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Introduction: Scarring following full thickness burns leads to significant reductions in range
of motion and quality of life for burn patients. To effectively study scar development and the
efficacy of anti-scarring treatments in a large animal model (female red Duroc pigs),
reproducible, uniform, full-thickness, burn wounds are needed to reduce variability in
observed results that occur with burn depth. Prior studies have proposed that initial
temperature of the burner, contact time with skin, thermal capacity of burner material,
and the amount of pressure applied to the skin need to be strictly controlled to ensure
reproducibility. The purpose of this study was to develop a new burner that enables
temperature and pressure to be digitally controlled and monitored in real-time throughout
burn wound creation and compare it to a standard burn device.

Methods: A custom burn device was manufactured with an electrically heated burn stylus
and a temperature control feedback loop via an electronic microstat. Pressure monitoring
was controlled by incorporation of a digital scale into the device, which measured down-
ward force. The standard device was comprised of a heat resistant handle with a long rod
connected to the burn stylus, which was heated using a hot plate. To quantify skin surface
temperature and internal stylus temperature as a function of contact time, the burners were
heated to the target temperature (200 + 5 °C) and pressed into the skin for 40 s to create the
thermal injuries. Time to reach target temperature and elapsed time between burns were
recorded. In addition, each unit was evaluated for reproducibility within and across three
independent users by generating burn wounds at contact times spanning from 5 to 40 s at a
constant pressure and at pressures of 1 or 3 Ibs with a constant contact time of 40 s. Biopsies
were collected for histological analysis and burn depth quantification using digital image
analysis (Imagej).

Results: The custom burn device maintained both its internal temperature and the
skin surface temperature near target temperature throughout contact time. In contrast,
the standard burner required more than 20s of contact time to raise the skin surface
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temperature to target due to its quickly decreasing internal temperature. The custom burner

was able to create four consecutive burns in less than half the time of the standard burner.

Average burn depth scaled positively with time and pressure in both burn units. However,

the distribution of burn depth within each time-pressure combination in the custom device

was significantly smaller than with the standard device and independent of user.
Conclusions: The custom burn device’s ability to continually heat the burn stylus and
actively control pressure and temperature allowed for more rapid and reproducible burn

wounds. Burns of tailored and repeatable depths, independent of user, provide a platform
for the study of anti-scar and other wound healing therapies without the added variable of
non-uniform starting injury.

© 2015 Elsevier Ltd and ISBI. All rights reserved.

1. Introduction

Severe scarring is estimated to affect as many as 70% of burn
patients [1] and results in both cosmetic and functional
deformities that negatively impact on the quality of life for
those affected [2,3]. As a result, significant research has been
conducted to develop therapies to prevent and treat scarring [3-
10]. Despite the volume of scar research, a highly effective
treatment has not yet been developed. A complication to scar
research is the availability of an in vivo testing environment.
Longitudinal studies in the human patient population lack
controlled burn depth, size and location along with proper
negative controls [3,5]. Rodent models do not possess the
complex mechanical and biological environment observed in
human skin and do not naturally form hypertrophic scars [11-
15]. More recently, female, red Duroc pigs (FRDPs) have been
proposed as a model for scarring [3,5,16,17]. Studies have
confirmed that FRDPs form robust scars following deep
cutaneous wounds and that these scars are similar in
appearance to human hypertrophic scars. FRDP scars are thick,
raised above surrounding skin, lack hair and contain elevated
populations of myofibroblasts and mast cell [3,16,18]. Addition-
ally, the pattern of inflammatory cytokine expression is similar
between humans and female red Duroc pigs [3,16,18,19]. These
structural and biological similarities between human hyper-
trophic and the thick scars on FRDPs provide a new platform for
the study of scar development and anti-scar therapies.

