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Abstract

The prediction and treatment of hot-liquid scald injuries is complicated by
the complex heat transfer within living tissue, incomplete information associated
with scald incidents, and inherent limitations with accurate injury-depth
estimation. To provide some guidance for the prediction, identification, and initial
treatment, a single comprehensive resource is valuable. This review addresses
these three issues. With regard to prediction, use is made of state-of-the-art
hot-liquid scald information from the scientific literature. For both identification
and treatment, the scientific literature and accepted standards of medical care
are elucidated. The primary focus here is on hot-beverage spills because of
their frequency; however, the results can be used for other hot-liquid scalding
scenarios. Recommendations are made to avoid serious burn injuries and to

rapidly treat injuries that occur.
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Introduction

Burns are a very common form of injury; they occur in residences,
workplaces, and public venues. While burns can be generated by
a wide variety of causes, very often it is by exposure of skin to hot
liquids. These burns, typically referred to as scald injuries; will be the
focus of this manuscript.

Accurate assessment of burn depth, burn location, and Total
Body Surface Area (TBSA) burned are critical. These three factors
direct the management and treatment of burn patients in three main
ways. First, each factor informs the decision of whether or not to
transfer a patient to a burn center [1-3]. Second, by estimating TBSA
burned, clinicians can estimate intravenous (IV) crystalloid fluid
requirements over the first 24 to 48 hours [1-4] after a burn injury.
Lastly, the depth of a burn predicts whether the injury will likely need
excision and grafting [1,3,5]. While there are methods to estimate
burn surface area, it is often more difficult to accurately identify burn
depth immediately after injury [3,6-9]. This is significant as burn
depth largely determines subsequent care [1-3,5]. To help address
this uncertainty, predictions of burn depth based on common hot
liquid factors will be presented.

Classification of Burns

Burns are classified based on the depth of dermal injury. A
commonly utilized classification is the degree categorization. Using
this metric, first-degree burns refer to those that are limited to the
outmost layer of skin, the epidermis. Second-degree burns pass
through the epidermis and into the underlying dermis. The dermis
contains many skin structures such as hair follicles, sweat glands,
capillaries, and nerves. Second-degree burns can be further classified
into superficial partial thickness burns and deep partial-thickness
burns. Third-degree burns are those that pass all the way through both
the epidermis and dermis. They may enter into the third major layer,
the hypodermis, which is primarily composed of fat and connective

tissue. Lastly, fourth-degree burns are broadly categorized as those
that pass deep into the subcutaneous tissue; they may extend into or
through underlying muscle, bone, or other tissues.

While historically the degree classification has been used, a
different classification has also come into common use. Under this
alternative classification, superficial burns are the equivalent to
first-degree burns. Superficial partial-thickness burns are deeper,
extending into the outermost half of the dermal layer. Deep-partial-
thickness burns pass through the mid-dermal layer and well into
the reticular layer. Finally, full-thickness burns are the equivalent to
third-degree and fourth-degree burns in that they pass completely
through the dermis and into the underlying tissue [10-13].

The advantages of the second classification scheme are that it
separately identifies dermal burns into two categories that often have
very different treatment avenues. Superficial partial thickness burns
will often heal in less than three weeks without significant scarring;
however, deep-partial-thickness burns are more likely to require
extensive medical care, such as excision and grafting [1-3,5].

Identification of Burns

Accurate identification of scald burns is crucial as this guides
subsequent care. Identification of burns involves estimating the
TBSA burned location of burns, and depth of burns. It is important
to note that burn depth occurs on a continuum and accurate clinical
assessment of burn depth is difficult, especially immediately after the
injury occurs [3,6-10,13-21].

First degree burns (superficial burns) only damage the epidermis.
Burns of this depth are red, have a dry surface, and are often associated
with discomfort. They are characterized by a reddening of the skin as
the capillaries dilate and bring increased blood flow to the region. The
skin will blanch with pressure. Another important distinction is that
first degree burns do not blister, but they may lead to sloughing of the
epidermal layer. Sunburns are a classic example of first degree burns.
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Figure 1: Depictions and characteristics of various burn extents (courtesy of Amicus Medical Images).

