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Abstract: In burn medicine, the percentage of the burned body surface area (TBSA-B) to the total
body surface area (TBSA) is a crucial parameter to ensure adequate treatment and therapy. Inaccu-
rate estimations of the burn extent can lead to wrong medical decisions resulting in considerable
consequences for patients. These include, for instance, over-resuscitation, complications due to
fluid aggregation from burn edema, or non-optimal distribution of patients. Due to the frequent
inaccurate TBSA-B estimation in practice, objective methods allowing for precise assessments are
required. Over time, various methods have been established whose development has been influenced
by contemporary technical standards. This article provides an overview of the history of burn size
estimation and describes existing methods with a critical view of their benefits and limitations.
Traditional methods that are still of great practical relevance were developed from the middle of the
20th century. These include the “Lund Browder Chart”, the “Rule of Nines”, and the “Rule of Palms”.
These methods have in common that they assume specific values for different body parts’ surface as
a proportion of the TBSA. Due to the missing consideration of differences regarding sex, age, weight,
height, and body shape, these methods have practical limitations. Due to intensive medical research,
it has been possible to develop three-dimensional computer-based systems that consider patients’
body characteristics and allow a very realistic burn size assessment. To ensure high-quality burn
treatment, comprehensive documentation of the treatment process, and wound healing is essential.
Although traditional paper-based documentation is still used in practice, it no longer meets modern
requirements. Instead, adequate documentation is ensured by electronic documentation systems. An
illustrative software already being used worldwide is “BurnCase 3D”. It allows for an accurate burn
size assessment and a complete medical documentation.

Keywords: burn size assessment; three-dimensional; estimation accuracy; medical documentation;
consequences of inaccurate assessment

1. Introduction

An accurate assessment of both the burn depth and the burn extent is essential for
adequate and successful treatment. In order to determine the burn depth, German-speaking
countries differentiate between so-called burn degrees correlating with an increasing depth
of a burn of the skin [1,2]:

“First-Degree” burns affect the epidermis and lead to redness and severe pain but do
not cause cell death.

“Second-Degree” burns are distinguished between “second-degree superficial” (2a)
and “second-degree deep” (2b). Whereas the first type involves damage to the epidermis
and the superficial dermis, with blisters, a rosy and recapillarizing wound base, severe
pain, and firmly anchored hair, the second type is characterized by injuries to the deep
dermis and skin appendages. The wound is comparatively pale and has little or no
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recapillarization, and the pain receptors are partially destroyed, the pain perception of the
patient is reduced, and the hairs are easy to remove.

“Third-Degree” burns lead to complete epidermal and dermal destruction and are
accompanied by hair absence and a dry, white, leathery hard wound base without pain.

Historically, a “fourth-degree” burn was also distinguished. In this type of burn,
charring occurs, and in addition to the epidermis and dermis, other layers are destroyed,
such as the subcutaneous fatty tissue, muscles, tendons, bones, or joints.

In comparison, English-speaking countries classify the burn depth into “superficial”,
“superficial partial thickness” burn (equal to second-degree superficial), “deep partial
thickness” burn (equal to second-degree deep), and “full thickness” burn (equal to a third-
degree or fourth-degree) [2]. Clinical evaluations are never reliable, and “the accuracy of
bedside depth assessment is widely considered to be far from optimal” [3] (p. 762).

While in clinical practice, an assessment of burn depth based on these classifications
tends to be difficult, a classification based on healing time is usually of higher practical
value [3]. Usually, burns healing within one week are categorized as “first-degree” or
“superficial” burns; those healing within two weeks are referred to as “second-degree
superficial” or “superficial partial thickness” burns. If healing occurs within three weeks
or more, the burns are classified as “second-degree deep” or “deep partial thickness”
burns, while burns taking even longer to heal but still heal spontaneously from the skin’s
appendages are classified in the same group. “Full thickness” burns do not heal from
regenerative tissue in the wound but the margins [3]. An exact classification of which burn
degree correlates with healing time is not given. It is challenging to differentiate between
partial deep or 2b burns and full thickness or third-degree burns.

As described above, in addition to the depth of a burn injury, the burn extent is
the second important criterion to be assessed to determine adequate treatment methods.
The latter is defined as the percentage of the burned body surface area (TBSA-B) to the
total body surface area (TBSA), whereby first-degree burns are excluded. According to
different studies, an accurate determination of the extent of a burn injury often proves to
be challenging in practice. In most cases, TBSA-B is overestimated [2].

Although both burn depth and burn extent are important criteria in burn medicine,
the scope of this paper is limited to the assessment and documentation of burn extent.

2. Consequences of Inaccurate TBSA-B Assessment

Inaccurate TBSA-B estimations can lead to considerable consequences. The most
important ones are described in the following.

2.1. Over-Resuscitation

Underhill [4] first published the suggestion to treat burns with fluids intravenously
in 1930. A significant advance in the shock treatment of burn injuries was achieved
with feasible fluid resuscitation rules based on the “Parkland formula”, also known as
the “Baxter Parkland formula”. Baxter and Shires proposed it in 1968 [5]. In 1979, a
conference sponsored by the “National Institutes of Health” (NIH) was concluded with
a recommendation to resuscitate burn patients with as little fluid as possible to maintain
organ perfusion. Accordingly, the initial fluid therapy in the first 24 h should consist of
isotonic crystalloid with a volume between 2 and 4 mL/kg/TBSA-B and should be titrated
to ensure the urinary output of 30–50 mL/h [6].

Abdominal compartments drew attention because most burn centers used fluid volumes
for resuscitation, some of which were significantly above the calculated 4 mL/kg/TBSA-B.
Several possible reasons for this are described below.

First of all, there was a trend to optimizing resuscitation to “supranormal values” [7]
(p. 416). Small fluid boluses were administered until the cardiac output stopped increasing.
According to the motto “the more, the better”, this procedure allowed the application of
very high volumes. While the initial findings appeared promising, supranormal values
did not yield improved results in a multicenter study [8]. Sympathetic activation by
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vasoconstrictive substances like catecholamine or angiotensin 2 raises central venous
pressure (CVP) and releases arterial natriuretic peptide (ANP). Release appears in the early
phase of the burn injury when pain increases blood pressure and triggers tachycardia.
ANP mediates the “shredding” of the glycocalyx responsible for hindering vessels from
leakage [9,10]. The application of additional fluid can aggravate the “shredding” [11].
Damage to the glycocalyx can cause capillary leakage, which later requires higher amounts
of fluid [12]. Low volume and high volume responders could be identified after the first
four hours. The difference started after two hours and remained unchanged [13]. Once
initiated, “fluid begets more fluid” [12] (p. 234). Urinary control alone fails to hinder
severe capillary leakage, as fluid goes into the interstitial tissue, which does not necessarily
cause higher blood pressure or higher urine output. Friedrich et al. [14] demonstrated this,
examining supra-Baxter resuscitation, and did not observe any difference in 24-h urine
output between groups with high and low resuscitation volume. Similarly, Engrav et al. [15]
found that there is no rise in average urine output despite increased fluid administration.
Regan and Hotwagner [16] recommended the goal of 1 mL/kg per hour for pediatrics
below 30 kg and 0.5 mL/kg per hour for those weighing more than 30 kg.

The initial overestimation of TBSA-B enhances all previous effects. Over-resuscitation
due to overestimation frequently happens in the course of primary transport, when urine
output is not measured, and it often occurs in emergency departments. Overestimation
leads to over-resuscitation, and this contributes to capillary damage and edema. The
consequences of burn edema can lead to severe complications, which cannot be reversed
easily later.

2.2. Complications Because of Fluid Aggregation from Burn Edema

While frequently occurring consequences of burn edema, including pulmonary dys-
function and increased intraabdominal and intercompartmental complications, are well
described [17], mortality resulting from high-volume resuscitation has not been scientifi-
cally proven. However, from abdominal compartments in burns, Strang et al. [18] described
an average mortality rate of 74.8%. To the authors’ best knowledge, local complications,
such as reduced take rates of dermatomes, have not been investigated by adequate studies
up to date, although it is common surgical knowledge [19]. However, it was proved that
low volume resuscitation mitigates the probability of multiple organ dysfunction syn-
dromes (MODS) and improves lung function in the early stages [20]. Besides, “suboptimal
fluid resuscitation in burn patients leads to greater burn depth and extension of the shock
period” [21] (p. 293).