One of the main obstacles in studying burn wounds in
animal models is the difficulty in producing burns with
uniform depth [20]. For consistent wound generation, it has
been proposed that the initial temperature of burner, contact
time, thermal capacity of burner material, and the amount of
pressure applied to the skin all need to be tightly controlled
[20]. A number of different burning devices have been created
to satisfy this set of needs. Heating a metal or glass stylusin a
water bath has been used in prior studies to generate
cutaneous burn wounds [20-22]. One study created contact
burns placing water heated to 92 °C in a plastic bottle on the
skin surface for 15 s [23]. Although the operator and procedure
were kept consistent, variability in injury depth and subse-
quently differences in healing time of local areas within each
wound were reported [23]. To improve reproducibility, the
addition of a pressure monitor to the standard burn device has
been employed [20] resulting in more uniform wounds.

The goal of this study was to develop a new burn device
that could provide real time pressure monitoring, in addition
to real time control and monitoring of device temperature, for
rapid generation of reproducible burn wounds. This device
was then compared to a standard burn stylus comprised of a
heated block. Time required to bring the device to tempera-
ture, ability to raise and maintain skin surface temperature
throughout the burn experiment, and elapsed time between
generation of consecutive burn wounds was examined. In
addition, burn depth was assessed as a function of burn
device, time, pressure and user.

2. Materials and methods
2.1. Burn devices

To create full-thickness wounds, 1 x 1 in stainless steel blocks
were placed onto pig skin to create a thermal injury. Two
different burn devices were utilized. The first was a standard
burn stylus consisting of a stainless steel block (1in.%)
connected to a metal rod and handle (Fig. 1A), which can be
heated using a hot water bath or using a hot plate. A hot plate
(Corning PC-420D, Tewksbury, MA) was used in this study to
heat the block to 200 °C (Fig. 1A). The second device was a
custom burner fabricated in house that consisted of a stainless
steel block (2.5 cm?®) connected to a metal stylus, an electronic
microstat JUMO GmbH and Co. KG, Fulda, Germany) and
electronic scale (Guangzhou WeiHeng Electronics Co. Ltd.,
Guangdong, China) (Fig. 1B). The custom burn device was
electronically heated internally, and the electronic scale
allowed for precise measurements of pressure applied to
the skin surface. The housing surrounding the heating
element and pressure gauge was constructed from aluminum
to keep the added weight to a minimum (custom unit was
2.51bs heavier than the commercial unit). The housing unit
can be handled without the use of thermally insulated gloves
during operation.

2.2. Temperature logging system

Internal, mid-block temperature of the standard burner was
logged in real time during initial heating, burning, and post-
burn using a thermocouple (J-type, OMEGA, Stamford, CT)
inserted in a centrally located hole in the stainless steel block
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Fig. 1 - Photograph of (A) standard burn stylus heated to
temperature using a laboratory hotplate (inset: close up of
stylus and port for thermocouple) and (B) a custom
designed burn device with an electrically controlled
internal heater and pressure gauge (upper inset: close up of
burn stylus with thermocouple in port, lower inset:
electronically controlled microstat).

(Fig. 1A). The thermocouple was connected to a Hi-Speed USB
Carrier (National Instruments, Austin, TX) and a computer
for data acquisition. LabVIEW™ SignalExpress 2010 (Nation-
al Instruments, Austin, TX) recorded temperature of the
thermocouple at 0.5 s intervals. To obtain mid-block tem-
perature of the custom burner during heating, burning, and
post-burn, a thermocouple connected to an electronic
microstat controller was inserted in the stainless steel block
(Fig. 1B). Video footage was taken of the microstat controller
during the burning procedure and was used to log tempera-
ture changes every 1s. To quantify the surface temperature
of the pig skin throughout the entire burn procedure, an
additional thermocouple, connected to the same USB carrier,
was placed directly in between the skin surface and burner
and temperature recorded each second. Time-temperature
plots were utilized to quantify time to reach initial
temperature, maximum skin surface temperature and time
required to bring the burn device back to temperature after
each burn. Average elaspsed time data was plotted + stan-
standard error and statistical differences assessed via
student’s t-test.

