth-
ods, including hair grafting, serial excision, local scalp flaps, 
as well as scalp extension and expansion procedures have 
been described in literature [2–12].

To facilitate an easy and good assessment of the burn alo-
pecia and formulation of a reconstructive algorithm, burn 
alopecia was classified by Seong-HO et al. based on the area, 
scar quality, and location [13].

They classified burn alopecia as small (50 cm2), medium 
(50–100  cm2), and large (>100  cm2) based on the surface 
area involved.

Second, they classified burn alopecia as good, moderate, 
and poor based on its scar quality, mainly based on its pli-

ability and elasticity. Good quality referred to a burn scar 
that was pliable and had adequate elasticity. Moderate qual-
ity indicated pliability, but reduced elasticity. Poor quality 
signified that the scar was not pliable, but fibrotic and hard.

Finally, they classified the scars as frontal and parietal 
scars (including temporal, occipital, and vertex scars) based 
on their location (Fig. 23.1).

23.1  Hair Grafting

Hair grafting is a simple technique that redistributes the 
patient’s existing hair, but having a densely populated donor 
area is essential to the procedure. Due to the fact that in case 
of burn alopecia available donor area is often limited, the 
reconstruction of burn alopecia using hair grafting may be 
impossible, if the alopecic area is too large.

Therefore, hair grafting is mainly used for reconstruc-
tion of small or medium burn alopecia, in case of the fact 
that scar quality is good, and the burn alopecia location is 
frontal or parietal. Hair grafting is a safe procedure, and 
reasonably good results can be obtained in a single session 
(Fig. 23.2) [14].

The recently introduced partial longitudinal follicular 
unit transplantation is a promising method to overcome 
limited donor area. The principle is simple and comparable 
to that of split-thickness skin grafting: during harvesting 
hair follicles are split longitudinally in situ with a specific 
extraction needle. Thus part of the hair follicle remains at 
the donor site while the explanted part can be used for hair 
grafting. After sometime, almost all split follicles both at 
the recipient site and at the donor site reproduce adequate 
hair (Fig. 23.3) [15].

For the reconstruction of the anterior hairline in the fron-
tal or parietal areas, hair grafting is the best option because 
the hairs can be easily grafted into the desired position. Even 
though it is a very tedious process for the surgeon, we con-
sider hair grafting as an optimal reconstructive option in 
patients with small, good-quality burn alopecia (Fig. 23.4).
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23.2  Scalp Reduction (Serial Excision 
and Local Scalp Flap)

Scalp reduction in this study includes serial excision and the 
local scalp flap. This method is mainly performed for recon-
struction, if the area of burn alopecia is small or medium, and 
if the scar quality is good. Serial excision is an easy and 
effective method to remove the burn scar within the alopecic 
area.

Although the scalp is not very elastic, its mobility can be 
increased by the surrounding scalp, and if necessary, criss-
cross incisions can be made in the underlying galea to further 
increase the elasticity [6].

Therefore, small burn alopecia can be totally excised, and 
moderate burn alopecia can be diminished to an inconspicu-

ous size by repeated excisions, if the scar quality is good. 
However, this method cannot be used for large burn alopecia 
of poor quality [7]. It has been reported that burn alopecic 
areas up to 15% of the total scalp can be surgically removed 
by serial excisions. Generally, the resulting minimized scar 
is easily hidden with the hair. Local scalp flaps are useful for 
the reconstruction of relatively small burn alopecia [16]. 
Generally, successful local flap mobilization requires a well- 
vascularized donor site, which is free of scars and contrac-
tures. In burn alopecia, neighboring scalp tissue is often 
fibrotic as a result of burn damage, thereby severely limiting 
the use of local flaps. Moreover, local scalp flaps can be 
accompanied by some aesthetic problems, including inci-
sional scars, iatrogenic alopecia, and unnatural hair growth 
patterns.

23.3  Scalp Extension

Scalp extension surgery was first introduced by Frechet 
[17]. This technique uses a stretchable device that consists 
of an elastic silicone band with several hooks on the distal 
ends. With time, the memory of the silastic band pulls the 
hair- bearing tissues closer together via the property of bio-
logic creep [18]. The most useful component of scalp 
extension is that it eliminates the stretch-back phenome-
non postoperatively and can reduce the number of repeti-
tions [19]. In addition, this method proves more socially 
presentable and minimizes social limitations. Moreover, 
this method reduces the length of hospitalization and total 
treatment time, as well as the number of checkups required 
to perform periodic pumping [8]. Nevertheless, this proce-
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Fig. 23.1 Algorithm for  the 
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scar quality, and location
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dure is associated with more complications than scalp 
reduction or hair grafting.

An alternative method of scalp extension involves the use 
of microporous tape instead of the hooked silastic band. With 
this technique, the hair-bearing scalp surrounding the alope-
cic area is shaved and pre-stretched in the desired direction 
manually. The skin is then held in position with multiple 
strips of microporous tape. Taping is repeated weekly until 
skin laxity is appropriate to remove and cover part or all of 
the alopecic area. Usually between 5 and 10 taping sessions 
are needed before surgery can be performed. Small to 
medium alopecic areas can be treated effectively with this 
technique. Generally this noninvasive technique is relatively 
complication-poor and well tolerated by patients. However, 
poor scar quality and adherence of the alopecic area to under-
lying tissues may hinder the extension process. Very compli-

ant patients can also perform the taping by themselves which 
further reduces the need for regular checkups [20].

23.4  Scalp Expansion

Scalp expansion surgery is mainly used when the area of 
burn alopecia is large, and the scar quality is poor (Figs. 23.5, 
23.6 and 23.7). Scalp expansion is the most popular way to 
reconstruct the burned scalp, and it has produced satisfactory 
results in most patients [9–12]. It provides hair-bearing scalp 
to the alopecic region with minimal donor site morbidity, and 
huge alopecic regions of up to 50% of the scalp can be recon-
structed using this method without an appreciable change in 
hair density [21, 22]. However, scalp expansion places a 
 foreign body beneath the skin over a long period of time. 

a

b

c

Fig. 23.3 Partial longitudinal 
follicular unit transplantation. 
Scheme of follicular unit 
under the microscope (a). 
After harvest, an appreciable 
amount of the follicle remains 
at the donor site (b) and 
regenerates to reproduce hair 
while graft follicles (c) can be 
transplanted as usual
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Inevitably, this technique has a greater chance of complica-
tions than other techniques, including infections, implant 
exposure, and seromas. Although the majority of these com-
plications are manageable and do not automatically necessi-
tate abruption of therapy, they may impair the end result. 
Moreover, tissue expansion does have the disadvantage of 
requiring multiple hospital visits and the accompanying 
“bubble head-like” appearance (Fig. 23.5).

The osmotic expander is a self-filling tissue expander 
built of a semipermeable envelope filled with hypertonic 
solution. After implantation, the expander draws fluid from 
its surrounding and gradually inflates. The main advantage 
lies in the reduced need for repeated hospital visits and 
absence of painful refilling procedures. This makes the tech-
nique especially attractive for the use in children. On the 
downside, the speed of the filling process cannot be con-
trolled and adapted to the amount of tissue tension [23].

In summary, size of alopecia, scar quality, and location 
of the burn alopecia are important determinants for choos-
ing a reconstructive method for burn alopecia. Generally, it 
takes a long time to correct burn alopecia because it usu-
ally requires repetitive procedures. Therefore, it is very 
important to discuss the advantages and disadvantages of 
each of the reconstructive methods with the patients and 
select an appropriate method after considering patient’s 
needs and desires.

23.5  Conclusions

The method for reconstruction of burn alopecia should be 
tailored to the conditions of the alopecic lesion and the 
patient’s preference. We suggest an algorithm based on the 
conditions of burn alopecia, including the size, scar quality, 
and location of the burn alopecia. The algorithm may not be 
perfect, but this approach can offer a reliable guideline to 
achieve satisfactory results.

Fig. 23.4 Technique of hair grafting in a small frontal area

Fig. 23.5 Large area with moderate to poor scar/skin quality

Fig. 23.6 “Bubble head-like” appearance of the expanded scalp
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Fig. 23.7 Reconstruction of large alopecia area including frontoparietal hairline

23 Reconstruction/Correction of Burn Alopecia



261© Springer Nature Switzerland AG 2020
L.-P. Kamolz et al. (eds.), Handbook of Burns Volume 2, https://doi.org/10.1007/978-3-030-34511-2_24

Burn Reconstruction: Breast

Eva Koellensperger and Guenter Germann

24.1  Introduction

Thermal injuries to the anterior chest wall with affection of 
the breast can cause major functional and aesthetic prob-
lems, especially when burns are full thickness and happen 
early in childhood.

Thermal burns can result in damage of overlying skin, 
glandular breast tissue itself, and postburn scar contractures 
that may lead to asymmetries and functional growth 
disturbances.

Reconstructive procedures encompass the entire spec-
trum of reconstructive breast surgery, including scar release, 
split- and full-thickness skin grafting—potentially combined 
with dermal templates, the use of local flaps, pedicled flaps 
and free flaps with or without a prostheses, tissue expanders, 
nipple areola reconstruction, balancing reduction or aug-
mentation mammaplasty, and various techniques of 
mastopexy.

24.1.1  Reconstructive Principles

The trunk is the second most frequently injured body area 
in burn injuries [1]. The breast is the part of the trunk, 
where complex reconstructive procedures are often 
required. Breast reconstruction begins with preserving as 
much breast tissue as possible during the acute phase of 
burn treatment. Excision of eschar should be handled care-
fully. In general, today early excision in acute burn care is 
considered to be the procedure of choice. However, when 
the breast is involved in the burned areas, especially during 
adolescence, a more delayed and conservative approach 
with regard to the nipple areola complex (NAC) has been 
shown to be beneficial for the later breast development [2]. 
The extent of breast tissue in young children is often under-

estimated while the depth of the burn injury is easily over-
estimated. The rudimentary breast lies directly underneath 
the NAC in the subcutis, is 4–8 mm of size, and should be 
preserved during eschar excision whenever possible. Even 
if the NAC is lost due to the burn injury, the immature 
breast is often not damaged and should be carefully pre-
served. The regeneration of nipple-like structures from pro-
liferating epithelium of the milk ducts in children with 
third-degree burns of the NAC has also been documented 
[2–6]. When general deep fascial excision of the anterior 
chest wall needs to be performed in children, a complete or 
partial lack of breast development has to be expected.

Compared to patients with congenital pediatric breast 
anomalies, patients with burn injuries to the breast usually 
need more procedures to reach a satisfactory reconstructive 
outcome [7]. Kunert et al. propose the differentiation between 
scald and burn injuries regarding the surgical procedures in 
patients with thermal injuries in childhood. They state that 
scalds result in a deep second-degree to superficial third- 
degree burn which does not harm the underlying subcutane-
ously located mammary gland tissue [6].

Consequences of burns of the anterior chest wall with 
involvement of the breast in all ages are asymmetry, defor-
mity, lack of any breast, lack of projection, lack of NAC, 
inhibition of normal breast development, unpleasant skin 
texture, and psychological problems. Problems associated 
with thermal breast injury are related to direct damage of 
breast tissue and the overlying skin as well as contracture of 
scar tissue and development of a restrictive skin envelope. 
The aim of reconstructive surgery should be:

• To release scar contractions
• To re-establish breast volume and shape
• To reposition and recreate the NAC
• To restore the self-image and confidence of the patient
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Reconstructive procedures depend on:
• The severity of the trauma
• The type and amount of tissue lacking
• The quality of the surrounding soft tissue
• The distribution and amount of burned surface area
• In particular, the age and demands of the patient

However, reconstructive procedures should not be performed 
until wounds are fully healed and scars are stable and mature.

Simultaneous combined procedures bear the advantage of a 
high immediate benefit with limited downtime, hospital stay, 
and anesthesia. However, one needs to address the fact that the 
definitive outcome of one procedure needs to be anticipated if 
the following operative step is planned to be processed simul-
taneously. This implicates a high level of experience with those 
kinds of procedures. One such example would be NAC recon-
struction and contralateral reduction mammaplasty, two proce-
dures that—at least in our opinion—should be planned with a 
minimum of 6 month in between to allow the opposite breast to 
reach a stable situation with only minor upcoming changes in 
shape and position of NAC. Otherwise, the long-term outcome 
is at risk to be unsatisfactory (Figs. 24.1 and 24.2).

24.2  Scar Release

Scar release is often the first step of breast reconstruction 
after a burn injury. It should be performed as early as breast 
development is inhibited in adolescent girls, especially 

when surrounding healthy tissue is beginning to bulge. 
Release is also indicated when a significant limitation in 
the range of motion, unstable wound situations, and func-
tional or subjective discomfort is present. In most pediatric 
patients, scar release is undertaken between 14 and 
16  years. It is recommended to excise all scarred tissue 
completely and cover the resulting defect with a thick split-
thickness skin graft or full- thickness skin graft. If scaring is 
very severe, it is often necessary to incise scarred skin 
down to the deep fascia of the chest or abdomen to fully 
release all inhibiting contractures. When the whole breast is 
affected from scars, it is recommended to incise 5/8 of the 
total circumference and to proceed with the incision into 
unburned areas. An inframammary incision is the most 
common location for a scar release. However, if scarring 
involves the whole breast and contractures are located 
around the breast, supra-, intra-, or intermammary release 
might be necessary [5, 6, 8, 9].

Depending on the location of the contractures, local or 
distant flaps may be required to reconstruct the resulting soft 
tissue deficit in order to achieve the best possible aesthetic 
outcome.

24.3  Split-Thickness Skin Graft

Split-thickness skin grafts (STSG) have been used not only in 
primary wound care after excision of burned tissue but also 
for secondary procedures in combination with scar release. 

a b

Fig. 24.1 A 35-year-old woman with a deep burn injury of 80% total 
body surface including total fascial excision of both breasts at the age 
of 17 (a and b). Twelve years after the injury, breast volume was recon-
structed with a bilateral TRAM flap. Eight months later, the inframam-
mary fold on the left side was lifted with fixing sutures to the chest wall. 
Nipple reconstruction was performed simultaneously on both sides 

using a skate flap and inguinal FTSG. In the same procedure, liposuc-
tion was performed on the lateral chest wall on both sides. (a/b) Patient 
before breast reconstruction with bilateral TRAM flap. (c/d) Patient 
7  months after breast reconstruction with bilateral TRAM flap. (e/f) 
Patient 7  days after NAC reconstruction with skate flap, FTSG, and 
bilateral liposuction on the lateral chest walls
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Unfortunately STSG have a tendency to contract. If the total 
burn surface is small enough, non-meshed STSG sheets 
should be used preferably for coverage of breast and décolleté 
regions with regard to aesthetic issues. In comparison to 
STSG mesh grafts, sheets have a better aesthetic outcome 
creating a more homogenous surface and no visible mesh pat-
tern. Most authors use and recommend STSG with a thick-
ness of 0.016–0.02 mm for best results in burned breasts [9].

24.4  Full-Thickness Skin Grafts

Full-thickness skin grafts (FTSG) are used for the reconstruc-
tion of NAC, reconstruction of the inframammary fold after 
scar release, and resurfacing of burned breast soft tissue [10]. 
Skin grafts have a tendency to shrink and contract; however, 
FTSG have a comparatively lower tendency than STSG. Shelley 
et  al. have proposed the use of FTSG from aesthetic proce-

dures, such as abdominoplasty or reduction mammaplasty, for 
reconstructive purposes in burn patients. Thus donor site mor-
bidity of skin harvesting for FTSG could be minimized with a 
dual benefit of improved functional and aesthetic outcomes 
[11]. Mueller et  al. have shown a case of breast resurfacing 
with a full-thickness abdominal skin graft with good results in 
a patient with no loss of glandular tissue. They propose abdom-
inal skin as a good donor site for breast resurfacing procedures 
because of similar skin color and texture [12].

24.5  Combination of Split- or Full- 
Thickness Grafts with Dermal 
Substitutes (Matriderm®, Integra®)

Integra® is a dermal regeneration template consisting of col-
lagen and chondroitin-6-sulfate. It has been shown to gain a 
stable vascularization from the wound bed within 28 days if 

c d

e f

Fig. 24.1 (continued)
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placed in a well-vascularized environment after meticulous 
hemostasis. Integra® has been used successfully for the man-
agement of breast postburn contractures in combination with 
split-thickness grafts [13, 14]. The clinical and functional 
outcome was convincing. When used by Palao et al. for ther-
mal breast injuries in combination with overlying STSG, a 
statistically significant improvement in the Vancouver scar 
scale score after 1  year and a high level of satisfaction in 
treated patients with lasting improvements in breast contour 

and shape could be demonstrated. No contracture of the skin 
grafts overlaying Integra® was seen. Integra® was completely 
replaced by host collagen and elastic fibers within 1  year 
[15]. Groos et al. have used Integra® in 10 children with a 
medium of 45% TBSA including breast burns, preferably 
with unmeshed skin grafts. After 12–45  days, the initially 
placed Integra® was covered with a 0.15–0.2  mm thin 
STSG. The final outcome was described as functionally and 
cosmetically improved [16]. Tsoutsos et al. expanded non- 

a b

c

Fig. 24.2 A 22-year-old female presented with a 78% full-thickness 
burn. Deep fascial excision was performed on the right chest wall with 
ablatio mammae and coverage with STSG. A free DIEP flap was per-
formed for reconstruction of her right breast 4 years after the injury. The 
patient was satisfied with the result and did not show up for further 

reconstructive procedures, such as nipple-areola complex reconstruc-
tion. (a/b) Patient before breast reconstruction with DIEP flap on the 
right side. (c) Patient 6 weeks after breast reconstruction with DIEP flap 
on the right side
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meshed Integra® combined with a STSG for the coverage of 
a soft tissue breast defect after excising scars and releasing 
contractures with insertion of a subpectorally placed 
expander. After 17  months, no re-contracture or distortion 
was seen [14]. Clinically, it has been shown that Integra® 
needs at least 3 weeks to produce a stable neodermis suitable 
for skin grafting [17].

Integra® and Matriderm®, a non-cross-linked collagen–
elastin matrix with bovine collagen type I, III, and V, have 
been compared in a recent animal study. It has been shown 
that there is no difference regarding vascularization, building 
of a neodermis, and graft take between the two matrices. The 
combined use of both with skin grafts leads to a significantly 
more and better structured neodermis in comparison to skin 
grafting alone [17].

To our knowledge, the use of Matriderm® for the recon-
struction of burns in the breast area has not yet been pub-
lished. However, we think that it could be a worthwhile 
option, as its use in burns demonstrated significant advan-
tages in other delicate regions of the body, such as burned 
hands and face. Combining split-thickness grafts with 
Matriderm® leads to a significant improvement of skin elas-
ticity, measured with Vancouver Burn Skin Score, with a 
consistent survival of applied skin grafts [14, 18–22]. We 
could show that a one-stage procedure combining Matriderm® 
and split-thickness skin grafts simultaneously, can be per-
formed safely in regard to skin take [20].

24.6  Local Flaps

24.6.1  Z-plasties

When breast development is normal, and only breast shape 
or position is disturbed by local band-like contractures, sin-
gle or multiple Z-plasties are a useful option for scar release 
[6, 23].

24.6.2  Transposition Flaps

Local flaps are especially used for the reconstruction of the 
inframammary fold in combination with scar-releasing pro-
cedures. Payne et  al. have used a Ryan-type thoracic 
advancement flap. McCauley demonstrated longitudinal 
abdominal transposition flaps [2, 24]. Hsiao et al. have used 
a lateral chest rotation flap to reconstruct breast tissue 
insufficiency [25].

Compared with split-thickness skin grafts, local flaps pos-
sess the advantage of a lower tendency for contracture and no 
need for postoperative splinting to maintain the correction of 
breast deformity [2, 26].

24.7  Pedicled Flaps

24.7.1  Transverse Rectus Abdominis Muscle 
(TRAM)

TRAM flaps have been used by several authors for the 
reconstruction of lacking breast volume not only in burned 
patients. By using a TRAM flap for breast reconstruction, 
one gains enough volume and skin to rebuild a totally 
destroyed breast. However, the known disadvantages and 
risks, such as instable abdominal walls, herniation, and 
prolonged postoperative pain, need to be addressed care-
fully. Furthermore, most young patients lack a sufficient 
abdominal laxity to easily and safely perform a TRAM flap, 
and often the abdominal area is also affected by the burn 
injury and thus not available. Patients of child-bearing age 
should also not be considered for a TRAM flap as preg-
nancy can enhance the risk of unwanted abdominal wall 
side effects [9, 23, 27].

24.7.2  Myocutaneous Latissimus Dorsi 
Flap (LD)

The pedicled myocutaneous LD flap can be used for the 
reconstruction of the breasts soft tissue envelope or for 
mid- size volume deficits. Especially when most of the 
breast tissue has been destroyed and the opposite breast is 
rather large, LD flaps almost always lack enough volume to 
reconstruct a breast size equal to the non-injured normal 
breast. Therefore, they often need to be combined with a 
permanent implant [5, 9, 10, 23, 28].

24.8  Free Flaps

24.8.1  Deep Inferior Epigastric Artery 
Perforator Flap (DIEP)/Superior  (SGAP)/
Inferior (IGAP) Gluteal Artery 
Perforator Flap

The use of the free TRAM flap has decreased in recent years. 
However, in selected cases, it is still a valuable option (case 
1); DIEP or SGAP/IGAP flaps in general provide enough 
volume to restore full breast size in patients who experienced 
total breast loss. To our knowledge their use for the recon-
struction of burned breast has not been published before. 
Here we show for the first time one case (see case 2) of breast 
reconstruction with a free DIEP flap. We think that the use of 
these free flaps for this indication will become more and 
more popular, regarding their excellent outcome in other 
patients with total loss of breast volume.
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24.8.2  Anterior Lateral Thigh Flap

Tsai et al. have published the use of a free ALT flap, split in 
to two equal skin paddles for the reconstruction of breast vol-
ume in one patient [8]. It could also be a possible option to 
use super-thin cutaneous ALT flaps to restore a soft tissue 
envelope over adequate existing breast tissue.

24.9  Nipple-Areola Complex 
Reconstruction

Nipple-areola complex (NAC) reconstruction is the final step 
of breast reconstruction and a very important issue to restore 
patients’ self-confidence and feeling of femininity. It includes 
restoration of the nipple and the surrounding areola with 
adequate projection and pigmentation. There are multiple 
different methods for NAC reconstruction; however, they all 
have in common that they should not be performed unless 
the newly formed breast has fully settled to its final shape 
and position. Such prior procedures mandating an adequate 
waiting time, usually 6–12 months, may include scar release, 
reconstruction of the inframammary fold, and augmentation 
or reduction mammaplasty.

Skin for NAC reconstruction can be obtained from the oppo-
site NAC, by excising the outer half circumferentially as full-
thickness skin graft or full nipple and areola sharing, or from the 
inner upper portion of the thigh or the labia majores. Best match 
in texture and pigmentation is achieved by transplanting parts of 
the opposite NAC. Further options are local flaps or transplants 
from the toe pulps, ear lobes, or rib cartilage. The latter can be 
used especially when free flaps are used for the reconstruction 
of the breast mound, and the anastomosis is performed at the 
internal mammary artery which includes partial resection of rib 
cartilage. After trimming, it can be banked near the wound bor-
ders underneath the flap for approximately 6 months until tissue 
settling is finished, and NAC reconstruction is performed with 
the banked cartilage [5, 9, 28, 29].

AlloDerm® has been used in non-burned patients to 
improve long-term nipple projection in nipple reconstruction 
with local flaps with promising results. AlloDerm® was 
rolled together and placed in the center of the new nipple 
[30–32]. Nipple reconstruction in burns with AlloDerm® has 
not yet been published to our knowledge. However, it could 
be a useful and supportive alternative.

For simple repositioning of a distorted but existing NAC 
in breast burn injuries, Mohmand et al. have shown a double 
U-plasty technique with good results [33]. The ductal system 
is thought to be preserved with this technique.

24.9.1  Tattoo

Tattooing for aesthetic medical purposes is also named 
“micropigmentation” or “dermatography.” The micropig-
ments are placed between superficial and middle dermal lay-
ers and are initially fixed intracellular and gradually become 
extracellular [34]. After NAC reconstruction with local skin 
or skin transplants, tattooing is often required to achieve a 
satisfactory pigmentation matching the opposite NAC.  It 
should be performed with a delay of at least 8 weeks after 
nipple reconstruction [9, 35].

24.9.2  Local Flaps

Local flaps for nipple restoration usually work well in 
breast reconstruction patients without previous burn 
injury. With scared burned skin, however, dermal blood 
supply is restricted, making local flaps more unreliable 
and difficult.

Bunchman et al. proposed the double-bubble technique 
in 1974, using two concentric incisional circles within the 
scared skin, each one sutured with the base to the surface 
of the outer one, followed by epithelializing and tattooing 
[35]. Pensler et al. compared a local flap (quadropod flap) 
with earlobe grafts, the double-bubble technique, split-
thickness skin grafts, and tattooing from the opposite are-
ola. They found that the quadropod flap and the earlobe 
grafts give comparable results concerning projection; 
however, the quadropod flap had a lower donor-site mor-
bidity. Tattooing gave poor long-term results with fading 
pigments. With split- thickness grafts from the contralat-
eral areola, severe hypopigmentation or hyperpigmenta-
tion associated with asymmetry was observed. The authors 
recommend employing local flaps for nipple reconstruc-
tion if there is adequate vascularity of the surrounding 
soft tissue and full-thickness skin grafts for areola recon-
struction [36].

Motamed and Davami have used a variation of the modi-
fied star flap for the reconstruction of the NAC in seven 
females with breast burns in childhood [37]. Besides the cen-
tral portion of the new nipple, all flap parts are deepithelial-
ized and buried to increase central nipple projection. This 
reduces the risk of skin necrosis and the amount of necessary 
sutures, which itself can compromise skin blood supply. 
With this technique, a medium nipple projection of 5 ± 1 mm 
after a medium follow-up period of 10 ± 3 month is achieved. 
Complications such as hematoma, necrosis, or discolorations 
have not been reported.
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24.10  Tissue Expanders

In breast reconstruction after a burn injury with the loss or 
lack of glandular tissue, expanders are often placed under the 
pectoralis muscle to pre-expand the overlying soft tissue 
before insertion of permanent implants [7, 10]. Tissue 
expanders can also be inserted in a submammary position 
and prior to scar and contracture release with split-thickness 
skin grafting. The expander is exchanged for a permanent 
implant 1–3 month after being fully inflated. Approximately 
200 cc of overexpansion is recommended [23, 38, 39]. Tissue 
expanders have also been used underneath STSG prior to 
insertion of a permanent prosthesis [26] and with an overly-
ing Integra® dermal template with good results, as mentioned 
above [14].

