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New Cooltech Define® Cryoadipolysis Applicators:
A Scientific and Comparative Study with Cooltech® Applicators
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Abstract

Objectives: The main objective of this study was to obtain data from cryoadipolysis simulations to evaluate the de-
signs of new applicators, and how changing shape, dimensions and cooling temperature can increase fat loss.
Methods: The cooling dynamics in the skin and fat of three new Cooltech Define® applicator models, were compared to
their marketed Cooltech® counterparts, using 3D designs and multiphysics-simulations were carried out with COMSOL
Multiphysics®. Cryoadipolysis treatments were recreated and applying different percentages of ischemia. Variables as-
sessed were: Cooling merit parameter, cooling homogeneity, cooling dynamics of skin and fat, the time required to
reach crystallization temperatures (set at 10°C), fat percentage inside the applicators, and time to hypoesthesia.
Results: At 100% ischemia, the new applicators were able to reduce the time to reach 10 °C by 52-68% and increase
the fat reduction percentage by 15-20%. After adjusting the ischemia value, the new applicators had a fat reduction
percentage of 49%, 78%, and 74%, while in the previous series were 21%, 25%, and 68%, respectively.

Conclusion: New cryoadipolysis applicators reached lower temperature, higher cooling speed, more homogeneous
cooling, faster hypoesthesia, and greater fat reduction. However, further clinical studies to assess the reproducibility of
these data would be needed.
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ryoadipolysis as a non-invasive procedure for the re-

moval of adipose tissue was first used in 2010 after the
FDA approved a cryolipolysis device to reduce fat (K080521).
Many investigations, both in vitro" and on animals,? had
been conducted in the past to verify its efficacy and safety.®!
Human clinical trials later confirmed that it was a safe tech-
nology with minimum pain and fast recovery.

Within the development framework of new Cooltech De-
fine® cryoadipolysis applicators, multiphysics simulation
software has proven to be a useful tool, since it offers the
possibility to virtually study how prototypes would behave
in a real-life situation through a model that includes the

resolution of physical equations by finite elements calcula-
tion methods. This has already been verified in the previous
development of Cooltech® applicators.

The main objective of this study was to evaluate the cool-
ing efficacy of the Cooltech Define® applicators through
numerical simulations, and show their superiority to the
Cooltech® applicators, which implies greater affectation
of the fat inside of them, and therefore, it should reduce
fat percentage more effectively. Another objective was to
show that the design of the applicators can be optimized
using a merit parameter, based on the geometrical design
of the applicators. Finally, this study also showed the im-
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portance of considering the biological heat in the simula-
tions and the need to perform clinical studies to determine
the ischemia associated with each applicator.

Methods

Study Design

This study, conducted at Cocoon Medical laboratories, in
Barcelona (Spain), compared the cooling dynamics of sev-
eral cryoadipolysis applicators in the skin and fat. Compar-
ative analysis was carried out with the Straight, Tight and
Double applicator models from the Cooltech® series as well
as from the new Cooltech Define® line.

As with the Cooltech® applicators comparative study,” all
simulations were performed with COMSOL Multiphysics®
software, which enables to evaluate the temperature inside
the skin and fat, and recreates the response of the new ap-
plicator designs in a real-life situation. This is a calculation
method by finite elements that allows to solve equations
numerically and is especially useful when equations do not
have an analytical solution, as in the case of the heat trans-
fer equation used in this study. The software creates a mesh
with a finite number of elements in the domains where the
equation needs to be solved and solves the equation nu-
merically in each of these elements, gathering all the data
for the final result.® In the present study, these meshed ge-
ometrical domains included biological tissues (skin and fat)
and the applicator hand-piece.

In order to recreate each applicator in the simulation, their
3D designs were imported from the Solid Works® software
directly into the simulation software (Figs. 1,2). Taking into
account the following design parameters: (1) cooling sur-
face, (2) total cavity volume, (3) cavity depth and (4) surface
of the applicator's head, which is related with blood perfu-
sion (Table 1), a merit parameter was defined based on the
following premises (Fig. 3):

a) The larger the cooling surface, the larger the tissue area
affected by the cold.
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Figure 1. Straight applicator: (A1) Simulation design (left) and (A2)
real image (right). Tight applicator: (B1) Simulation design (left) and
(B2) real image (right). Double applicator: (C1) Simulation design
(left) and (C2) real image (right).