2.3. Burn wound creation, anesthesia, animal care

All experiments and data collection were performed follow-
ing The Ohio State University Institutional Laboratory
Animal Care and Use Committee (ILACUC) approved proto-
cols. Four female, red Duroc pigs were utilized for the study:
two pigs for analysis of heating time and temperature usinga
fixed pressure and contact time, and two pigs for analysis of
time, pressure, and intra-user variability on burn depth. Pigs
were anesthetized with Telazol followed by isoflurane and

the dorsal trunk shaved and surgically prepared with
alternating chlorohexidine 2% and alcohol 70% scrubs
(Butler Schein, Columbus, OH). On the first two pigs, full-
thickness wounds were generated using the standard burner
heated via hot plate and the custom designed burner (n=8
per group). Thermal injury was induced by heating each
stylus to 200 £+ 5 °C and applying the stylus to the surface of
the skin for a contact time of 40 s. During the burn wound
generation, time-temperature data was logged within the
block and on the pig skin surface continuously. Three
pounds of pressure was applied with the custom-made
burner. To deliver a roughly equivalent of pressure with the
standard burner, users practiced by pressing the commercial
device onto a scale to achieve the desired pressure, prior to
wounding the pigs. Sixteen total wounds were generated on
each pig, eight with the standard burner and eight with the
custom-made burner. Photographs of the wounds were
taken immediately after injury and day O biopsies were taken
from half of the wounds. Wounds were then covered with
non-stick gauze pads (Curad) and Elastikon™ (3 M). Taffeta
dressings were placed over wounds and secured with
Elastikon. A fentanyl patch (NOVAPLUS patch, Watson
Laboratories Inc, 100 mcg) was placed in the pig ear pinna
and removed three days post wounding. The pigs were
maintained on standard chow ad libitum, fasted overnight
before the procedures, housed individually and euthanized 7
days post-burn.

The second two pigs were used to assess the ability of the
devices to control burn depth via contact time or applied
pressure, and to assess intra-user variability. In the first
experiment, contact time was examined (5, 10, 20 and 40s)
while holding contact pressure at 31bs. Three independent
users created three wounds per contact time. In the second
experiment, pressure was examined (1 or 31bs) using a
constant contact time of 40 s (n =3 per user and a total of 9
per group). Following wound generation, pigs were euthanized
and biopsies collected.

2.4.  Histology

Pig skin was excised from each wound in 1 cm x 2 cm strips to
collect the wound margin and the midpoint of each wound.
These biopsies were fixed in formalin for 6h prior to
processing and paraffin embedding. Sections were stained
with hematoxylin and eosin (H&E) and imaged with light
microscopy (Nikon Eclipse 90i with NIS-Elements AR3.1
software) at 4x. Individual images were digitally stitched
together (Adobe Photoshop Elements 6.0) and representative
composite images shown for each group. Wound depth (at the
wound center and at the margins) was quantified using
Image]. Box-and-Whisker plots were generated from each
burn depth data set using SigmaPlot software, with the upper
boundary of the box representing the upper quartile of burn
depths for each group, the lower boundary showing the lower
quartile, the end of the upper whisker identifying the
maximum value and the lower end of the whisker identifying
the minimum value. The solid line within the box represents
the mean value of the data. Statistical analyses were
performed using SigmaPlot software (One-way ANOVA with
post hoc test of Tukey).
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3. Results
3.1.  Initial heating time

Internal burn stylus temperature as a function of time post
heating was collected to compare the time required to bring
each burner device from room temperature (20 £ 5 °C) to the
desired stylus temperature for thermal injury (200 &+ 5 °C). The
standard burn stylus heated on standard hotplate (Fig. 1A) took
an average of 13.4 + 2.1 min to reach target temperature (Fig. 2).
The custom designed burn device with an electrically controlled
internal heater and pressure gauge (Fig. 1B) took an average of
16.9 + 2.9 min to reach desired temperature (p > 0.05, Fig. 2).