Superficial second degree burns (superficial partial thickness
burns) damage the epidermis and superficial dermis. These burns
are also painful. Burns of this depth will form blisters, although this
may not happen immediately. The fluid within these blisters is clear.
Unroofing the blister reveals a moist, pink or red, hypersensitive
surface. The surface will blanch with pressure. A pin prick will elicit
pain.

Deep second-degree burns (deep partial thickness burns) damage
the epidermis and deeper dermal structures including the reticular
layer. These burns also will blister. Unroofing the blister will reveal a
moist, mottled pink, cherry red or white surface. The pain associated
with such burns, may be less than that of superficial partial-thickness
burns. There may be decreased sensation to pin prick when compared
to undamaged skin. Capillary refill is often reduced or absent.

Differentiating between superficial partial-thickness burns and
deep partial thickness burns is especially difficult. Therefore, early
after injury such burns have been referred to as intermediate in depth

(8].

Third-degree burns (full-thickness burns) extend to the fat or
connective tissue layers. Burns of this depth will appear white or tan
and will be insensate. These burns do not blanch and will have a dry
surface. These burns appear different from the more superficial types
because of the complete destruction of the dermis and the blood
vessels contained therein. These burns are not painful, because they
damage nerves that carry pain signals.

Fourth-degree burns (full-thickness burns) extend through the
subcutaneous tissue to deep structures such as muscle and bone.
These burns are readily apparent when these deep structures are
visible. Figure 1 gives a visual comparison of burn injuries and a
summary of characteristics associated with the burns.

In addition to burn depth, estimating TBSA burned is important
as this guides IV fluid resuscitation. There are several methods for
estimating TBSA, but the most commonly used method is the
rule of nines [22]. This method is endorsed by the American Burn
Association and is used in the Advanced Burn Life Support Manual.
For smaller burns, the patient’s hand (palm and fingers) represent
approximately 1% TBSA [23]. Figure 2 has been prepared to give a
visual and tabulated summary of the rule of nines for both adults and
children.

Initial Management and Treatment of Scald
Burns

Scald burn injury is very dependent on the liquid temperature
and the exposure duration. The impact of these variables on burn
depth will be quantified later; however, the strong dependence makes
prompt treatment essential. When a scald burn (or any thermal burn)
occurs, it is important to remove the source of heat and apply cooling.
Delays of even seconds can have a material impact on the ultimate
burn depth.

Removal of heat means a separation of the skin from the hot
liquid. In some cases, this means a removal of clothing that may be
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Figure 3-4. Rule of nines for adult body surface burns.

Figure 2: The rule of nines for adults and children (Courtesy of Brookside Associates).
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Figure 3-5. Rule of nines for small child body surface bums.

saturated following a spill incident. Saturated clothing has a two-
part impact of partially shielding the skin from hot fluid, as well as
insulating the skin and helping retain heat after the spill. Depending
on the absorbing quality of the clothing, it may hold hot liquid in
intimate contact with the skin well after the spill occurrence.

Following the removal of any clothing or other layers that
are prolonging the burn insult, the next recommendation is the
application of a cool source to the area. Often, cool water is available
but other liquids or objects can suffice. The goal is to quickly reduce
the skin temperatures. A recommended goal is the application of
cooling within 5-10 seconds following the burn. It should also be
noted that in an event where cooling is available, such as cool water, it
can be applied directly through clothing to speed the cooling process.
If the clothing is porous, which most clothing is, the cool liquid will
penetrate the cloth nearly instantaneously.