2.3. Missing Accuracy in Studies

It is widely accepted that scientific approaches to burn treatment rely on an accurate
TBSA-B assessment. Aiming at establishing standards for burn treatment, various interna-
tional initiatives have been started. Without being exhaustive, these include, for example,
the “One Burn One Standard” (OBOS) initiative of the “American Burn Association” (ABA)
Committee for the “Organization and Delivery of Burn Care” (ODBC) [22], the “One
World, One Burn Rehabilitation Standard” of the “International Society for Burn Injuries”
(ISBI) [23], or the standardization initiatives of the German Society for Burn Medicine [1].

The need for standards has been well demonstrated, for example, in the study “Inflam-
mation and the Host Response to Injury” [24]. The development of a standard operating
procedure was considered relevant for the study to provide high-quality clinical outcome
measures in burn treatment as a basis for further evaluation of genetic and proteomic
alterations and their influence on inflammation [25]. As in other studies, the TBSA-B
assessment in this study relies on the “Lund Browder Chart” and does not consider inher-
ent errors such as over- and underestimation or inter-rater errors, i.e., two investigators
estimating the size of one and the same burn differently. Even in an expert environment
where TBSA-B assessments are carried out, the method’s validity and error-based data are
essential for further conclusions. As pointed out by Nichter et al. [26] and Wachtel et al. [27],
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an inter-rater error of 10% can affect the results and significance of studies. Errors like these
can easily be avoided and modified using electronic media.

2.4. Non-Optimal Distribution of Patients
2.4.1. Distribution to Burn Centers

In deciding whether patients should be transferred to burn centers, the size of a burn
injury is the most crucial factor. It is initially evaluated either preclinically or in the emer-
gency room, in surroundings usually not accustomed to the burn treatment. In many cases
it deviates significantly from the subsequent TBSA-B evaluation in a burn center [28,29].
Goverman et al. [30] showed that as a result of the initial burn assessment, 59% of pediatric
patients of an average age of 4.1 years were given significantly more fluid than according to
the later evaluation in the burn center would have been required. Furthermore, this study’s
authors reported an overestimation of burn size in 94% of all transferred children, with an
average TBSA-B overestimation of 339% by referring hospitals. Reasons for this might be
the lacking experience of non-trained medical personnel and the unavailability of special
technical equipment [31,32]. Since the “Lund Browder Chart”, which usually results in an
overestimation of burn size, was the basis for the assessment, the reported overestimation
rate might be higher. However, according to ABA rules, specific percentages of TBSA-B
indicate patient transfers to burn centers; hence, an overestimation could result not only in
excessive use of resources but also in avoidable costs for transportation [33].

2.4.2. Distribution of Patients in Mass Casualty Situations

In the case of mass casualty situations, the capacity utilization of burn centers is
of crucial importance. Therefore, the distribution of burn patients needs to be carefully
managed. Inaccurate burn size estimations can lead to non-optimal treatment decisions and
complications. Failed distribution to burn centers can hinder treatment for those patients
who urgently need it.

3. Methods for Burn Size Estimation

Due to the frequently occurring inaccurate estimation of the burn size in practice
and the associated far-reaching consequences for patients and medical resources, objective
methods allowing for a more accurate burn size assessment are required. Over time, various
methods have been established, whose development has been influenced by contemporary
technical standards. The following is an extract of burn size estimation history and shows
methods proven in practice or with high practical potential. Figure 1 shows this extract of
TBSA-B determination methods as a timeline.
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3.1. Initial Scientific Approaches and Findings for Estimating TBSA-B

Documented knowledge about the link between the severity of burns and the survival
probability begun in Europe in the late 18th century with Richter’s report in the year 1788.
Schjerning gave a rough description of this connection in 1884. The correlation of burn size
and mortality was questioned at that time, for example, by Liman [34]. Based on Meeh’s
calculations in 1879, Weidenfeld from the University of Vienna established a constant ratio
of well-defined body areas to the TBSA. He defined the ratio as proportions and not yet
as percentages. Besides, Weidenfeld demonstrated the correlation between burn size and
time of early death [34]. Riehl confirmed these findings in 1925 [35].

Without being aware of the work by Weidenfeld, Berkow recalculated the surface
area of the body parts of five people with different physiques according to Dubois and
Dubois [36]. He observed a mean error rate of 15% in Meeh’s calculations and reported
an average error below 5% in his owns. Further, Berkow found that children’s body
proportions differ from those of adults and suggested to take this into account. He proposed
to name the method of calculating burn size as a percentage of the TBSA according to
Weidenfeld and himself, but this was rejected [34].

In 1942, the scientifically based burn treatment became the focus of national interest,
not only due to the ongoing World War but also because of the “coconut grove nightclub
disaster”. A Burn Research Service was established at Boston City Hospital, and a “National
Committee for Burn and Trauma Research” begun its work. TBSA-B determination and the
feasibility of a high-quality method became increasingly important. Treating burn shock
on the basis of TBSA-B was suggested at the “National Research Council Conference” in
1942 [34].

3.2. Lund Browder Chart

Two years later, in 1944, C.C. Lund and N.C. Browder [37] from Harvard Medical
School published the so-called “Lund Browder Chart” to improve the calculation of body
proportions and to reduce errors. This chart was based on Boyd’s [38] surface area cal-
culations. Lund and Browder defined clear boundaries of body regions and considered
different proportions during human growth. Even though many authors have modified the
“Lund Browder Chart” [39,40], it has remained in use in its original form until the present.

3.2.1. Description

The “Lund Browder Chart” illustrates the human body’s front and back in a graphic
model and assigns different body proportions to different age groups. It shows the bound-
aries of specific body regions for which different percentages of TBSA are defined. For the
calculation procedure, an adapted planimetry is used. Even though the “Lund Browder
Chart” does not differentiate depending on sex, weight, height, or body shape, many
authors consider it “the most accurate” method [41] (p. 58).

3.2.2. Estimation Accuracy and Criticism

Several authors reported an overestimation of burn extent when using the “Lund
Browder Chart”. This could be due to the fact that it is based on just a single physique.
Different weight categories and body shapes are not taken into account, nor are changes in
body proportions between the respective age groups [41,42].

Additionally, in comparison with 3D methods, burn size assessments using the “Lund
Browder Chart” result in severe overestimations [42]. Overestimations tend to be more
significant in small burns and smaller in more extensive burns [43]. When using the “Lund
Browder Chart”, underestimation of the extent of a burn injury is comparatively rare. It is
particularly likely to occur in the case of very extensive burns, as the assessor may tend to
estimate the healthy skin areas rather than the burned ones [41].

Furthermore, the use of the “Lund Browder Chart” often leads to high inter-rater
errors. Such differences between assessors evaluating the same burn are often related to
different environments (e.g., accident and emergency departments, preclinical evaluations,
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and burn centers), where several errors may occur. In many studies, large differences
were found [28,29,44,45], with most of the preclinical evaluations being compared with the
evaluation results of the burn centers, which in turn relied on the “Lund Browder Chart”.

The challenge in the evaluation of the “Lund Browder Chart” lies in comparing it
with objective measurements. Although not objective either, the “gold standard” for
comparisons is typically an experienced senior surgeon at a burn center. Computer-aided
planimetry can only improve the percentage of burns in identified areas without calculating
the actual extent since the projection error is inherent in this method. However, comput-
erized techniques, such as 3D measurements and stereogrammetry, can be appropriate.
Another way to evaluate burns is to use paper squares [41]. Klippel [46] expressed doubts
regarding the validity of the “Lund Browder Chart” since it has not been validated and is
based on rather old data.

3.3. Rule of Nines

Continuing with the history of burn size estimation, another method still used in
practice is the so-called “Rule of Nines”, originating from a discussion between friends
Wallace and Pulaski in 1949. At a symposium of the “National Burns Research Council” in
Washington in 1950, Pulaski presented a slide of the “Rule of Nines” based on a collabora-
tion with Tennison, leading to the fact that most American authors consider these two to
be the original authors of the rule [34].

3.3.1. Description

In his publication in 1951, Wallace [47] assumed for different body parts the following
proportions of the TBSA: arms 9% of the TBSA each, legs 18% each, chest and back 18%
each, head and face 9%, neck 1%, and genital area 1%. Like the “Lund Browder Chart”, the
“Rule of Nines” ignores differences in sex, weight, height, and body shapes.