3.2 Stylus and skin surface temperature during use

In order to examine the ability of each burner device to raise
and maintain skin surface temperature throughout the entire
burn procedure, mid-block burn stylus temperature and skin
surface temperature measurements were simultaneously
collected on each burn. Temperature data acquisition was
repeated for a total of 16 burns per pig (4 sequential burns per
device in each of the two pigs, before switching to other device,
8 total wounds per pig). The internal temperature of the
standard device decreased linearly at an average rate of 0.4 °C/s
while in contact with the porcine skin (Fig. 3A). In contrast, the
custom device maintained the internal burn stylus temperature
within 7 °C of target temperature throughout contact with the
skin surface. It took the standard burner between 7 and 20 s to
raise the external skin temperature to 97 °C (Fig. 3B). In addition,
there was significantly greater variability in the skin surface
temperature during device contact when using the standard
device versus the custom device (Fig. 3B). The custom burn
device was able to quickly raise the skin surface temperature to
97 °C (Fig. 3B), and consistent skin surface temperature was
maintained during the full contact time of 40 s (Fig. 3B).

3.3.  Elapsed time

The elapsed time between each of the four consecutive burns
showed how quickly each burner was able to return internal
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Fig. 2 - Time required to bring each burn stylus to
temperature (200 °C).
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high rate in the standard device whereas the custom
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rapidly raised to 97 °C using the custom burn device and
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between 7 and 20 s to reach peak temperature and had
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Fig. 5 - Representative H&E stained sections of burns
generated using the standard and custom device heated to
200 °C and applied to the skin at 3 Ibs of pressure for 5, 10,
20 or 40 s.

stylus temperature to 200 + 5 °C after each burn wound. The
average elapsed time between burns for the custom design
device was 2.8min (Fig. 4). The standard device took
approximately 4.5min longer (p<0.005), an average of
7.3 min between each burn, than the custom design device
to heat up to target temperature in between burns (Fig. 4). This
resulted in the standard burner taking more than 2.5x as long
as the custom design burner to generate 4 subsequent burn
wounds.

Standard | Custom

Contact Force (Ibs)

Fig. 6 — Representative H&E stained sections of burns
generated using the standard and custom device heated to
200 °C and applied to the skin for 40 s at either 1 or 3 Ibs of
pressure.

3.4.  Burn depth as a function of time, pressure and device

Histological analysis of wounds at day O showed necrotic
tissue at increasing depths as a function of time in both groups
(Fig. 5). At 55, the standard device damaged only the upper
epidermis whereas the custom device destroyed the full
epidermis. At each contact time point, the thickness of tissue
damage appeared to be greater in the custom device group
compared to the standard group. In addition, wound depth
appeared to be more sensitive to time in the custom group
compared to the standard group where the difference in
observed burn depth was less drastic between 5 and 20s
(Fig. 5). A similar trend was observed with increasing pressure
and constant contact time. Intact collagen fibrils and other
indications of non-damaged tissue were observed higher in
the dermis in the standard device group compared to the
custom device (Fig. 6). To quantitatively assess burn depth,
images were processed using Image] with burn depth

Fig. 7 - H&E stained histological section of a burn showing
methodology for quantifying burn depth. Burn depth
quantified by measuring distance from top of tissue
section to the depth where distinct collagen fibers can be