There is extensive literature on the impact of post-burn cooling
on human and other mammalian skin. Studies such as [24] have
considered the effect of cooling on the microvasculature which
in turn influences the post-burn health of the tissue and the tissue
regeneration processes. The study, which focused on bat wings,
investigated the injury to subcutaneous blood vessels and edema
formation. They found that rapid cooling reduced edema, but there
were limited long-term benefits. A later study [25] on hamster tissue
found that cooling caused an increase in the number of viable blood
vessels in the scalded region. This study found that the optimal
cooling temperature was in the 5-10°C range, and the cooling was
most effective if started immediately. A study using rats found that
near immediate irrigation with room temperature water significantly
reduced scald injuries [26]; however, the researchers also found
that excessively cold temperatures (such as ice) were detrimental.
In some instances, ice will bring about full-organism hypothermia,
while local application of ice can cause cold-temperature injuries or
vasoconstriction and consequently, reduce nutrient flow to the region
following the burn. These findings were reinforced in [27] which
reported improved clinical and histological assessment following
scalding of porcine subjects when cooling was promptly applied.
Again in [28] which relied upon hot-beverage spills in children, it was

found that removal of saturated clothing and applications of cooling
were critical to limit burn injuries.

Subsequent research confirms the above-referenced studies.
For instance, partial-thickness scalds in porcine [29] were found to
be most effectively treated by the application of cool running water
immediately after the burn incident. While [30] also found some
positive effect of cooling, it was not as clearly evident as prior work
for cooling that is delayed.

Aside from reduction of temperatures following an incident,
application of cold has other benefits such as reducing inflammation,
edema, and pain [31-35], and these benefits can be realized even after
the initial scald temperatures have returned to normothermia.

For serious scalds that require subsequent medical attention
(based on the depth of injury, TBSA involved, and/or the area
affected) care is best provided at emergency medical centers. A
complete review of the management of the burned patient is beyond
the scope of this paper, so the focus will be on how burn identification
guides initial management and treatment. As mentioned above, the
identification of burns informs referral decisions, fluid resuscitation,
and wound management.

Burn Center Referral Criteria

The American Burn Association has published burn center
referral criteria. Per these criteria, all third degree burns and partial
thickness burns involving more than 10% TBSA should be referred to
a burn center [1]. Furthermore, burns involving the face, hands, feet,
perineum, genitalia, or major joints also warrant referral [1]. A listing
of their criteria is provided in Table 1.

Fluid Resuscitation

Burn resuscitation with IV fluids is aimed at ensuring adequate
tissue perfusion and preventing hypovolemic shock (burn shock)
secondary to fluid loss through damaged skin and fluid accumulation
in the interstitial space as edema. First degree burns are not included
in the TBSA burn estimation for fluid resuscitation calculations [2-3].
Pediatric patients with less than 10% TBSA burns of second degree or
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Table 1: Criteria recommended by the American Burn Association for burn
center referrals.

Burn Center Referral Criteria

Partial thickness burns greater than 10% of body area

Burns of hands, feet, face, genitals, perineum, or major joints

Third degree burns

Electrical burns (including lightning)

Chemical burns

Inhalation burns

Burns in patients with pre-existing conditions that could complicate
management

Concomitant trauma which increases morbidity or mortality risk

Burns of minors treated in hospitals without qualified personnel or equipment

Burn injury which requires social, emotional or rehabilitation intervention

greater can be managed with oral rehydration [3,36]. Likewise, adult
patients with less than 20% TBSA burns of second degree or greater
can be managed with oral rehydration [36]. However, for partial
thickness and full thickness burns involving greater surface area,
IV fluid resuscitation with crystalloids is necessary. Ringer’s lactate
solution is commonly used [36].

There are several formulas for estimating IV crystalloid needs
over the first 24-48 hours, but one of the most popular formulas is the
Parkland Formula. To use this formula, one must obtain the patient’s
body weight in kilograms (kg) and estimate the TBSA of partial
thickness and full thickness burns as described above. This formula
estimates how much IV crystalloid is needed in the first 24 hours. Half
of the IV fluid is given over the first eight hours, and the remaining
half of the IV fluid is given over the last 16 hours. For example, a
70kg patient with 50% TBSA burns of second degree or greater would
receive 14 liters of IV fluid over the first 24 hours after the injury with
7 liters being given in the first 8 hours and 7 liters being given over
the remaining 16 hours.