Figure 2. 3D diagram of contact areas between the tissues and the
hand piece: to the left, the central zone, representing the tissues that
are suctioned inside the applicator (brick of skin and fat) plus the pe-
ripheral zone with tissues also affected by the temperature gradient
but not suctioned inside the applicator; and to the right, the appli-
cator with the central zone lodged inside plus the peripheral zone.

Cooling Surface x Depth

Merit Parameter =
Cavity Volume x Perfusion Surface

Figure 3. Equation for the merit parameter.

b) The deeper the applicator can reach, the further the
tissue will be from the source of biological heat of the
body.

¢) The lower the volume, the smaller the amount of tissue
to cool and, therefore, the larger the cooling capacity.

d) The smaller the blood perfusion surface (applicator en-
trance surface, through which blood flows to the tissue
located inside the applicator), the lower the heating of
the tissue inside the applicator.

Regarding the designs imported from the Solid Works® soft-

Table 1. Design parameters of the Cooltech® and Cooltech Define® applicators

Series Applicator Model  Cooling Surface (cm?)  Total Cavity Volume (cm?) Depth (mm) Blood Perfusion
Surface (cm?)

Cooltech Define® Tight 132 177 42 56
Cooltech® 108 309 74 85.2
Cooltech Define® Straight 180 295 48 84
Cooltech® 106 430 73 111
Cooltech Define® Double 468 546 54 112
Cooltech® 255 686 73 138

cm? square centimeters; cm?: cubic centimeters; mm: millimeters.



ware, a 3D heat transfer model was used including all mate-
rials, from the biological tissues of interest for the simulation
(skin and fat) to temperature-based parameters. The inclu-
sion of the design of the applicator hand-piece in the simu-
lation represented an analysis improvement with respect to
other studies that only modeled skin and fat volume.”!

The simulation was carried out by solving the equation of
heat transfer for biomaterials (Fig. 4), where p is the density
of the tissue, C is the specific heat capacity of the tissue
at constant pressure, k is the thermal conductivity, T is the
absolute temperature of the tissue, g is the heat flux by
conduction in the tissue, p, is the blood density, C , is the
blood-specific heat capacity at constant pressure, w, is the
blood perfusion rate, T, is the arterial blood temperature,
Q.. isthe metabolic heat source and Q is the heat source, V
is the mathematical operator Nabla, and 97/0t is the partial
derivative of temperature with respect to time.

For each material used in the simulation, three basic pa-
rameters were required: (1) specific heat €). (2 thermal
conductivity (k), and (3) density (p) (Table 2). Materials used
in the simulations were fat,®® skin,! the polypropylene of
the applicator outer body,” the anodized aluminum of the
surface of the cooling plates,"” and the aluminum of the
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B. Qbio = pb Cpb wb (Tb - T) + Qmet

Figure 4. Equation of heat transfer for biomaterials. A: Heat flux by
conduction in the tissue. B: Biological heat.

p: density of the tissue; (o specific heat at constant pressure of the tissue;
dT/ot: Partial derivative of the temperature (T) with respect to the time (t);
v: mathematical operator Nabla (operator that applies partial derivatives in
space to a magnitude); g: heat flux by conduction in the tissue; Q: heat source;
Q,, biological heat; k: coefficient of heat conductivity; p,: blood density; Cy
blood specific heat at constant pressure; w,: blood perfusion rate; T,: arterial

blood temperature; Q _; metabolic heat source.
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cooling plates.” In the fat, these three parameters depend
on temperature.