Care needs to be taken when implanting expanders 
underneath previously burned or scarred tissue [25]. 
Following such procedures, general complications include 
skin necrosis or ulceration, exposure of the expander or 
injection port, wound healing problems, infections and 
capsule formation, or even chest wall deformations [9, 10]. 
However, in a breast- specific study, Levi et al. showed that 
tissue expanders used to reconstruct burned breasts do not 
have a higher complication rate than those used to recon-
struct congenital breast deformities. Furthermore, endo-
scopic placement of tissue expanders resulted in a 
significantly lower operative time, significantly less com-
plications, and a significantly decreased time needed for 
full expansion [40].

Internal pressure due to tissue expanders or prostheses 
together with external pressure due to custom-made com-
pression garment can sufficiently soften existing scars and 
prevent further hypertrophic scarring in the breast area 
[25, 38].

24.11  Reduction and Augmentation 
Mammaplasty/Mastopexy

Due to loss of breast volume or lack of elasticity of the skin 
envelope in the burned breast, asymmetry compared to the 
opposite breast can result. To achieve breast symmetry, 
reduction mammaplasty or mastopexy at the burned or con-
tralateral breast may be indicated. Furthermore, women with 
burned breast can also suffer from hyperplastic breasts or 
macromastia requesting reduction mammaplasty.

Prior to reduction mammaplasty, full scar release should 
be performed and full development of the breast should be 
allowed. The ideal reduction mammaplasty technique 
addresses volume and shape asymmetries, scar areas, and 
skin contractures as well as a possible NAC distortion.

Payne et al. demonstrated the use of a Lejour-type reduc-
tion technique with a nearly vertical skin resection pattern in 
a burned breast with severe ptosis, contracting inferior scars, 
and inferiorly dislocated NAC.  The NAC was transposed 
superiorly with a superior parenchymal pedicle [24]. Hunter 
et al. favored a one-stage procedure for the correction of a 
post-burn superior pole scar contracture and simultaneous 
reduction mammaplasty in a patient with hyperplastic breasts 
[41]. They used a combination of a rotational glanduloplasty 
with NAC transposition and a contralateral superior pedicle- 
based reduction mammaplasty. In this case, however, a posi-
tive aesthetic outcome of the resulting scars is questionable, 
especially regarding possible alternative treatment options, 
such as a conventional reduction mammaplasty.

El-Khatib showed the reliability of an inferior pedicle in 
reduction mammaplasty in hyperplastic burned breasts [42]. 
The inferior dermal pedicle was placed in scar tissue but nev-
ertheless showed good blood supply. The author concludes 
that the use of an inferior pedicle is the best technique for the 
reduction of hyperplastic burned breasts with a very low 
NAC.

Thai et al. have documented a series of six patients with 
burns to the breast in early childhood and consecutive split- 
thickness skin grafting. Ten reduction mammaplasties were 
safely performed in these patients with hyperplastic or asym-
metric breasts after breast burn. An inferior pedicle tech-
nique with limited undermining is recommended by the 
authors to avoid problems with skin blood supply [43].

Hsiao et  al. and Ozgur et  al. propose the simultaneous 
correction of functional postburn scar release procedures and 
aesthetically indicated augmentation mammaplasty by using 
the excess skin as FTSG for scar release [23, 25]. Hsiao et al. 
state that implants should be placed under the pectoralis 
muscle to reduce the risk of capsular contraction and decrease 
palpability and visibility of the implant.

Ozgur et  al. experience skin necrosis after insertion of 
subglandular and submuscular placed permanent inplants 
[23]. He recommends the solitary use of inplants only if suit-
able skin coverage is available.

Burned breasts in which the soft tissue envelope has not 
been fully restored often lack the natural developing ptosis. 
Therefore, mastopexy of the contralateral breast might be 
necessary in unilateral breast burn injuries when the contra-
lateral breast is at least moderately ptotic [1].

24.12  Conclusion

Burn injury to the anterior chest wall can cause contracting 
and hypertrophic scarring, breast deformity and asymmetry, 
lack of breast tissue, distortion or lack of nipple areola com-
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plex, and thus functional, aesthetic, and psychosocial prob-
lems. Long-term follow-up and surveillance of patients with 
breast burns is required to achieve the best possible outcome 
and address all rising problems at an adequate point in time. 
Correction of these problems in general requires multiple 
serial procedures that have to be cautiously fitted into a reli-
able timetable.
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Reconstruction of Burn Deformities 
of the Lower Extremity

Christian Ottomann and Bernd Hartmann

25.1  Introduction

In addition to reconstructive surgery to restore form, the 
main goal of reconstructive burn surgery is to reintegrate the 
patient into professional and social life [1]. Although the 
stigmatizing scars which result from burns to the lower 
extremities can be covered by clothing, functional restric-
tions are particularly noticeable due to changes in the 
patient’s gait [2]. As a result, the goal of reconstructive sur-
gery on patients who have suffered burn trauma is to both 
restore the skin’s surrounding soft tissue in order to improve 
form and to restore function. Acute treatment applied to the 
lower extremity is similar to that applied to the body’s 
remaining surface, with the exception that the exposed ten-
dons and bones in the area of the tibia and foot are only pro-
tected by extremely thin soft skin tissue. Problems in 
reconstructing the skin’s soft tissue often already arise dur-
ing acute treatment, and they often result in secondary heal-
ing and subsequent scarring [3]. As a result, post-burn 
contractures and unstable scars occur with some frequency 
on the lower extremities [4]. Unfortunately, a post-burn con-
tracture still does not only result from the trauma which 
causes the tissue damage but also—particularly in elderly 
patients—as a result of immobilizing the area within the 
scope of providing initial treatment. As is the case in the 
entire field of plastic reconstructive surgery, reconstruction 
of the burned extremity should be oriented along the recon-
structive ladder.

25.2  Reconstructive Ladder Stage 1: 
Z-Plasty

The Z-plasty technique represents a form of plastic surgery 
in which two triangular skin flaps across from each other are 
mobilized. By rotating these flaps, tension is reduced along 
the central limb. This technique makes use of the area’s 
width, which means that sufficient tissue must be available 
on each side of the scar. If more length is needed, or if the 
available tissue elasticity in the lateral skin areas is not suf-
ficient for a single Z-plasty, several small z-shaped incisions 
can be strung together (Figs. 25.1 and 25.2). Necrosis in the 
tips of the flaps, which occurs in small flaps whose angles are 
too acute, and old scars running perpendicular to the base of 
the flap, which have a negative effect on blood circulation, 
represent the primary complications in this case. In addition 
to the actual Z-plasty technique, there are also other modi-
fied versions of the flap triangles which can be selected in 
special cases, for example incisions with the opposite align-
ment (such as the butterfly or jumping man) [5].

25.3  Reconstructive Ladder Stage 2: Skin 
Graft Transplantation

Reconstruction of an excision scar is carried out using a skin 
graft transplantation. Healthy subcutaneous fatty tissue, unin-
jured peritendineum, healthy muscle fascia, or healthy mus-
cle tissue are suitable for receiving a skin graft (Fig. 25.3). 
Debrided granulation tissue or tissue conditioned with an arti-
ficial dermal substitute can also serve as the recipient site. 
Free skin grafts differ in their thickness, and thick split-skin 
or full-thickness skin is suitable for scar reconstruction 
(Fig. 25.4). The individual grafts all have advantages and dis-
advantages, both as they pertain to the donor site and their 
characteristics at the recipient site. With thick split-skin 
grafts, one must take factors into consideration ranging from 
poor reepithelialization of the donor site with the possibility 
of subsequent scarring to the possibility of keloid scarring. In 
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addition, the area of full-thickness skin which can be used as 
donor tissue is limited. At the recipient site, free skin grafts 
heal better the thinner they are; however the thickness of the 
layer of skin used corresponds with the desired result. A suf-
ficient dermal layer must be used, particularly when grafting 
on the soles of the feet, since a three- dimensional network of 

fine fibroelastic tendons, which form a multitude of small 
cushioning elements, pervades the plantar fat pad. This 
unique anatomical configuration makes the sole of the foot 
the perfect shock absorber while walking. Preserving this tis-
sue—particularly since this area of the foot often exhibits 
repeated bruising after suffering a burn—represents an impor-
tant reconstructive goal. In this case, one must always con-
sider the use of skin grafts. Another factor which must be 
noted is the tendency of free skin grafts to shrink. For exam-
ple, thick split-skin grafts can shrink by up to 30%. In addi-
tion, artificial dermal substitutes are available for use in 
modern reconstructive treatment. The advantages lie in the 
reduction in donor morbidity from full-thickness skin grafts 
and the benefits from their wide availability in comparison 
with full-thickness skin grafts. As a result of the graft, 
improved dermal regeneration is achieved, which reduces the 
formation of new scar tissue [6]. Dermal substitutes promote 
the formation of a vascularized neodermis, which can be cov-
ered with an extremely thin autologous epidermal split-skin 
graft or with cultivated keratinocytes after 14–21 days [7].

25.4  Reconstructive Ladder Stage 3: 
Pedicle Flaps

Selecting the skin flap to use in reconstructive surgery on the 
lower extremities is done according to different principles than 
for the upper extremities. In the upper extremities, a large portion 
of all muscles are needed to ensure that the arms and hands can 
function sufficiently, and removing a single muscle can cause a 
significant loss of function in this area. In contrast, the lower 
extremities have a number of different muscles which all have 
the same function. For example, the four individual muscles 
which form the quadriceps femoris are responsible for extending 
the knee joint. Using one of these individual muscles as a graft 
will not affect the active extension of the knee joint. Based on the 
same principle, the individual muscles which form the hamstring 
or those used for dorsiflexion or plantar flexion can also be used. 
The following is a list of flaps which are used most often.

Fig. 25.1 Post-burn contracture on the dorsum of the right foot with 
consecutive restrictions to mobility

Fig. 25.2 Result after scar adhesiolysis and Z-plasty

Fig. 25.3 Scarring on the dorsum of the left foot after a scald

Fig. 25.4 Result after scar excision and full-thickness skin graft
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25.4.1  Tensor Fascia Lata Flap (TFL)

The tensor fascia lata flap is located in the area of the lateral 
circumflex femoral artery. It is comprised of a muscular and 
fascial portion. It can measure up to 15 cm wide and up to 
40 cm long. Vascularization of the distal portion can some-
times be problematic but can be improved through bilateral 
elevation. This flap is particularly suited to reconstructive pro-
cedures in the upper third of the thigh. The TFL flap can also 
be used as a free microsurgical flap or as a perforator flap [8].

25.4.2  Anterolateral Thigh Flap (ALT)

The ALT is a flap with a relatively constant vascular supply. 
It can be harvested as a myocutaneous or perforator flap. It is 
mainly indicated for use with defects in the upper and middle 
third of the thigh. In addition, the ALT can also see applica-
tion as a free microsurgical flap, and in this case can also be 
used as a myocutaneous or perforator flap [9].

25.4.3  Gracilis Flap

The myocutaneous gracilis flap is a thin flap for defects in 
the upper third of the thigh. It can be up 24 cm long, and this 
length can be extended to 32 cm by including the tendon. Its 
width is limited to 6–8 cm. This graft exhibits very constant 
and secure vascularization. A further benefit is that with this 
graft, primary closure is usually feasible [10].

25.4.4  Vastus Lateralis Flap

The vastus lateralis flap, as part of the quadriceps femoris, is 
supplied by numerous vascular pedicles which primarily 
stem from the profunda femoris artery. It is vascularized 
proximally by one or two branches of the lateral circumflex 
femoral artery, the middle third is supplied by the perforating 
arteries of the profunda femoris, and the distal third receives 
branches from the popliteal artery. The two branches of the 
lateral circumflex femoral artery are sufficient to supply the 
entire muscle. Defects in the proximal section of the thigh, 
particularly with unstable scars in the area of the trochanter, 
are an indication for the use of the vastus lateralis flap in 
reconstructive surgery for burns to the lower extremity [11].

25.4.5  Soleus Muscle Flap

Soleus muscle flaps are particularly suited for use in the 
reconstruction of lower leg defects. This muscle is located in 
the superficial posterior compartment of the leg. The muscle 
is triangular, and its length differs from person to person, 
which is an important factor as it pertains to the potential 

radius of rotation. Secure proximal vascularization is sup-
plied by a main branch of the tibialis posterior artery, which 
allows it to be mobilized at its isolated proximal vascular 
pedicles. An indication for its use in the scope of reconstruc-
tion of a burned lower extremity is soft tissue reconstruction 
in the middle third of the lower leg, especially if the tibial 
ridge is exposed [12].

25.4.6  Gastrocnemius Muscle Flap

The gastrocnemius muscle has a medial and a lateral head 
and is supplied by the sural arteries, which arise from the 
popliteal artery. Each head can be harvested individually at 
its proximal vascular pedicle (Figs. 25.5 and 25.6). This flap 
is particularly suited to reconstruction of the knee joint and 
the proximal third of the lower leg [13].

Fig. 25.5 Severe contracture on the inside of left knee after III° burn 
trauma

Fig. 25.6 Intraoperative contracture release and reconstruction with a 
rotation flap
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25.4.7  Saphenous Flap

The saphenous flap is a fasciocutaneous flap that is harvested 
from the medial area of the calf. The skin of the calf is sup-
plied by branches of the great saphenous vein, which runs 
along the saphenous nerve [14].

25.4.8  Sural Flap

The distal sural pedicle flap is supplied by the sural arter-
ies. It is a relatively thin flap and is primarily used in the 
area around the ankle, Achilles tendon, and heel. The 
donor site defect usually needs to be covered with a split-
skin graft. In certain cases, a bilateral approach is required 
which calls for modifying the primary flap by cutting it in 
advance [15].

25.4.9  Dorsalis Pedis Flap

The dorsalis pedis flap is a neurovascular flap, which can 
also be used as a free flap. It is mainly supplied by the 
dorsalis pedis artery, which is a continuation of the ante-
rior tibial artery. The tendons of the extensor hallucis lon-
gus muscle serve as a point of reference and run medial to 
the artery, while the tendons of the extensor digitorum 
muscle run lateral to the artery. In the proximal area, the 
artery perforates plantar, anastomosing with the plantar 
arch. Harvesting the flap is extremely difficult. An indica-
tion for the use of this flap is if reconstruction is necessary 
in the area of the distal third of the lower leg as well as the 
foot [16].

25.5  Reconstructive Ladder Stage 4: Free 
Flaps

Free microsurgical flaps are indicated especially for use in 
reconstruction of burned extremities, since due to the subse-
quent scarring after a burn trauma, adequate local or pedicle 
flaps are not available in this area [17].

25.5.1  Latissimus Dorsi Flap

Due to its flap volume and the fact that it can be used any-
where, the latissimus dorsi flap is one of the most impor-
tant. It can be elevated as a myocutaneous or osteocutaneous 
flap. In addition, a functional reconstruction can also be 
carried out at the same time, for example using a muscle 
transposition flap from the posterior tibialis muscle. At the 
same time, the muscle flap can also serve as a free neuro-

vascular flap for restoring motor function. This allows it to 
be used to cover defects and to restore the function of the 
quadriceps femoris [18].

25.5.2  Scapular and Parascapular Flap

The scapular flap is adipocutaneous flap which is fed by the 
circumflex scapular artery. Primary closure can usually be 
used on the donor site defect. The flap is indicated for large 
defects in the entire lower leg and ankle region. In case of 
extremely large defects, it can be combined with a latissimus 
dorsi flap [19].

25.5.3  Lateral Arm Flap

The lateral upper arm flap is a septocutaneous flap. It is 
supplied by the posterior radial collateral artery and the 
deep brachial artery. Its benefit lies in the consistent neuro-
vascular pedicle, which allows it to be transplanted as a 
sensitive flap [20].

25.5.4  Radial Artery Flap

The fasciocutaneous radial artery flap is particularly well 
suited to reconstruction in the area of the ankle and/or 
Achilles tendon, as well as the heel and dorsum of the foot 
(Fig. 25.7). In addition, the flap can also be used for limited 
defects in the area of the patella. The preoperative Allen Test 
is obligatory. A significant drawback to this flap is the obvi-
ous donor site [21].

Fig. 25.7 Result after free flap reconstruction with an unstable scar on 
the left upper ankle joint
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25.6  Reconstructive Ladder Stage 5: 
Perforator Flap

As a modern variation of free microsurgical reconstruction, all 
musculocutaneous and adipocutaneous flaps can be elevated as 
perforator flaps. In primary patients with severe burn wounds, a 
healthy island of skin is often not available, which means the 
ability to harvest a flap is limited. Using this technique, however, 
defects in all areas of the body can be reconstructed with particu-
larly flexible and thin flaps. Perforator flaps are an important 
advancement in reconstructive surgery for patients with severe 
burn injuries, especially from an aesthetic standpoint [22].

25.7  Discussion

Platt et al. report that 3.6% of all their burn victims who receive 
acute treatment in an inpatient setting require a free flap recon-
struction. Figures on the percentage of patients requiring free 
flaps solely in the scope of reconstructive surgery on the lower 
extremity are not available. Reconstruction of burned extremi-
ties represents a particular challenge to reconstructive sur-
geons, since they must cover defects of various sizes and 
depths. Correction of burn scar contractures for the purpose of 
restoring function is the primary indication for secondary 
reconstructive surgery, as well as treating unstable scars and 
scar carcinoma resulting in lesions of different sizes. In addi-
tion, amputation stumps often need to be stabilized. Soft tissue 
reconstruction is carried out based on principles set forth in the 
reconstructive ladder which are adapted to the individual situ-
ation, from simple to complex free flap surgery [23]. The skin 
tissue which borders the defect is often scarred, however, 
which means that a local or rotation flap often cannot be used 
within the reconstructive ladder. In order to achieve the goal of 
restoring form, function, and aesthetics in the best way possi-
ble, a number of indications require mastery of the entire 
microsurgical spectrum. The selection of a free microsurgical 
flap can also be limited by a scarred donor site, however, 
which requires the surgeon to use their second or third choice. 
As a result, when performing reconstructive surgery on a 
burned lower extremity, the entire spectrum of plastic surgical 
methods must be considered when selecting the operative pro-
cedure, which means that procedures must also be considered 
which appear obsolete in reconstructive surgery on patients 
who have not suffered burn injuries. Cross leg flaps and the 
use of Kirschner wire in the case of an exposed tibial ridge are 
often successful when other reconstructive procedures have 
been ruled out [24, 25]. In primary reconstruction of a burned 
extremity, the distal extremity is the most often affected ana-
tomical area, since the tibial ridge and the foot are only pro-
tected by a thin subcutaneous layer, which means tendons and 
bones are affected and/or are exposed after debridement at 
above-average rates. In contrast, the proximal extremity of the 

thigh offers better protection thanks to the soft tissue pad 
found in this area, which means that reconstructive flap sur-
gery is carried out on the thigh less often. Due to its thin layer 
of soft tissue, the foot presents significant challenges to recon-
struction as it pertains to restoring a sufficient level of func-
tion, especially when plantar structures are involved. Flaps 
used on the foot must be thin, yet still offer a secure sheath for 
the tendons. A number of authors prefer to use thin fascia 
flaps, which are then covered with split-skin grafts. These can 
be wrapped around the extensor tendons using the sandwich 
technique to create a layer of connective tissue [26]. As an 
alternative to a thin flap, De Lorenzi et al. describe arterialized 
venous flaps, which are harvested from along the great saphe-
nous vein [27]. Their reliability as a standard procedure is still 
open to debate, however, but they represent a viable alternative 
with a small harvesting defect. Furthermore, adipocutaneous 
flaps are suitable for use in reconstructive surgery, especially 
for thin patients, since they offer excellent skin elasticity. As a 
classical microsurgical flap, the radial or lateral upper arm 
flaps can be used for small areas, and the scapular and para-
scapular flaps can be used for larger defects. In reconstructive 
procedures on the foot, one must generally differentiate 
between stress-bearing and non-stress-bearing areas. When 
operating on a stress-bearing area, muscular flaps should be 
preferred, since these flaps offer stable coverage that can with-
stand shear stress [28].

Within the scope of primary reconstruction carried out 
after suffering a burn, flap surgery is conducted earlier on 
in patients with electrical injuries than those with thermal 
trauma. In addition to superficial burns, injuries from high- 
voltage current also cause electricity to flow through deep 
tissue. The current flows through the path of least resis-
tance, primarily through the body’s vasculature, nerves, 
and muscles (Fig.  25.8). Concealed deep tissue lesions 

Fig. 25.8 Primary reconstruction necessary after III° high-voltage 
burn

25 Reconstruction of Burn Deformities of the Lower Extremity



276

occur as a result, particularly periosteal lesions in the mus-
cles [29–31]. Radical debridement after an electrical injury 
also leads to exposure of deeper structures. When dealing 
with lesions from electrical injuries that require the use of 
free flaps, the assumption of progressive necrosis exists, 
meaning that the extent of the tissue damage is first demar-
cated after several debridements (principle of progressive 
awareness) [32, 33]. In this context, there is always the dan-
ger that even when performing radical debridement, if the 
reconstructive procedure is carried out too early, necrosis 
could persist. In these cases, large-size muscular flaps are 
indicated, as they are better at terminating infections thanks 
to their vascularization [34]. The latissimus dorsi flap is 
particularly suited for this purpose, since it can be har-
vested with a size of up to 26 cm in women and 33 cm in 
men [35]. For smaller defects which require sufficient vas-
cularization from a muscle, we recommend the microsurgi-
cal gracilis flap, which can be harvested with close to zero 
donor morbidity [36]. If needed, the serratus anterior flap 
can also be harvested for even smaller defects [37]. When 
covering defects which involve bone, in some cases a vas-
cularized bone transplant may be required [38]. In particu-
larly severe contractures as a result of a burn to the lower 
extremity, Bar-Meir et al. describe the combination of using 
an Ilizarov apparatus and a free flap [39].

Concrete data comparing the complication rate of local, 
pedicle, or microsurgical flaps used in the scope of second-
ary reconstruction to those used in reconstruction in the pri-
mary stage is not available. Baumeister et al. were able to 
detect a relationship between the time reconstructive surgery 
was carried out and the complication rate, however [40]. In 
their study on reconstruction of burned extremities through 
transplantation of free flaps in primary reconstructive sur-
gery, they report that 80% of flap losses occurred when the 
flap surgery was conducted between the fifth and twenty-first 
day post-trauma. In contrast, flap losses did not occur in 
elective secondary reconstruction.

25.8  Summary

As a result of the specific anatomical conditions found in the 
knee, lower leg, and foot (which exhibit a thin soft tissue 
covering), a thermal trauma to the lower extremity often 
results in scarred contractures which affect the patient’s gait 
and necessitate secondary reconstruction. When treating a 
patient with a severely burned lower extremity, functional 
structures often become exposed in the initial stages after 
radical debridement, which then require early stage primary 
reconstruction. Regardless of when reconstructive surgery 
on the lower extremity is carried out, the reconstructive lad-
der should be followed. Due to changes to the local area 
caused by scarring, it is often impossible to use treatment 

methods which are used on unburned tissue as a standard 
procedure, which means that modified operative procedures 
can be successful, as well as operative techniques which 
would otherwise be viewed as obsolete. Due to these rea-
sons, a reconstructive surgeon should possess knowledge of 
the entire range of plastic surgical methods, since treating 
high-grade burn contractures of the lower extremity poses a 
significant challenge to even the most experienced 
surgeons.
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Thermal Injuries to the Foot

Thilo Schenck and Riccardo E. Giunta

26.1  Introduction

Thermal injuries to the foot, in particular isolated burns, are 
less common than burn injuries to other body parts such as 
the face or the hand. One reason for this low number of inju-
ries is due to the fact that most of the time our feet are pro-
tected by shoes. Despite the foot’s relatively small percentage 
of the total body surface area (TBSA) of approximately 
3.5%, special attention should be paid on foot burns because 
the sequelae of these injuries can dramatically reduce the 
patients’ quality of life [1]. The significance of foot injuries 
becomes obvious when we consider how much of our daily 
life depends on the main function of our feet, i.e., to stati-
cally and dynamically carry body weight. The long-term 
impairments of thermal foot injuries can include anything 
from problems with shoe fit to recurrent ulcerations, and 
from gait disturbances to inability of standing and walking.

Many different causes can lead to thermal injuries of the 
feet. Especially children, the elderly, and disabled persons 
are at risk [2] (Fig. 26.1). Burns of the feet in children are 
often caused by scalds [1]. Neuropathy due to diabetes puts 
the elderly at risk for burn injuries [3]. Burns of the feet are 
also common in electrical injuries because the electric cur-
rent exits the body through the feet. The risk factors for ther-
mal foot injuries also depend on geographical and cultural 
factors. In tropical or subtropical geographic areas, walking 
on hot road surfaces or sand without adequate footwear can 
lead to severe injuries, especially in children [4]. Fire walk-
ing rituals, as being performed particularly in India, are a 
frequent cause of isolated foot burns as well [5]. The aim of 

acute therapy and reconstruction is to allow patients to return 
to normal gait and ambulation. Additionally, follow-up care 
of patients with burn wounds of the feet is necessary. Long- 
term consequences like foot deformities, scarring, and con-
tractures can lead to impaired walking, ulceration, chronic 
problems in wearing shoes, and secondary injuries after falls. 
Compared to burn injuries of other body areas, injuries of the 
feet can lead to rather long hospital stays as pressure on the 
injured areas has to be avoided.

26.2  Anatomy

Knowing the anatomy and understanding the function of the 
foot is essential for the surgeon to perform reconstruction of 
the foot. Similar to the hand, the plantar and dorsal soft tis-
sues of the foot have different functions and therefore have 
different anatomic structures. The dorsum of the foot has 
tendons and veins lying superficially under the skin. Since 
the skin of the dorsum is not prone to mechanical stress, it is 
relatively thin. In contrast, the plantar side of the foot has to 
carry the weight of the body and serves as a shock absorbing 
cushion. Carrying the body weight without developing pres-
sure sores highly depends on intact sensibility.

Vulnerable structures such as blood vessels, nerves, and 
the plantar fascia are protected by strong layers of subcutane-
ous fat with fibrous septa, which provide adherence to the 
deep structures. Special emphasis should be put on the 
weight-bearing surfaces of the foot which include the heel, 
the metatarsal heads, the lateral arch, and parts of the medial 
arch. Vascularization and skin coverage above the Achilles 
tendon make the ankle region a challenge for reconstruction.