3.3.2. Estimation Accuracy and Criticism

Initially, the “Rule of Nines” was meant for preclinical application in the event of
disasters and mass casualties. When using this rule, the burn extent is overestimated in
many cases [27,48]. For example, Giretzlehner et al. [49] reported a mean overestimation
rate of 138% using the “Rule of Nines” and the “Lund Browder Chart”. Furthermore,
overestimation mostly occurs in patients with an increased body mass index (BMI). For
patients weighing more than 80 kg, it is more promising to apply a “Rule of Fives”, and
below 10 kg to apply a “Rule of Eights” [50]. Disregarding different body shapes usually
results in an overestimation of extremity burns and underestimating upper body burns [51].
In comparison to the results of 3D scans, the back and the torso of normal-weighted patients
are overrepresented by the “Rule of Nines” [52]. Additionally, a high inter-rater error can
be expected [42].

3.4. Rule of Palms

The “Rule of Palms” by Rossiter et al. [53] relies on the original “Lund Browder Chart”.
It can be applied either alone or in combination with other methods such as the “Lund
Browder Chart” to estimate the TBSA-B of a specific body region.

3.4.1. Description

In its simplest form, the “Rule of Palms” states that the patient’s hand’s surface ac-
counts for approximately 1% of the TBSA. Due to different understandings on whether the
palm should be calculated including or excluding fingers, this rule is used inconsistently in
practice [53]. It is mainly applied to measure the size of reasonably small burn injuries [34].

3.4.2. Estimation Accuracy and Criticism

Usually, the “Rule of Palms” results in an overestimation of the actual burn extent.
Fundamental differences are depending on sex and age. Assuming normal BMI, the palm
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of a man represents an average of 0.81% and the palm of a woman 0.67% [53] of the TBSA.
The isolated palm without fingers amounts to 0.52% for males and 0.43% for females [53].
In children aged between one and 13 years, the palm with fingers accounts for 0.92% and
the palm without fingers for 0.52% on average [54].

The BMI influences the “Rule of Palms” since the palm’s actual area does not change
to the same extent as the TBSA with a BMI above 30 [55] in neither men nor women.
Butz et al. [56] described the percentage of the palmar surface area of the TBSA depending
on the BMI. In average weight persons with a BMI from 18.5 to 24.9, values between 0.87%
and 0.91% in women and between 0.95% and 0.99% in men were reported. In persons
with a BMI of 40 and higher, the values ranged between 0.67% and 0.70% for females and
between 0.68% and 0.72% for males.

In the practical application of the “Rule of Palms”, the degree of overestimation
varies. For example, Hintermüller [31] found an average overestimation of 70.88% of the
actual area, with seven wounds overestimated in the range from 41.55% to 173.08%. The
“Rule of Palms” could be a reason for the substantial overestimation of up to 100% in the
emergency departments as it was described by Laing et al. [57]. An explicit dependency
on the specialization and grade of assessors in emergency departments was described.
Estimations were between 7% and 133% too high, even though applying a “Lund Browder
Chart”, possibly due to the “Rule of Palms” to assist in “Lund Browder Chart” evaluation.
Besides, Cone [58] described a mean overestimation rate of 75% when referring physicians.
When combining the “Chinese Rule of Nines” with the “Rule of Palms”, Sheng et al. [59]
reported an overestimation in the range from 12% to 30% in 17 wounds evaluated by
four surgeons.

Summing up, a palm does not result in exactly 1% of the TBSA. Not least because of
the inaccurate definition and different usage in practice, a high overestimation rate can be
expected when applying the “Rule of Palms”. Furthermore, a low inter-rater reliability can
be expected [42].

3.5. Two-Dimensional Computer-Aided Systems

In the course of technical advances, the development and implementation of IT-based
systems started at the beginning of the 1980s. Wachtel et al. [60] and Nichter et al. [26] were
among the first to employ electronic systems.

3.5.1. Description

Two-dimensional (2D) computer models rely on simple human body drawings on a
computer screen. These models do not consider the human body’s three-dimensionality,
and in many applications, it is not possible to capture the lateral and other parts of the body.
Moreover, 2D models usually do not depict individual differences in sex, weight, height,
and body shape. Nevertheless, they are easy to handle but can only provide a rather rough
overview of the burn type and the affected areas, particularly on the lateral parts of the
body. In many cases, they miss the actual extent of the burned area.

The planimetry type can be distinguished between simple planimetry and adapted
planimetry. While the former is related to a simple pixel count in a 2D image and is used
in some electronic devices, the latter is a pixel count in a 2D image that is additionally
corrected by a particular percentage recommended for a specific body region.

3.5.2. Sample Applications

An example of a 2D system is the smartphone application “Mersey Burns”. The app
was approved as a medical device by the “U.K. Medicines and Healthcare Regulatory
Agency” [61,62], although the TBSA-B estimation error was not examined. The basis for
the electronic calculations is a two-dimensional “Lund Browder Chart” [62].

Besides, “SAGE II” (“Surface Area Graphic Evaluation II”) was developed by Parshley
in 1987 and relies on an adapted planimetry of “Lund Browder”. It uses 2D charts that can
be adapted to age, weight, and height [63]. It is available online for free single evaluations
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or as a licensed version for multiple observations. Unfortunately, the web application is no
longer running in modern web browsers. Other examples for adapted planimetry include
the “Rule of Nines” [64], the “Rule of Fives” [51], the “Lund Browder Chart” [37], and
related charts, and some computerized charts partly accommodated to the individual char-
acteristics of the patient. Furthermore, most apps for smartphones rely on 2D calculations
that are corrected by the percentages of “Lund Browder”.

3.5.3. Quality of Estimation Reliability

In terms of estimation accuracy, 2D systems have the disadvantage that projection
errors occur. When displaying a lateral burn, e.g., a burn in the lateral abdominal area,
a 2D system would display the body in an anterior and posterior half. This results in a
distortion and thus an incorrect calculation of the extent of the burn. Figure 2 shows an
example where a quarter of the anterior trunk is affected. In the 2D perspective this would
only be 0.25 of the body width. Using a 3D system, the same represents the arc length of
0.345, which is ∆ = 27.54% larger (∆ represents the difference in percentage).
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3.6. Three-Dimensional Computer-Aided Systems

In 1994, Lee et al. were the first to develop and describe 3D (three-dimensional)
systems [65,66]. The significant advantages of 3D models are the lateral areas’ presence
and the possibility of adapting to the patients’ characteristics and better representing the
real patient. Three-dimensional systems prevent the methodological error of reduction to
a 2D drawing. Typically, 3D systems allow for an adaptation to sex, weight, height, and
body shape. Available systems achieve a high validity in adults with a BMI below 30, but
there are some limitations with very obese burn patients and unusual body proportions.
The more accurate the model is, the more precise the adaptation to the individual body
shape and body characteristics of the patient [67].

Systems based on individual measurements should provide an exact picture of the
patient’s body to be assessed, considering the individual body characteristics. A precise
3D scan appears to be a complete individual and accurate 3D model. However, due to the
time-consuming process, they were mainly applied in studies, having deficiencies, and
showing other methods’ weaknesses [68].

Model-based systems use models that are modified to sex, height, weight, age, and
body shape. Based on the measurements, the model is selected from a library either by the
user or partially or fully computer-aided. As far as the computer system allows, the model
is then adapted to the individual characteristics.
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3.6.1. Three-Dimensional Images

3D images, together with a size objectification (e.g., a ruler, a fixed distance between
photos, or a grid pattern [69]) have a high potential to accurately assess the extent of burns,
particularly of small ones. Since the values are expressed in square centimeters, calculating
the TBSA-B percentage requires a TBSA estimation formula. Therefore, this method is only
suitable for small burn injuries [70].

3.6.2. Three-Dimensional Scans

Three-dimensional scans provide a good support to accurately determine TBSA-B
since once calibrated, these systems indicate an area’s absolute size.

Partial scans: One field of application of partial scans is the production of compression
devices, e.g., for the head. The 3D scan of the face and scars replaces the traditional plaster
cast method. 3D printers can produce compression devices. Unique algorithms must
determine the degree of compression.

Total scans: In the case of burn injuries or unusual body proportions, the 3D scan
requires a full body scan of each aspect. Since a scan is only able to determine the body
surface, scans of the armpit, perineum, and others are also required. Thus, an average of
eight scans is needed to precisely reconstruct a body [71]. The individual scans have to
be combined into one whole-body scan image that requires evaluating the composition
procedure. Three-dimensional scans from point clouds need to be stored in a model to
evaluate changes on the surface. All surface points can be tracked over the timeline.

So far, no useful 3D scan has been published for whole-body scans in the context
of burn injuries. “BurnCalc” shows the accuracy of 3D scans but does not indicate their
application in the case of patients under ventilation and sedation. The storage in a point
cloud does not track a specific spot of the surface over different scans [59].