visualized.
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calculated from the top of the tissue section to the point at
which clear collagen fibrils could be observed (Fig. 7). No
significant differences were observed among different users
when either time or pressure was varied. Therefore, data from
all users within a group (time-pressure-device combination)
was pooled and box-and-whisker plots of burn depth as a
function of time or pressure and device were constructed. A
trend of increasing mean burn depth with increasing time was
observed in both the standard and custom device group
(Fig. 8A, B). With the standard device, a wider variance in
intragroup burn depths was observed compared to the custom
group and this intragroup variance increased with contact
time (Fig. 8A). No significant difference in burn depth was
found in the standard group between 5 and 20 s of contact time
(p =0.529). Burn depth at 40 s was significantly greater than 5,
10 or 20 s of contact time (p < 0.005). Using the custom burn
device, intragroup variance was low at all contact time points
(Fig. 8B). Burn depth also increased significantly with contact
time (p < 0.01). Similar trends were observed when device
pressure was examined. With both devices, burn depth
increased with increasing pressure. Mean burn depth was
similar with both devices (standard =140.4 + 82.9 um, cus-
tom =190.3 + 11.2 um) at 1 1b of force. Intragroup variance was
substantially greater with the standard device compared to
the custom device (Fig. 8C, D).

4, Discussion

One of the most significant differences in the performance of
the custom burn device compared to the standard device was
its ability to generate reproducible, user-independent, con-
trolled-thickness burn wounds at a rapid pace. The custom
burner’s ability to continuously be heated internally not only
significantly shortened the overall amount of time required to
create the wounds, but also made the custom burn device
more convenient to use. Whereas the standard burn device
needed to be transported to and from the hot plate to be heated
between burns, a delay that can allow temperature to drop
before contact with the pig’s skin, this was not required for the
custom burner. When studying burn wound healing, it is
important to maintain consistency within the burns that are
generated. This not only includes burn depth but also the
initial time point of injury because the healing cascade begins
instantaneously following injury [24]. Therefore, it is ideal to
use a burner that is capable of generating quick, highly
reproducible burn wounds. Recently, this custom burner
design was utilized successfully to create large (2" x 2”) full-
thickness burn wounds in a Yorkshire pig model to facilitate
the study of biofilm infected wounds [25]. The ability to
exchange the burn stylus with another stylus of any shape and
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size provide unlimited tunability of burn shape and size in
addition to controlling burn depth using temperature and
pressure.

Initial temperature of burner, contact time, thermal
capacity of burner material, and applied pressure all play a
role in burn depth [20]. Burn depth scaled positively with both
contact time and contact pressure using either unit; however
the custom burn device generated burns with much greater
reproducibility. Both the standard and custom burners were
heated to the same initial temperatures, and both could
control burn depths by altering contact times. Thus, it is most
likely the ability to control applied pressure and maintain
burner temperature while in contact with the skin that
improves the precision of the custom burn device. Both
burners utilize a stainless steel stylus, therefore are pre-
sented with the same low thermal conductivity of 24 W per
meter Kelvin [26] and heat transfer capabilities. The differ-
ence lies within the custom burner’s ability to be heated
continuously and internally during burning. This constant
heat source provided continuous heat transfer from the
stylus to the skin, resulting in the maintenance of a more
uniform skin surface temperature throughout burning. This
contributed to greater damage and consistency in wound
depth, both between and within wounds, compared to the
wounds created by the standard burner. The standard burner
immediately started losing heat once detached from the hot
plate and continued to cool down at a rapid rate while in
contact with the skin. The amount of pressure applied to the
skin during thermal injury has been suggested to be a key
indicator of extent of damage with greater tissue damage
resulting from increased pressure. Compression of the
underlying tissue is believed to decrease the rate of heat
dissipation [20]. Though each of the three independent users
practiced controlling applied pressure with the standard
device by pressing the device onto a scale, it is highly likely
that the magnitude of applied pressure varied from burn to
burn. The ability to see the digital pressure gauge in the
custom device allowed the user to monitor the applied
pressure initially and maintain this pressure throughout the
duration of contact. This level of control is not achievable
with the standard device and provides a distinct advantage in
generating reproducible burns of tailored depths.

5. Conclusions

When creating burn wounds to study wound healing and
scarring in an animal model, it is ideal to have a burn device
that can quickly create consistent, consecutive burn
wounds of uniform depth and damage. In this study, a
new custom burn device was developed that allowed
control and monitoring of real time pressure, internal
burner temperature, and elapsed time throughout burn
wound generation. In comparison to the standard burner,
the custom burner not only was quicker and more
convenient to use, but also created burn wounds of
tailorable depth and high reproducibility. The burner design
used for these studies can be further customized to produce
burns of different sizes or shapes for studies in other
animal models.