Three major arteries provide blood supply to the foot. 
Similar to the vascular anatomy of the hand, the major arter-
ies of the foot communicate with each other through numer-
ous anastomoses [6]. The three main arteries of the foot 
divide the foot and ankle region into six angiosomes [7]. The 
peroneal artery has two major branches that supply the 
anterolateral portion of the ankle and the rear foot. The ante-
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rior tibial artery continues into the dorsalis pedis artery and 
then builds up the dorsal system, which supplies blood to the 
dorsum of the foot and later on breaks up into the dorsal 
metatarsal arteries. The posterior tibial artery is responsible 
for the plantar system, which consists of the medial and the 
lateral plantar artery.

Venous drainage of the lower extremities including the 
feet is provided by a deep and a superficial venous system, 
which are connected to each other by perforator veins [8]. 
Due to our upright body position, the hydrostatic pressure is 
highest in the veins of the lower extremities, which are there-
fore vulnerable for venous insufficiency. The veins of the 
deep system accompany the arteries and are named accord-
ingly. The course of the superficial venous system is inde-
pendent of the arteries and consists of the great and the small 
saphenous vein and their branches.

Lymphatic vessels of the lower extremity and foot run 
with the veins and share the principle of a deep and superficial 
system. The superficial lymphatic vessels of the foot are 
divided into a small dorsolateral bundle, which accompanies 
the small saphenous vein, and a ventromedial bundle that 
accompanies the great saphenous vein [9]. While the dorso-
lateral bundle is responsible for the lateral border of the foot, 
the ventromedial bundle is responsible for the rest of the foot.

Innervation of the foot is provided exclusively by 
branches of the sciatic nerve except for the medial malleolus 
which is innervated by the saphenous nerve, the continua-
tion of the femoral nerve [10]. The tibial nerve follows the 
course of the posterior tibial artery and correspondingly 
breaks up into a medial and lateral plantar nerve to innervate 
the sole of the foot. Dorsal innervation of the foot is mainly 
provided by branches of the superficial peroneal nerve. 
Sensation to the first interdigital web space is provided by 
the deep peroneal nerve. The lateral side of the foot, from 
the lateral malleolus to the little toe, is innervated by the 
sural nerve. Compared to the nerves of the sole, the branches 
of the superficial peroneal nerve, the sural nerve, and the 
saphenous nerve are located relatively superficially that puts 
them at higher risk for injury.

26.3  Burn Therapy

26.3.1  General Assessment

The long-time result of burn therapy is mostly influenced by 
the extent and severity of the burn wound, the involvement of 
certain specialized areas, and the quality of the initial ther-

Fig. 26.1 Third degree burn of the forefoot including the toes in a 
paraplegic patient who burned herself with a power supply pack of her 
computer. This case demonstrates how lack of protective sensibility 
leads to increased risk for thermal injuries of disabled patients. Exact 

debridement with careful preservation of the paratendon of the extensor 
hallucis longus tendon could achieve a wound bed, which was suitable 
for skin graft transplantation
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apy. Except for minor injuries, treatment should be managed 
by specialized burn care facilities [11]. In combination with 
further burn injuries, burns of the feet are sometimes not 
given enough attention from the beginning, as they are 
thought to have less severe consequences compared to burns 
of the face and the hands for instance.

Similar to burns of other locations, wound conditions 
including size and depth of the wound and type of damaged 
or exposed structures must be evaluated before selecting 
therapy. Special focus should be put on possible involvement 
of weight-bearing surfaces, damaged bones, tendons, ves-
sels, and nerves. In the later phase of treatment, weight- 
bearing patterns by Harris mat prints and mapping of plantar 
sensation can be required [12].

Prior to treatment, the general situation of the patient 
and the relevance of the burn injury to the foot have to be 
evaluated thoroughly. This information is required to 
choose the right reconstructive strategy. In addition to 
accurate evaluation of all injuries, including the burned 
proportion of total body surface area, the patient’s medi-
cal history plays an important role as well. To assess the 
possible goals of therapy, general risk factors like diabe-
tes, obesity, smoking, and age and specific risk factors 
for the lower extremities like, e.g., peripheral artery dis-
ease, chronic venous insufficiency, and peripheral poly-
neuropathy should be taken into account. Additional 
diagnostic efforts such as arteriography and Doppler 
sonography might be required when preparing complex 
reconstructive approaches. In spite of the benefits of 
these convenient and quantifiable methods, the fast, sim-
ple, and cheap method of examining the pedal pulses 
should not be disregarded. When considering flaps with 
defined blood supply such as free, pedicled, or axial 
flaps, existence and patency of the chosen vessels should 
be evaluated in advance. It should be always kept in mind 
that vessels could be unavailable due to trauma or ana-
tomic variations. One example is the congenital absence 
of the dorsalis pedis artery which occurs in 2% of the 
population, leading to unavailability of the numerous 
standardized dorsalis pedis artery flaps [13]. For proxi-
mally based flaps, arteries of the plantar and dorsal sys-
tems have to be uninterrupted and communicating 
anastomoses open. Clinical examination of the vessels, 
angiography, and Doppler sonography are crucial. 
Especially in the preparation of perforator flaps, the 
Doppler sonography plays an important role [14]. 
Although the possibilities of reconstruction and micro-
surgery have tremendously increased in the last decades, 
considerations in primary burn care should not exclude 
amputation as an option in some injuries [15]. The basic 
principle of “life before limb” remains a pillar of any 
reconstructive procedure.

26.3.2  Goal of Therapy

The main goal in the treatment of thermal feet injuries is to 
restore the function of the foot, which is to carry body weight 
and the ability to stand and walk. The functional outcome of 
reconstruction can be estimated by the parameters ulcer-
ation, pain, and footwear [16, 17]. The patient’s daily activi-
ties, capability to return to work, and quality of life are highly 
affected by pain, which therefore serves as an appropriate 
parameter for the outcome of the reconstruction [18]. 
Incidence of ulcers is a suitable parameter as well, because it 
indicates durability of soft tissue coverage. Ulcers are also a 
measure of quality of life because repetitive changes of 
dressings interfere with daily activities. Although aesthetic 
goals are of minor importance in extensive injuries to the 
feet, an adequate contour should be aimed at to allow the 
patient to use normal footwear. Hence the ability to use nor-
mal footwear acts as an indicator of a good flap shape [18]. 
Another goal is to maintain sensation at the sole of the foot. 
Without sensibility, especially to pressure, in the recon-
structed foot the patient has similar risks for secondary inju-
ries as known from patients suffering from neuropathic feet 
[18]. In the early phase of therapy, fast skin coverage should 
be achieved to protect the subjacent structures and to prevent 
infections. The long-term outcome of skin coverage can be 
rated by occurrence of contractions and hypertrophic scars.

26.3.3  Primary Treatment

The first steps of acute treatment of thermal feet injuries 
should not differ from other burn injuries. At first, the vital 
threat of the injury and the overall situation of the patient 
have to be evaluated. The goal of acute treatment of the 
wound is cleaning, debridement, necrosectomy, and if pos-
sible early closure of the wound (Figs.  26.1 and 26.2). 
Besides, management of foot burns in the acute phase 
should consist of pain control, foot elevation to prevent 
swelling, wound dressings with antiseptic agents, frequent 
observations, and depending on the extent of the wound 
prophylactic systemic antibiotics [1, 19, 20]. Superficial 
partial thickness burns are often underestimated. Treating 
them aggressively is often a worthwhile procedure to pre-
vent the progression from a superficial to a deep partial 
thickness burn injury [2]. However, necrosectomy has to be 
performed very carefully so that vulnerable structures like 
peritendineums, superficial veins, and lymphatic vessels 
which are crucial to defect coverage remain intact. Hospital 
treatment should be rigorously indicated to avoid infec-
tions. In some cases early skin grafting as temporary or 
final defect coverage can be considered (Fig. 26.2). In the 
acute treatment of foot burns, the use of splints should be 
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considered to prevent deformities due to contractions. 
Although the aim of the treatment is to rescue as much 
structures of the foot as possible, indications for amputa-
tion should be checked already in the beginning. Delay of 
amputation in cases where it is unavoidable often leads to 
unnecessary operations and more psychological stress. It 
has to be evaluated if the patient might have a higher ben-
efit from a good prosthesis than from an insufficiently 
reconstructed foot [21]. In addition, amputation often 
allows faster return to ambulation than complex reconstruc-
tion. In the decision process for or against amputation, the 
extent of the injury, the presence and severity of wound 
infections, and the situation of the patient as a whole have 
to be considered. If one or more toes are severely damaged, 
amputation is often indicated because the loss of function is 
relatively negligible. An exception to this is the great toe, 
which is of higher importance to gait stability. If the fore-
foot or midfoot is severely damaged or severe proximal 
injury of the lower extremity is present, Chopart, Lisfranc, 
or even more proximal amputation can be indicated. Even 
though amputation is a destructive procedure, it has to be 
performed accurately and can only be considered success-

ful if the resulting stump has a stable, well-cushioned soft 
tissue coverage, is free from pain, and allows good 
ambulation.

26.3.4  Bridging the Time to Final 
Reconstruction

Fast and definitive closure of wounds should be the goal of 
treatment. But if defects are more complex, reconstruction 
of the injured foot often becomes a more than one stage 
approach. In cases of foot injuries occurring as a concomi-
tant injury, its treatment is often postponed until the patient 
is out of vital danger and co-existing injuries of higher 
importance such as injuries of the face or hand have been 
treated. Reconstructing at a later point gives time for 
 thorough evaluation—and accurate repetitive debridement, 
but also bears the risk of developing complications. 
Attention should be paid to the development of soft tissue 
infections. Sample collection for microbiological analysis 
should be performed to allow specific antibiotic treatment. 
Microbiological analysis should be generously indicated 

Fig. 26.2 This second degree burn injury of the foot resulted from 
spilling hot water in the kitchen. The patient came to the emergency 
department with a delay of 5 days. Debridement revealed a combination 
of deep and superficial dermal injury. For injuries without exposure of 
vulnerable structures, bones or tendons, such as this deep dermal injury, 

skin grafting is the best treatment option. Before skin transplantation, 
the wound needs careful cleaning and debridement. Skin grafting is a 
fast and easy method with very limited harvesting defects. If applied on 
larger defects contractions can occur
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as the foot is a very susceptible region for infections. In 
cases where bone structures are not covered, osteomyelitis 
is a feared complication, which can be ruled out by plain 
radiographs. In cases of osteomyelitis or wound infection, 
the use of muscle flaps can be advantageous [22, 23]. 
During the time span until final defect coverage is achieved, 
wound treatment aims at preserving stable wound condi-
tions, preventing infections, and limiting fluid and protein 
loss. Infections of the wounds have to be ruled out or 
treated successfully before the final defect coverage. For 
skin defects, skin grafts can be helpful in this phase but 
synthetic or biologic wound coverage has gained popular-
ity as well. Especially in cases when donor skin is unavail-
able due to extensive burn injury or when the wounds are 
not ready for autografting, temporary skin substitutes are 
valuable [24]. Many temporary artificial skin replacement 
products such as collagen-glycosaminoglycan matrix, 
acellular allogenic dermis, or collagen/elastin matrix are 
available on the market and their number is constantly 
growing [25]. If deeper structures are exposed vacuum-
assisted closure devices can help to temporarily close the 
wound. Similar to burns to the hand, the complex anatomic 
structure of the foot makes the application of temporary 
wound dressings a challenge. For the hand a temporary 
wound dressing in the shape of a glove has been developed 
[26]. So far, no analog for feet is available on the market, 
but in some cases the existing glove can be used for the 
foot as well.

26.4  Skin Grafting

Skin grafts are a good and frequently applied option for burn 
injuries if the extent of the injury is limited (Fig. 26.2). Split 
skin grafts are fast and easily applicable and leave only very 
limited harvesting defects [27]. Full skin grafts are thought 
to have better mechanical properties but are limited in avail-
ability. If skin grafts serve the demands of the defect, it has 
to be evaluated if the defect serves the demands of the skin 
graft as well. For successful graft take, the area to be covered 
must be able to supply the skin graft with nutrition and oxy-
gen. This can be successfully provided in most soft tissue 
defects. Exposed bones and tendons without peritendineum 
cannot sufficiently meet the needs of skin grafts; hence a dif-
ferent approach should be chosen. If vulnerable structures 
like vessels or nerves are exposed, skin grafts will usually 
not provide enough mechanical protection. Even though bare 
bones are generally considered a contraindication for skin 
grafts, they can be tolerated if their contribution to the whole 
defect is just minor. In these cases debridement of the wound 
bed should include decortication of the exposed bones to 
stimulate the formation of granulation tissue before skin 
graft transplantation can be carried out as a next step [21]. 

Prior to grafting, infections of the recipient site should be 
ruled out or sufficiently treated surgically and with antimi-
crobial agents. Preparation of the recipient site should 
include sufficient debridement to achieve good perfusion. In 
the early phase after transplantation, nutrition and oxygen 
are provided by diffusion. To allow diffusion the graft must 
be well attached to the wound ground. Because the hydro-
static pressure is highest in the feet, leaking of arterioles, 
venous capillaries, and lymphatic vessels brings the risk of 
fluid accumulation under the graft. For this reason, constant 
pressure should be applied to the graft for the first days after 
transplantation and the wounded foot should be elevated at 
all times. The use of vacuum-assisted closure (V. A. C.® ther-
apy) devices to fix split-thickness skin grafts and to withdraw 
fluid from the transplanted area has risen steadily in the last 
decade [28]. Thin split skin grafts and mesh grafts should be 
avoided on the foot because they show higher risks for con-
traction and the aesthetic outcome is lower than in unmeshed 
grafts [29]. However, it is advantageous to make some inci-
sions in the graft to avoid accumulation of wound fluid under 
the transplant.

Even though skin grafts often need corrections including 
re-grafting, skin grafting is an effective method to cover 
defects fast and easily or at least to reduce them significantly 
in size. Skin grafting can also help to bridge the time from 
acute treatment to further complex reconstructive approaches. 
Frequent problems seen with skin grafts on the foot are 
hyperkeratosis at the borders of the grafts, ulcerations, and 
contractions. Although skin grafting remains the gold stan-
dard for skin lesions, the development of bioartificial skin is 
proceeding constantly and dermal replacement products 
based on collagen already show satisfying results in burn 
patients [30].

26.5  Postoperative Care

Successful treatment of thermal foot injuries highly depends 
on postoperative care. Most of the surgical efforts take place 
in the first couple of weeks after the accident, but the postop-
erative care may be necessary for a much longer time. 
Postoperative care should therefore be accurately planned 
and multidisciplinarily approached. Its extent depends on the 
extent of the injury and the complexity of the reconstructive 
efforts.

In the early phase after reconstruction, the focus lays on 
monitoring, appropriate wound dressings, medication, and 
bed rest with elevation of the operated foot. For sufficient 
monitoring frequent changes of wound dressings combined 
with accurate cleaning are necessary. Maximum attention 
has to be paid to signs of infections and delayed wound heal-
ing. If free flaps are applied perfusion has to be monitored 
frequently. Monitoring devices such as external and laser 
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Doppler are increasing but most frequent visual controls 
including recapillarization time remain the gold standard.

Medication should address antibiotic coverage, pain med-
ication, fluid management, and anticoagulation until full 
ambulation. Systemic comorbidities like diabetes, peripheral 
artery disease, chronic venous insufficiency, and malnutri-
tion should be treated as well. Time of bed rest, leg elevation, 
and time until weight-bearing depend on the chosen defect 
coverage. When patients return to ambulation, pressure treat-
ment and orthopedic footwear, such as thermoplastic boot 
splints, become necessary. In case of split skin transplanta-
tion accumulation of fluid under the graft and shear forces 
have to be avoided. This works best by applying pressure on 
split skin grafts with elastic bandages for at least 5  days. 
Pressure should not be applied on skin grafts which are used 
on top of free flaps. In this case dressings with pressure 
would impair perfusion and make monitoring difficult.

Hydrostatic pressure as in a standing position sets free 
flaps of the lower extremity at risk for venous and lymphatic 
congestion. Three to five days after free flap transfer, the 
strict elevation can be started to be periodically interrupted. 
In order to protect the foot from fluid congestion, elastic ban-
dages have to be applied. This procedure is started for a dura-
tion of 15 min per day and is increased within approximately 
1 week to three times 3 h per day. As soon as wounds are 
stable and postoperative swelling has decreased, an orthope-
dic pressure stocking is customized which replaces the elas-
tic bandages in the following months. Intensive physical 
therapy is of great importance to return to ambulation and to 
regain or maintain joint flexibility. Besides selection of an 
adequate reconstructive approach, detailed education about 
foot care and frequent follow-up visits play an important role 
in maintaining reconstructed feet healthy and the flap intact 
[31]. The patient has to learn that a loss of sensation has to be 
replaced by frequent self-examinations [32]. Treatment of 
scars with silicone sheets, compression garment, and scar 
reduction creams can be started when defect coverage is 
accomplished and wounds have reached a stable level.

26.5.1  Secondary Reconstruction

Defects of the foot and the lower one third of the leg are chal-
lenging subjects for reconstruction. Since thermal injuries to 
the feet occur in a countless number of variations, each 
defect has to be evaluated individually. Depending on the 
extent of the injury, treatment can reach from conservative 
treatment with wound dressings to multi-step operational 
approaches [33]. A multidisciplinary team and accurate plan-
ning of all reconstructive efforts are crucial for success and 
can only be managed if the medical team is capable of the 
full surgical armamentarium [34].

For the thermally injured foot a broad spectrum of meth-
ods has been described that includes almost all options of 
defect coverage. It spans from skin graft, skin and muscle 
flaps to free flaps. The challenge for the plastic surgeon is to 
choose the most adequate strategy according to general prin-
ciples for reconstruction. Form and function of injured struc-
tures should be restored by replacing them with structures of 
similar properties. When doing so, the gain of function at the 
recipient site must outweigh the loss of function at the donor 
site. If different options remain, the least complicated and 
traumatizing should be applied. Accurate planning of flap 
contour in the beginning can reduce the amount and extent of 
later flap debulking procedures, which become necessary in 
many cases [32].

To achieve a reconstruction providing the proper weight- 
bearing surfaces, reconstruction efforts should aim at re- 
establishing the bone architecture including its longitudinal 
and transverse arches. In the long term, bony prominences 
are a high-risk factor for the development of ulcers and 
should be removed if possible [32]. According to the differ-
ent needs of the anatomic regions, different reconstructive 
approaches should be chosen.

26.6  Defects of the Dorsum of the Foot 
and Ankle

The dorsum of the foot and ankle is more frequently involved 
in burn injuries than the sole. In the majority of cases, burns 
are superficial and the extensor tendons and the bones remain 
covered with subcutaneous tissue. In these cases, split skin 
grafts are suitable. If the peritendineum of the extensor ten-
dons is destroyed or even deeper structures are involved, flap 
coverage becomes necessary. In the region of the Achilles 
tendon and the dorsum of the foot, the skin is thin and mobile. 
Any form of coverage of these areas must maintain or restore 
the unrestricted motion of the underlying structures. Flap 
coverage can be managed by local, regional, and free flaps 
(Figs. 26.3, 26.4, 26.5 and 26.6). Local fasciocutaneous and 
muscle flaps from the dorsalis pedis artery are useful for 
medium size defects of the complete dorsum, the ankle, and 
malleoli (Table 26.1). Small defects of the proximal dorsum 
and the proximal sides of the foot can also be covered with 
local muscle flaps from the posterior tibial artery (Table 26.1). 
Fasciocutaneous flaps from the posterior tibial artery have 
been described for the posterior aspect of the heel and the 
insertion of the Achilles tendon. For large defects or if 
defects are too proximal for local flaps of the foot, regional 
flaps from the lower leg and individual flaps (“freestyle 
flaps,” “propeller flaps”) can serve as coverage. Large and 
complex defects usually require the application of free flaps 
(Table 26.2).
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26.7  Defects of the Sole

Injuries of the sole are not as frequent as injuries of the dor-
sum of the foot. One reason is that shoe soles offer some pro-
tection to our feet. Another reason is that in burns due to 
spilling of hot liquids, the liquids usually damage the dorsum 
and rinse off the feet without getting in contact with the sole. 
Thermal injuries to the sole are seen more frequently in 
patients with neuropathies, e.g., due to diabetes and as exit 
wounds in patients that suffer from high-voltage injuries. The 

reconstruction of the sole is challenging because the recon-
structed site must be very durable and able to bear weight 
load. If wounds do not involve deeper structures, skin grafts 
can achieve stable wound conditions. For defects of the proxi-
mal sole and the heel, a group of local muscle flaps from the 
posterior tibial artery has been described (Fig. 26.7). The dis-
tal half of the foot, including the weight-bearing areas, is a 
difficult place to reach with local flaps. For these defects, just 
like any other sole defects that expose deeper structures, free 
flaps covered with split skin grafts are used (Table 26.2).

Flexor digitorum brevis muscle flap

Abductor digiti minimi muscle flap

Abductor hallucis muscle flap

Medial plantar flap

Dorsalis pedis artery fasciocutaneous flap

Extensor digitorum brevis muscle flap

Reverse extensor digitorum brevis muscle

Reverse dorsalis pedis fasciocutaneous flap

Fig. 26.3 Local 
fasciocutaneous and 
muscle flaps for the dorsum 
and the lateral ankle region. If 
defects are too extensive for 
local solutions, regional or 
free flaps have to be 
considered

Flexor digitorum brevis muscle flap

Medialis pedis flap

Medial plantar flap

Abductor hallucis muscle flap

Dorsalis pedis artery fasciocutaneous flap

Extensor digitorum brevis muscle flap

Reverse extensor digitorum brevis muscle flap

Reverse dorsalis pedis fasciocutaneous flap

Fig. 26.4 Local 
fasciocutaneous and muscle 
flaps for the dorsum and the 
medial ankle region. If defects 
are too extensive for local 
solutions, regional or free 
flaps have to be considered
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26.8  Local Flaps

For small and moderate defects coverage with local tissue 
transfer is a recommendable option if involvement of bones, 
joints, or tendons is absent or of limited extent. Availability 
of local tissue on the foot which is suitable for transfer is 
limited due to relatively tight skin and poor vascularity. If 
local flap coverage is possible, it has the advantage of being 
a simple, safe, and economical solution with shorter opera-
tion and hospitalization time than free flaps [57]. Since many 
patients with foot burns have additional injuries, local cover-
age of defects has the advantage of avoiding additional 
trauma by flap harvesting [57]. Small defects of the foot can 
be covered with transposition flaps, advancement flaps, rota-
tion flaps, or Z-plasties. Z-plasties and W-plasties play also 
an important role in the correction of postburn contractions 
(Fig. 26.8). If small skin flaps are not sufficient for defect 
coverage, local fasciocutaneous and muscle flaps are applied. 

These flaps can be classified according to their vascular ori-
gin into the groups of dorsalis pedis artery flaps and posterior 
tibial artery flaps (Table 26.1).

26.9  Local Flaps from the Dorsalis Pedis 
Artery

The dorsalis pedis artery is used for the dorsalis pedis artery 
fasciocutaneous flap, which can be applied in defects of the 
malleoli and the ankle region [35]. By including the superfi-
cial or deep peroneal nerve a sensory flap can be created. 
Even burn injuries of the distal foot and toes including the 
web spaces can be covered with flaps of the dorsalis pedis 
artery. For this purpose, the dorsalis pedis artery fasciocuta-
neous flap can be harvested as a reverse dorsalis pedis flap 
[36, 37] or its continuation, the first dorsal metatarsal artery, 
can be included in a flap [38].