3.6.3. Sample Applications

“3D Burn Vision” is a software (V1.0, University of Chicago, Chicago, CA, USA)
developed at the University of Chicago and was sponsored by the EPRI (“Electric Power
Research Institute”, Washington, DC, USA). It offered many advanced functionalities, such
as adapting to the individual body characteristics of the patient. It allowed for zoom and
rotation, had a morph function, joints could be moved, the results could be stored in an
electronic database and it enabled multiple observations [63]. “3D Burn Vision” allowed
for a documentation of burn degrees and the area of allografts and autografts. Several use
concepts could not be realized due to funding [42].

The research project “BurnCase 3D” allows for 3D registration and documentation
of burn patients. It was initiated as a student project in the year 2001 and is currently
operated by RISC Software GmbH (V2.6, RISC Software GmbH, Hagenberg, Austria) that
is 80% a subsidiary of the Johannes Kepler University in Linz and 20% owned by Upper
Austrian Research. For an annual fee, members can use the full functionality, influence the
ongoing project and receive support. The software and database run on modern Windows
versions and can be used as a standalone version or as a server with multiple clients serving
different departments or even hospital networks.

The development of “BurnCase 3D” was supported by numerous medical partners. It
is the basis for implementing a new software framework for application-oriented research
in the documentation and treatment of burns. This framework is being developed within
the ongoing international follow-up research project “SenseBurn” (“EUREKA-2 Eurostars”).
The latter is characterized by numerous qualities that allow for easy and accurate estimation
and burn injuries documentation:

Platform independence: The development resulted in software that runs on Android,
iOS, Windows, Linux, MacOS, and directly in a web browser without requiring installation.

Patient-Specific 3D models: The creation and adaptation of patient-specific 3D models
for different body shapes and proportions were realized with hand-crafted expansion
vectors deforming a 3D model from a uniform model collection. These unified 3D models
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allow for continuous documentation, even if body proportions require a different base
model. Personalized models considerably increase documentation quality.

Pose adaptation: The implementation of an automated pose adaptation of the model
was realized to facilitate efficient clinical routine use. For this purpose, the joints’ location
and position are extracted from a single RGB image using machine learning algorithms.
Due to the exact match of pose and shape of the 3D model, the wound surfaces’ transfer is
possible with minimal effort and high accuracy.

Exact transmission of wound areas without artifacts: With the development of a new
method for wound annotation independent of the mesh resolution of the 3D model, it is
now possible for the first time to document tiny areas or slight changes over time.

New possibilities: The implementation of new algorithms such as machine learning
provides the opportunity to use future technologies.

Nichter et al. already implemented graphics tablets for drawing burns in 1984 [26].
Technological advances decreased the size of computers and monitors, providing more
power than the large ones of earlier times. As a result, many applications were created to
perform TBSA calculations based on the principles described later [32,62]. More recently,
platform-independent TBSA calculators have been developed as apps for smartphones
and tablets.

Another system is “BurnCalc” that was developed by Sheng et al. [59]. It allows for 3D
scanning, 3D reconstruction, and interactive TBSA-B calculation. It is a high-tech approach
demonstrating the high accuracy of 3D systems. However, its feasibility has not been
proven in clinical application.

The programs and apps described above can guide burn treatment, but their imple-
mentation is limited because of medical device regulations and the lack of certifications
as a medical product by the Food and Drug Administration (FDA) or/and the European
Community.

3.6.4. Quality of Estimation Reliability

Different results of calculators can be explained by different methods used. Usually,
3D systems show a little inter-rater error and a high intraclass correlation.

Hintermüller [31] compared an electronic 2D system (“Mersey Burns“) with an elec-
tronic 3D system (“BurnCase 3D“). As the results showed, “Mersey Burns” was associated
with a mean overestimation rate of 32.16% to the ground truth. “BurnCase 3D” showed an
overall difference to the ground truth of −4.53%. Thus, in terms of accuracy, the 3D system
outperformed the 2D method. Goldberg et al. [72] reported similar results.

Parvizi et al. [67] demonstrated the high reliability and validity of “BurnCase 3D”. In
their validation study, artificial burn wounds of known size were applied to different ages
and sex models. The study showed an average overestimation rate of burn extent of 0.4%
in the pediatric model, 2.8% in the female model, and 1.5% in the male model.

Hintermüller [31] concluded that IT systems could help minimize potential errors or
deviations from the actual burn extent, mostly when the less experienced medical staff
performs the assessment.

As already pointed out, overestimation of the burn extent often leads to over-
resuscitation, which in turn is a frequent cause of complications such as burn edema
or capillary damage. Since 3D systems allow a very accurate calculation of the burn extent,
their application can reduce such complications.

Adaptations of conventional methods such as the “Rule of Nines” or the “Lund
Browder Chart” were developed to meet the challenge of varying body proportions during
growth. Nevertheless, the developments led to inaccurate results in measuring TBSA-B,
often with overestimation of burn extent or low inter-rater reliability [73].

Haller et al. [42] scored the extent to which different TBSA-B assessment methods
meet future requirements in burn care. Traditional manual methods have the advantage
that they are easy to use and require little equipment. However, compared to electronic
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3D systems, they do not consider differences in individual physiology and are therefore
less accurate.

Computer-based systems can still be prone to a methodological error, which occurs
when transferring a 3D surface to a 2D model. The percentage assigned for a specific area
by “Lund Browder” is not accurate for an individual. Nevertheless, inter-rater error is
lower than manual and brain work, both in 2D and 3D systems [31,60,67,74].

4. Documentation
4.1. Medical Documentation

Any documentation aims to make the documented facts available. In most cases, such
documentations focus on gathering data itself rather than making existing data available.

Documentation requirements are far beyond traditional paper-based documentation,
even if converted into computer-based forms. Experts have well defined the required
medical features for wound documentation. Even if there is plenty of literature dealing with
chronic wounds [75,76], we found no validated standards for burn wound documentation
of all necessary aspects.

From a medical point of view, the requirements to ensure modern and up-to-date
wound documentation should be adapted to burn wounds and at least consist of:

• Medical history and general status of the patient with all its features;
• Recent and frequent photographic documentation to evaluate changes in the wound;
• Wound assessment with all its features;
• Course of healing;
• Documentation of therapeutic measures and their efficacy;
• Results of follow-ups;
• Traceability and verification of authors.

4.2. Standards Required for Data Analysis

Due to a possibly low number of cases, it is beneficial to analyze multiple burn centers’
collected data. A shared merged datastore is necessary considering data security concerns.
Merging data from multiple sources is a significant challenge because institutions use
different software tools, different types of data storage structures, different conventions,
unequal periods, and different levels of data aggregation. Commonly accepted data stan-
dards and compliant implementation of all parties’ systems are necessary [77]. Solutions to
get standardized data of different institutions might be the usage of a standardized docu-
mentation system like “BurnCase 3D” or the transforming of each single data collection to
a unique one.

4.3. Existing Documentation Systems

Although paper-based documentation has significant shortcomings compared to
electronic wound documentation [78], many institutions still use paper forms (or free-text
electronic forms). The literature shows that most clinical systems do not meet the known
requirements for successful burn documentation.

Many existing documentation systems use predefined terms without indicating their
sources or have deficiencies in capturing a patient’s complete medical history due to the
lack of standards. Besides, most of them do not include the ability to perform statistical
analysis of the collected data simultaneously, and only a few systems can collect data via
mobile devices [79].

4.3.1. Electronic Documentation

Paper-based wound documentation is no valid alternative. Up-to-date wound docu-
mentation brings up more challenges and requirements.

Electronic documentation systems proved qualitative and quantitative advantages in
several studies. They enhance documentation quality, reduce documentation errors, and
result in positive attitudes among medical staff. Advantages like better availability and
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evaluability of the collected data, the more direct exchange of information (for consultation
of experts), easier access to resources, and creation of new medical knowledge were
described by Törnvall et al. [78] and Kinnunen et al. [75].

Electronic documentation does not necessarily generate scientifically useful data. Even
though free-text documentation has flexible terms, dynamic expressions, and more effective
recording through dictation, it also has serious shortcomings. Due to linguistic diversity
and the lack of structure, there is no possibility to check the quality and completeness
of the documentation. Additionally, free-text documentation often assumes besides text
other implicit information, and data analysis beyond single patients is complicated and
error-prone [80].

Thus, to ensure an optimal basis for data evaluation, a documentation system should
provide structured data for selection and avoid free-text documentation. Structured record-
ing allows for an exact recording of facts of defined scopes, such as the complete patient,
an exceptional condition, or a single examination. Although the information given might
sometimes be less comprehensive than in free-text documentation [80], the quality of
structured data is superior due to uniform terminology.