Conflict of interest

The authors declare that they have no any conflict of interest.

Acknowledgements

This project was supported by the Shriners Hospital Research
Foundations Grants #85100 and #85400 to HMP. Supported in part
by NIH grant GM077185, GM069589, NR013898 and DOD W81XWH-
11-2-0142 to CKS. The authors would like to thank the Physics
Machine Shop at The Ohio State University for their assistance
with machining and assembly of parts for the custom burner.

REFERENCES

[1] Ripper S, Renneburg B, Landmann C, Weigel G, Germann G.
Adherence to pressure garment therapy in adult burn
patients. Burns 2009;35:657-64.

Engrav LH, Heimbach DM, Reus JL, Harnar TJ, Marvin JA.

Early excision and grafting vs. nonoperative treatment of

burns of indeterminant depth: a randomized prospective

study. ] Trauma 1983;23:1001-4.

Zhu KQ, Engrav LH, Gibran NS, Cole JK, Matsumura K,

Piepkorn M, et al. The female, red Duroc pig as an animal

model of hypertrophic scarring and the potential role of the

cones of skin. Burns 2003;29:649-64.

Gauglitz GG, Korting HC, Pavicic T, Ruzicka T, Jeschke MG.

Hypertrophic scarring and keloids: pathomechanisms and

current and emerging treatment strategies. Mol Med

2011;17(1-2):113-25.

Liang Z, Engrav LH, Muangman P, Muffly LA, Zhu KQ,

Carrougher GJ, et al. Nerve quantification in female red

Duroc pig (FRDP) scar compared to human hypertrophic

scar. Burns 2004;30:57-64.

Askoy B, Atakan N, Askoy HM, Tezel GG, Renda N, Ozkara

HA, et al. Effectiveness of topical zinc oxide application on

hypertrophic scar development in rabbits. Burns

2010;36:1027-35.

Zurada JM, Kriegel D, Davis IC. Topical treatments for

hypertrophic scars. ] Am Acad Dermatol 2006;55:1024-31.

Cheng]J, Evans J, Leung K, Clark J, Choy T, Leung P. Pressure

therapy in the treatment of post-burn hypertrophic scar - a

critical look into its usefulness and fallacies by pressure

monitoring. Burns 1984;10:154-63.
[9] Juckett G, Hartman-Adams H. Management of keloids and
hypertrophic scars. Am Fam Physician 2009;80(3):253-60.

[10] Berman B, Perez OA, Konda S, Kohut BE, Viera MH, Delgado
S, et al. A review of the biologic effects, clinical efficacy, and
safety of silicone elastomer sheeting for hypertrophic and
keloid scar treatment and management. Dermatol Surg
2007;33(11):1291-303.

[11] Gallant-Behm CL, Hart DA. Genetic analysis of skin wound
healing and scarring in a porcine model. Wound Rep Regen
2006;14(1):46-54.

[12] Wang JF, Ding J, Jiao H, Honardoust D, Momtazi M,
Shankowsky HA, et al. Human hypertrophic scar-like nude
mouse model: characterization of the molecular and
cellular biology of the scar process. Wound Rep Regen
2011;19:274-85.

[13] Aksoy HM, Vargel I, Canter HI, Erk YE, Sargon M, Pinar A,
et al. A new experimental hypetrophic scar model in guinea
pigs. Aesth Plast Surg 2002;26:388-96.