Equation 1 - The Parkland Formula:

Milliliters of IV Fluid=4 x TBSA burned as percent x weight in
kilograms

Prediction of Burn Depth

As described above, medical care is dictated by the severity of
the injury. Insofar as minor burns may require no intervention
whereas major burns may require expensive and painful treatments,
avoidance of incidents is desired. Here, information will be presented
which relates the depth of burns to the temperature of a scalding
incident. The focus here will be on information gathered from a series
of experiments and numerical simulations on living tissue and on
tissue surrogates. The information is directly relevant to other hot-
liquid spills whose viscosity and heat capacity are of the same order
of magnitude as water.

The experiments investigated multiple factors which may
influence burn depth. Among them were spill volume, the material
which constitutes the cup, the presence or absence of a cap on the
cup, and others. It was found that among all the factors investigated,
the primary influences are liquid temperature at the time of spill
and consequently, that is the focus here. The influence of the other,

secondary factors can be attained by reference to [37].

The experiments that were performed had two stages. For the first
stage, the goal was to characterize the rate at which beverages cool in
a typical ambient environment under various conditions. During the
tests, heated water was transferred from a heating vessel to disposable/
compostable beverage cups that were formed using polystyrene or
paper. The cups were variously left open to the atmosphere or closed
using plastic caps. In addition, corrugated paper sleeves were used
on some of the cups to assess the impact of these sleeves on liquid
temperature. Multiple experiments were carried out with volumes of
liquid that ranged from 8-16 oz (237-473 ml) and statistical analyses
were performed. Details of the experiments are provided in [37] and
are not repeated here. The outcome of the first set of experiments
was a variation of the temperature contained within the beverage
container. In addition to the cooling rates, the major finding was
that the presence of a disposable cap had a significant impact on
the cooling rate of the fluid. Additionally, the volume of hot liquid
affected the cooling rate (larger volumes cooled slower). The other
parameters, such as composition of the wall, the presence or absence
of an insulating sleeve, had negligible impact on the liquid cooling
rates and subsequently on scalds.

The second stage of the study involved instrumented living
skin and skin-surrogate materials. The heated beverages were
purposefully spilled against the surfaces which were covered with
a single layer of cotton clothing. Temperatures were measured for
thirty second duration and the experiments were repeated to ensure
reproducibility. The temperature measurements on living tissue and
on the tissue surrogate were mutually reinforcing. It was discovered
that the surface temperatures did not depend markedly on the volume
of spilled liquid although larger volumes affected a larger area.

The last stage of the study was the input of measured surface
temperatures into a numerical model that predicts burn depths. The
numerical model was based on the Pennes bio heat transfer equation
[38] and was coupled to an injury calculation procedure [39-42]. The
methodology presented here has a long history of effectiveness in
determining heat transfer within living tissue; [43-61] illustrate both
the historical development of the calculation approach as well as the
breadth of situations to which the method has been applied.

To provide some specific examples, the model has been
successfully applied to calculate the depth of burns from heated
liquids with various thermal conditions following the exposure (from
insulated to rapid cooling) [62-64]. The research has also lead to
the archive of extensive property and tissue thickness information
[64], has created simple algebraic equations to estimate burn depths
[62,65] and has related burn injury calculations to hyperthermia
parameters used in the low-temperature ablation community [66,67].
The results have been thoroughly tested against prior literature and
observational evidence of burn depths and have been found to be in
excellent agreement.