Specifically, for the documentation of burn injuries, a relatively comprehensive docu-
mentation system has been developed. “BurnCase 3D” provides a library of 3D models,
which can be adapted to sex, age, height, and weight. This system replaces estimation
by automatically calculating the burned surface area (TBSA-B) regardless of body shape.
The 3D model can be moved, rotated, and scaled. Users can transfer burn wounds from
superimposed photos to the 3D model. “BurnCase 3D” enables full documentation of the
entire treatment process from initial assessment to the outcome. Parvizi et al. [67] proved
“BurnCase 3D” as a valid and reliable tool for TBSA-B determination and documentation.

From the perspective of medical care management, a significant advantage of 3D
systems such as “Burncase 3D” is the accurate documentation of the wound healing process
over time, so that the course of treatment can be monitored and appropriate follow-up
treatment measures can be taken.

For significant improvements in modern burn care, it is essential to optimize TBSA-B
methods and have complete comparable documentation sets.

4.3.2. Mobile Documentation

Mobile devices change the paradigm of data acquisition. Smartphones and tablets
facilitate the remote exchange of medical information to assist diagnosis and treatment [81].
These devices are operated on different software platforms (e.g., Android, iOS, and Win-
dows). A modern, state-of-the-art computer documentation system must be able to handle
different operating systems. A platform-independent (e.g., HTML5-based) solution is
required for this reason.

4.3.3. Photo Documentation

Recent and frequent photographic documentation is necessary to evaluate changes
in the wound. Changing staff requires up to date information to avoid unnecessary pain
and disturbing dressing changes. For scientific evaluation of the wound, photographic
documentation is essential. Infrared and multispectral imaging are examples for particular
photographic applications.

Assignment of photos to an actual body localization must be intuitive to be beneficial.
High-quality photographs stored in a PACS (picture archiving and communication system)
with an automated assignment to all available data (e.g., patient body region and burn
condition, date) is necessary to be useful in medical routine. Burn documentation must be
able to interact with PACS in the most automated way.
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5. Conclusions

The article shows up the consequences of inaccurate TBSA-B assessment, which under-
lines the importance of appropriate methods. During the last century, several approaches
have been developed to meet the requirements and enhance the burn size determination.

Several traditional methods like the “Lund Browder Chart”, the “Rule of Nines”, or the
“Rule of Palms” are still of high practical relevance due to their simplicity and availability.
Literature has shown some limitations of those methods; therefore, it is important to be
aware of them.

In accordance with the technical achievements, modern computer-aided methods
have proven to be superior to conventional methods. Computer-aided assessment and
documentation systems have the potential to enable the way to a holistic structured and
standardized documentation, which is essential to create new medical evidence, which
brings the burn treatment a step forward.

To enable an even more comprehensive determination and documentation of burn
injuries, 3D systems could be combined with various methods for determining the burn
depth in the future. Examples of the latter are already existing methods such as laser
Doppler or multispectral analysis. In the authors’ view, such combinations could enable a
wide range of new possibilities in burn medicine.

Author Contributions: Conceptualization, M.G., I.G. and H.H.; methodology, M.G., I.G. and H.H.;
validation, M.G., I.G. and H.H.; investigation, M.G., I.G. and H.H.; resources, M.G., I.G. and H.H.;
writing—original draft preparation, I.G.; writing—review and editing, M.G., I.G. and H.H.; visual-
ization, I.G.; supervision, H.H.; project administration, M.G.; funding acquisition, M.G. All authors
have read and agreed to the published version of the manuscript.

Funding: The research project BurnCase 3D was supported by the strategic economic- and research
program “Innovatives OÖ 2020” of the province of Upper Austria. RISC Software GmbH is Member
of UAR (Upper Austrian Research) Innovation Network. The research project SenseBurn received
funding from the Eurostars-2 joint program with cofunding from the European Union Horizon 2020
research and innovation program.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: Michael Giretzlehner and Isabell Ganitzer are employed at RISC Software
GmbH, the developer of BurnCase 3D.

Abbreviations

2D two-dimensional
3D three-dimensional
ABA American Burn Association
ANP arterial natriuretic peptide
BMI body mass index
CVP central venous pressure
EPRI Electric Power Research Institute
FDA Food and Drug Administration
ISBI International Society for Burn Injuries
IT information technology
MODS multiple organ dysfunction syndromes
NIH National Institutes of Health (United States)
OBOS One Burn One Standard
ODBC Committee for the Organization and Delivery of Burn Care
PACS picture archiving and communication system
RISC Research Institute for Symbolic Computation
SAGE II Surface Area Graphic Evaluation II
TBSA total body surface area
TBSA-B percentage of the total body surface area burned



Medicina 2021, 57, 242 14 of 16

References
1. Deutsche Gesellschaft für Verbrennungsmedizin (DGV). Leitlinie Behandlung Thermischer Verletzungen des Erwachsenen.

Klasse: S2k. AWMF-Register-Nr.: 044-001 2018. Available online: https://www.verbrennungsmedizin.de/files/dgv_files/pdf/
leitlinien/044-001l_S2k_Thermische__Verletzungen_Erwachsene_2018-10.pdf#page=4 (accessed on 30 November 2020).

2. Haller, H. Verbrennungstiefe und Ausmaß. In Verbrennungen; Springer: Berlin/Heidelberg, Germany, 2009; pp. 159–167.
3. Monstrey, S.; Hoeksema, H.; Verbelen, J.; Pirayesh, A.; Blondeel, P. Assessment of Burn Depth and Burn Wound Healing Potential.

Burns 2008, 34, 761–769. [CrossRef]
4. Underhill, F.P. The Significance of Anhydremia in Extensive Superficial Burns. JAMA 1930, 95, 852. [CrossRef]
5. Baxter, C.R.; Shires, T. Physiological response to crystalloid resuscitation of severe burns. Ann. N. Y. Acad. Sci. 1968, 150, 874–894.

[CrossRef] [PubMed]
6. Schwartz, S.I. Supportive Therapy in Burn Care. Consensus Summary on Fluid Resuscitation. J. Trauma 1979, 19, 876–877.
7. Velmahos, G.C.; Demetriades, D.; Shoemaker, W.C.; Chan, L.S.; Tatevossian, R.; Wo, C.C.; Vassiliu, P.; Cornwell, E.E.; Murray, J.A.;

Roth, B.; et al. Endpoints of Resuscitation of Critically Injured Patients: Normal or Supranormal? Ann. Surg. 2000, 232, 409–418.
[CrossRef]

8. Rhee, P. Shock, Electrolytes, and Fluid. In Textbook of Oral and Maxillofacial Surgery, 19th ed.; Elsevier Inc.: Amsterdam, The
Netherlands, 2012; ISBN 9781437715606.

9. Bruegger, D.; Schwartz, L.; Chappell, D.; Jacob, M.; Rehm, M.; Vogeser, M.; Christ, F.; Reichart, B.; Becker, B.F. Release of Atrial
Natriuretic Peptide Precedes Shedding of the Endothelial Glycocalyx Equally in Patients Undergoing On- and off-Pump Coronary
Artery Bypass Surgery. Basic Res. Cardiol. 2011, 106, 1111–1121. [CrossRef] [PubMed]

10. Jacob, M.; Chappell, D. Mythen Und Fakten Der Perioperativen Infusionstherapie. Deutsch 2009, 358–376.
11. Lobo, D.N.; Stanga, Z.; Aloysius, M.M.; Wicks, C.; Nunes, Q.M.; Ingram, K.L.; Risch, L.; Allison, S.P. Effect of Volume Loading

with 1 Liter Intravenous Infusions of 0.9% Saline, 4% Succinylated Gelatine (Gelofusine) and 6% Hydroxyethyl Starch (Voluven)
on Blood Volume and Endocrine Responses: A Randomized, Three-Way Crossover Study in Healthy Volunteers. Crit. Care Med.
2010, 38, 464–470. [CrossRef] [PubMed]

12. Chung, K.K.; Wolf, S.E.; Cancio, L.C.; Alvarado, R.; Jones, J.A.; McCorcle, J.; King, B.T.; Barillo, D.J.; Renz, E.M.; Blackbourne, L.H.
Resuscitation of Severely Burned Military Casualties: Fluid Begets More Fluid. J. Trauma Inj. Infect. Crit. Care 2009, 67, 231–237.
[CrossRef] [PubMed]