Dorsalis pedis artery fasciocutaneous flap

Extensor digitorum brevis muscle flap

Abductor hallucis muscle flap

Reverse extensor digitorum brevis muscle

Reverse dorsalis pedis fasciocutaneous flap

Abductor digiti minimi muscle flap

Fig. 26.5 Local 
fasciocutaneous and muscle 
flaps for the dorsum of the 
foot. If defects in this area are 
superficial and the 
peritendineum of the extensor 
tendons is uninjured, split 
skin coverage brings good 
results
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Flexor digitorum brevis muscle flap and
Medial plantar flap

Medialis pedis flap

Lateral calcaneal artery flap

Peroneus brevis muscle flap

Abductor digiti minimi muscle flap

Abductor hallucis muscle flap

Fig. 26.6 The posterior 
aspect of the foot can often be 
covered by local muscle and 
fasciocutaneous flaps. These 
flaps do not reach the height 
of the malleoli. In cases of 
more proximal or larger 
defects, regional flaps from 
the lower leg or free flaps are 
used

Table 26.1 Summary of the local and regional flaps classified by vascular supply and type of flap

Local 
fasciocutaneous flaps Region General literature Burn-specific literature
Dorsalis pedis artery fasciocutaneous flaps

Dorsalis pedis artery 
fasciocutaneous flap

Malleoli and ankle region McCraw and Furlow 
(1975) [35]

Shah (2002) [2]

Reverse dorsalis pedis 
fasciocutaneous flap

Distal foot and web spaces Ishikawa et al. (1987) 
[36]

Schwabegger and 
Wechselberger (1996) [37]

First dorsal metatarsal artery 
fasciocutaneous flap

Distal foot and web spaces Hayashi et al. (1993) 
[38]

Goldberg et al. (2000) [39]

Posterior Tibial artery fasciocutaneous flaps
Medial plantar 
artery

Medial plantar flap Weight-bearing and 
posterior aspect of the heel

Shanahan and 
Gingrass (1979) [40]

Uygur et al. (2008) [41]

Medialis pedis flap Medial malleolus, Achilles 
tendon insertion

Masquelet and 
Romana (1990) [42]

Local muscle flaps Region General literature Burn- specific literature
Dorsalis pedis artery muscle flaps

Extensor digitorum brevis 
muscle flap

Proximal dorsum, malleoli, 
and ankle region

Landi (1985) [43] Goldberg (2000)

Reverse extensor digitorum 
brevis muscle flap

Distal forefoot Kurata (1992) [44] Shah (2002) [2]

Posterior tibial artery muscle flaps
Medial plantar 
artery

Abductor hallucis muscle flap Heel, medial malleolus 
proximal dorsum and 
medial side of the midfoot

Ger (1986) [45] Goldberg (2000)

(continued)
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Table 26.1 (continued)

Local muscle flaps Region General literature Burn- specific literature
Medial and lateral 
plantar artery

Flexor digitorum brevis muscle 
flap

Heel defects, both malleoli, 
Achilles tendon insertion

Bostwick (1976) [46] Goldberg (2000)

Lateral plantar 
artery

Abductor digiti minimi muscle 
flap

Heel, lateral malleolus, and 
proximal dorsum

Ger (1976) [47] Goldberg (2000)

Regional flaps from 
the lower leg Region General literature Burn specific literature
Peroneal artery Lateral supramalleolar flap Complete dorsum and 

lateral aspect of the foot, 
distal Achilles tendon

Masquelet et al. 
(1988) [48]

Goldberg (2000)

Distally based sural island flap Ankle, heel, distal Achilles 
tendon

Jeng and Wei (1977) 
[49]

Sood (2006) [50]

Lateral calcaneal artery flap Dorsal aspect of the heel Grabb and Argenta 
(1981) [51]

Goldberg (2000)

Peroneus brevis muscle flap Achilles tendon insertion Jackson and Scheker 
(1982) [52]

Anterior tibial 
artery

Tibialis anterior muscle flap Distal third of tibial crest Ger (1970) [53] Sood (2006) [54]
Distally based anterior tibial 
fasciocutaneous flap

Complete dorsum and sides 
of the foot

Morrison and Shen 
(1987) [55]

Sood (2006)

Posterior tibial 
artery

Distally based posterior tibial 
fasciocutaneous flap

Complete dorsum, sides 
and sole of the foot

Hong et al. (1989) 
[56]

Goldberg (2000)

Distally based posterior tibial 
fasciocutaneous flap

Complete dorsum, sides 
and sole of the foot

Hong et al. (1989) 
[56]

Goldberg (2000)

Table 26.2 Summary of free flaps which have been described for use 
in reconstruction of severe burn injuries to the foot and ankle [21]

Free flaps Region
Frequently used 
free flaps

Latissimus dorsi 
muscle flap

Sole, complete dorsum, 
and sides of the foot

Rectus abdominis 
muscle flap

Complete dorsum, sides of 
the foot, and ankle region

Anterolateral 
thigh flap

Heel, dorsum, sides of the 
foot, and ankle region

Radial forearm 
flap

Heel, dorsum, sides of the 
foot, and ankle region

Gracilis muscle 
flap

Sides of the foot and ankle 
region

Less frequently 
used free flaps

Lateral arm flap Heel, dorsum, sides of the 
foot, and ankle region

Medial arm flap Heel, dorsum, sides of the 
foot, and ankle region

Temporalis fascia 
flap

Dorsum, sides of the foot, 
and ankle region

Scapular flap Dorsum, sides of the foot, 
and ankle region

Deltoid flap Heel, complete dorsum, 
sides of the foot, and ankle 
region

Serratus anterior 
muscle flap

Sole, complete dorsum, 
sides of the foot, and ankle 
region

Flexor digitorum brevis muscle flap

Medial plantar flap

Abductor digiti minimi muscle flap

Abductor hallucis muscle flap

Fig. 26.7 The sole of the foot, especially the weight-bearing parts, is a 
delicate area for coverage. Only few local muscle flaps are available. In 
many cases split skin covered free flaps have to be used
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A variant of the dorsalis pedis flap for defects, which 
require muscle for coverage, is the extensor digitorum brevis 
muscle flap [43]. It can be used distally or proximally based 
on defects of the forefoot and the ankle region including the 
distal tibia [44, 58].

26.10  Local Flaps from the Posterior Tibial 
Artery

The posterior tibial artery divides into two major branches 
below the medial malleolus, the medial and the lateral plan-
tar artery. Both arteries or one of their branches can be used 
in a number of fasciocutaneous, musculocutaneous, or mus-
cle flaps.

The medial plantar artery can be used for flaps that have 
their origin at the medial border of the foot including the 
non-weight-bearing portion of the plantar arch. They can be 
used to cover defects of the weight-bearing plantar skin of 
the heel with tissue from the non-weight-bearing parts of the 
foot. The medial plantar flap and the medialis pedis flap are 
both fasciocutaneous flaps from the medial plantar artery. 
The medial plantar flap can also be used as a musculocutane-
ous or as a muscle flap with skin graft coverage [59, 60]. For 
treatment of burn defects it has been described as both an 
antegrade or retrograde flap [41]. The medial plantar artery is 
accompanied by the medial plantar nerve, which makes har-
vesting of a sensory flap possible [40]. Plantar flaps can be 
raised in a level below or above the plantar fascia. Including 
the plantar fascia makes flaps very suitable for heel defects 
because the fascia adheres well to the calcaneus [61]. 
Planning of medial plantar artery flaps should include angi-
ography because the artery can have alterations in their 

course or even be completely missing. The medialis pedis 
flap has a cutaneous branch of the medial plantar artery as a 
pedicle. It is a small and thin fasciocutaneous flap, which has 
not been described for use in burns but can be used for the 
cranial part of the medial malleolus and for the area superfi-
cial to the insertion of the Achilles tendon [42].

For heel and malleolar defects a group of local muscle 
flaps originating from the posterior tibial artery has been 
described [62].

The posterior tibial artery provides blood support for 
three local muscle flaps, the abductor hallucis muscle flap, 
the flexor digitorum brevis muscle flap, and the abductor 
digiti minimi muscle flap. They are used for defects of the 
heel pad and the malleoli but also for the proximal dorsum. 
They are frequently covered with skin grafts and in some 
cases it is indicated to use them in combination. The abduc-
tor hallucis muscle flap and the abductor digiti minimi mus-
cle flap have their pedicles arising from the lateral and medial 
side of the hindfoot, so that their arc of rotation allows using 
these flaps for dorsal and plantar defects. The blood supply 
of the abductor hallucis muscle is derived from several 
branches from the medial plantar artery [45]. The abductor 
hallucis flap can be harvested with the medial plantar artery 
or with one of its branches [63]. In this way a proximal ped-
icle is created that arises below the medial malleolus. The 
flap can be rotated in an upward direction to cover proximal 
dorsal defects or even the medial malleolus. It can be also 
rotated downward to the sole in order to cover defects of the 
medial aspects of the midfoot and the heel.

The abductor digiti minimi muscle flap is quite similar to 
the abductor hallucis muscle flap but located at the lateral 
border of the foot [47]. It is based on the lateral plantar artery 
and can be used for defects of the proximal dorsum and the 

Fig. 26.8 Reconstruction of 
first web space by rotation 
flap and skin grafting
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lateral malleolus. If rotated downward to the sole, the lateral 
aspects of the midfoot and the heel can be reached. For distal 
foot coverage a distally based abductor digiti minimi muscle 
flap has been described [64]. The largest local muscle flap in 
this group is the flexor digitorum brevis muscle flap. Its 
blood support is provided by branches of the lateral and 
medial plantar artery, and it can be used as a muscle or mus-
culocutaneous flap [65]. It is not used for dorsal defects but 
serves for covering the posterior aspect of the heel, the 
medial and lateral malleoli, and the lower part of the Achilles 
tendon [66].

26.10.1  Regional Flaps from the Lower Leg

If the extent of injury makes local flaps not suitable for defect 
coverage, flaps from the lower leg, especially reverse flow 
flaps, have to be considered. The three arteries of the lower 
leg, the anterior tibial, the posterior tibial, and the peroneal 
artery, can serve as base for flaps if left intact by the trauma 
and can also serve for classification of the flaps. Most of the 
proximally based flaps from the lower leg do not reach the 
foot and ankle region. Hence, only the most relevant flaps 
from the lower leg are presented. The proximally based flaps 
serve as a good addition to the local flaps from the foot. In 
the challenging region of the malleoli and the Achilles ten-
don, most of the local flaps do not reach much higher than to 
the level of the malleoli. Above that level the proximally 
based flaps can be valuable. The distally based flaps can 
cover relatively large defects of almost any part of the foot 
but it has to be evaluated very thoroughly whether scarifying 
one of the three arteries of the lower leg is justified. 
Preoperatively, the blood flow through the anastomosis has 
to be assured.

26.10.2  Regional Flaps from the Peroneal 
Artery

For the dorsum of the foot a group of flaps originating from 
the peroneal artery can provide defect coverage. The lateral 
supramalleolar flap has become the most commonly used 
flap of this group [67, 68]. This large cutaneous perforator 
flap is based on a branch of a perforator of the peroneal artery 
[48]. The perforator is found proximal to the superior exten-
sor retinaculum, where it perforates the interosseous mem-
brane and from thereon has a cranial and a caudal branch. 
The cranial branch supplies a large area of skin on the lateral 
aspect of the lower leg and therefore is ideal for flap harvest-
ing. Because of the anastomosis of the caudal branch with 
the anterior lateral malleolar artery, which originates from 
the anterior tibial artery, the flap can be used as a distally 
based flap. Its axis of rotation is centered at the midtarsal 

joint. With its rather long pedicle, it can be used as a pedicled 
flap and as an island flap. In this way its range of coverage 
reaches to the distal dorsum of the foot, the Achilles tendon, 
and the whole lateral side of the foot. Even though the flap 
can reach the weight-bearing areas it is not indicated for 
those areas because, since it originates from the lower leg, it 
is composed of relatively thin skin.

The distally based sural island flap is an adaptation of 
the lateral supramalleolar flap. It has the same pedicle but 
includes the lateral sural cutaneous nerve, making it a 
sensory flap [49]. The lateral calcaneal artery flap is a reli-
able flap for coverage of the dorsal aspect of the heel. It is 
designed with a neurovascular pedicle consisting of the 
continuation of the peroneal artery, the lesser saphenous 
vein, and the sural nerve for sensation. Its axis for rotation 
lies dorsal to the lateral malleolus [51]. Defects over the 
insertion of the Achilles tendon into the calcaneus can be 
covered by a peroneus brevis flap, which has not been 
described in the context of burn injuries to the foot. It gets 
its blood supply from small branches of the peroneal 
artery [52].

26.10.3  Regional Flaps from the Tibialis 
Anterior Artery

The tibialis anterior muscle supplied by branches of the ante-
rior tibialis artery can be used for the middle third of the 
tibial crest [53]. A distally based anterior tibial fasciocutane-
ous flap was described to reach the complete dorsum and the 
sides of the foot [55].

26.10.4  Regional Flaps from the Tibialis 
Posterior Artery

Based on the posterior tibial artery, the reverse posterior tib-
ial fasciocutaneous and myofasciocutaneous flap have been 
described [56, 69].

The reverse posterior tibial flaps have their axis of rota-
tion at the height of the medial malleolus and can reach the 
complete dorsum, the lateral and medial aspects, and the sole 
of the foot [70].

26.10.5  Cross-Leg Flaps

Since the introduction of microsurgical free flap transplanta-
tion, the use of cross-leg flaps has become more or less out-
dated. In rare occasions, such as complete unavailability of 
recipient vessels, cross-leg flaps could be indicated [71]. For 
coverage of the weight-bearing areas, a cross-foot skin flap 
of the sole has also been described [72].
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26.10.6  Free Flaps

Large or complicated defects with exposure of bones or other 
deep structures require free tissue transfer for defect cover-
age [73]. Since burn injuries of the foot are very variable, 
using a free flap gives the surgeon maximum flexibility in 
defect coverage. The advantage of free flaps is that they are 
independent of uninjured vascular anatomy because they can 
be connected to further proximal vessels. When free flaps are 
indicated, the broad majority of defects can be covered by 
standard free flaps, such as the latissimus dorsi or rectus 
abdominis flap [21] (Table 26.2). Many more free flaps have 
been described and may be indicated in special situations but 
for the choice of flap it is also legitimate to take into account 
which flap the individual surgeon is familiar with and has the 
most experience with. With the trend to perforator flaps and 
better understanding of the anatomy of the septocutaneous 
vessels of the lower leg, the popularity of fasciocutaneous 
flaps has risen [74]. Free flaps can be used in the weight- 
bearing areas but the ulceration rate is three times higher and 
the time to full ambulation is significantly longer when the 
flap is used in the weight-bearing areas compared to non- 
weight- bearing areas [75]. For the weight-bearing areas flaps 
with a broad and flat shape like, e.g., the latissimus dorsi 
muscle flap, the serratus anterior muscle flap, the rectus 
abdominis muscle flap, or the gracilis muscle flap plus split 
skin graft are most commonly used in sole reconstruction. 
Choice of free flap should also include considerations of the 
required length of the pedicle to reach uninjured and suitable 
recipient vessels.

Two strategies for reconstruction with free flaps have 
been discussed thoroughly in literature and can be used suc-
cessfully for foot reconstruction in weight-bearing areas: 
split skin grafted muscle flaps and innervated fasciocutane-
ous flaps [31, 76]. Many authors state that flap insensitivity 

is a risk factor for ulcer development [77, 78]. To avoid 
insensitivity, many neurosensory flaps have been described 
which are thought to prevent ulceration and injuries to the 
flap similar to the injuries known to occur in patients with 
neuropathic feet [79, 80]. Long-term sensory evaluation 
shows that almost all of the sensory and nonsensory flaps 
develop sensitivity for deep pressure [75]. Sensation to light 
touch occurs much less frequently in both groups [75]. 
Ulceration rate as a measure of flap quality could not show 
superiority of sensory flaps [32]. Successful reconstruction 
correlates only with restored deep pressure sensibility, while 
light touch sensation does not correlate with successful 
reconstruction [32, 79]. Skin graft covered muscle flaps 
show the advantage of being more adjustable to the demand 
of contours and lessen the necessity of debulking procedures 
[81, 82]. This is mainly due to the lack of excessive subcuta-
neous fat, which also leads to unstable gait [32]. Despite the 
discussed benefits of neurosensory flaps, the split-thickness 
skin graft covered muscle flaps remain the most successful 
method for defects of the sole [21, 75] (Fig. 26.9).

For many large defects of the foot, the latissimus dorsi 
flap with its broad and flat shape provides excellent coverage 
[83] (Fig. 26.9). Due to its size it can be adjusted to fit almost 
any shape of defect. If defects are smaller, rectus abdominis 
muscle flaps, radial forearm flaps, anterolateral thigh flaps, 
and gracilis muscle flaps are frequently used [21]. The final 
shape of the flap becomes visible months after reconstruc-
tion, when muscle atrophy due to denervation is complete.

26.10.7  Long-Time Sequelae

The success of foot burn treatment has to be evaluated in 
the long run. Inadequate sensitive protections, poorly 
shaped contours, or bony prominences can lead to recur-

Fig. 26.9 Free rectus abdominis flap with split skin graft for reconstruction of the sole. Instable wound as a sequela of a burn injury (left) made 
this reconstruction necessary. High effort was put into good cushioning of the prominent first metatarsal bone
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rent ulcerations and pain. Due to lymphatic destruction 
edema can occur as long-term consequences affecting 
especially the dorsum of the foot. Return to pain-free, 
unimpaired ambulation is the goal. Especially contracture 
deformities of the soles of the feet can make this goal 
harder to achieve [84]. Wound contraction, a physiologic 
process to lessen the size of the wound, leads to contrac-
tures in the wounded area, which is accompanied by severe 
static and dynamic problems in the long run. Without pre-
vention and treatment of contractures, the success of a 
good reconstruction can easily be diminished, leading to a 
prolonged convalescence [46]. Splints and physical ther-
apy are very useful in preventing contractures. If foot burn 
contractures are mild, basic plastic techniques like single 
or multiple Z-plasties or W-plasties can be used to release 
tension of the scar [85]. Dorsal scar contractures can be 
successfully treated by a transverse and/or longitudinal 
burn scar release in combination with a skin graft [29, 86] 
(Fig.  26.10). Dorsal foot burn contractures are often 
accompanied by syndactyly of the toes which can be 
treated with Z- or W-plasties, V-Y Advancement flaps, or 
skin grafts [87]. The most common sequelae of dorsal foot 
burn scar contractures are hyperextension and metatarso-
phalangeal subluxation of the toes leading to the rocker 
bottom deformity [85, 88]. It can be corrected by closed 
capsulotomies and K-wire fixation [86]. In the treatment of 
hyperextension or hyperflexion a moderate hypercorrec-
tion is recommended to achieve an enduring result [84]. In 
the treatment of chronic burn deformities, especially dorsi-
flexion deformities, the Ilizarov fixateur is frequently used 
[89]. If postburn contractures are very severe, free flaps 
must be considered [90].

26.10.8  Thermal Injuries of Feet in Children

Infants and children are a special risk group for foot burns [1]. 
Due to their thinner skin especially infants are at increased 
risk to suffer from full-thickness thermal injuries [2]. Again, 
the success of treatment has to be evaluated by the return to 
normal gait and ambulation but also by the incidence of con-
tractures and other late sequelae [84]. Treatment of burns in 
children is different due to higher regeneration potential, lack 
of cooperation, and different risk profile for long-time conse-
quences including psychological factors [91, 92].

Especially plantar burns in children show unique charac-
teristics and their treatment, particularly the decision between 
conservative and surgical treatment, is subject to controver-
sial debate. Skin grafts are often used and it has been shown 
that in children even deep burns of the weight-bearing parts 
of the sole can be sufficiently covered by split-thickness skin 
grafts [93]. It has been stated that early excision and grafting 
results in a reduction of reconstructive needs [94]. Then 
again it has been reported that there is no difference in out-
come between early excision followed by autografting and 
conservative treatment [95]. A widely accepted treatment 
protocol for plantar burns proposes conservative treatment 
together with progressive weight-bearing rehabilitation, 
active physiotherapy, and stretching of the burned skin [92]. 
It also includes that wounds which do not heal within 3 weeks 
should be excised and covered by skin grafts. This protocol 
shows a negligible complication rate and significantly 
reduced incidence of contractures and late sequelae. Children 
are exceptionally at risk for contractures because growth 
brings additional tension to the scarred areas. If contractures 
in children are not corrected in time, they can lead to defor-

Fig. 26.10 A burn injury of 
the dorsum of the foot and the 
lateral lower leg was initially 
treated by transplantation of 
meshed split skin grafts. 
Several months after defect 
coverage, the patient suffered 
from problems with plantar 
flexion of the foot and 
hyperextension deformity of 
the fifth toe. Since 
hyperextension was mild and 
metatarsophalangeal luxation 
was absent, treatment of the 
toe consisted of scar release 
and transplantation of a full 
skin graft. The plantar flexion 
of the foot could be improved 
by scar release by a Z-plasty 
on the proximal dorsum
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mities of bones and joints, such as equinus or equinovarus 
deformity [84, 96]. In these cases, scar release and skin graft-
ing are insufficient. Osteotomy, tendon lengthening, and soft 
tissue flaps must be considered. The contracture recurrence 
rate in children’s feet, unlike other parts of their body, does 
not differ between full-thickness skin grafts, unmeshed 
 split- thickness skin grafts, or meshed split-thickness skin 
grafts [73, 97].

26.11  Summary and Conclusion

Thermal injuries to the feet may not be underestimated 
because a lack of their function can dramatically reduce the 
patients’ quality of life. The importance of adequate treat-
ment becomes obvious when we think of how many of our 
daily activities depend on ambulation. Thermal wounds can 
occur in a wide range of variations. This makes individual 
evaluation of each case necessary. Accurate assessment of 
the wounds and of the overall situation of the patient is 
important to choose the right treatment. For the choice of 
reconstruction the location of the defect on the foot plays an 
important role. Especially weight-bearing areas are chal-
lenging fields. Profound knowledge of the foot’s complex 
anatomy and availability of the full armamentarium of thera-
peutic options are prerequisites for a successful treatment. 
Hence, treatment should be managed by specialized burn 
care facilities. Long-term pain-free ambulation is the goal of 
therapy. Depending on the extent of the injury, treatment can 
reach from conservative approaches with wound dressings to 
multi-step operational approaches. In the acute phase of 
treatment, cleaning of the wounds and fast coverage with 
skin or dermal replacements are intended. Similar to other 
burn wounds, skin grafts play an important role in covering 
defects, which do not expose deeper structures. If defects are 
deeper or more complicated, the surgeon can choose between 
different options of local, regional, and free flaps. Treating 
burn wounds of children’s feet is different not only because 
the regenerative potential is higher but also because special 
attention must be paid to the prevention of long-time sequelae 
such as contraction deformities.
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Burn Reconstruction: Hand

Hugo Benito Kitzinger

27.1  Introduction

Although hand burns affect less than 3% of the total body 
surface area (per hand), they are classified to be severe 
injuries, which will require the treatment in a specialized 
burn center. In more than 80% of severely burned patients, 
the hand is involved [1]. Even if hand burns do not play a 
major role concerning mortality, they are important factors 
for a successful reintegration into society and professional 
life after discharge from hospital [2]. An adequate treat-
ment of the hands is often neglected in the acute phase in 
favor of the treatment of other body parts or intensive care, 
but already in this acute phase the course for a successful 
restoration of hand function is set. Already at the end of 
the 1940s, surgeons pointed out that failing to mobilize 
fingers will lead to early stiffening of the fingers and there-
fore to a loss of hand function [3]. Apart from functional 
rehabilitation, the aesthetic outcome is also essential since 
hands cannot, similar to the face, be hidden by clothes so 
easily.

An optimal hand burn management demands a number 
of major decisions concerning: necessity of a escharo- or 
fasciotomy in the early posttraumatic phase, time and type 
of surgical debridement, type of wound coverage, as well 
as immobilization and rehabilitation. These efforts pri-
marily aim to restore hand function or as Peacock et  al. 
[4] stated it, the preservation and not the restoration of 
finger and hand function. Sheridan et al. [5] succeeded in 
regaining normal hand function in 97% of the patients 
with superficial dermal burns, whereas in patients with 
deep dermal and full- thickness burns the success rate was 
only 81%.

27.2  Mechanisms of the Injury 
and Anatomic Characteristics

Most of the deep dermal and full-thickness hand burns 
affect the dorsum of the hand. Full-thickness palmar burns 
occur relatively rarely, mostly infants, who have just 
started grabbing things. The low incidence of palmar 
involvement in adults is due to the fact that hands are used 
to protect the face against a severe burn trauma and thereby 
only the dorsal parts of the hands are exposed. Moreover 
the skin of the palm has a higher tolerance for thermal 
energy due to its thickness and its well-developed stratum 
corneum.

There are some special characteristics in the hand’s anat-
omy. Its physical sturdiness, the sensory qualities, and the 
high capillary density in the stratum papillare are making 
this skin unique. The proportion between skin surface and 
tissue volume is extraordinary: there is a disproportional 
shift in favor of the hand. A volume of 1 cm3 correlates with 
a skin surface of 2.5  cm2, whereas this value decreases 
already in the forearm to 0.5 cm2 [6].

There are distinctive differences between the dorsum of 
the hand and the palm. The skin at the extensor side of the 
hand is thin and pliable, thus facilitating the flexion of the 
finger joints. The palmar skin is sturdy and resistant against 
pressure, contains essential sensory end organs, and 
adheres strongly to the palmar aponeurosis. A density of 
Merkel’s tactile disks, Meissner’s tactile corpuscles, Vater-
Pacini’s lamellated corpuscles, and free nerve ends are 
found in the skin. That is the reason why hand burns may 
cause severe sensory deficits [7]. In contrast to other body 
parts, blood vessels, tendons, and joints are located very 
close to the skin surface. This circumstance makes these 
structures extremely vulnerable when exposed to high 
thermal energy.
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27.3  Aims and Principles of Treatment

An optimal treatment of a hand burn can only be provided by 
a close interdisciplinary co-operation among surgeons, phys-
iotherapists, occupational therapists, psychologists, and 
motivated health care personnel. A wound healing within 
2 weeks must be the primary aim in order to achieve a well- 
functioning hand, which will facilitate a rapid reintegration 
of the burn patient into society and normal life. According to 
Robson et  al. [8], treatment of hand burn trauma can be 
divided into aims and principles.

The key aims are:
• Prevention of additional or deeper injuries
• Rapid wound closure
• Preservation of active and passive motion
• Prevention of infection or loss of functional structures
• Early functional rehabilitation

The following aims should be gained by applying basic 
treatment principles:

• Determination of dimension and depth of the burn
• Escharotomy (if indicated)
• Application of adequate wound dressings
• Decision upon conservative or surgical treatment
• Surgical management (necrosectomy, skin grafts, skin 

substitutes, free flaps, etc.)
• Early hand therapy with splinting
• Functional rehabilitation by early active and passive 

motion due to physiotherapy
• Secondary and tertiary corrections (if indicated)

27.4  Determination of Burn Depth

After stabilizing the burn patient’s vital functions, a clinical 
examination should provide exact information about the 
severity of trauma (e.g., burn depth, secondary injuries). 
Clinical assessment remains the most frequent technique to 
measure the depth of a burn wound although this has been 
shown to be accurate in only 60–75% of the cases, even 
when carried out by an experienced burn surgeon. But there 
are more and more modalities available, which are useful to 
provide an objective assessment of burn wound depth. 
These modalities range from simple clinical evaluation to 
punch biopsy and histology and to various perfusion mea-
surement techniques such as thermography, vital dyes, 
video angiography, video microscopy, and laser Doppler 
techniques [9–12].

27.5  Escharotomy

27.5.1  Indication for Escharotomy

The maintenance of perfusion is the first and foremost aim in 
the acute treatment of hand burns. After cleaning of the 
affected sites assessment for circumferential deep partial- 
thickness or full-thickness injuries is performed as they can 
act as a tourniquet and compromise distal perfusion of the 
extremities. When determining the need for escharotomy, it 
should be noted that edema can increase for up to 36 h after 
injury due to fluid resuscitation and the increased vascular 
permeability. Thus the risk for the development of a com-
partment syndrome in massive burns is much higher. In such 
cases a prophylactic escharotomy might be indicated. The 
evaluation of a burned hand must always be carried out in the 
context of the other burned areas [5]. In case fingers are cir-
cumferentially firmly strained regardless of burn depth, the 
dorsum of the hand appears pale white, the recapillarization 
of the nail bed is deregulated, and a loss of sensibility can be 
observed, an escharotomy will be inevitable [13] (Fig. 27.1). 
Missing pulse of the radial or ulnar artery under adequate 
resuscitation is a sign of a progressed ischemia and requires 
immediate escharotomy. The escharotomy will lead to a 
decrease of the compartment pressure and the tissue perfu-
sion will increase. Delayed decompression may cause circu-
latory disorders, nerve damage, extensive muscle necrosis, 
and a consecutive loss of hand function.