The results are most simply summarized in Tables 2 and 3 both
tables are color-coded according to the burn risk. The table lists both
the starting beverage temperatures and the cooling which may occur
between service and a spill incident. Red colors are used to indicate
temperature/cooling time durations that are likely to lead to deep-
partial-thickness burns in adults. Yellow colors indicate temperatures/
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Table 2: Approximate categorization of burn risk for various service temperatures
and cooling durations for cups which are not capped during the cooling time. Red
color is used to indicate high risk of deep-partial-thickness burns or worse and
yellow indicates high risk of superficial-partial-thickness burns or worse.
Cooling time
(minutes)

Service Temperature °C (°F)

70 (158) 75 (167) 80 (176) |85 (185) 90 (194) 95 (203)
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Table 3: Approximate categorization of burn risk for various service temperatures
and cooling durations for cups which are capped during the cooling time. Red
color is used to indicate high risk of deep-partial-thickness burns or worse and
yellow indicates high risk of superficial-partial-thickness burns or worse.
Cooling time
(minutes)

Service Temperature °C (°F)

70 (158) | 75 (167) 80 (176) |85 (185) 90 (194) 95 (203)
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cooling times that will likely result in superficial-partial-thickness
burns in adults.

Interpretation of Tables 2 and 3 should be done with some care.
First, the actual risk of burn depends on the age of the person, their
ability to quickly remove the heat source and apply cooling, the
thickness of skin, location on the body where the burn occurs, the
presence or absence of clothing, the type of clothing, the volume of

the spill, and the thermal environment in which the cooling occurs,
to name a few.

Readers are reminded that the burn duration for which (Table 3)
is generated is 30 seconds. This means that no cooling has been applied
within the thirty seconds after a spill. If cooling were applied prior to
the 30 second mark, the extent of burn depth would be lessened. On
the other hand, these results can be viewed as an upper bound. It is
important to note that the actual time a hot beverage is on a victims
clothes is accounted for by the experiments which incorporated
spill experiments on actually clothing and measurements of the
temperature at the skin surface.

Despite these potential variations, the below tables are reasonable
guidelines to use in practice. They are corroborated with experimental
and clinical evidence within a reasonable degree of scientific certainty.
These tables can be used as guidelines for situations where heated
liquids may spill and cause injury. Special care should be taken for
potential spills on children whose skin is thinner than adults and
consequently burn at lower temperatures [68-71]. Similarly, special
care should be afforded for elderly or persons whose mobility is
compromised. These findings also support the general consensus in
the scientific literature that often, beverage service temperatures are
hotter than consumer preference and pose an unnecessary risk of
injury [72-80].

Concluding Remarks

This manuscript brings together information that is useful for
first responders, medical practitioners, and engineers to identify,
predict, avoid, and provide initial treatment for scald injuries.
Accurate identification of burn depth is difficult early after the
initial injury. Yet, accurate burn depth identification predicts wound
healing. First-degree and superficial partial-thickness burns typically
will heal with minimal scaring in less than three weeks. These burns
can often be managed with local wound care alone. However, deep
partial-thickness burns and full-thickness burns typically form
hypertrophic scars and have prolonged healing. Therefore, these
more severe burns are often treated by burn surgeons with excision
and grafting. Children with more than 10% TBSA partial thickness
and full thickness burns and adults with more than 20% TBSA partial
thickness and full thickness burns will require IV fluid resuscitation;
the Parkland formula can help providers estimate IV crystalloid
needs over the first 24 hours after injury. Burn depth, burn location,
and TBSA burned help clinicians determine if a burn victim would
benefit from referral to a burn center.

The information presented here also can be used as an estimate
for the potential of hot-liquid spills to cause scald injuries. The
information is taken from multiple sources but is mutually reinforcing.
The sources include experiments carried out on animal models and
humans, analytical calculations, and advanced numerical simulation.
The study includes the effect of cooling time between the service of
a beverage and a spill occurrence. Inherent to the information is
the effect of cup construction, the presence or absence of a cap, the
presence or absence of an insulating sleeve, the volume of the liquid,
and the thermal environment.
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