13. Cancio, L.C.; Chávez, S.; Alvarado-Ortega, M.; Barillo, D.J.; Walker, S.C.; McManus, A.T.; Goodwin, C.W. Predicting Increased
Fluid Requirements during the Resuscitation of Thermally Injured Patients. J. Trauma 2004, 56, 404–413. [CrossRef]

14. Friedrich, J.B.; Sullivan, S.R.; Engrav, L.H.; Round, K.A.; Blayney, C.B.; Carrougher, G.J.; Heimbach, D.M.; Honari, S.; Klein, M.B.;
Gibran, N.S. Is Supra-Baxter Resuscitation in Burn Patients a New Phenomenon? Burns 2004, 30, 464–466. [CrossRef] [PubMed]

15. Engrav, L.H.; Heimbach, D.M.; Rivara, F.P.; Kerr, K.F.; Osler, T.; Pham, T.N.; Sharar, S.R.; Esselman, P.C.; Bulger, E.M.; Carrougher,
G.J.; et al. Harborview Burns—1974 to 2009. PLoS ONE 2012, 7, e40086. [CrossRef] [PubMed]

16. Regan, A.; Hotwagner, D.T. Burn Fluid Management. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2020.
17. Cartotto, R.; Zhou, A. Fluid Creep: The Pendulum Hasn’t Swung Back Yet! J. Burn Care Res. 2010, 31, 551–558. [CrossRef]
18. Strang, S.G.; Van Lieshout, E.M.M.; Breederveld, R.S.; Van Waes, O.J.F. A Systematic Review on Intra-Abdominal Pressure in

Severely Burned Patients. Burns 2014, 40, 9–16. [CrossRef] [PubMed]
19. Browning, J.A.; Cindass, R. Burn Debridement, Grafting, and Reconstruction. In StatPearls; StatPearls Publishing: Treasure Island,

FL, USA, 2020.
20. Zhang, J.; Xiang, F.; Tong, D.; Luo, Q.; Yuan, Z.; Yan, H.; Li, X.; Chen, J.; Peng, D.; Luo, G.; et al. Comparative study on the effect

of restrictive fluid management strategy on the early pulmonary function of patients with severe burn. Zhonghua Shao Shang Za
Zhi 2012, 28, 165–169.

21. Guilabert, P.; Usúa, G.; Martín, N.; Abarca, L.; Barret, J.P.; Colomina, M.J. Fluid Resuscitation Management in Patients with Burns:
Update. Br. J. Anaesth. 2016, 117, 284–296. [CrossRef]

22. Hickerson, W.L.; Ryan, C.M.; Conlon, K.M.; Harrington, D.T.; Foster, K.; Schwartz, S.; Iyer, N.; Jeschke, M.; Haller, H.L.; Faucher,
L.D.; et al. What’s in a Name? Recent Key Projects of the Committee on Organization and Delivery of Burn Care. J. Burn Care Res.
2015, 36, 619–625. [CrossRef] [PubMed]

23. Serghiou, M.A.; Niszczak, J.; Parry, I.; Li-Tsang, C.W.P.; Van den Kerckhove, E.; Smailes, S.; Edgar, D. One World One Burn
Rehabilitation Standard. Burns 2016, 42, 1047–1058. [CrossRef]

24. West, M.A.; Moore, E.E.; Shapiro, M.B.; Nathens, A.B.; Cuschieri, J.; Johnson, J.L.; Harbrecht, B.G.; Minei, J.P.; Bankey, P.E.;
Maier, R.V. Inflammation and the Host Response to Injury, a Large-Scale Collaborative Project: Patient-Oriented Research
Core—Standard Operating Procedures for Clinical Care VII—Guidelines for Antibiotic Administration in Severely Injured
Patients. J. Trauma Inj. Infect. Crit. Care 2008, 65, 1511–1519. [CrossRef] [PubMed]

25. Silver, G.M.; Klein, M.B.; Herndon, D.N.; Gamelli, R.L.; Gibran, N.S.; Altstein, L.; McDonald-Smith, G.P.; Tompkins, R.G.; Hunt,
J.L.; The Inflammation and the Host Response to Trauma, Collaborative Research Program. Standard Operating Procedures for
the Clinical Management of Patients Enrolled in a Prospective Study of Inflammation and the Host Response to Thermal Injury. J.
Burn Care Res. 2007, 28, 222–230. [CrossRef]

26. Nichter, L.S.; Williams, J.; Bryant, C.A.; Edlich, R.F. Improving the Accuracy of Burn-Surface Estimation. Plast. Reconstr. Surg.
1985, 76, 428–433. [CrossRef]

https://www.verbrennungsmedizin.de/files/dgv_files/pdf/leitlinien/044-001l_S2k_Thermische__Verletzungen_Erwachsene_2018-10.pdf#page=4
https://www.verbrennungsmedizin.de/files/dgv_files/pdf/leitlinien/044-001l_S2k_Thermische__Verletzungen_Erwachsene_2018-10.pdf#page=4
http://doi.org/10.1016/j.burns.2008.01.009
http://doi.org/10.1001/jama.1930.02720120020006
http://doi.org/10.1111/j.1749-6632.1968.tb14738.x
http://www.ncbi.nlm.nih.gov/pubmed/4973463
http://doi.org/10.1097/00000658-200009000-00013
http://doi.org/10.1007/s00395-011-0203-y
http://www.ncbi.nlm.nih.gov/pubmed/21769675
http://doi.org/10.1097/CCM.0b013e3181bc80f1
http://www.ncbi.nlm.nih.gov/pubmed/19789444
http://doi.org/10.1097/TA.0b013e3181ac68cf
http://www.ncbi.nlm.nih.gov/pubmed/19667873
http://doi.org/10.1097/01.TA.0000075341.43956.E4
http://doi.org/10.1016/j.burns.2004.01.021
http://www.ncbi.nlm.nih.gov/pubmed/15225912
http://doi.org/10.1371/journal.pone.0040086
http://www.ncbi.nlm.nih.gov/pubmed/22792216
http://doi.org/10.1097/BCR.0b013e3181e4d732
http://doi.org/10.1016/j.burns.2013.07.001
http://www.ncbi.nlm.nih.gov/pubmed/24050978
http://doi.org/10.1093/bja/aew266
http://doi.org/10.1097/BCR.0000000000000189
http://www.ncbi.nlm.nih.gov/pubmed/25423435
http://doi.org/10.1016/j.burns.2016.04.002
http://doi.org/10.1097/TA.0b013e318184ee35
http://www.ncbi.nlm.nih.gov/pubmed/19077651
http://doi.org/10.1097/BCR.0B013E318031AA44
http://doi.org/10.1097/00006534-198509000-00017


Medicina 2021, 57, 242 15 of 16

27. Wachtel, T.L.; Berry, C.C.; Wachtel, E.E.; Frank, H.A. The Inter-Rater Reliability of Estimating the Size of Burns from Various Burn
Area Chart Drawings. Burn. J. Int. Soc. Burn Inj. 2000, 26, 156–170. [CrossRef]

28. Berkebile, B.L.; Goldfarb, I.W.; Slater, H. Comparison of Burn Size Estimates Between Prehospital Reports and Burn Center
Evaluations. J. Burn Care Rehabil. 1986, 7, 411–412. [CrossRef] [PubMed]

29. Hammond, J.S.; Ward, C.G. Transfers from Emergency Room to Burn Center: Errors in Burn Size Estimate. J. Trauma 1987, 27,
1161–1165. [CrossRef] [PubMed]

30. Goverman, J.; Bittner, E.A.; Friedstat, J.S.; Moore, M.; Nozari, A.; Ibrahim, A.E.; Sarhane, K.A.; Chang, P.H.; Sheridan, R.L.; Fagan,
S.P. Discrepancy in Initial Pediatric Burn Estimates and Its Impact on Fluid Resuscitation. J. Burn Care Res. 2015, 36, 574–579.
[CrossRef] [PubMed]

31. Hintermüller, C. Estimation of Total Burn Surface Area: A Comparison of Four Different Methods; Paracelsus Medical University:
Salzburg, Austria, 2016.

32. Wurzer, P.; Parvizi, D.; Lumenta, D.B.; Giretzlehner, M.; Branski, L.K.; Finnerty, C.C.; Herndon, D.N.; Tuca, A.; Rappl, T.; Smolle,
C.; et al. Smartphone Applications in Burns. Burns 2015, 41, 977–989. [CrossRef]

33. Vercruysse, G.A.; Ingram, W.L.; Feliciano, D.V. Overutilization of Regional Burn Centers for Pediatric Patientsa Healthcare System
Problem That Should Be Corrected. Am. J. Surg. 2011, 202, 802–809. [CrossRef]

34. Klasen, H.J. Chapter I: Classification of burns. In History of Burns; Erasmus Publishing: Rotterdam, The Netherlands, 2004;
pp. 21–66. ISBN 90 5235 168 6.