Biological heat (Q,,) represents a combination of blood
perfusion (or blood flow) and the metabolic heat of each
tissue (Fig. 4)."" It is known that metabolic heat can be con-
sidered negligible as a first approximation for protective
tissues, like normal skin or subcutaneous fat.'? Moreover,
previous studies also using COMSOL® have demonstrated
that changes in metabolic heat do not substantially change
the results of the simulation."* Therefore, only blood perfu-
sion has been considered in this study to determine bio-
logical heat. To simulate blood perfusion, four parameters
were needed: (1) blood temperature (T,), (2) blood-specific
heat capacity (C_,), (3) blood density (p,) and (4) blood per-

P
fusion rate (w,) in fat and the skin™'¥ (Table 3).

No phase change for fat has been introduced in the simu-
lation. In heterogeneous materials like fat, which is com-
posed by several types of different fatty acids, there is not
a visible phase change as occurs with water, for example.
In a previous study with olive oil-which is known to have a
similar chemical composition to human fat-there was not
a clear phase change when it was cooled.® However, there
was a visible increase in viscosity as the temperature de-
creased.™ Previous simulations during the refinement of
the model showed that results with and without consider-
ing phase changes did not have any significant differences.

Recreating the Procedure
The different stages of a cryoadipolysis treatment were

Table 3. Required physical parameters to simulate blood perfusion

Blood Temperature 36 (°C)

C, blood"™ 3220 (J/kg-K)
p blood™ 900 (kg/m3)
w in fat™ 4.2-10-4 (1/s)
w in the skint¥ 0.0018 (1/s)

°C: degrees Celsius; Cp: specific heat; J: joules; Kg: kilograms; p: density; w:
perfusion; m3: cubic meters; s: seconds.

Table 2. Required physical parameters to solve the equation of heat transfer.

Material Cp (J/kg-K) k (W/m-K) p (kg/m?3)
Fat® 1984.2+1.4733T 0.18071-2.7604T 925.59-0.41757T
*Tin °C -4.8008-103T2 -10*-1.7749

-107 T2
Skin®! 3391 0.37 1109
Plastic (Polypropylene)™” 1800 0.16 1040
Anodized aluminum!® 880 18 2700
Aluminum® 900 238 2700

Cp: specific heat; J: joules; Kg: kilograms; K: Kelvin; k: thermal conductivity; W: watts; m: meters; p: density; m* cubic meters; T: temperature; °C: degrees Celsius.
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recreated with the simulations, including cooling of tis-
sues by contact with cooled aluminum plates, the use of
cryoprotectant on the skin, and the ischemia produced by
suction of the tissues inside the applicators.

Regarding the original conditions of the simulations, the
initial temperature was 36 °C for the biological tissue (sim-
ulating body temperature), and 20 °C (room temperature)
for the rest of the materials. As a first boundary condition,
an isolated system was considered, which means that there
was no heat flow in its contours. As a second boundary
condition to simulate the cooling process, aluminum plates
were at a constant cold temperature for 70 minutes. This
boundary condition assumes that aluminum plates, which
are cooled in a real-life situation by Peltier cells, reach a cold
temperature instantaneously (Fig. 5). Despite this assump-
tion, experimental data showed that several minutes are
needed to reach a cold temperature, which then remains
constant throughout the treatment thanks to an electronic
control system.'™ The temperature was set at -8 °C for
Cooltech® applicators and at -10 °C for the new Cooltech
Define® applicators.

Likewise, it is known that applying cold on the skin causes a
marked decrease in sensitivity to pain or hypoesthesia.l's! It
is important to reach this state as soon as possible because
it makes the treatment painless for patients and gives them
more comfort.'”! At 7 °C, there is numbness in the treated
area due to an affectation of the sensory receptors, and at
0 °C, there is total numbness in the treated area.? Other
temperatures of interest are: (1) -5 °C, temperature at which
blood vessels start to be affected with thermal damage;[18]
(2) -10 °C, when skin suffers necrosis;" and (3) -20 °C, tem-
perature from which necrosis occurs in any biological tis-
sue.'89 Both in the case of Cooltech® and Cooltech Define®
applicators, the treated tissue cannot reach temperatures
under -20 °C, but it is possible for blood vessels to reach
-5 °C and for the skin to reach -10 °C. For this reason, in or-
der to protect tissues from inherent damage by freezing, a
cryoprotectant membrane, Cool Gel Pad® [product associ-

a b Anodized

Polypropylene ~aluminum plates
=0 (T=20°0) (T,=-20°C)

Skin
(T=36°C)

Adipose tissue (T = 36 °C)

Figure 5. Boundary conditions (A) and initial conditions (B) used.
Abbreviations: T, temperature, °C, degrees Celsius.

ated with patent applications: 2018/060533 A1 and PCT/
ES2018/070185], is applied.?”