In urgent cases, an escharotomy can be carried out bed-
side under sterile conditions, but it is recommended to do it 
in the operating room. An incision on arm and hand is best 

Fig. 27.1 Full-thickness hand burn: fingers are firmly strained and 
appear pale white
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carried out by electrocautery in order to reduce bleeding. 
During incision attention should be paid to the ulnar nerve at 
the medial epicondyle, to the superficial branch of the radial 
nerve and to the tendon of the flexor carpi radialis muscle at 
the distal forearm due to their superficial location. At the 
wrist it is obligatory to decompress the carpal tunnel. In the 
finger area the monopolar needle or a No. 15 blade can be 
used to split the necrosis completely without injuring the 
extensor tendons or the lateropalmar neurovascular bundle 
[14]. In order to achieve as few motion-limiting scars as pos-
sible, the line of incision is radial on thumb and little finger 
and ulnar on the other fingers [15]. This line can be defined 
well by putting the fingers in maximum flexion, marking the 
lateral extensions of the finger joint flexor crease, and com-
pleting them to a continuous line. Salisbury and Levine [16] 
have shown that the number of finger amputations could be 
significantly reduced by carrying out an adequate digital 
escharotomy.

An ischemic necrosis of the intrinsic muscles is accompa-
nied by a significant functional impairment because the fin-
gers will develop an intrinsic minus position [17]. In deep 
hand burns and in case of an intrinsic tightness, the intrinsic 
compartment should always be decompressed. An intrinsic 
tightness is diagnosed by fixing the metacarpophalangeal 
joint in a 0° position and flexing the finger passively in the 
proximal or distal inter-phalangeal joints. Resistance is an 
indication for intrinsic tightness, which requires an addi-
tional fasciotomy of the intrinsic muscles. For that purpose 
the area between the metacarpals II/III and IV/V is incised 
longitudinally whereby the extensor tendons remain cov-
ered. From there a fasciotomy of the intrinsic compartments 
can be carried out easily. To prevent desiccation of the 
uncovered structures, wounds are covered temporarily by 
skin substitutes.

Formally, fasciotomy has to be distinguished from 
escharotomy. In an escharotomy, burn eschar is incised to 
the subcutaneous fat tissue, whereas in case of a fasciotomy 
the muscle fascia is also released. This intervention is indi-
cated in case an escharotomy did not provide the desired 
increase in perfusion or if the patient suffers from electrical 
burn injuries [15].

27.6  Treatment of Edema

Immediately after a burn trauma it is reasonable to cool the 
hand by applying cold water in order to eliminate the high 
thermal energy and to reduce pain. In most favorable cases 
cooling also reduces the edema formation and thereby burn 
wound progression [18]. Massive burns should not be cooled 
in order to avoid a massive decrease of body temperature, 
which will lead consecutively to burn wound progression. 

An effective and simple way to prevent or to decrease the 
development of edema is a continuous elevation of the hand 
above heart level.

27.7  Splinting

Positioning of the burned hand is critical prior to definitive 
treatment but is often neglected in the acute setting of 
severely injured patients. As edema and inflammation ensue, 
fibrosis and scarring will occur over time and will result in 
joint contractures. This is extremely evident in the character-
istic burn claw deformity. Especially in patients with severe 
burns the incidence of edema is significantly increased. The 
reason for the intrinsic minus position of the hand is an 
increased fluid accumulation in the joints with distension of 
the joint capsule and imbibition of the collateral ligaments 
and subsequent ligament contraction. The intrinsic minus 
position is a wrist flexion with a simultaneous hyperexten-
sion of the metacarpophalangeal joints (MCP), a flexion of 
the proximal and distal interphalangeal joints [19], and a 
thumb adduction. This defective position emanates in the 
MCP joints. If the MCP joints are extended, joint capsule 
and collateral ligaments shrink [20]. The joint is relatively 
unstable with a high degree of freedom for rotation, abduc-
tion, and adduction. The contact areas of the corresponding 
joint surfaces are minimized. The combination of these fac-
tors will provide the biggest volume capacity for interstitial 
fluid accumulation. In flexion, the collateral ligaments are 
tightened with maximum contact of joint surfaces, which 
reduces the possibility of fluid accumulation in the joint. In 
the presence of the burn edema, the intra-articular fluid 
increase causes an extension of the MCP joint, similar to a 
hydraulic pump. In this position, the tension of the flexors 
increases whereas the tension of the extensors decreases. 
This causes a flexion in the proximal as well as in the distal 
IP joints. In contrast to the MCP joints, the volumetric capac-
ity of the IP joints in flexion and extension is nearly identical, 
so that there is no hydraulic effect. Thus the flexion of the IP 
joints is the immediate consequence of the extension of the 
MCP joints (Fig. 27.2).

So, the therapeutic principle must be an optimal position-
ing of the hand in order to avoid permanent contractures and 
deformities [21]. Ideally, a customized thermoplastic splint 
should be applied in intrinsic plus position already on the 
day of injury. The hand should be slightly extended in the 
wrist with 20°–30°, flexed in the MCP joint with approxi-
mately 80° and completely extended in the IP joints. This 
position maintains tension across the collateral ligaments, 
decreasing the likelihood of contractures. The thumb is 
placed in maximum abduction to prevent an adduction 
contracture.

27 Burn Reconstruction: Hand
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In awake and cooperative patients a nighttime orthosis is 
often sufficient. Active and passive exercises with the hand 
should be carried out twice a day. Only in deep partial- 
thickness or full-thickness burns, in which there is suspicion 
of an injured central extensor slip over the PIP joint, an 
aggressive early hand therapy should be avoided to prevent a 
rupture of the central slip and thus a Boutonnière deformity.

27.8  Wound Management

The acute burn wound has to be cleaned and debrided. Until 
some years ago, blisters were not removed because it was 
believed that they serve as a biological wound dressing. Recent 
studies showed though that the blister’s secretion contains 
prostaglandins and other pro-inflammatory cytokines as for 
example interleukin-6 and interleukin-8 [22]. Therefore, it is 
recommended to remove the blisters or at least the fluids [23].

First degree hand burns are treated with a topical agent for 
a few days. It is important to familiarize the patient with the 
immediate active mobilization of the hand.

Superficial partial-thickness burns require dressings, which 
protect the wound against infection and reduce pain at the 

same time. In the first days after trauma and until final assess-
ment of the burn depth, paraffin gauze in combination with a 
moist antiseptic dressing (e.g., biguanide) provides maximum 
mobilization of the hand and avoids painful adherence to the 
wound. If nonsurgical treatment is possible modern local 
agents, like Mepilex-Ag®, Mepitel®, or Acticoat®, are applied 
[24]. These dressings have better healing properties, cause less 
pain because of less dressing changes, and therefore increase 
patient satisfaction compared to silver sulfadiazine. Goodwin 
et al. [25] showed that a hypertrophic scar formation is very 
rare in these cases and that the functional outcome is generally 
very good. Accordingly silver sulfadiazine is no longer the 
first choice in treating burn wounds [26].

It is particularly important to keep hand dressings as thin 
as possible in order to allow mobilization. This also includes 
the supply of thumbs and fingers with tube dressings.

27.9  Surgical Treatment

As soon as the burn depth can be determined—usually on the 
second or third day post trauma—the wounds should be 
excised and covered [15]. During the first 5 days, the burn 
wound is defined as “sterile” and thus optimal for surgery. 
After these 5  days there is a higher risk for infection and 
graft failure [27]. In case of the fact that a surgical interven-
tion is not possible in the initial phase, it is recommended to 
postpone the coverage until the infection has been treated 
sufficiently. Adequate splinting and physical therapy should 
be provided in order to achieve results nearly as good as after 
early surgical debridement and coverage [28].

The surgical therapy that is most often applied on hand 
burns with deep dermal burns is tangential excision: the 
necrotic skin is abraded in layers until capillary hemorrhage 
occurs. In isolated hand burns the blood loss can be reduced 
significantly by use of a tourniquet. In these cases, the sur-
geon cannot rely on the capillary bleeding but has to pay 
attention to other characteristics as the whitish color of vital 
dermis and the yellow color of vital fat tissue. If thrombosis 
of the subdermal vessels is evident, the plane of excision has 
to be deeper at the fascial level.

27.10  Methods of Coverage

27.10.1  Skin Grafting

The most performed coverage technique of the hand is autol-
ogous split-thickness skin grafting applied as unmeshed 
sheet graft [29]. Fluid retention underneath the graft with the 
risk of graft loss can be avoided by scarifying with a No. 11 
blade (Fig. 27.3a–c). Alternatively, split-thickness skin grafts 
can be processed into mesh grafts with various expansion 
levels or used in Meek technique [30]. These techniques 

Fig. 27.2 Edema with hyperextension of the MCP joints and flexion in 
the IP joints
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should only be applied in case that there are not enough 
autologous donor sites available. In comparison with mesh 
grafts, sheet grafts show a lower tendency to shrink and pro-
vide better aesthetic outcome. In the postoperative stage the 
hands are put in intrinsic plus position by a palmar forearm 
splint; hand therapy will be determined as early as possible 
dependent on the wound condition.

27.10.2  Skin Substitutes

In recent years dermal skin substitutes have been used as an 
alternative to conventional skin grafting in partial-thickness 
burn wounds and became first choice. Most of the superficial 
partial-thickness and deep partial-thickness hand burns are 
treated nowadays with biosynthetic wound dressings like 
Biobrane® or Suprathel® after tangential excision. In full- 
thickness burn wounds and when soft tissue donor sites are lim-
ited or tendons are left without coverage, the use of dermal 
matrices is a valuable alternative. Because they serve only to 

replace the dermal layer, epidermal coverage in the form of thin 
split-thickness skin grafts is still required (which results in faster 
donor site healing). They provide stable coverage with minimal 
scarring, good mobility, and acceptable appearance [31].

27.10.3  Skin Substitutes for Superficial Burn 
Injuries

Biobrane® is one of the most widely used biosynthetic wound 
dressing used in the treatment of superficial partial-thickness 
burns. It is constructed of a semipermeable silicone film with 
a nylon fabric partially embedded into the film. Porcine col-
lagen type I is also incorporated. Ready-made Biobrane® 
gloves facilitate the application once the hand is debrided. 
Benefits of Biobrane® are pain reduction, avoiding dressing 
changes, possibility of immediate active and passive mobili-
zation of the hand, and continuous observation of the wound 
due to the transparent material. After complete epithelializa-
tion, the film can be easily removed [32]. Downsides of this 

a b

c

Fig. 27.3 (a) Deep dermal hand burn prior to surgery. (b) After debridement and split-thickness skin graft. (c) Early result three weeks after 
surgery
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material are the relatively high costs and the fact that fluid 
accumulations underneath the membrane should be drained 
in order to avoid infection [33].

Suprathel® is a copolymer consisting of polylactide, tri-
methylene carbonate, and caprolactone. It is supplied as a 
membrane, whose properties are similar to those of 
Biobrane®. Benefits of Suprathel® are painless dressing 
changes, faster epithelialization, and the possibility of an 
early hand therapy [34]. Studies have demonstrated that 
Suprathel® provides good healing not only to superficial 
partial- thickness wounds but also to deep partial-thickness 
wound with small areas of full-thickness burns [35]. After 
healing Suprathel® will degrade.

27.10.4  Acellular Dermal Substitutes 
for Deep Burn Injuries

Integra® has been the most popular dermal equivalent in the 
field of permanent dermal replacements. Integra® is a bilami-
nate membrane consisting of bovine collagen and glycosamino-

glycans. Integra® must be applied in a two-step procedure with 
a split-thickness skin grafting after incorporation of Integra® 
after 2–3 weeks. The prolonged immobilization of the hand and 
the elevated risk of infection are the reasons why today Integra® 
is used primarily in the field of postburn reconstruction than in 
the management of the acutely burned hand [36].

Matriderm® is a 1 mm thick membrane consisting of native 
bovine collagen and elastin. A distinctive advantage of 
Matriderm® is that it can be applied in a one-stage procedure 
simultaneously with thin split-thickness autografts. This qual-
ity expedites wound healing, improves functional outcome by 
minimizing the need for immobilization, and decreases costs 
[31]. Long-term results show excellent appearance, pliability, 
and hand function with similar elasticity and protective prop-
erties compared with normal skin (Fig. 27.4a–d) [37, 38].

27.10.5  Allografts

Allogeneic skin is applied in those cases where the period 
between trauma and definite coverage has to be bridged. The 

a b

c d

Fig. 27.4 (a) Full-thickness burn of the hand. (b) After debridement and application of Matriderm®. (c) Long-term result (1 year after surgery) 
after single step reconstruction and compression therapy. (d) Skin elasticity
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advantage of allogeneic skin is the fact that it is a biological 
scaffold which supports wound bed preparation. Moreover it 
reduces the risk of infection and protects the wound from 
water loss [19].

27.11  Palm Burns

Burns to the palm usually result from direct contact with a 
hot surface such as a radiator or iron especially in toddlers. 
Surgical intervention is very rarely indicated because the 
epidermis is thick and the dermis rich in adnexal elements. A 
surgical debridement is difficult to carry out due to the palm’s 
distinct anatomy and the tight coherence to the palmar apo-
neurosis. A substitution is only applicable to a limited degree. 
These factors justify a conservative treatment for 3–4 weeks. 
In case of the fact that a necrosectomy is required, a sparing 
debridement is important. Since the palm is used excessively 
in daily life, thick split-thickness in adults or full-thickness 
skin grafts in children should be used [39]. After surgical 
treatment and complete wound healing a compression hand 
glove has to be worn for at least 6 months. Post-burn contrac-
tures of the growing hand remain a challenging problem and 
often require further reconstructive surgery. Especially 
deformities of the web space (web space contracture, syn-
dactylism, and adduction contracture) are common follow-
ing deep palmar burns.

27.12  Exposed Joints

The areas above the extensor-sided PIP joints must be par-
ticularly well observed. Boutonnière deformities are often 
seen at the PIP joints in deeper burns. The central extensor 
slip denaturizes due to the direct heat damage or desiccates 
following a longer period of exposition. That makes the lat-
eral bands move into palmar direction below the axis of rota-
tion of the PIP joint, which makes them to PIP joint flexors 
instead of extensors. So, an attempted extension causes a 
flexion of the PIP joint. Therefore in the acute setting all 
attempts are made at preserving the paratenon of the exten-
sor surface and the areolar tissue surrounding the joint cap-
sule to allow for acceptance of a skin graft. In case of skin 
graft breakdown the risk of a secondary Boutonnière defor-
mity can be reduced with stable flap coverage like a dorsal 
metacarpal artery flap (DMCA-flap), which is even possible 
in dorsally grafted hands [40]. Whereas there are numerous 
treatments for Boutonnière deformity in a non-burned hand, 
attempts to reconstruct this deformity in a burned hand with 
scarred tissue and tendons are often not promising. A good 

alternative is the arthrodesis of the joint in functional posi-
tion [41]. Functionally inhibiting defective positions of the 
DIP joints are rare but can be corrected by arthrodesis if 
necessary.

In case tendons, joints, and bones are also affected by the 
burn trauma, these structures must be debrided, regardless of 
their function. A reconstruction which adheres to the princi-
ple of the reconstructive ladder is justified in these situations. 
When choosing flaps, it should be kept in mind that more 
reconstructive interventions will become necessary later on 
(Fig.  27.5a–c). Larger defects on the dorsum of the hand 
with exposed tendons and bones are treated in the acute 
phase with a reverse radial forearm flap or groin flap, even 
today. The temporary immobilization of the shoulder joint is 
well tolerated and the donor site of the flap is cosmetically 
inconspicuous. In case that the trauma is an isolated severe 
hand burn or the patient’s general condition is stable, free 
microvascular tissue transfer is an excellent means of cover-
age [42, 43]. A very pleasing cosmetic outcome is achieved 
by using lateral upper arm flaps or gracilis muscle flaps 
(Fig. 27.6a–c). If there is also a peritendineum necessary due 
to an injured paratenon, solutions can be found by use of ser-
ratus anterior fascia or temporoparietal fascia flaps [44].

27.13  Reconstruction

An adequate treatment of the hand burn in the acute phase 
determines the functional outcome. Due to the complex 
trauma accompanied by the destruction of highly specific 
soft tissue, deformities sometimes cannot be avoided even 
under an optimal therapy. The deformities after hand burn 
trauma were outlined by Achauer (1987) [1, 45]:

• claw deformity
• palmar contracture
• web space deformity
• hypertrophic scars
• amputation deformity
• nail bed deformity

Numerous surgical techniques have been described for 
the treatment of these deformities. Generally, the patient 
suffers from a combination of various deformities. The 
most frequent problems following hand burns are scar and 
soft tissue contractures, as they might appear following 
spontaneously healed deep burns, split-thickness skin 
grafting of inadequate size and thickness, with missing 
and/or not correctly positioned splints or inadequate phys-
ical therapy.
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27.13.1  Claw Deformity

Claw deformities represent some of the most challenging 
problems to correct after development. Hypertrophic scars 
on the dorsum of the hand can lead to a hyperextension in the 
MCP joints, in severe cases to a dorsal dislocation of the 
joints, and secondary flexion contracture of the PIP joints. 
The PIP joint deformity in these cases originates from MCP 
joint hyperextension and not from direct injury to the central 
slip over the PIP joint.

The surgical management is aimed to reconstruct a rudi-
mentary grasp and consists of wide excision of scar contrac-
ture followed by soft tissue coverage for the resultant defect. 
For this purpose there are numerous options available: split- 
thickness skin grafts or the combination of a dermal skin 
substitute like Matriderm® with split-thickness skin grafts 
showed good results as well as local or microvascular flaps 
[46]. In case of long-standing fixed deformities with liga-
ment shrinkage of the joints, an arthrolysis of the MCP joints 

is required. Temporary fixation with Kirschner wires at near 
90° is indicated if significant residual tension remains in the 
longitudinal contraction of the extensor tendons.

27.13.2  Palmar Contractures

Posttraumatic contractures of the palm can develop due to 
secondary healing or due to inadequate positioning of the 
hand. They might also occur after a successful primary surgi-
cal treatment. There is a high tendency to develop a flexion 
contracture in the wrist and fingers as well as an adduction 
contracture in the thumb. These deformities require splinting 
with slight wrist extension and 80° flexion of the MCP joints 
with extended PIP and DIP joints (intrinsic plus position) and 
maximum abduction of the thumb. In case contractures 
develop, a surgical incision or excision of the scar followed 
by full- thickness grafting is still the method of choice [47]. 
Isolated, linear scars with sufficient tissue in the vicinity can 
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c

Fig. 27.5 (a) Skin breakdown and exposed IP joint of the thumb in a 5-year-old boy after electrical burn injury. (b) After debridement the IP joint 
and extensor tendon are covered with a reverse homodigital dorsal radial flap. (c) After inset of the pedicled flap
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be dissolved by one or multiple Z-flap plasties. In the pres-
ence of a longer existing scar contracture of the MCP or PIP 
joint, a release of the periarticular structures, as for example 
the articular capsule, the collateral tendons, and the palmar 
plate, is often required to achieve a complete extension of the 
joint [48]. In these cases a digital ischemia distal of the mobi-
lized joint might occur due to traction of the lateropalmar ves-
sels. For a definitive arthrodesis of the joint, the phalanges 
have to be shortened in this situation in favor of a functionally 
beneficial arthrodesis angle with still good perfusion.

An early physiotherapy and particularly a consequent 
nightly splinting over a period of at least 1 year are the deci-
sive factors in avoiding a contracture relapse.

27.13.3  Web Space Deformities

Syndactylia or web space deformities are commonly 
observed following conservative treatment of deep burns, but 

also after surgery. In an intact hand, the web space goes in a 
45° angle from the extensor-sided MCP joints in the palmar 
direction until the center of the basic phalanx. This anatomy 
can change considerably in burned web spaces. A palmar 
scar contracture can be distinguished from a dorsal scar con-
tracture, which stretches—like a roof—over the commissure 
(syndactylia). A correction by using local flaps, which usu-
ally consist of variations of Z-plasty, is generally successful 
[49]. In very severe cases the combination of local flaps and 
full-thickness grafts is the method of choice [50].

The span of the first web space is of particular importance 
for the grip function of the hand. In addition to scar contrac-
ture, a possible cause for a limited grip function might be 
adduction contracture of the thumb. Such a contracture is 
caused by a secondary fibrosis of the adductor pollicis and 
the first dorsal interosseous muscles. In case of a slight scar 
contracture, a Z-plasty or butterfly plasty is sufficient. In 
more distinct contractures, full-thickness grafts are used. 
Depending on the intraoperative findings an additional 

a b

c

Fig. 27.6 (a) Electrical burn injury to the left hand with tissue necrosis 
at the index and middle finger (after escharotomy). (b) After debride-
ment coverage of the exposed tendons and MCP joints with a microvas-

cular lateral arm flap. (c) With the thin and pliable fasciocutaneous 
lateral arm flap, it is possible to reconstruct the fourth web space
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release of the adductor pollicis muscle may be required. In 
rare and intense cases, a reconstruction of the first web space 
supported by a flap is necessary.

27.13.4  Hypertrophic Scars

In burn injuries it takes the scars at least 1 year until they are 
healed and mature. Thus, corrections of scars should be car-
ried out ideally after that period. In case of scar-related, func-
tional constraints, e.g., in the finger joints, an early correction 
is necessary. Isolated scars with extensive surrounding soft 
tissue can be dissolved by small, local flaps, e.g., Z-plasty. 
Alternatively, numerous other flaps, as for example a cross- 
finger or reversed cross-finger flap or full-thickness grafts, can 
be used [51, 52]. The application of a tailor-made compression 
glove, possibly with silicone inlets, can reduce hypertrophic 
scarring and scar contractures significantly [53, 54].

27.13.5  Amputation Deformity

In severe burns, e.g., caused by high voltage, a loss of thumbs 
or fingers might be possible. The numerous techniques for a 
reconstruction of the trauma-related isolated amputation 
injury can be adopted only to a limited extent for a burned 
hand. The desired functional outcome is limited due to a 
combined defect of essential structures. Generally, hand 
function can be improved by a phalangization with deepen-
ing of the web space [55], by a distraction osteogenesis of 
the metacarpalia [56], by a pollicization [57], or by a toe 
transfer [45]. The precondition for these interventions is a 
high quality soft tissue coverage. For this purpose free tissue 
transfer is often necessary to create a good soft tissue 
surrounding.

27.13.6  Nail Bed Deformity

A defective nail growth following burn trauma of the hand 
is frequently observed. In very few cases the reason for that 
is a direct impairment of the nail bed or the germinative 
matrix. More often the reason is a secondary contracture of 
the soft tissue proximal to the nail bed. This leads to an 
eversion of the nail bed with proximal dislocation and to a 
loss of contact between dorsal nail matrix and nail and/or 
eponychium and nail. This causes coarse nails with longitu-
dinal furrows. Injuries of the nail bed occur very often even 
after slight trauma. The extent of the nail bed eversion and 
the defective growth are proportional. A defect in the ger-
minative matrix causes a cleft nail and/or a completely 
missing nail.

Various techniques have been published for the treatment 
of nail bed eversion, including dissolution of the underlying 
contractures by wrapping local flaps or skin grafts with sub-
sequent reposition of the nail bed. Bilateral and proximal 
pedicled skin flaps are often used to create sufficient tissue at 
the extensor side [58]. Though this causes an unnatural dimi-
nution at the donor site, it usually evens out over time.

27.14  Rehabilitation

The best treatment of burn scars is their prevention: an appro-
priate timing and burn depth specific surgery, and well-fitting 
pressure garments worn as soon as the skin grafts are stable. 
Silicone sheets have been useful on the dorsum of fingers 
and webspaces, placed under the pressure garment glove 
[59]. Pressure garments are worn 24 h a day at least for an 
initial period of approximately 6 months in burns with pro-
longed healing time or burns that have required skin grafting 
[53]. Subsequent pressure garment use is individualized 
depending on scar quality and response. The exact mecha-
nism by which pressure garments alter scar formation is not 
clear but they do improve the quality of scars in both texture 
and color in the long term [60]. Other scar manipulation 
techniques, such as steroid injection, can be used as indi-
cated but also laser is used to improve scar quality [61, 62]. 
Heat and ultrasound are used to assist with joint mobiliza-
tion. Physical and occupational therapy progress from the 
acute phase to rehabilitation. Hand therapy continues until 
function returns to normal or treatment is no longer  providing 
improvement. A maintenance hand therapy program is then 
continued.

27.15  Summary

Burn injuries very often affect the hands. Small burns can 
already cause severe deformities accompanied by loss of 
function. A fast wound closure is of utmost importance 
because the risk of infection, of hypertrophic scar forma-
tion, and contractures increases with a prolonged healing 
time. Important parts of the treatment include early excision 
and early coverage within the first few days post trauma. 
The success of the treatment also depends heavily on infec-
tion control and the preservation of the active and passive 
motion of the hand as well as on an early splinting and func-
tional rehabilitation. The interdisciplinary teamwork of sur-
geons, physiotherapists and occupational therapists, 
psychologists, motivated health care personnel, and conse-
quent treatment strategies can contribute to regaining nor-
mal hand function.
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Burn Reconstruction: Future 
Perspectives—Facial Transplantation

Maria Siemionow and Fatih Zor

28.1  Introduction

Extensive burn patients may have severe facial mutilations, 
and only a few fields in burn care are a greater challenge than 
the management of the burned face. These people have a poor 
quality of life, functional deformities, and aesthetic problems. 
The final aesthetic and functional outcome of a facial burn 
injury depends on many variables, including the extent and 
depth of the injury, and preservation of critical areas, such as 
the oral commissure, mental crease, and canthal region. Many 
techniques have been described thus far for the reconstruction 
of these deformities. However, especially for severe injuries 
affecting the central facial region (perioral, nasal, and orbital), 
the final outcome is not always satisfying. Based on this there 
is a high demand for new techniques to obtain optimal results. 
This chapter aims to provide general information about vas-
cularized composite allotransplantation (VCA), its role in 
post-burn facial reconstruction, and identification of main 
clinical and immunological problems.

28.2  Burn Injury in the Twenty-First 
Century

According to American Burn Association, there are around 
500,000 burn victims requiring medical treatment each year in 
the United States, accounting for 40,000 hospitalizations per 
year [1]. Acute burn care, rehabilitation, and reconstruction 
remain a major problem worldwide. Today, due to advance-
ment in resuscitation, early coverage of burn wound, intensive 
care management, support for hypermetabolic response, infec-
tion control, new drug protocols, and a better understanding of 

the pathophysiology of the burn wound, there is a significant 
increase in survival. Especially, in developed countries, this 
rate is as high as 96.8%. Patients with severe burn injuries, 
which were fatal in the past, now survive, but with more sevre 
deformities. This is leads to a new reconstructive challenge 
and demand. The anatomical regions most commonly involved 
in burn injuries are: upper extremities (70%) and head and 
neck region (50%), which frequently result in long-term mor-
bidity [2]. There are many patients who, despite the best efforts 
in burn resuscitation, treatment, and rehabilitation, are not able 
to return to their normal social life and activities.