35. Riehl, G. Zur Therapie Schwerer Verbrennungen. Wien Klin Wochenschr. 1925, 37, 833–834.
36. Dubois, D.; Dubois, E. A Formula to Estimate the Approximate Surface Area If Height and Weight Be Known. Arch. Intern. Med.

1916, 17, 863–871. [CrossRef]
37. Lund, C.C.; Browder, N.C. The Estimation of Areas of Burns. Surg. Gynecol. Obstet. 1944, 79, 352–358.
38. Boyd, E. The Growth of the Surface Area of the Human Body; University of Minnesota Press: Minnesota, MN, USA, 1935.
39. Neaman, K.C.; Andres, L.A.; McClure, A.M.; Burton, M.E.; Kemmeter, P.R.; Ford, R.D. A New Method for Estimation of Involved

BSAs for Obese and Normal-Weight Patients with Burn Injury. J. Burn Care Res. 2011, 32, 421–428. [CrossRef] [PubMed]
40. Wilson, G.R.; Fowler, C.A.; Housden, P.L. A New Burn Area Assessment Chart. Burns 1987, 13, 401–405. [CrossRef]
41. Miminas, D.A. A Critical Evaluation of the Lund and Browder Chart. Wounds 2007, 3, 58–68.
42. Haller, H.L.; Giretzlehner, M.; Thumfart, S. Burn Size Estimation, Challenges, and Novel Technology. In Handbook of Burns

Volume 1: Acute Burn Care; Jeschke, M.G., Kamolz, L.-P., Sjöberg, F., Wolf, S.E., Eds.; Springer International Publishing: Cham,
Switzerland, 2020; pp. 181–197. ISBN 978-3-030-18940-2.

43. Collis, N.; Smith, G.; Fenton, O.M. Accuracy of Burn Size Estimation and Subsequent Fluid Resuscitation Prior to Arrival at the
Yorkshire Regional Burns Unit. A Three Year Retrospective Study. Burns 1999, 25, 345–351. [CrossRef]

44. Freiburg, C.; Igneri, P.; Sartorelli, K.; Rogers, F. Effects of Differences in Percent Total Body Surface Area Estimation on Fluid
Resuscitation of Transferred Burn Patients. J. Burn Care Res. 2007, 28, 42–48. [CrossRef] [PubMed]

45. Irwin, L.R.; Reid, C.A.; McLean, N.R. Burns in Children: Do Casualty Officers Get It Right? Injury 1993, 24, 187–188. [CrossRef]
46. Klippel, C.H. Surface Area versus Skin Area. N. Engl. J. Med. 1979, 301, 730. [PubMed]
47. Wallace, A.B. The Exposure Treatment of Burns. Lancet 1951, 257, 501–504. [CrossRef]
48. Berry, C.C.; Wachtel, T.; Frank, H.A. Differences in Burn Size Estimates Between Community Hospitals and a Burn Center. J. Burn

Care Rehabil. 1982, 3, 176–178. [CrossRef]
49. Giretzlehner, M.; Dirnberger, J.; Owen, R.; Haller, H.L.; Lumenta, D.B.; Kamolz, L.-P. The Determination of Total Burn Surface

Area: How Much Difference? Burn. J. Int. Soc. Burn Inj. 2013, 39, 1–7. [CrossRef]
50. Livingston, E.H.; Lee, S. Percentage of Burned Body Surface Area Determination in Obese and Nonobese Patients. J. Surg. Res.

2000, 91, 106–110. [CrossRef] [PubMed]
51. Williams, R.Y.; Wohlgemuth, S.D. Does the “Rule of Nines” Apply to Morbidly Obese Burn Victims? J. Burn Care Res. Off. Publ.

Am. Burn Assoc. 2013, 34, 447–452. [CrossRef] [PubMed]
52. Yu, C.-Y.; Lin, C.-H.; Yang, Y.-H. Human Body Surface Area Database and Estimation Formula. Burn. J. Int. Soc. Burn Inj. 2010, 36,

616–629. [CrossRef] [PubMed]
53. Rossiter, N.D.; Chapman, P.; Haywood, I.A. How Big Is a Hand? Burn. J. Int. Soc. Burn Inj. 1996, 22, 230–231. [CrossRef]
54. Nagel, T.R.; Schunk, J.E. Using the Hand to Estimate the Surface Area of a Burn in Children. Pediatric Emerg. Care 1997, 13,

254–255. [CrossRef]
55. Berry, M.G.; Evison, D.; Roberts, A.H. The Influence of Body Mass Index on Burn Surface Area Estimated from the Area of the

Hand. Burn. J. Int. Soc. Burn Inj. 2001, 27, 591–594. [CrossRef]
56. Butz, D.R.; Collier, Z.; O’Connor, A.; Magdziak, M.; Gottlieb, L.J.; Connor, A.O.; Magdziak, M.; Gottlieb, L.J. Is Palmar Surface

Area a Reliable Tool to Estimate Burn Surface Areas in Obese Patients ? J. Burn Care Res. Off. Publ. Am. Burn Assoc. 2015, 36,
87–91. [CrossRef] [PubMed]

57. Laing, J.H.; Morgan, B.D.; Sanders, R. Assessment of Burn Injury in the Accident and Emergency Department: A Review of 100
Referrals to a Regional Burns Unit. Ann. R. Coll. Surg. Engl. 1991, 73, 329–331. [PubMed]

58. Cone, J.B. What’s New in General Surgery: Burns and Metabolism. J. Am. Coll. Surg. 2005, 200, 607–615. [CrossRef]
59. Sheng, W.; Zeng, D.; Wan, Y.; Yao, L.; Tang, H.; Xia, Z. BurnCalc Assessment Study of Computer-Aided Individual Three-

Dimensional Burn Area Calculation. J. Transl. Med. 2014, 12, s12967–s014. [CrossRef]

http://doi.org/10.1016/S0305-4179(99)00047-9
http://doi.org/10.1097/00004630-198609000-00007
http://www.ncbi.nlm.nih.gov/pubmed/3639879
http://doi.org/10.1097/00005373-198710000-00011
http://www.ncbi.nlm.nih.gov/pubmed/3669110
http://doi.org/10.1097/BCR.0000000000000185
http://www.ncbi.nlm.nih.gov/pubmed/25407387
http://doi.org/10.1016/j.burns.2014.11.010
http://doi.org/10.1016/j.amjsurg.2011.06.036
http://doi.org/10.1001/archinte.1916.00080130010002
http://doi.org/10.1097/BCR.0b013e318217f8c6
http://www.ncbi.nlm.nih.gov/pubmed/21562463
http://doi.org/10.1016/0305-4179(87)90134-3
http://doi.org/10.1016/S0305-4179(99)00007-8
http://doi.org/10.1097/BCR.0B013E31802C88B2
http://www.ncbi.nlm.nih.gov/pubmed/17211199
http://doi.org/10.1016/0020-1383(93)90291-D
http://www.ncbi.nlm.nih.gov/pubmed/481479
http://doi.org/10.1016/S0140-6736(51)91975-7
http://doi.org/10.1097/00004630-198205000-00008
http://doi.org/10.1016/j.burns.2013.01.021
http://doi.org/10.1006/jsre.2000.5909
http://www.ncbi.nlm.nih.gov/pubmed/10839957
http://doi.org/10.1097/BCR.0b013e31827217bd
http://www.ncbi.nlm.nih.gov/pubmed/23702858
http://doi.org/10.1016/j.burns.2009.05.013
http://www.ncbi.nlm.nih.gov/pubmed/19900761
http://doi.org/10.1016/0305-4179(95)00118-2
http://doi.org/10.1097/00006565-199708000-00003
http://doi.org/10.1016/S0305-4179(00)00145-5
http://doi.org/10.1097/BCR.0000000000000146
http://www.ncbi.nlm.nih.gov/pubmed/25159556
http://www.ncbi.nlm.nih.gov/pubmed/1929139
http://doi.org/10.1016/j.jamcollsurg.2005.01.013
http://doi.org/10.1186/s12967-014-0242-x