To recreate the effect of the cryoprotectant gel, phase tran-
sition of the skin water was not considered in the entire
temperature range analyzed.

In order to simulate the suction effect of the applicator on
the tissue to be cooled, the area of the treated biological
tissue was divided into two parts: (1) the suctioned tissue,
composed by the skin and fat inside the applicator; and (2)
the non-suctioned tissue, composed by the skin and fat ad-
jacent to the suctioned tissue. Due to the suction process,
ischemia is caused in the suctioned tissue, which decreases
the blood flow inside it. This decrease in blood flow reduces
the biological heat produced by the suctioned tissue.
Therefore, itis interesting to cause the greatest possible de-
gree of ischemia to avoid the effect of the biological heat
of suctioned tissue and achieve better cooling. Non-suc-
tioned tissue, however, is a source of heat because of max-
imum blood flow. So, the contact surface between both
tissue parts (suctioned and non-suctioned) has to be con-
sidered because the larger the contact surface, the higher
the amount of heat transmitted to the suctioned tissue.

In a real-life situation, the ischemia caused by suction is in-
complete and the biological heat affects the suctioned tis-
sue in some extent. Two cases of "simulated suction" were
considered in the simulation:

The first case (Case 1), assuming 100% ischemia, was sim-
ulated by removing blood perfusion of the suctioned skin
and fat. However, for the fat and skin outside the receptacle
of the applicator (non-suctioned surrounding tissue), bio-
logical heat in its natural state (100% of blood perfusion)
was taken into account.

In the second case (Case 2), assuming partial ischemia, a
model was developed to estimate a blood perfusion factor
(BPF) in the suctioned tissue for each applicator, which was
based on the following premises (Fig. 6):

a) BPF to be between 0 and 1, multiplying the frequency
of blood perfusion (w) of the biological tissue in its nat-
ural state. Without ischemia, the factor is 1, and there is
natural biological heat; with 100% ischemia, the factor
is 0 and biological heat is null.

b) BPF increases with the blood perfusion surface (sur-
face of the suctioned tissue through which blood flows).

Width of the applicator cavity

-(kx )
Suction pressure x Angle of cooling surfaces x Depth

Perfusion factor=1-¢e

Figure 6. Equation for the ischemia factor.

e: constant with an approximate value of 2.71828; k: Constant to determine
the perfusion factor for each applicator, obtained by applying the model to
a reference value.



¢) BPF decreases with the depth and the inclination an-
gle of the lateral surfaces inside the applicator, and with
suction pressure.

d) For high BPF values (low ischemia), changes in the
design parameters do not significantly affect ischemia.
On the other hand, for low BPF values (high ischemia),
small design changes can significantly affect the result-
ing ischemia.

Data Analysis

Case 1: A 100% ischemia, and therefore, null biological
heat in the suctioned tissue was considered. The variables
analyzed for the Cooltech Define® and Cooltech® applica-
tors were:

« Cooling merit parameter: The merit parameter obtained
for the Cooltech® applicators was validated and used to
assess the cooling capacity of the new Cooltech Define®
applicators.

- Cooling homogeneity: It was determined from tempera-
ture distribution in the suctioned tissue at 35, 50 and 70
minutes of treatment.

+ Cooling dynamics: The evolution of skin and fat average
temperature inside the applicator was estimated during
the 70 minutes of treatment.

« Apoptosis: The time required for fat to reach crystalliza-
tion temperatures was estimated and set in this study at
10 °C, temperature after which apoptosis in the adipose
tissue could start.>2-23 Based on the time elapsed, the
fat percentage inside the applicators with a tempera-
ture under 10 °C was also estimated.