The face is an extremely important medium through 
which one interacts with the rest of the world. The unique 
characters of the facial skin and close anatomical and func-
tional association with the underlying muscles allow for 
facial expression of emotions, which is critical to social 
interactions. Since a person’s identity is bound to the appear-
ance of the face, sustaining major facial deformity is thus 
one of the most devastating injuries one can suffer from in 
terms of social interaction and quality of life [3].

Successful treatment of burn patients requires surgical 
judgment and technical expertise, as well as understanding of 
burn wound pathophysiology and development of wound con-
tractures. Burn injuries not only cause tissue defect but also 
constrict and deform the face, distort its features, proportions, 
and expression. Burns also alter the surface of the facial mask 
due to scarring as well as due to alteration of facial skin texture 
and pigmentation. These changes of the skin surface need 
reconstruction; however the real challenge is created by the 
changes in facial proportion and functional expression [4].

28.3  Evaluation of Facial Burn Deformities

Facial burn reconstruction should be based on an overall strat-
egy and clear understanding of the underlying functional defor-
mity. Following a deep second- and third-degree burn injury of 
the face, the wound healing process involves epithelialization 
and wound contraction. The degree of contraction depends on 
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the severity of the injury and treatment modalities. Due to the 
effect of contracting forces, facial structures are gradually 
deformed resulting in the characteristic appearance of a burned 
face. These severe deformities are to a variable degree similar 
for all facial burns and constitute the stigmata of facial burn 
injury (Table 28.1). The eyelids are distorted by ectropion, the 
nose is shortened with flaring of the ala, the upper lip is short-
ened and retruded with loss of the philtral contour, the lower lip 
is everted and inferiorly displaced, and the lower lip is wider 
than the upper lip on the anterior view. The tissues of the face 
and neck appear in the same plane with loss of jawline defini-
tion. The severity of these changes is proportional to the sever-
ity of the burn trauma. Fortunately, the majority of facial burn 
injuries are not severe and do not involve the entire face. 
Patients with facial burn injuries can be divided into two differ-
ent categories according to the severity of the injury as 
described in Table 28.2. Type I deformities consist of essen-
tially normal facial features with localized scarring with or 
without contractures. Type II deformities are found in a much 
smaller number of patients and represent “pan-facial” burn 
deformities presenting some or all characteristics of facial burn 
stigmata [5]. There are many techniques, which have been 
described for the reconstruction of facial subunits such as nose 
[6, 7], ears [8, 9], eyelids [10], scalp [11], mouth [12], and neck 
[13, 14]. However, only a few articles report a total reconstruc-
tion of the burned face [15, 16]. Whole full- thickness skin 
grafting or monoblock flap usage for full face resurfacing has 
been described recently [17–19]. However, the functional and 
aesthetic outcomes of these conventional techniques are less 
than optimal, and the management of most severe injuries is 
challenging and outcomes are often questionable.

28.4  Conventional Reconstructive 
Methods

The human face is a demanding structure to reconstruct 
because it represents unique subunits, texture, and functions. 
The face also plays a central role in our daily interactions 

through its expression of feelings, beauty, and identity. 
Therefore, it is essential in social interaction. As a result, 
face trauma and disfigurement caused by burns, tumor resec-
tion, and congenital malformations have deleterious effects 
on a person’s life. Reconstruction of severe facial deformi-
ties following deep burns is a challenge for surgeons, who 
wish to reliably restore facial function and appearance. 
Current reconstructive procedures for facial deformity 
include combinations of standard skin grafting, application 
of local flaps, tissue expansion, prefabrication (including tis-
sue engineering and stem cell applications), and free tissue 
transfers (Table 28.3) [12, 20–26]. Although these severely 
injured patients are subjected to multiple surgical interven-
tions, the functional and aesthetic outcomes of currently 
available conventional reconstructive procedures are less 
than optimal. Long-term follow-ups quite often result in a 
tight, mask-like face with a lack of facial expression and an 
unsatisfactory cosmetic outcome [16]. In cases involving 
large and wide areas of the burned face including scarring of 
the adjacent tissue there are only limited options to provide 
reconstruction with soft, thin, and pliable tissue. The best 
result of facial reconstruction was reported following replan-
tation of the avulsed scalp and face where normal animation 
and facial expression were achieved as well as adequate hair 
growth on the scalp [27]. Current methods of face recon-
struction fail when tissue loss is considerable, because the 
body does not provide tissue possessing the texture, pliabil-
ity, and complexity of the human face. For this reason, in 
severely burned faces, particularly with injuries in the peri-
oral, nasal, and periocular regions, face transplantation 
becomes a real therapeutic option for restoring facial fea-
tures and functions.

28.5  Vascularized Composite 
Allotransplantation and Face 
Transplantation

Vascularized composite allotransplantation (VCA) involves 
transplantation of tissue, derived from ectoderm and meso-
derm. It typically contains skin, fat, muscle, nerves, lymph 
nodes, bone, cartilage, ligaments, and bone marrow as 

Table 28.1 Stigmata of facial burn injury

• Ectropion of lower eyelid
• Short nose
• Alar flaring of the nose
• Short and retruded upper lip
• Eversion and inferior displacement of lower lip
• Flat and stiff facial features
• Loss of jawline

Table 28.2 Facial burn categories

Type I Essentially normal faces with local burn scarring with or 
without contractures

Type 
II

Pan-facial burn deformities with some or all stigmata of 
facial burns

Table 28.3 Techniques available for burn reconstruction

1. Without tissue deficiency Excision and primary closure
Z-plasty

2. With tissue deficiency
Simple reconstruction – Skin graft

–  Transposition flaps (Z-plasty 
and modifications)

Reconstruction of skin and 
underlying tissues

– Axial and random flaps
– Myocutaneous flaps
– Tissue expansion
– Free flaps
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opposed to a single tissue organ, which is the case in con-
ventional solid organ transplantation (SOT). An example of 
VCA is limb transplantation, in which the transplanted 
graft includes skin, muscle, nerve, blood vessels, bone, and 
bone marrow. The function and the immunologic properties 
of the composite tissue transplant are more difficult to 
define, because each individual component has its own 
unique characteristics that ultimately affect the successful 
outcome of the transplantation. Most applications of VCA 
predominantly improve the quality of life for non-life-
threatening conditions and aim to restore anatomic, cos-
metic, and functional integrity. The benefits gathered by 
such procedures have to be balanced against the morbidity 
of the surgical procedure itself and a long-term immuno-
suppression therapy [28].

Following years of experimental studies, after report on 
the first successful hand transplantation in France, the field 
of VCA has further developed opening new alternatives for 
facial reconstruction [29]. On 27 November 2005, in Amiens, 
France, a surgical team led by Dr. Bernard Devauchelle and 
Jean-Michel Dubernard announced that they had performed 
a partial face transplant on a 38-year-old female, whose face 
had been disfigured by a dog bite [30]. Up to now, nearly 40 
face transplantations have been performed all over the world. 
According to International Registry on Hand and Composite 
Tissue Transplantation, in 7 cases the cause of disfiguration 
was a burn injury (electrical or thermal) [28, 31–33]. The 
world’s first near total face transplantation was performed in 
Cleveland in December, 2008, by a team led by Dr. Maria 
Siemionow [32, 33]. The patient was a 45-year-old woman 
who suffered from severe facial trauma to her midface from 
a close-range shotgun blast in September 2004. Her facial 
deformities included absence of nose, nasal lining, and 
underlying bone; contracted remnants of the upper lip; loss 

of orbicularis oris and orbicularis oculi muscle functions; 
distorted and scarred lower eyelids with ectropion; right-eye 
enucleation supported by eye prosthesis; and facial nerve 
deficit manifested by the lack of midface function. Before 
face transplantation, the patient had undergone 23 major 
autologous reconstructive operations that included correc-
tion of bone defect by free fibula and split-calvaria/rib grafts, 
soft-tissue defect by anterolateral free flap, temporalis mus-
cle flap, paramedian forehead flap, and radial forearm free 
flap and skin defect by multiple split-thickness skin grafts. 
The donor was a brain-dead woman who matched the patient 
in age, race, and skin complexion. The allograft was designed 
to cover the recipient’s anterior craniofacial skeleton, and it 
included about 80% of the surface area of the anterior face. 
It was based on a Le Fort III composite tissue allograft con-
taining total nose, lower eyelids, upper lip, total infraorbital 
floor, bilateral zygomas, and anterior maxilla with incisors, 
and included total alveolus, anterior hard palate, and bilateral 
parotid glands [3, 32, 33] (Fig. 28.1). The allotransplant inset 
to the recipient started with the adjustments of a Le Fort III 
composite allograft to the recipient’s skeletal defect. Once 
bone components of the facial allograft were secured and 
stable, bilateral microvascular anastomoses of both arteries 
and veins were performed. Once craniofacial skeleton was 
intact, the bilateral facial nerves were connected using stan-
dard epineural repair. First, the donor’s vagus nerve, taken as 
an interpositional graft, was attached to the upper division of 
the trunk of the right side of the recipient’s facial nerve. On 
the left side, the donor’s hypoglossal nerve, used as an inter-
positional graft, was attached to the upper division of the 
trunk on the recipient’s facial nerve. Both grafts were con-
nected to the main trunk of the donor nerve. Then, porous 
polyethylene implants were used to reconstruct orbital floors. 
Finally, the lower eyelids, including the recipient’s conjunc-

a b c

Fig. 28.1 Illustration of the first US near-total human face transplantation. (a) Facial defect following resection of the scars. (b) Composite tissue 
allograft including nose, lower eyelids, and upper lip. (c) Reconstruction of the facial defect
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tiva and lash lines, were reconstructed bilaterally using donor 
eyelid skin. The composite facial allograft inset was com-
pleted after skin closure. Induction of immunosuppression 
was carried out with rabbit anti-thymocyte globulin 
(1 × 2 mg/kg intravenously once a day for 9 days) in combi-
nation with methylprednisolone 1000  mg bolus intrave-
nously on the day of transplant, and rapidly tapered thereafter. 
The immunosuppressive regimen was maintained with tacro-
limus, mycophenolate mofetil, and low-dose oral 
prednisone.

During the long-term follow-up, sensory discrimination 
returned to the entire facial skin, as measured by pressure- 
specified sensory device presence of two-point sensory dis-
crimination at the area under the lower eyelids, upper lip, and 
the tip of the nose on both sides of the graft. Motor recovery 
included improved facial mimetics with asymmetric smile 
and upper lip occlusion.

Functional recovery of this three-dimensional facial 
defect is excellent, with restoration of major missing func-
tions such as eating solid food without the need of a gastric 
tube, drinking from a cup, and restoration of intelligible 
speech after hard palate reconstruction with composite 
allograft and palatal obturator support. At 1  year post- 
transplant, aesthetic outcome is improved by excision of the 
redundant skin and subcutaneous tissues. Psychologically, 
the patient is doing well without symptoms of depression or 
post-traumatic stress disorder. Finally, her pain level was sig-
nificantly reduced since scarred and contracted tissue within 
the face was removed during face transplantation.

The first application of face transplantation in burn patient 
was reported by Dr. Lantieri in April 2009  in Paris. The 
entire upper face including nose, eyelids, forehead, scalp, 
and ears as well as bilateral hands were transplanted to a 
burn victim from a male donor [34]. Unfortunately, nearly 
2 months after transplantation, the patient died due to com-
plications including severe infection and heart failure [35]. 
Following this patient, more concern was paid to burned 
patients with regard to VCA application. Since then a total of 
7 facial VCA have been reported for burn face reconstruc-
tion. Although the first case was discouraging, following 
cases were successful with good long-term results.

28.6  Face Transplantation in Facial Burn 
Reconstruction

Based on current reports on successful face transplantation, 
it is obvious that face transplantation meets all criteria 
needed for an excellent reconstruction of a burned face. 
However, both the face transplantation and facial burn recon-
struction bring about very unique challenges and issues: 

facial transplantation involves immunological, psychologi-
cal, and ethical issues, which may interfere with burn recon-
struction. On the other hand, the conventional reconstruction 
of a burned face is limited by timing of the reconstruction, by 
development of scar tissue and skin contracture, and by the 
need for reconstruction of specific functional units, which 
may interfere with facial transplantation.

28.6.1  Indications for Burned Face 
Reconstruction

It is helpful to categorize facial plastic surgery procedures in 
burned patients as urgent, essential, and desirable. Urgent 
procedures are commonly performed during the acute phase. 
These include flap reconstruction to cover exposed bones 
and vital organs or to allow for mouth opening to facilitate 
feeding. Essential procedures are carried out to restore func-
tion such as neck release and ectropion repair. Desirable pro-
cedures are performed to restore the normal facial appearance. 
Examples are nasal reconstruction, ear reconstruction, and 
scalp reconstruction. Today, face transplantation is still con-
sidered an experimental procedure and may be indicated as 
the last therapeutic option for severely disfigured patients to 
restore major functional deficits of the burned face. For this 
reason, currently, face transplantation cannot be considered 
as an emergency procedure neither in trauma nor in the burn 
patient.

28.6.2  Timing of Burned Face Reconstruction

The timing of reconstructive plastic surgery following facial 
burn injuries falls into three separate phases: acute, interme-
diate, and late phase. Acute reconstructive surgery takes 
place during the first months after burn injury and includes 
urgent procedures, which are required to facilitate patient 
care or to prevent the development of contractures, which 
could lead to permanent functional damage. Acute recon-
structive intervention is most frequently indicated in the eye-
lid, perioral, and cervical regions. Intermediate reconstructive 
surgery is performed months or years after burn injury when 
wounds are closed and scar maturation process is completed. 
Finally, late phase reconstruction is performed many years 
after burn injury. Considering reconstructive ladder in burn 
patient, face transplantation seems to be appropriate for late 
phase reconstruction in cases where conventional options 
have failed. With current advances in VCA, indications for 
face transplantation in burn patients may be considered dur-
ing intermediate or even acute phase of treatment in the near 
future.

M. Siemionow and F. Zor
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28.6.3  Reconstruction of Specific Facial 
Regions

Facial deformity can be divided into three categories: 
peripheral only, central only, or combined peripheral and 
central [36]. Although many techniques are described for 
reconstruction of peripheral and central deformities, no 
satisfying method for whole facial reconstruction after 
burn injury is available today. This is even more challeng-
ing when considering burn injury in the central face which 
includes the most important aesthetic units as the lower 
lip and chin, upper lip, nose, and bilateral upper and lower 
eyelids. These facial units have both aesthetic and func-
tional features, and the surgical outcome is directly related 
to the number and function of the units, which are 
involved.

Large facial burn deformities are almost always a com-
bined type of deformities affecting both the peripheral and 
central areas of the face. Usually, following burn injury, 
there is a limited access to the normal facial skin, which is 
left for potential reconstruction. Currently, tissue expan-
sion and microsurgical tissue transfer are the only recon-
structive options in these complex cases. However, these 
techniques are useful for the coverage of skin defect and 
are far from meeting the actual need for functional recon-
struction of the facial burn. Functional units such as nose, 
periorbital, and perioral areas are hard to reconstruct by 
means of tissue expansion and microsurgical tissue trans-
fer because of the limited availability of donor tissue and 
texture mismatch.

Facial transplantation provides a unique opportunity to 
reconstruct the structures of a burned face with the same 
structures coming from a human donor. Mathes et al. per-
formed a survey on North American burn and plastic sur-
geons on their attitudes toward facial transplantation. The 
survey report concluded that VCA should be supported in 
reconstruction of complex facial deformities [37]. The 
first face transplant for face reconstruction included the 
entire upper face, nose, eyelids, forehead, scalp, and ears. 
In addition due to amputation of both hands during burn 
accident, this patient received simultaneously bilateral 
hand transplantation from the same donor. Unfortunately, 
the patient died at 2 months post-transplant due to severe 
infection and cardiac arrest [34, 35]. Following this 
patient, total face transplantations have neen transformed. 
Although outcomes of these patients were satisfying, it is 
clear that more clinical cases are needed to address the 
long-term outcomes of facial transplantation in burn 
patients.

28.7  Burned Patient and Immunology

Face transplantation is a very good option for severely disfig-
ured burn patients. However, as an allotransplantation, the 
major concern in face transplantation is to prevent rejection of 
the transplanted allograft. Although there are different immu-
nosuppressive protocols used to overcome rejection, the ulti-
mate goal is to develop a donor-specific tolerance to avoid the 
need for life-long immunosuppression. The immunologic sta-
tus of the patient is quite important for the success of the 
VCA.  In this context, burn patients are different from other 
trauma patients since extensive burn injury affects all organs 
including the immune system. During the acute period follow-
ing burn injury, a systemic immunosuppression develops. 
During this early period skin allograft take without additional 
immunosuppression was reported [20, 38]. There is, however, 
a lack of studies describing immunological changes throughout 
the acute burn care. So far, there is only one study reporting 
delayed immunosuppression up to 3.5 months following major 
burn injury. So, more research and clinical studies are needed 
to further evaluate immunological sequel of severe burn injury 
[39]. Thus, if the VCA is planning to be performed in the acute 
period, immunosuppressive regime following VCA may be dif-
ferent from standard immunosuppression protocols.

Patients with major burns are often subjected to transfu-
sion of blood and blood products such as fresh frozen plasma. 
The long-term effect of these therapies on immunological 
responses in case of face transplantation is still unknown. 
The same is true for early wound coverage with cadaver skin 
allograft, which may result in patient presensitization and 
have potential impact on the outcome of VCA.

Burn patients are likely to be a candidate for VCA; how-
ever, they may be sensitized during their early burn manage-
ment. Recently, Chandraker et al. reported antibody-mediated 
rejection of facial allograft within 5 days after transplanta-
tion in a burn patient [40]. Garza et  al. investigated the 
immunological effect of skin allograft in burn treatment and 
its impact on future vascularized composite allotransplanta-
tion [41]. In this study, they showed that burn patients who 
receive skin allografts as a method of acute burn wound clo-
sure demonstrated significantly increased immunological 
sensitization, which is measured by cPRA levels. 
Interestingly, detection of HLA antibody in the acute burn 
period is lower that antibody detection in the long-term fol-
low- up. Duhamel et  al. similarly reported that extensively 
burned patients become highly sensitized during burn care. 
They think that skin allografts (cryopreserved but not glyc-
erol preserved) and the number of transfused packed red 
blood cells are mainly responsible for this [42]. Klein et al. 
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reported an excellent review about sensitization and desensi-
tization of burn patients as potential candidates for VCA 
[43]. They stated that pregnancy, blood transfusions, previ-
ous transplants, allogeneic skin transplants, assist devices as 
well as HLA-unrelated immune stimulation (such as infec-
tions and sepsis) are all causes of HLA sensitization.

In order to prevent sensitization-related problems follow-
ing transplantation, various treatment options are developed 
for the presensitized patient. Of those, immunoadsorption 
and plasma exchanges, anti-B cell agent (rituximab), protea-
somal inhibitor (bortezomib), intravenous immunoglobulins 
(IVIG), and splenectomy may be used. However, desensiti-
zation protocols have some additional side effects such as 
desensitized patients are at higher risk of severe infections 
and malignancy [44].

In addition to desensitization procedures, some modifica-
tions can be made in acute care of the burned patient in order 
to prevent presensitization. Phenotyped packed red blood 
cells and platelets can be used during the acute care and may 
aid in reducing allosensitization. If possible, coverage of 
burn wound may be performed with artificial or biosynthetic 
dermal grafts in patients with extensive face and hand burns. 
If allograft will be used, glycerol-preserved allografts can be 
preferred to cryopreserved allografts as they cause less allo-
sensitization [15].

28.8  Conclusions

Severe burn injuries at the head and neck region often result 
in deep tissue damage with development of scarring, con-
tracture, and functional loss. Thus, the primary goal of facial 
burn reconstruction should be functional restoration and 
optimal aesthetic outcome. Currently available techniques 
are limited in providing complex tridimensional craniofacial 
reconstruction due to the lack of facial-like tissues and lack 
of facial subunits in our own body.

Facial transplantation would provide such a unique recon-
structive option; however life-long immunosuppression is 
required afterwards.

With the advancements in transplant immunology and 
development of donor-specific tolerance, face transplanta-
tion may replace most of conventional reconstructive meth-
ods and may be considered as an alternative reconstructive 
option for severely burned patients.
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29.1  Introduction

Electrical high-voltage burn injuries occur predominantly in 
young men due to work-related trauma [1]. However, in the 
last years, train surfing became a non-negligible share among 
burn admissions [2]. High-voltage injuries have several 
unique characteristics that differ from other thermal or 
chemical injuries. Their treatment requires expertise in surgi-
cal and anaesthesiologic management [3], which is described 
elsewhere in this book. The most momentous fact, however, 
is that they are the most frequent cause of extremity amputa-
tions in a burn service. These injuries affect the upper and the 
lower extremity alike, depending what route the electric cur-
rent travelled through the body [4]. Current will flow through 
tissues exhibiting less electrical resistance more readily. 
Since deep tissues, such as nerves, vessels and muscle, have 
less resistance than skin, the surface markings in electrical 
burn injuries are only the tip of the iceberg and do not reveal 
the possibly immense damage hidden beneath [5]. If a fasci-
otomy is deemed necessary, all compartments of the affected 
extremity need to be opened. In the hand all intrinsic com-
partments, the carpal tunnel, superficial and the deep forearm 
as well as the dorsal compartment need to be opened through 
separate incisions. These injuries all require a second and 
third look until one can be sure that the climax of tissue dam-

age is overcome. Even at this stage of treatment one must 
have both the biological and technical reconstructive options 
in mind. If an amputation of the upper extremity at any level 
is necessary, one must be aware that every joint preserved 
adds several degrees of freedom and every inch of length 
adds stability to a given prosthetic device. These are not dia-
betic patients with recurrent ulcerations where an amputa-
tion is almost an inevitable consequence, but a sudden 
massive assault to an extremity of an otherwise healthy and 
most often young individual. One should therefore tap the 
entire spectrum of reconstructive surgery to maintain length 
and definitely think twice before resecting a joint. Since 
often both upper extremities are affected, a preserved limb, 
even if without any function, can at a later stage be used as a 
biological spare part donor site for the contralateral extrem-
ity (Fig. 29.1a–g). Additionally, amputation can also be con-
sidered at a later time, if the patient is not satisfied with 
biological hand function [6] as presented in Fig. 29.2.

29.2  Standard Myoelectric Fittings

If all biological reconstructive measures for the upper 
extremity fail, myoelectric prostheses present a promising 
resort to go to. The movement of standard myoelectrical arm 
prostheses is controlled via two transcutaneous electrodes 
that are activated by two separately innervated muscle 
groups. In a transradial amputee one electrode might be 
placed on the extensor muscles and one on the flexor muscles 
of the wrist. This allows the patient to control opening of the 
prosthetic hand by thinking about wrist extension and clos-
ing by thinking of wrist flexion. While this provides an easy 
and robust way of controlling a simple hand with two func-
tions, prostheses with multiple degrees of freedom require 
switching between the different grips/joints. Usually, this 
change of control levels is performed by voluntary co- 
contractions of the two muscle groups and the respective 
level then is linearly controlled by the same muscles. 
Especially in above-elbow amputees, where prosthetic 
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a b

c d

e f

g

Fig. 29.1 (a–g) Work-related electrical burn injury of both hands of a 
20 years old young man. All four extremities were affected with loss of 
the thumb and III finger of the right hand and loss of all internal struc-
tures of the left forearm. To preserve the left hand a groin flap was 
invested after final debridement. At a later stage the IV finger of the left 

hand was used as a free graft to reconstruct the thumb of the right hand. 
Six months later an ALT flap was invested at the left hand to augment 
soft tissue coverage and reconstruct tendons to the I–III finger with vas-
cularized fascia lata strips. Furthermore, the ulnar nerve was used to 
reconstruct the median nerve in the same session
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 functions include not only hand and wrist movements but 
also elbow flexion and extension, the patient frequently 
needs to switch between joint movements by using this 
approach. A harmonious course of movement as in the cor-
responding natural pattern of motion is not possible this way. 
This limits perceived prosthetic function and is one of the 
reasons for a relatively high rejection rate in above-elbow 
prosthetic fittings [7]. An appreciable improvement would be 
given if the individual movement levels could be governed 
by signals that correspond to the natural pattern of motion.

29.3  Targeted Muscle Reinnervation

One approach to achieve a more natural prosthetic control 
for proximal amputations are selective nerve transfers. The 
aim of “Targeted Muscle Reinnervation” (TMR) is to create 
a higher number of functional neuromuscular units for 
picking up myoelectric signals [8, 9]. During surgery, the 
major arm nerves, such as the musculocutaneous nerve, 
radial nerve, median nerve and ulnar nerve, are separated 
from the proximal arm plexus and transferred to the resid-
ual nerve branches of remaining muscles in the stump. This 
allows to create meaningful neuromuscular units, which 
can serve as impulse generators for the myoelectrical pros-
thesis [10]. In a transhumeral amputee expendable muscles 

are the short head of the biceps and the brachial muscle on 
the ventral surface as well as the lateral head of the triceps 
on the dorsal aspect of the arm. Depending on the level of 
amputation possibly the brachioradialis muscle is still pres-
ent and can also be used as target muscle. A common 
approach includes transferring the ulnar nerve to the short 
head of the biceps [11], as shown in Fig. 29.3. As this nerve 
usually controls muscles responsible for “hand closing”, 
patients should at a later stage be able to activate this part 
of the biceps by thinking about closing the hand. If the long 
head of the biceps still has its original innervation, it is acti-
vated by thinking about elbow flexion. In this way, TMR 
creates an additional signal for prosthetic control. By trans-
ferring the other hand nerves as well (as shown in 
Table 29.1), up to six different signals can be created for 
more intuitive and dexterous prosthetic control [11, 12]. 
The advantage of this protocol is that the individual signals 
can be separately picked up with electrodes embedded in 
the socket of the prosthesis, which allows direct, indepen-
dent and intuitive control of all relevant prosthetic func-
tions. Since these nerve transfers are all done very 
proximally, they are generally feasible for all transhumeral 
amputees without the need of nerve grafts.