Medicina 2021, 57, 242 16 of 16

60. Wachtel, T.L.; Brimm, J.E.; Knight, M.A.; Heisterkamp, S.; Frank, H.A.; Inancsi, W. Research: Computer Assisted Estimation of the
Size of Burns. J. Burn Care Rehabil. 1983, 4, 255–259. [CrossRef]

61. Barnes, J.; Duffy, A.; Hamnett, N.; McPhail, J.; Seaton, C.; Shokrollahi, K.; James, M.I.; McArthur, P.; Pritchard Jones, R. The
Mersey Burns App: Evolving a Model of Validation. Emerg. Med. J. 2015, 32, 637–641. [CrossRef]

62. Morris, R.; Javed, M.; Bodger, O.; Gorse, S.H.; Williams, D. A Comparison of Two Smartphone Applications and the Validation of
Smartphone Applications as Tools for Fluid Calculation for Burns Resuscitation. Burns 2014, 40, 826–834. [CrossRef]

63. Neuwalder, J.M.; Sampson, C.; Breuing, K.H.; Orgill, D.P. A Review of Computer-Aided Body Surface Area Determination: SAGE
II and EPRI’s 3D Burn Vision. J. Burn Care Rehabil. 2002, 23, 55–59. [CrossRef]

64. Knaysi, G.A.; Crikelair, G.F.; Cosman, B. The Role of Nines: Its History and Accuracy. Plast. Reconstr. Surg. 1968, 41, 560–563.
[CrossRef] [PubMed]

65. Lee, R.C.; Kieska, G.; Mankani, M.H. A Three-Dimensional Computerized Burn Chart: Stage I: Development of Three-Dimensional
Renderings. J. Burn Care Rehabil. 1994, 15, 80–83. [CrossRef]

66. Mankani, M.H.; Kicska, G.; Lee, R.C. A Three-Dimensional Computerized Burn Chart: Stage II: Assessment of Accuracy. J. Burn
Care Rehabil. 1994, 15, 191–192. [CrossRef]

67. Parvizi, D.; Giretzlehner, M.; Wurzer, P.; Klein, L.D.; Shoham, Y.; Bohanon, F.J.; Haller, H.L.; Tuca, A.; Branski, L.K.; Lumenta,
D.B.; et al. BurnCase 3D Software Validation Study: Burn Size Measurement Accuracy and Inter-Rater Reliability. Burns 2016, 42,
329–335. [CrossRef]

68. Yu, C.-Y.; Lo, Y.-H.; Chiou, W.-K. The 3D Scanner for Measuring Body Surface Area: A Simplified Calculation in the Chinese
Adult. Appl. Ergon. 2003, 34, 273–278. [CrossRef]

69. Stockton, K.A.; McMillan, C.M.; Storey, K.J.; David, M.C.; Kimble, R.M. 3D Photography Is as Accurate as Digital Planimetry
Tracing in Determining Burn Wound Area. Burns 2015, 41, 80–84. [CrossRef] [PubMed]

70. Wurzer, P.; Giretzlehner, M.; Kamolz, L.-P. 3D Photography Is an Accurate Technique for Measuring Small Wound Areas. Burns
2015, 41, 196–197. [CrossRef]

71. Yu, C.-Y.; Hsu, Y.-W.; Chen, C.-Y. Determination of Hand Surface Area as a Percentage of Body Surface Area by 3D Anthropometry.
Burn. J. Int. Soc. Burn Inj. 2008, 34, 1183–1189. [CrossRef]

72. Goldberg, H.; Klaff, J.; Spjut, A.; Milner, S. A Mobile App for Measuring the Surface Area of a Burn in Three Dimensions:
Comparison to the Lund and Browder Assessment. J. Burn Care Res. 2014, 35, 480–483. [CrossRef]

73. Thumfart, S.; Giretzlehner, M.; Wurzer, P.; Höller, J.; Ehrenmüller, M.; Pfurtscheller, K.; Haller, H.L.; Kamolz, L.-P.; Schmitt,
K.; Furthner, D. Burn Size Measurement Using Proportionally Correct 3D Models of Pediatric Patients. In Proceedings of the
Supplement to Journal of Burn Care & Research, Las Vegas, NV, USA, 3–6 May 2016; Volume 37, p. 80.

74. Siegel, J.B.; Wachtel, T.L.; Brimm, J.E. Automated Documentation and Analysis of Burn Size. J. Trauma Inj. Infect. Crit. Care 1986,
26, 44–46. [CrossRef] [PubMed]

75. Kinnunen, U.-M.; Saranto, K.; Ensio, A.; Iivanainen, A.; Dykes, P. Developing the Standardized Wound Care Documentation
Model: A Delphi Study to Improve the Quality of Patient Care Documentation. J. Wound Ostomy Cont. Nurs. 2012, 39, 397–407.
[CrossRef]

76. Panfil, E.; Linde, E. Kriterien Zur Wunddokumentation–Literaturanalyse; Hessisches Institut Für Pflegeforschung: Frankfurt,
Germany, 2006.

77. Giretzlehner, M.; Haller, H.L.; Faucher, L.D.; Pressman, M.A.; Salinas, J.; Jeng, J.C. One Burn, One Standard. J. Burn Care Res. 2014,
35, e372. [CrossRef]

78. Törnvall, E.; Wahren, L.K.; Wilhelmsson, S. Advancing Nursing Documentation–an Intervention Study Using Patients with Leg
Ulcer as an Example. Int. J. Med. Inf. 2009, 78, 605–617. [CrossRef]

79. Hübner, U.; Flemming, D.; Schultz-Gödker, A. Software Zur Digitalen Wunddokumentation: Marktübersicht und Bewertungskri-
terien. Wundmanagement 2009, 3, 16–25.

80. Ingenerf, J. Computergestützte Strukturierte Befundung Am Beispiel der Wunddokumentation. Wundmanagement 2009, 3,
104–108.

81. Parvizi, D.; Giretzlehner, M.; Dirnberger, J.; Owen, R.; Haller, H.L.; Schintler, M.V.; Wurzer, P.; Lumenta, D.B.; Kamolz, L.P. The
Use of Teleemedicine in Burn Care: Development of a Mobile System for Tbsa Documentation and Remote Assessment. Ann.
Burn. Fire Disasters 2014, 7, 94.

http://doi.org/10.1097/00004630-198307000-00003
http://doi.org/10.1136/emermed-2013-203416
http://doi.org/10.1016/j.burns.2013.10.015
http://doi.org/10.1097/00004630-200201000-00011
http://doi.org/10.1097/00006534-196806000-00008
http://www.ncbi.nlm.nih.gov/pubmed/5654897
http://doi.org/10.1097/00004630-199401000-00015
http://doi.org/10.1097/00004630-199403000-00017
http://doi.org/10.1016/j.burns.2016.01.008
http://doi.org/10.1016/S0003-6870(03)00007-3
http://doi.org/10.1016/j.burns.2014.04.022
http://www.ncbi.nlm.nih.gov/pubmed/24877886
http://doi.org/10.1016/j.burns.2014.06.019
http://doi.org/10.1016/j.burns.2008.03.010
http://doi.org/10.1097/BCR.0000000000000037
http://doi.org/10.1097/00005373-198601000-00007
http://www.ncbi.nlm.nih.gov/pubmed/3941430
http://doi.org/10.1097/WON.0b013e318259c45b
http://doi.org/10.1097/BCR.0000000000000004
http://doi.org/10.1016/j.ijmedinf.2009.04.002

	Introduction 
	Consequences of Inaccurate TBSA-B Assessment 
	Over-Resuscitation 
	Complications Because of Fluid Aggregation from Burn Edema 
	Missing Accuracy in Studies 
	Non-Optimal Distribution of Patients 
	Distribution to Burn Centers 
	Distribution of Patients in Mass Casualty Situations 


	Methods for Burn Size Estimation 
	Initial Scientific Approaches and Findings for Estimating TBSA-B 
	Lund Browder Chart 
	Description 
	Estimation Accuracy and Criticism 

	Rule of Nines 
	Description 
	Estimation Accuracy and Criticism 

	Rule of Palms 
	Description 
	Estimation Accuracy and Criticism 

	Two-Dimensional Computer-Aided Systems 
	Description 
	Sample Applications 
	Quality of Estimation Reliability 

	Three-Dimensional Computer-Aided Systems 
	Three-Dimensional Images 
	Three-Dimensional Scans 
	Sample Applications 
	Quality of Estimation Reliability 


	Documentation 
	Medical Documentation 
	Standards Required for Data Analysis 
	Existing Documentation Systems 
	Electronic Documentation 
	Mobile Documentation 
	Photo Documentation 


	Conclusions 
	References