[2

3

[4

[5

[6

[7

8


http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0135
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0135
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0135
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0140
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0140
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0140
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0140
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0145
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0145
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0145
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0145
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0150
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0150
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0150
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0150
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0155
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0155
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0155
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0155
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0160
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0160
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0160
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0160
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0165
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0165
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0170
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0170
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0170
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0170
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0175
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0175
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0180
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0180
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0180
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0180
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0180
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0185
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0185
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0185
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0190
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0190
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0190
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0190
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0190
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0195
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0195
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0195

BURNS 42 (2016) 384-391 391

[14] Engrav LH, Garner WL, Tredget EE. Hypertrophic scars. J
Burn Care Res 2007;28(4):1-5.

[15] Morris DE, Wu L, Zhao LL, Bolton L, Roth SI, Ladin DA, et al.
Acute and chronic animal models for excessive dermal
scarring: quantitative studies. Plast Reconstr Surg
1997;100:674-81.

[16] Zhu KQ, Engrav LH, Tamura RN, Cole JA, Muangman P,
Carrougher GJ, et al. Further similarities between
cutaneous scarring in the female, red Duroc pig and human
hypetrophic scarring. Burns 2004;518-30.

[17] Harunari N, Zhu KQ, Armendariz RT, Deubner H,
Muangman P, Carrougher GJ, et al. Histology of the thick
scar on the female, red Duroc pig: final similarities to
human hypertrophic scar. Burns 2006;32(6):669-77.

[18] Zhu KQ, Carrougher GJ, Gibran NS, Isik FF, Engrav LH.
Review of the female Duroc/Yorkshire pig model of human
fibroproliferative scarring. Wound Rep Regen 2007;15:
S32-9.

[19] Ghahary A, Shen Y], Scott PG, Tredget EE.
Immunolocalization of TGF-betal in human hypertrophic
scar and normal dermal tissues. Cytokine 1995;7:184-90.

[20] Singer AJ, Taira BR, Anderson R, McClain SA, Rosenberg L.
Does pressure matter in creating burns in a porcine model?
J Burn Care Res 2010;31(4):646-51.

[21] Papp A, Kiraly K, Harma M, Lahtinen T, Uusaro A, Alhava E.
The progression of burn depth in experimental burns: a
histological and methodological study. Burns 2004;30:684-90.

[22] Gaines C, Poranki D, Du W, Clark RA, Van Dyke M.
Development of a porcine deep partial thickness burn
model. Burns 2013;39(2):311-9.

[23] Kempf M, Cuttle L, Liu PY, Wang XQ, Kimble RM. Important
improvements to porcine skin burn models, in search of
the perfect burn. Burns 2009;35:454-5.

[24] Diegelmann RF, Evans MC. Wound healing: an overview
of acute, fibrotic and delayed healing. Front Biosci
2004;9:283-9.

[25] Roy S, Elgharably H, Sinha M, Ganesh K, Chaney S, Mann E,
et al. Mixed-species biofilm compromises burn wound
healing by disrupting epidermal barrier function. J Pathol
2014;233:331-43.

[26] Baumbach PL. Temperature Measuring Device. Patent WO
2002066946 A2. 29 Aug. 2002. Print


http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0200
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0200
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0205
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0205
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0205
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0205
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0210
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0210
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0210
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0210
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0215
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0215
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0215
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0215
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0220
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0220
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0220
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0220
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0225
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0225
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0225
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0230
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0230
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0230
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0235
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0235
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0235
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0240
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0240
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0240
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0245
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0245
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0245
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0250
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0250
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0250
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0255
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0255
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0255
http://refhub.elsevier.com/S0305-4179(15)00263-6/sbref0255

	Novel burn device for rapid, reproducible burn wound generation
	1 Introduction
	2 Materials and methods
	2.1 Burn devices
	2.2 Temperature logging system
	2.3 Burn wound creation, anesthesia, animal care
	2.4 Histology

	3 Results
	3.1 Initial heating time
	3.2 Stylus and skin surface temperature during use
	3.3 Elapsed time
	3.4 Burn depth as a function of time, pressure and device

	4 Discussion
	5 Conclusions
	Conflict of interest
	Acknowledgements
	References