Fig. 29.2 As biological reconstruction left the patient with a function-
less and aesthetically not appealing left hand, it was replaced with a 
myoelectric prosthesis that allowed good grip function Fig. 29.3 Targeted muscle reinnervation (TMR) in a transhumeral 

amputee: The ulnar nerve, which would otherwise end in scar tissues, is 
transferred to the short head of the biceps. This creates a new neuro-
muscular target that can be used to control closing the prosthetic hand 
intuitively
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In patients with shoulder exarticulation TMR can be used 
as well to enhance the neuromuscular interface for prosthetic 
control. Here, the different parts of the major and minor pec-
toral muscles at the ventral body surface and the latissimus 
dorsi at the posterior body surface are accessible. As the cla-
vicular, the sternocostal and the abdominal head of the pec-
toralis major, as well as the pectoralis minor have their 
distinct motor branches [13, 14], they can be used as indi-
vidual targets for selective nerve transfers to provide a new 
neurological landscape for blindly ending the axons of the 
brachial plexus. Similar to the nerve transfers of the trans-
humeral amputee, all major nerves can and should be trans-
ferred to new targets as described in Table  29.2. Before 
performing the surgery, one must carefully evaluate the 
remaining function of these muscles, the presence and 

whereabouts of the proximal nerve stumps (MRI/high reso-
lution ultrasound) and rule out more proximal nerve lesions 
(i.e. root avulsions or supraclavicular nerve damage).

After these selective nerve transfers and the subsequent 
phase of reinnervation, cognitively demanding motor learn-
ing is needed to enable the amputee to activate the reinner-
vated muscles selectively and thereby control the prosthesis. 
This process of TechNeuroRehabilitation after Targeted 
Muscle Reinnervation takes between 1 and 2  years [15]. 
During nerve regeneration after surgery, muscles cannot be 
activated for 3–6 months. During this time, therapy might 
include treatment of post-surgical pain, conservation of 
range of motion and strength of the remaining joints, as 
well as facilitation of cortical representation of the hand 
area. The latter can include mirror therapy, motor imagery 
and left- right discrimination training. In above-elbow 
amputees, patients can control conventional two-signal 
myoprosthesis during the phase of nerve regeneration, as 
the original innervated muscles can be used. As soon as the 
muscles are reinnervated, motor training is initiated. To 
gain selective and precise motor control, the use of surface 
EMG biofeedback is recommended [16]. Once the distinct 
muscle signals are stable and can be clearly and individu-
ally addressed by the patient, a diagnostic fitting will be 
provided to start the early prosthetic rehabilitation pro-
gramme [17]. At the beginning the focus is set on simple 
movements, while manipulating objects within activities of 
daily living should be possible by the end of rehabilitation. 
Finally, the prosthesis can be used at home. With time, the 
patient will learn how to incorporate this technical device 
in his new body image and it will feel natural and intuitive 
to use it. At this stage, regular follow-up examinations 
ascertain continued prosthetic functionality [15].

29.4  Pattern Recognition for Prosthetic 
Control

While the limiting factor in prosthetic control after proximal 
amputations is the low number of available muscles, in the 
transradial amputee an array of functional muscles is usually 
still present in the forearm. Standard fittings only use one 
electrode on the flexor and extensor muscle groups, whereas 
more recent approaches aim to record and process more 
information from the extrinsic hand muscles. These pattern 
recognition algorithms provide a means for multifunctional 
control by classifying different muscle activation patterns 
instead of only interpreting the amplitude of one electrode 
for one prosthetic movement. Fundamentally, the raw EMG 
signal is first measured by an array of electrodes. The EMG 
data is then windowed; features (such as amplitude or signal 
frequency of all activated electrodes) are extracted and clas-
sified before they are used as control inputs [18]. The clas-

Table 29.1 A standard nerve transfer matrix of a transhumeral 
amputee

Source nerve Target muscle
Target 
function Innervation

Musculocutaneous 
nerve

M. biceps caput 
longum

Elbow 
flexion

Original

Ulnar nerve M. biceps caput 
breve

Hand close Transferred

Median nerve M. brachialis Pronation Transferred
Radialis nerve M. triceps caput 

longum/mediale
Elbow 
extension

Original

Split of ramus 
profundus n. 
radialis

M. triceps caput 
laterale

Hand open/
supination

Transferred

Split of ramus 
profundus n. 
radialis

M. 
brachioradialis

Supination/
hand open

Transferred

Table 29.2 A standard nerve transfer matrix of a glenohumeral 
amputee

Source nerve Target muscle Target function Innervation
Musculocutaneous 
nerve

Pars 
clavicularis
M. pectoralis 
major

Elbow flexion Transferred

Split of median 
nerve

Pars 
sternocostalis
M. pectoralis 
major

Pronation Transferred

Split of median 
nerve

Pars 
sternocostalis
M. pectoralis 
major

Wrist flexion/
pronation 
(might be later 
used for 
prosthetic 
supination)

Transferred

Ulnar nerve M. pectoralis 
minor

Hand close Transferred

Radialis nerve M. latissimus 
dorsi

Elbow 
extension

Transferred

Ramus profundus 
n. radialis

M. 
infraspinatus

Hand open Transferred
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sification is basically comparing the extracted features of the 
EMG data with the features for predefined prosthetic move-
ments (hand open/close, pronation/supination, etc.). The 
algorithm defines the most likely prosthetic movement 
intended by the user which the prosthesis is then going to 
perform. This process is displayed in Fig. 29.4. To allow this 
comparison of EMG features, the prosthesis needs to be 
trained in advance. Usually, this involves calibration of the 
device where the patient is asked to think of a given hand 
movement while the corresponding raw EMG data is 
recorded and saved. When the patient is using the prosthesis, 
each pattern of muscle activation is then compared with the 
stored EMG data and the most appropriate movement is cho-
sen. While this approach has been successfully tested in lab 
conditions, its robustness in daily life situations is yet to be 
proven [18]. Additionally, standard pattern recognition has 
the disadvantage of lacking simultaneous multifunction con-
trol as well as proportional control [19]. This means that dif-
ferent movements (e.g. hand close and pronation) cannot be 
performed at the same time and that they will always be per-
formed with the same predefined speed.

To overcome these limitations, different strategies of 
EMG signal interpretation have been applied, including 
regression algorithms. In contrast to standard pattern recog-
nition, regression algorithms are able to continuously esti-
mate multiple control signals directly from the EMG signal 
[18]. If a patient therefore tries to close and pronate the pros-
thetic hand, this results in one control signal for the rotation 
angle of the wrist and a second estimate for closing the hand. 
Therefore, this approach provides greater flexibility for the 
user leading to more intuitive and natural prosthetic control 
[20]. So far, it has provided promising performance and is 
under continuous development to further increase its 
robustness.

29.5  Osseointegration

The recent years have brought new solutions not only for 
prosthetic control but also for the mechanical interface 
between the user and prosthesis. In many patients, the stable 
attachment of a prosthesis using a socket is not possible 
because of insufficient stump length. In transhumeral ampu-
tees for example, anything proximal to the deltoid tuberosity 
will present a considerable challenge to the prosthetist and 
may benefit from a stump lengthening protocol. The goal 
must be unrestricted shoulder movement with sufficient 
active stability of the prosthesis. If this goal is not achiev-
able, the socket of the prosthesis needs to enclose the entire 
shoulder for reasons of stability. This fitting, however, 
restricts independent movement of the joint. To preserve 
shoulder movement in cases with high transhumeral amputa-
tions, osseointegration has shown to be a viable solution 
[21]. Additionally, especially in high-voltage burn injuries, 
patients may end up with a skin-grafted stump. In these 
cases, skin irritations and chronic wounds are an issue due to 
the stump-socket interface. Here, osseointegration allows a 
stable fitting without loading on skin-grafted areas. Direct 
anchorage of the prosthetic limb to the humeral bone thereby 
produces a stable connection and allows the patient to have 
unrestricted range of motion in the shoulder joint. A titanium 
implant is surgically placed into the residual humerus with 
an extension that penetrates the skin. This abutment is then 
used as an anchor for the attachment of the prosthetic limb 
(see Figs. 29.5 and 29.6). Depending on the implant system 
used, the surgical procedure is performed in one [22] or two 
stages [23, 24]. Although there is yet a limited numbers of 
patients with amputation of the upper extremity treated with 
osseointegration, the complication rate for the procedure in 
general is low [23, 24] and good clinical outcomes have been 

Fig. 29.4 Schematic drawing of a pattern recognition system used by 
a transradial amputee: Muscular activity on the forearm is measured by 
an array of electrodes. The raw signals of all channels are processed and 
compared to predefined activation patterns. If an activation pattern 

(marked in orange and green) is recognized, the prosthesis gets the con-
trol input to perform the intended movement (here flexion or neutral 
position of the wrist)
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reported [24]. Nevertheless, most post-surgical protocols 
after osseointegration require well-monitored rehabilitation 
by an interdisciplinary team, and the patient’s long-term 
motivation and commitment must be ascertained prior to 
treatment [21].

29.6  Bionic Reconstruction in Patients Left 
with a Functionless Hand

In some patients after electrical burn injury, preservation of 
the upper extremity might be primarily successful, but still 
leave the patient with a functionless hand. As shown in 
Fig. 29.1f these patients are often confronted with a useless 
and aesthetically unappealing limb. This might not only limit 
them in activities of daily life but can also have a huge impact 
on psychological well-being, body image and self-worth 
[25]. Considering the functional and psychological impact 
on patients’ lives, it is clearly evident that they cannot be left 
untreated after failure of standard reconstructive techniques. 
In these cases, where biological reconstruction cannot pro-
vide an acceptable outcome, bionic reconstruction should be 
considered. As proposed by our group [6], elective amputa-

Fig. 29.5 Schematic drawing of an osseointegration system: The 
implant is surgically placed into the residual bone with an extension 
that penetrates the skin and is used as an anchor for the attachment of 
the prosthesis

a b
Fig. 29.6 (a and b) Patient 
with a skin-grafted 
transhumeral stump and 
osseointegration without (a) 
and with (b) his prosthetic 
fitting
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tion of the functionless limb alongside prosthetic reconstruc-
tion of the hand can be a good solution for these patients. 
After amputation, rehabilitation and prosthetic fitting (see 
Fig.  29.2), we observed a clear improvement not only in 
hand function and perceived disability but also in quality of 
life, mental health and self-confidence. Considering the 
promising results of this approach, we encourage every clini-
cian to discuss this option with patients where biological 
reconstruction has failed to provide a functional hand. 
Nevertheless, as this is an irreversible and elective proce-
dure, patient selection and psychological evaluation are cru-
cial before considering amputation, and performing a 
structured psychological assessment is therefore highly rec-
ommended [26].

29.7  Outlook

Extremity reconstruction in the twenty-first century will 
see many new avenues to replace the loss of a limb and 
reconstruct the loss of function. Both biological and tech-
nical advances will provide possibilities that may well 
open up therapies that have been unthinkable only a few 
years ago. Targeted muscle reinnervation, pattern recogni-
tion algorithms and improved skeletal attachments such as 
osseointegration together with the provision of various 
myoelectric prostheses with several degrees of freedom 
are definitely a solid stepping stone leading to new strate-
gies in extremity rehabilitation. Technologies that are cur-
rently tested in the research setting, such as implantable 
electrodes for prosthetic control [27], systems for tactile 
feedback [28] or the innovative use of the postural syner-
gies of the human hand [29], will further increase function, 
intuitivity and embodiment of biomimetic hands and 
thereby enable amputees to live a full life without 
restrictions.
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Simulation and Training

Raimund Winter and Thomas Wegscheider

30.1  Introduction

Simulation is an important tool in teaching and increasingly 
used in medical education [1]. It provides the ability to 
improve teamwork, leadership, and technical skills [2]. In 
fact, simulation-based medical education (SBME) with 
deliberate practice appears to be superior to traditional medi-
cal education, especially in teaching practical skills [3]. 
Moreover, SBME can improve patient outcome [4] and has 
even shown to enhance the effectiveness of clinical day-to- 
day routines (e.g., surgical ward rounds) as well as burn care 
management algorithms. Research shows that medical staff 
that underwent training in Emergency Management of 
Severe Burns (EMSB) have better knowledge and improved 
practical skills. Nevertheless, SBME has not been widely 
used in EMSB training so far [5].

This chapter aims to give an introduction to SBME and its 
importance in the field of the management of severe burns.

30.2  Different Levels of Simulation

Simulation facilities all over the world face the same ques-
tions: Is it really all about realistic and true-to-life simulation 
(high fidelity)? Can training objectives be better achieved by 
less expensive and less complex simulation-based training 
modalities?

30.2.1  Low-Fidelity Training

The level of “fidelity” describes how realistic the training 
environment or training scenarios appear to the trainees [6]. 
“Low-fidelity training” (LFT) does not aim to mimic true-to- 
life scenarios and could take place in seminar rooms or lec-
ture halls. There is no need for high-tech infrastructure or 
high-tech simulators. Part-task training (see Sect. 30.4.1) is 
commonly run as “low-fidelity training” by using manne-
quins designed for a limited set of tasks in a simple training 
environment. These so-called part-task trainers are often 
sturdy, resistant, and free of inbuilt electronics. They offer 
ideal conditions for efficient, repetitive task training, which 
is key in effective learning with simulation [7].

30.2.2  Mid-Fidelity Training

“Mid-fidelity training” (MFT) provides a higher level of 
realism. It takes place in more realistic environments (e.g., 
emergency-room-like settings) and/or uses more sophisti-
cated mannequins. These mannequins or patient simulators 
commonly provide the possibility of simulating and exercis-
ing standard airway management procedures, cardiopulmo-
nary resuscitation, defibrillation, cardioversion, etc. They are 
often equipped with central and peripheral pulses, lung, 
heart, and abdominal sounds.

30.2.3  High-Fidelity Training

“High-fidelity training” (HFT) emulates a true-to-life situa-
tion and often takes place in real care environments (in situ 
simulation) or virtual environments (virtual reality). HFT 
combines patient simulators, standardized patients (actors), 
and specific simulation software that provides realistic train-
ing in the assessment and management of patients. All vital 
parameters are simulated and displayed via a software-based 
virtual monitoring system. Trainees are encouraged to make 
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decisions and respond as though they are in a real medical 
care or emergency situation. Therefore, high-fidelity man-
nequins provide palpable central and peripheral pulses, 
speech transmission, chest raise, and lung, heart, and abdom-
inal sounds. In addition, a wide range of invasive procedures 
can be performed [8].

If a scenario uses real actors, specific simulation suits 
designed to protect against invasive procedures are provided 
in order to prevent any injuries.

Another important part of HFT includes virtual reality 
training, which is of growing significance in simulation- 
based medical education. It allows the recreation of care situ-
ations in almost any environment at a remarkably high level 
of realism [9, 10].

30.2.4  It Is All About the Right Blend

Simulation-based training programs should consist of a vari-
ety of different fidelity levels, although the fidelity level has 
no significant impact on learning specific algorithms like 
advanced cardiac life support [11]. The right blend of LFT, 
MFT, and HFT modalities is important in enhancing train-
ees’ knowledge, technical and communicative skills [12].

30.3  Training Modalities in Simulation- 
Based Medical Education

Training success in simulation-based medical education 
depends on not only the level of fidelity but also an under-
standing of the training objectives and the use of appropriate 
training modalities [13]. Each training module should pro-
vide an introductive briefing in procedures, skills, simulation 
equipment, and training environment and should conclude 
with a professional and structured debriefing. Research 
shows that feedback is the most important feature in SBME 
for efficient learning [7]. Audio-visual records can assist in a 
debriefing in all fidelity levels, not only in high-fidelity sce-
nario training [14]. Trainees are provided with comprehen-
sive feedback to enhance their learning experience.

30.3.1  Part-Task Training

Part-task training (PTT) is a low-cost, but highly effective 
modality in simulation-based medical education. Almost 
every medical skill can be practiced by PTT, dividing com-
plex procedures into single, clear tasks. During PTT, trainees 
should be encouraged to concentrate on performing a spe-
cific task, aiming to master a particular technical skill. PTT 
is commonly used for learning airway management skills, 

such as bag-mask-ventilation, endotracheal intubation, or 
cricothyrotomy [15].

30.3.2  Algorithm Training (AT)

Medical societies have created general and specific algo-
rithms for many care situations. These algorithms set the 
standard of care that health care professionals must adhere 
to; therefore training is essential. Algorithms help to break 
up complex procedures into consecutive single tasks. In AT, 
trainees are coached to work through all relevant tasks in a 
structured and accurate way. It requires teamwork and train-
ing of communication skills. These soft skills are essential in 
learning how to handle unplanned disruptions (“distractors”) 
in real-life situations, which are simulated in this training. In 
health care, algorithms aim to facilitate decision-making in 
complex, potentially time-sensitive situations [15].

30.3.3  Scenario Training

Scenario training (ST) aims to consolidate a trainee’s knowl-
edge, technical and communication skills in a specific situa-
tion. Thus, ST combines different care processes and 
algorithms with a “story.” Various scenarios are used, mixing 
different care processes and algorithms to simulate a real-life 
situation for the trainee. Distractors play an important part in 
this type of training. Experienced simulation professionals 
gradually incorporate distractions during scenarios, taking 
into consideration the participants’ performance [15].

30.3.4  Full-Scale Care Process Simulation 
Training

Full-scale care process simulation training (FSCPST) pro-
vides high-fidelity training of the entire process of patient 
care. This begins with the initial assessment and manage-
ment at the emergency department and includes all diagnos-
tic, therapeutic, logistic, and transfer decisions. It continues 
with critical care transfer to the OR or ICU as well as surgi-
cal care in the OR and ends with the postoperative manage-
ment on the ward. This training modality uses mannequins, 
actors as well as virtual reality elements to create a maxi-
mum of realism. It is also vital that this training includes 
multidisciplinary decision-making, triage and disaster man-
agement, communication with patients and their relatives as 
well as end-of-life decisions. This not only fosters improve-
ment of soft skills but also instills a comprehensive under-
standing of trainee’s performance expectations in critical 
care management [15].
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30.4  SBME in the Emergency Management 
of Burns

SBME became an important tool for education in the last 
years, especially for residency training [16]. Simulation can 
improve patient safety and medical care by optimizing clini-
cal skills, management, leadership, and decision-making 
abilities [2, 17]. However, only few reports of comprehen-
sive burn care simulation can be found in the literature [18–
21]. FSCPSTs containing a simulation pathway including all 
steps of treatment (from the arrival at the Emergency Room 
to discharge from the hospital) have not been reported so far, 
to the best of our knowledge.

Complex burn injuries require cooperation between dif-
ferent departments in order to successfully manage poten-
tial complications including complex fluid and electrolyte 
lapse, cardiac complications from high-voltage current, 
smoke inhalation injury, and carbon monoxide (CO) and 
cyanide (CN) intoxication. As a consequence, proficient 
communication skills are necessary for optimal coordina-
tion between participating departments. Simulation pro-
vides an effective tool for training and can help large 
interdisciplinary teams avoid medical errors and maximize 
care efficacy. It can lead to an improvement in communica-
tion, teamwork, and consequently the overall efficiency of 
patient care [22, 23]. Moreover, trainees can practice in an 
environment where mistakes are acceptable and expected 
in the learning process [24], whereas in medicine learning 
from errors is generally considered a notorious teaching 
method [25–27].

In a trauma room, total-care algorithms should run as 
smoothly as possible. The physician in charge of the initial 
management of a burn patient has to be confident in his abil-
ity to diagnose and treat thermal burns, smoke inhalations, 
and possible intoxication.

However, given the relatively low number of severe burn 
injuries, a resident in training is not likely to have witnessed 
enough cases of severe burn injuries and thus gain enough 
hands-on experience to be able to confidently manage these 
cases by the time he or she is the physician in charge. Trained 
physicians who begin working at a hospital with a burn cen-
ter can improve their knowledge and skills with simulation 
training in order to provide the standard quality of care 
required. Severe burns have an approximate incidence of 0.2 
to 2.9/10.000 inhabitants in Europe with a mortality between 
1.4 and 34% [28]. Considering the low incidence, SMBE 
allows residents to acquire skills and learn specific proce-
dures to optimize management of these rare cases [16]. By 
identifying sources of error, knowledge gaps, resource short-
ages, and weaknesses in teamwork, simulation is an impor-
tant tool to further improve the outcome of severely burned 
patients.

30.4.1  Burn Care-Specific Technical Skills 
and Tools

On one hand, burn care requires the collaboration of differ-
ent specialties. As a consequence, FSCPST with critical care 
transfer and intensive care simulation is an important part of 
the training. It improves the coordination between different 
departments and the trainees’ communicative skills. Role- 
playing and computer-based scenario simulation sharpen the 
participants’ awareness of the importance of effective com-
munication strategies and the principles of crisis resource 
management (CRM) in emergency situations.

On the other hand, part-task training as a component of 
SBME is necessary to practice specific surgical skills and 
become familiar with the handling of medical instruments 
and tools. These skills acquired in simulation training can be 
directly applied in the operating theater [29]. As an example, 
trainees can practice escharotomy [30] on mannequins as 
well as the tangential excision of predefined areas in foam 
wound suture pads (Limbs&Things.com, Savannah, GA) 
[31]. Furthermore, skin grafting with simulators using 
Microfoam™ tape (3M Health Care) [32], porcine skin [33], 
or even lasagne [34] to imitate skin can be practiced.

In addition to the surgical treatment, patients in a critical 
state need accurate therapy of airway problems and fluid 
loss. Again, simulation-based training allows the develop-
ment and practicing of specific skills such as surgical airway 
installation, bronchoscopy, chest tube insertion, fiberoptic 
endotracheal intubation, central venous access, and intraos-
seous access to the vascular system. Moreover, central and 
peripheral pulses, chest X-rays, and lung, heart, and abdomi-
nal sounds can be evaluated. A transurethral catheterization 
for fluid management, central and peripheral punctures, as 
well as vital sign evaluation with a virtual monitoring soft-
ware can also be simulated.

In EMSB, the assessment of a patients’ total body surface 
area (TBSA) plays a central role for fluid resuscitation. 
Inaccurate estimations result in high variations of initial fluid 
resuscitation volumes [35]. To improve these estimations, 
burned areas can easily be simulated by photographs, films, 
or with “burned” mannequins.

Generally, emergency management and the management 
of severe burn injuries follow specific algorithms. In mid- 
and high-fidelity simulation-based algorithm training ses-
sions, participants can learn how to apply their technical and 
soft skills in critical situations and to follow common and 
special algorithms in Advanced Burn Life Support. 
Debriefing using audio-visual recordings, focusing on lead-
ership, and effective communication in medical teams can 
further improve the outcome.

In the simulated environment, all these skills can be per-
fected not only for adult patients but also for children  without 
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time constraints, helping medical staff to gain competence 
and confidence in emergency situations.

Figures 30.1 and 30.2 demonstrate two examples of the 
structure of full-scale care process simulation training.
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A
Abbe flap, 242
Ablative lasers, 99, 100, 104
Abnormal scarring, 222, 223, 225
Achauer classification of anterior neck contractures, 198
Acute burn care, 309
Acute stress disorder (ASD), 3

assessment, 6, 7
diagnostic criteria for, 3, 4
prevalence of, 5
SSRI, 10

Acute Stress Disorder Interview (ASDI), 6
Acute Stress Disorder Scale (ASDS), 6
Adiponecrosis, 122
Adipose-derived stem cells (ADSC), 119, 150
Aerobic exercise capacity, 129, 130
Algorithm training (AT), 328
Alloderm™, 73, 266
Allogenic skin grafts, 169, 171
Allografts, 302
Alloplastic and synthetic-biological carriers for cultured cells, 178
Alopecia reconstruction of burned scalp, 156–158
American College of Sports Medicine (ACSM), 135
Amniotic membrane transplants (AMT), 213
Amputation deformity, 306
Angiotensin II, 154
Anterior border, 217
Anterior lateral thigh (ALT) flap, 149, 205, 266, 273
Anti-collagen I, 110
Anti-elastin, 110
Anti-glycosaminoglycan, 111
Antimitotic drugs, 97
Anti-vascular-endothelial growth factor, 110
Armamentarium of reconstructive surgery, 150
Articaine, 121
ASD, see Acute stress disorder (ASD)
Autogenous dermis skin grafts, 213
Autologous allogenic intermingled grafts, 171
Autologous fat grafting

in burn wounds and scars, 119, 120
contraindications, 117–120
indications, 117–120
risks and complications, 122, 123
techniques, 121

equipment, 121
harvesting, 121
injection, 122
postoperative care, 122
preparation, 121, 122

Autologous full-thickness skin graft, 167
Autologous meshed split-thickness skin grafts, 167, 168

Autologous xenogenic intermingled grafts, 171
Avotermin (TGF-β3), 76
Axial-pattern fascial flap, 230

B
Beck Depression Inventory (BDI), 17
Bell phenomenon, 209
Bernard–burrow flap, 246, 247
BEST program in US, 20
Bilaminare membrane (Integra®), 178
Bilateral (reverse) abbe flap, 245
Bilateral ear burns, 225
Bilateral flaps, 244
Biobrane®, 301
Biodex software system, 130
Biofabrication, 178
Bioinks, 178
Bionic reconstruction, 322, 323
Bioprinting, 178
Biopsychosocial model of recovery, 15

body image, 20
coping, 16
depression, 17
emotional distress, 16
injury characteristics, 15, 16
nonpharmacological chronic burn pain  

management, 18, 19
pain, 17, 18
post-traumatic stress disorder (PTSD), 16
preburn emotional and physical health, 15
pruritus, 19, 20
returning to school, 21
returning to work, 20
sleep problem, 19

Blunt infiltration cannula, 122
Body image, 20
Bradykinin, 43
Breast, burn reconstruction, 261, 262

dermal substitutes
full-thickness skin grafts (FTSG) with, 263–265
split-thickness skin grafts (STSG) with, 263–265

free flaps
anterior lateral thigh flap, 266
free TRAM flap, 265

full-thickness skin grafts (FTSG), 263
local flap

tattoo, 266
transposition flaps, 265
Z-plasties, 265

nipple-areola complex (NAC) reconstruction, 266
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Breast, burn reconstruction (cont.)
pedicled flaps

LD flaps, 265
TRAM flaps, 265

principles, 261, 262
reduction and augmentation mammaplasty/mastopexy, 267
scar release, 262
split-thickness skin grafts (STSG), 262, 263
tattoo, 266
tissue expanders, 267

Buried chip graft technique, 172
Burn alopecia, 255, 256

classification, 255
hair grafting, 255
principles, 255
scalp expansion surgery, 257, 258
scalp extension surgery, 256, 257
scalp reduction, 256

Burn care phases, 93
Burn injuries, 41

biopsychosocial model of recovery, long term outcomes, 15
body image, 20
coping, 16
depression, 17
emotional distress, 16
injury characteristics, 15, 16
nonpharmacological chronic burn pain management, 18, 19
pain, 17, 18
post-traumatic stress disorder (PTSD), 16
preburn emotional and physical health, 15
pruritus, 19, 20
returning to school, 21
returning to work, 20
sleep problem, 19

burn wound and local consequences of burns, 44
burn wound evaluation

immediate care, influence of, 45
pathophysiological consequences of choice of strategies, 45, 46
systemic response to local burns, 45
types of burns, 45

local biological events, 41–42
burn wound conversion, 43
edema, 43
inflammation, 42, 43
zone of coagulation, 41
zone of hyperemia, 41
zone of stasis, 41

Burn pain, 17
Burn reconstruction, 139

CTA, 149
distant flap, 149

free tissue transfer, 149
perforator flap, 149

excision techniques, 140, 141
local skin flaps, 144, 145

double-opposing Z-plasty, 146–148
musculocutaneous/fasciocutaneous flap technique, 148
Z-plasty, 145–146

reconstructive clockwork
general principles, 139, 140
indication and timing of surgical intervention, 140
techniques of, 140

reconstructive ladder to reconstructive elevator, 139
robotics/prosthesis, 150
serial excision and tissue expansion, 141, 142
skin grafting, 142, 143

tissue engineering, 150
W-plasty and geometric broken line closure, 141

Burn scar treatment
dermal substitutes, 72, 73

bilayer non-cellularized dermal regeneration templates, 73
single-layer cellularized dermal regeneration templates, 73

non surgical treatment options
adhesive tapes, 73, 74
Avotermin (TGF-β3), 76
corticosteroid, 74
cryotherapy, 75
5-Fluorouracil (5-FU), 75, 76
interferon, 76
laser therapy, 75
pressure garments, 74
radiotherapy, 74, 75
silicone gel sheeting, 74

pathological scarring, 69, 70
prevention, 71
scar classification and grading, 70
surgery, 71

skin grafts, 71, 72
Z- or W-plasty, 72

Burn wound conversion, 43
BurnCase 3D, 80, 81

C
Canaliculi, obstruction of, 215
Carbon dioxide (CO2) laser, 99
Catastrophizing, 18
Categorical scales, 53
CBT, see Cognitive-behavioral therapies (CBT)
Cell-supported wound healing, 29
Cell suspensions, 178
Central nose point to the middle upper lip point (CN-MU), 91
Cervical burn contractures, 198
Cetirizine, 20
Changing Faces program in Great Britain, 20
Chemical burns, 45
Child and Adolescent Trauma Screen (CATS), 7
Child Stress Reaction Checklist has a Burn Version (CSRS), 7
Chinese Method, intermingled grafting, 171
Chronic pain, 17
Cicatrometer, 60
Cimetidine, 20
Claw deformities, 304
Clinician-Administered PTSD Scale for DSM-5 (CAPS-5), 7
CO2 laser, 99, 102
Cognitive-behavioral therapies (CBT), 8, 9, 19, 20
Cognitive processing therapy (CPT), 8
Cognitive restructuring, 18
Cohen’s Kappa, 53
Coleman technique, 121
Collagen, 28
Collagen I, 109

induction of, 109
Collagen remodeling, 69
Collagenases, 69
Collagen–glycosaminoglycan matrix (C-GAG), 178
Commissuroplasty, 239
Commissurotomy, 239
Composite tissue allotransplantation (CTA), 149
Compression therapy, 95, 96
Computer-assisted documentation, 80
Computer assisted planimetry, 61
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Computer-assisted wound documentation, 80
Confusion Assessment Method for the Intensive Care Unit (CAM- 

ICU), 7
Congenital breast asymmetry, 118
Converse technique, 240
Corticosteroids, 74
Cortisone therapy, 96
Cosmetic disfigurement after burns, 54
Cosmetic disfigurement scale, 55
Crisis resource management (CRM), 329
Cronbach’s alpha, 53
Cross-leg flaps, 290
Cryo-conserved allogenic skin, 169
Cryotherapy, 75
Cultured epidermal autografts (CEA), 176, 177
Cultured epithelia and tissue engineering, 175

dissociated cultures, 176
explant cultures, 175, 176
historical review, 175
requirements, 175

Cultured epithelial autografts (CEA), 29
Cultured skin substitutes, 176

alloplastic and synthetic-biological carriers for cultured cells, 178
cell suspension, 178
cultured epidermal autografts (CEA), 176, 177
membrane cell transplants, 178

Cutometer, 60, 61, 184, 186
Cutometer Skin Elasticity Meter, 185
Cutometer®Skin Elasticity Meter 474 and 575, 60

D
Data acquisition on virtual patients, 82
Data acquisition system, 88
Data analyzing system, 88
Data standards, 80
Data visualization system, 88, 89
Deep facial burns, 235
Deep fractional photothermolysis, 100
Deep inferior epigastric artery perforator flap (DIEP), 265
Degree of scarring, 71
Delay phenomenon, 159
Deliberate self-harm scars, 100
Delirium, 7, 8
Dendrites, 32
Dendritic cells, key regulators of immune response, 31
Depression, 17
DermaLab®, 60
Dermal dendritic cell subsets, 33
Dermal-epidermal junction, 34, 35
Dermal needling, 107
Dermal regeneration, 183

clinical trials, 184, 185
scar elasticity, 185–187
scar erythema and melanin, 186
scar surface roughness, 186, 188, 190
subjective scar evaluation, 188, 190
substitution in combination with different graft expansions, 

188, 190, 191
disadvantage, 192
patient characteristics, 185
scar surface roughness, 190
short-term scar assessment, 190
smaller skin graft expansion, 191
subjective scar assessment tool, 191

Dermal regenerative templates, 200

Dermal remodelling, 109
Dermal substitutes, 72, 73

bilayer non-cellularized dermal regeneration templates, 73
single-layer cellularized dermal regeneration templates, 73

Dermal torque meter, 61
Dermascan C, 58
Dermaspectrometer, 57, 58
Dermatography, 266
Dermis, 28
Dissociated cultures, 176
Distal sural pedicle flap, 274
Distant flap, 149

free tissue transfer, 149
perforator flap, 149

Dorsal metacarpal artery flap (DMCA-flap), 303
Double-opposing Z-plasty, 146–148
Dorsalis pedis flap, 274
Double U-plasty technique, 266
Dual energy X-ray absorptiometry (DXA), 128, 130
Ductal carcinoma in situ (DCIS), 117
Durometer, 60, 61
DV Manager® 1.7, 88

E
Ear reconstruction in post-burn ear deformity, 218–220, 222–225, 

228–230
anatomy and natural ear appearance, 217
burned ear, initial management of, 219
composite cartilage harvest, 233
external ear, position of, 217, 219
history of, 219, 220
post-burn reconstruction, 220, 221

abnormal scarring, 222, 223, 225
deformity of ear without loss of tissue, 226
displacement of ear due to surrounding scarring, 227
impaired hearing, 221, 222
loss of function, 225–226
loss of part/whole of external ear, 228, 230
pre and post auricular skin healing flaps, 232
subcutaneous pocket technique, 231, 232
temporoparietal flap, 230, 231

total ear reconstruction, 233
Eccentric exercises, 133
Edema, 43, 127

treatment, 299
Elastometer, 61
Electric burn injuries of upper extremity, 317

bionic reconstruction, 322, 323
osseointegration, 321, 322
outlook, 323
pattern recognition for prosthetic control, 320, 321
standard myo-electric fittings, 317, 319
targeted muscle reinnervation (TMR), 319, 320

Electrical burn injury, 305
Electrical burns, 45
Electrical passage burns, 45
Electronic documentation, 79
Emergency Management of Severe Burns (EMSB), 327
Emotional distress, 16
Epidermal melanin unit, 30
Epidermal origin hypothesis, 31
Epidermal T cells, 34
Epidermal thickness, 111
Epidermis, 27, 28, 107
Epithelial cell seeding, 165
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Er:Glass laser, 100, 101
Er:YAG laser, 99
Erythema, 51
Erythema index (E), 57
Erythema meter, 57
Erythematous scar, 104
Escharotomy, indications for, 298, 299
Estlander flap, 237, 243, 244, 246
Evidence-based medicine, 83
Excision techniques, 140, 141
Exercise, 128

acute stage, 125
decision guide, 126
heterotopic ossification, 127
mobilization protocol, 126, 127
positioning, 127
safety and efficacy considerations, 125, 126

aerobic capacity, 128
aerobic training

duration, 132
frequency, 132
intensity, 131, 132
mode, 132, 133
progression of, 133

functional outcome improvements, 128
outpatient stage, 127
prescription, 129
resistance or strength, 133

exercise type and order, 133, 134
frequency, 134
load, 134
number of sets and repetitions, 134
progressive overload, 134
rest periods, 134

ROM, 127, 128
special considerations, 134, 135
testing, 129

aerobic exercise capacity, 129, 130
lean body mass measurements, 130
peak oxygen consumption, 129, 130
rehabilitation program workouts, 131
strength measurements, 130
three repetition maximum load test, 130

12-week treadmill exercise program, 128
Existing documentation systems, 80
Exogenous aggressors, 41
Explant cultures, 175, 176
Exposed joints, 303, 304
Extensometer, 61
Eye movement desensitization and reprocessing  

(EMDR), 8
Eyebrows, deformities of, 215
Eyelid reconstruction, 157, 210

eyebrows, deformities of, 215
horizontal eyelid tightening, 215

canaliculi, obstruction of, 215
lower eyelid sling, 215

posterior lamella reconstruction, 212, 213
scar management, 213

masquerade procedure, 214, 215
retraction of upper eyelid and ectropion  

of lower eyelid, 213, 214
surgical tarsorrhaphy, 214
tenonplasty, 215

secondary complications, 210
third-degree burned face, 209

upper eyelid and anterior lamella of lower eyelid, 210
free flaps, 212
local tissue flaps, 211, 212
skin grafting, 210, 211

F
Face transplantation, 311
Facial burns, 87, 90, 209

House-Brackman scale, 87
paresis score system, 87
three-dimensional video analysis, 88, 90, 91

components, 88
data acquisition system, 88
data analyzing system, 88
data visualization system, 88, 89
standardized facial landmarks, 89
static and dynamic landmarks on face, 89
TR-MC and CN-MU, 91

Facial reconstruction, 158
Facial transplantation, 309

burn injury in 21st century, 309
burned patient and immunology, 313, 314
conventional reconstructive methods, 310
facial burn categories, 310
facial burn deformities, evaluation of, 309, 310
facial burn injury, stigmata of, 310
in facial burn reconstruction, 312

indications for, 312
specific facial regions reconstruction, 313
timing of, 312

techniques, 310
vascularized composite allotransplantation  

(VCA), 310–312
Facialis software, 88, 90
Faciometer ®, 87
FaciShow software, 88, 90
Fairbanks technique, 241
Fasciocutaneous (FC) flap technique, 148, 203
Fasciocutaneous lateral arm flap, 305
Fasciotomy, 299
Fat grafting, definition of, 117
Feasibility, 53
Feeder layer, 176
Fibroblast-free cultures, 176
Fidelity, 327
First-line therapy, 198
Flash burns, 45
5-Fluorouracil (5-FU), 75, 76
Fluoxetine, 10
fms-like tyrosine kinase ligand (Flt3L) receptors, 31
Follicular unit transplantation, 257
Foot, thermal injuries to, 279, 280

anatomy, 279, 280
burn therapy

bridging time to final reconstruction, 282, 283
general assessment, 280, 281
goal of, 281
primary treatment, 281, 282

in children, 292, 293
dorsum of foot and ankle, defects of, 284
local flap, 286, 289–292
postoperative care, 283, 284
secondary reconstruction, 284
skin grafts, 283
sole, defects of, 285, 288
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Forehead flap, 149, 252, 253
Fractional ablative CO2 laser, 102
Fractional photothermolysis, 102
Free deep inferior epigastric artery perforator  

flap flap, 264
Free fascial flap, 230
Free flap, 204, 274, 288, 291

anterior lateral thigh flap, 266
eyelid reconstruction, upper eyelid and anterior lamella of lower 

eyelid, 212
free TRAM flap, 265
LD flap, 274
lower extremity reconstruction

lateral upper arm flap, 274
LD flap, 274
scapular and parascapular flap, 274

Free oxygen radicals, 43
Free rectus abdominis flap, 291
Free skin flaps, 107
Free tissue transfer, 149
Free transverse rectus abdominis muscle flap, 265
FSCPST, see Full-scale care process simulation training (FSCPST)
FTSG, see Full-thickness skin grafts (FTSG)
Full face burn scars, 113
Full-scale care process simulation training (FSCPST), 328, 329
Full thickness burn, 71, 143, 264, 297, 298, 302
Full-thickness injuries, 197
Full-thickness musculocutaneous flaps, 244
Full-thickness skin grafts (FTSG), 72, 167, 202, 210, 211, 213, 263, 

267, 272

G
Gastrocnemius muscle flaps, 273
Gavello flap, 219
Gillies flap, 237, 243, 244
Gliader™, 73
Glycerinized allografts, 169
Gracilis flap, 273
Groin flap, 149

H
Hageman factor (F XII), 42
Hair grafting, 255, 258
Hair micrografts, 256
Hair transplantation, 215
Half-Z, 146, 148
Hamilton scale, 54, 55
Hand, burn reconstruction, 297, 301

anatomic characteristics, 297
burn depth determination, 298
coverage, methods of

acellular dermal substitutes for deep burn injuries, 302
allograft, 302
skin grafting, 300, 301
skin substitutes, 301, 302

edema treatment, 299
escharotomy, 298, 299
exposed joints, 303, 304
mechanisms of the injury, 297
palm burn, 303
principles of treatment, 298
reconstruction, 303

amputation deformity, 306
claw deformities, 304

hypertrophic scars, 306
nail bed deformity, 306
palmar contractures, 304, 305
web space deformities, 305

rehabilitation, 306
splinting, 299, 300
surgical treatment, 300
wound management, 300

Head and neck reconstruction
alopecia reconstruction of burned scalp, 156–158
eyelid reconstruction, 157
facial reconstruction, 158
nose reconstruction, 157
SIF flap, 158–160

Head of the bed (HOB), 126
Hearing impairment, 221, 222
Hemifacial reconstruction, 158
Heteropalpebral skin flap, 212
Heterotopic ossification, 127
High-fidelity training (HFT), 327, 328
Horizontal eyelid tightening, 215

canaliculi, obstruction of, 215
lower eyelid sling, 215

Hospital Anxiety and Depression Scale  
(depression subscale) (HADS), 17

House–Brackmann scale, 87
Human ear

anatomy, 218
imagery, 218

Hyalomatrix®, 73
Hydration, 96
Hydrostatic pressure, 284
Hypercoagulability, 42
Hyperextension, 144
Hypergranulation, 44
Hypertrophic and contracted scars, 144
Hypertrophic burn scar, 113
Hypertrophic scars, 52, 72, 75, 139, 304, 306
Hypnosis, 18
Hypodermis, 28
Hypoperfusion secondary to edema  

formation, 43
Hypopigmentation, 52
Hypopigmented burn scars, repigmentation of, 112
Hypopigmented scar, 114, 115

I
Imipramine, 10
Immune competent epithelial cells, 29, 30
Immunosuppression, 42
Induced pluripotent stem (iPS) cells, 29
Inflammation, 30, 32–34, 42, 43
Informed consent, 117
Integra®, 73, 190, 201, 202, 263, 265, 302
Interference fringe projection profilometry, 59
Interferometry, 59
Interferon, 76
Interleukin-10 (IL-10), 112
Intermingled grafting, 171
Interpersonal psychotherapy (IPT), 9
Intraclass correlation coefficient (ICC), 53
Intralesional corticosteroid injections, 74
Invasive strategies, 198
Ischemic necrosis, 299
Isokinetic dynamometry strength testing, 130
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K
Karapandzic flap, 237, 244
Karasek’s approach, 176
Keloids, 103, 104, 115
Keloids surgical therapy, 72
Keratinocytes, 29, 30, 176
Keratins (K), 29
Kirschner wire, 275

L
Labscan XE, 57
Langerhans cells (LCs), 27, 31–33
Large alopecia, 259
Large-size muscular flaps, 276
Laser profilometry, 59
Laser therapy, 75, 97, 99

ablative lasers, 99, 100
keloids, 103, 104
linear hypertrophic scars, 101, 102
linear scars, 100, 101
nonablative lasers, 99, 100
widespread hypertrophic scars, 102

Lateral upper arm flap, 274
Latissimus dorsi flap, 274
Lean body mass measurements, 130
Lidocaine, 121
Light-touch responses, merkel cell, 30, 31
Linear hypertrophic scars, 101, 102
Linear scars, 100, 101
Lipoaspirate, 121
Lipofilling, 117, 119, 120, 123
Local fasciocutanoeus and muscle flaps, 285, 286
Local flap, 200, 202, 237, 285–288

foot, thermal injuries to
dorsalis pedis artery, 286, 289
posterior tibial artery, 289–292

tattoo, 266
transposition flaps, 265
Z-plasties, 265

Local/microvascular flaps, 304
Local muscle and fasciocutanous flaps, 287
Local skin flaps, 144, 145

double-opposing Z-plasty, 146–148
musculocutaneous/fasciocutaneous  

flap technique, 148
Z-plasty, 145–146

Local tissue flaps, eyelid reconstruction, 211, 212
Long-time sequelae, 291, 292
Loss of function, 225, 226
Lower extremity reconstruction, 271, 273, 275, 276

free flap, 274
Kirschner wire, 275
large-size muscular flaps, 276
local/rotation flap, 275
perforator flap, 275
primary reconstruction, 275
radical debridement, 276
sandwich technique, 275
skin graft transplantation, 271, 272
Z-plasty technique, 271, 272

Lower eyelid, 209
Lower lip, reconstruction, 244, 246
Low-fidelity training (LFT), 327
Lubricants and solar exposition, 96
Luer-lock syringes, 121, 122

M
Machine learning systems, 83
Magnetic resonance imaging (MRI), 58
Manchester scar assessment proforma, 54
Manchester scar scale (MSS), 54, 55
MAPS, see Matching assessment of scars and photographs (MAPS)
Masquerade procedure, 214, 215
Masson’s Trichrome staining, 111
Mastcells, 42
Matching assessment of scars and photographs (MAPS), 54, 56
Matriderm®, 73, 144, 184, 190, 200, 265, 302, 304
Maturation phase, 69
Maximum static response assay of facial motion, 87
McCauley RL Classification of burn alopecia, 156
Mechanical profilometry technique, 59
Medical documentation, 79
Medical needling

dermal remodelling, 109
effects on wound, 108
epidermal thickness, increases in, 111
induction of wound healing cascade, 108
needling device, 107, 108
no dyspigmentation after, 111, 112
non-cultured autologous skin cell suspension (NCASCS), 112
normalized perfusion, 110
repigmentation of hypopigmented burn scars, 112
skin elasticity, increase in, 110
skin moisture content, 111
TGF and induction of collagen I, 109
vitamins in wound healing, 111

Medium-thickness superficial burns, 197
Meek technique, 168, 169
Melanin, 30, 115
Melanocytes, 30
Melanocyte-stimulating hormone (MSH), 112
Membrane cell transplants, 178
Merkel cell, 27, 30, 31
Mesenchymal stem cells (MSCs), 29
Mesh graft, 167
Mesh slits, 168
Meshed split skin grafts, 292
Metacarpal phalyngeal (MP) flexion, 127
Metacarpophalangeal joints (MCP), 299, 300, 305
Mexameter, 57, 58
Micro-and macrorelief interferometry, 59
MicrofoamTM tape, 329
Micrograft technique, 215
Micropigmentation, 266
Microporous tape, 257
Microskin grafts, 171, 172
Microskin technique, 169
Microstomia

acute and non-surgical treatment, 238, 239
oral commissure, reconstruction of, 239–241
prevention devices, 238

Microthermal treatment zones (MTZs), 99
Microvascular injury, 42
Microvascular lateral arm flap, 305
Mid-fidelity training (MFT), 327
Mild contractures, 198
Mild defects, neck contractures, 200
Minimally invasive techniques, 107
Minolta chromameter, 57, 58
Mobile documentation, 83, 84
Mobilization protocol, 126, 127
Moderate neck contractures, 198, 200
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Modified Bruce protocol, 132
Modified patient and observer scar assessment scale, 56
Modified vancouver scar scale, 55
Modified Z-plasty, 146
Monoblock flap, 310
Monocytes, 42
Mosquito net related burns, 226
Mucosal flaps, 239
Multijoint exercises, 133
Muscle-sparing flap, 204
Muscular endurance, 133
Musculocutaneous flaps, 148, 159
Mustarde’s Jumping Man plasty, 212
Myocutaneous latissimus dorsi flap flap, 265

N
Nail bed deformity, 306
Narrow-band spectrophotometry, 57
Nasal reconstruction, 249, 250

aesthetic subunits of the nose, 250
nasal deformity, 249
principles, 249, 251

Nasolabial flap, 212
Neck region, burn reconstruction, 197

adjunct surgical procedures, 198
evaluation and classification of neck deformities, 198
neck contractures, surgical reconstruction of

dermal regenerative templates, 200
free flaps, 204
indications, 199
local flap, 202
reconstructive options and guidelines, 199, 200
reconstructive options and guidelines, 200
regional flaps, 203–206
skin grafts, 200
tissue expansion, 202

pathogenesis and associated problems of neck contractures, 197, 
198

prevention, nonsurgical treatment modalities, 198
Necrotomy, 166, 172
Needle abrasion, 107
Neodymium-doped yttrium aluminum garnet (Nd:YAG) laser, 100, 

103
Neural crest hypothesis, 31
Neuropathy, 279
Nipple areola complex (NAC), 261, 267
Nipple areola complex (NAC) reconstruction, 266
Nominal scales, 53
Nonablative lasers, 99, 100
Non-cultured autologous skin cell suspension (NCASCS), 112
Noninvasive therapies, 198
Nonpharmacological chronic burn pain management, 18, 19
Normalized perfusion, 110
Nose reconstruction, 157

O
Obese body shapes, 81
Oedema reduction, 94
Oncologic breast reconstruction, 117
Optical profilometry, 59
Orbicularis oris muscles, 236
Ordinal scales, 53
Osmotic expander, 258
Osseointegration, 321, 322

P
Pain, 8, 17, 18
Palm burn, 303
Palmar contractures, 304, 305
Panniculus adiposus, 28
Parallel-orientated scar collagen, 107
Paresis score system, 87
Part-task training (PTT), 327, 328
Passive mobilisation, 94
Passive range of motion, 93, 94
Pathogen-associated molecular patterns (PAMPs), 29
Pathological scarring, 69, 70
Patient and observer scar assessment scale  

(POSAS), 54, 56, 184, 191
Pattern recognition receptors (PRRs), 29
Peak oxygen consumption, 129, 130
Pedicle flaps, 304

LD flaps, 265
lower extremity reconstruction, 272–274
TRAM flaps, 265

Pelnac®, 73
Percutaneous collagen induction technique, 107
Perforator flap, 149, 275
Periocular skin, 209
Perioral region, reconstruction of

aetiology and pathophysiology, 235
facial burns, treatment of

lower lip, reconstruction, 244, 246
microstomia, 238–241
upper lip, reconstruction, 241–244

general considerations and indications, 237, 238
presentation and classification, 236, 237
relevant anatomy, 235, 236

Phases shift Rapid In vivo Measurement Of the Skin  
(PRIMOS), 59, 186, 187

Photo documentation, 80
on virtual patients, 82, 83

Photogrammetry, 62
Pictorial Children’s Effort Rating Table (PCERT), 129
Pigment cells with immune properties, 30
Planimetry, 52, 61, 62
Plasmacytoid DCs, 33
Plastic and burn surgery, 165
Platelet-derived growth factor (PDGF), 70, 154
Platelet-rich plasma (PRP), 121
Pneumatonometer, 60
Polymorphonuclear cells, 42
Polysomnogram (PSG), 19
POSAS, see Patient and observer scar assessment scale (POSAS)
Post-auricular flap, 227, 229, 230, 232
Postburn pruritus, 19
Posttraumatic growth (PTG), 10
Post-traumatic stress disorder (PTSD), 3, 16

assessment, 6, 7
mental status and delirium, 7, 8
pain, 8
time, 8

comorbidity, 5, 6
diagnostic criteria for, 3, 4
prevalence of, 5
risk factors for development, 6
treatment, 8

cognitive-behavioral therapies, 8, 9
initial intervention, 8
medications, 10
psychosocial interventions, 9
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Post-Traumatic Stress Disorder Symptom Checklist – Civilian version 
(PSCL-C), 16

Pre-auricular skin flap, 230, 232
Preburn emotional and physical health, 15
Preexpanded forehead flap, 252
Pre-expanded locoregional flaps, 161
Pre-expanded musculocutaneous trapezius flap, 205
Pre-expanded parascapular flap, 161, 162
Pregabalin, 10
Pressure methods, 60, 61, 198
Pressure pads, 95, 96
Prevena®, 148
PRIMOS, see Phases shift Rapid In vivo Measurement  

of the Skin (PRIMOS)
Progressive Mobility Proposal, 126
Prolonged exposure (PE), 8
Prolonged tissue expansion (PTE), 153
Propranolol, 10
Prostaglandins, 43
Pruritus, 19, 20
Psychoeducation, 8, 9
PTSD Checklist for DSM-5 (PCL-5), 7
Pulsed dye laser (PDL), 100, 103, 104
Pump-assisted vacuum liposuction, 121
Purely epithelial skin grafts, 174

Q
Quetiapine, 10

R
Race, 70
Radical debridement, 276
Radiotherapy, 74, 75, 97
Random-pattern fascial flap, 230
Range of motion (ROM), 93–95, 126, 127
Rapid eye movement (REM) sleep, 19
RapidForm 2004 3D reverse modelling, 58
Rated perceived exertion (RPE), 129, 131
Reappraisal/reframing, 18
Reduction and augmentation mammaplasty/mastopexy, 267
Regional flaps, 203, 204, 287–288

lower leg, 290
peroneal artery, 290
tibialis anterior artery, 290
tibialis posterior artery, 290
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