+ Hypoesthesia: The percentage of skin inside the appli-
cator with a temperature under 7 °C during the 70 min-
utes of treatment, and the time required for 50% of the
skin inside the applicator to reach a temperature under
7 °C, were estimated.

Case 2: Partial ischemia was considered and its effect on
the above variables were analyzed.

- Evaluation of ischemia: For the Straight Cooltech® and
Double Cooltech® applicators, the cooling effects were
assessed as a function of the blood perfusion factor
applied to the suctioned tissue. Blood perfusion factor
was determined using efficacy clinical data of both ap-
plicators, and a mathematical model was used to deter-
mine blood perfusion factor for the rest of the applica-
tors. More simulations were carried out.

Results

Cooling merit parameter: The cooling behavior of the ap-
plicators from both series is shown in Figure 7 and Figure
8; merit parameter values for the different Cooltech® and
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Figure 7. Fat average temperature at 70 minutes of treatment vs. the
merit parameter for Cooltech® Straight, Double and Tight applicators.
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Figure 8. Fat average temperature at 30 min vs. the merit parameter
for each Cooltech® and Cooltech Define® applicator. Abbreviations:
Temp. temperature; min, minutes; degC, degree Celsius.

Cooltech Define® applicators are shown in Figure 9.

Cooling homogeneity: At 35 minutes, all Cooltech Define® ap-
plicators reached an internal temperature under 0 °C on the
entire tissue surface, while in the case of Cooltech® applica-
tors, lateral surfaces cooled faster than top surfaces (Fig. 10).

Cooling dynamics: Figure 11 shows the results of the evo-
lution of skin and fat average temperature during the 70

0,563179806

0,409516853
0,30397224
0,349643823

0,19459897
0,161913032

DOUBLE TIGHT STRAIGHT

W Merit parameter for Cooltech W Merit parameter for Cooltech Define

Figure 9. Comparative chart of the Cooltech® and Cooltech Define®
applicators vs. their merit parameter.
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Figure 10. Cooling homogeneity: Comparison between the tempo-
rary evolution of temperature in the skin/fat-applicator system for
each couple of equivalent Cooltech® and Cooltech Define® applica-
tors: Straight (top), Tight (middle) and Double (bottom). Temperature
decrease achieved.

minutes of treatment for each Straight, Tight and Double
applicator model, both for the Cooltech® and Cooltech
Define® series. Two horizontal lines have been included in
the graphs, one indicating the temperature of apoptosis or
crystallization of fat (10 °C) and another one for the tem-
perature of hypoesthesia of the skin (7 °C).

Apoptosis: The time required for fat to reach apoptosis tem-
perature, set at 10 °C, is shown in Table 4. Values ranged
from 17-25 minutes for the models of the Cooltech Define®
series and from 26-48 minutes for those of the Cooltech®
series (Table 4). The results of the evolution of fat per-
centage affected during the 70 minutes of treatment are
shown in Figure 12. Cooltech Define® applicators showed
an improvement of 15-20 percentage points compared to
Cooltech® applicators.

Hypoesthesia: The time required for 50% of the skin inside
the applicator to reach a temperature under 7 °C (Fig. 13)
was 3 minutes for Cooltech Define® series and a range of
8-26 minutes for the Cooltech® series (Table 5),
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Figure 11.Temperature vs. Time chart: Cooltech® vs. Cooltech Define®.

Ischemia: Figure 14 shows the dependence between the
percentage of fat affected by cold in Cooltech® Straight
and Double applicators at the end of a 70-minute treat-
ment, and the blood perfusion factor applied to the tissue
suctioned. A strong dependence between the affected fat

Table 4. Comparative table of mean times at which crystallization
temperatures were reached

Series Applicator Model  Time for fat to reach
crystallizatio
temperature (10.38 °C)

Cooltech® Straight 48
Tight 26
Double 28
Cooltech Define® Straight 25
Tight 17
Double 19

°C: degrees Celsius.



EJMI 91
Double Cooltech® vs Double Cooltech Define® Tight Cooltech® vs Tight Cooltech Define®
lmlooojﬁ 1w{00% W AAAAAAAA A
80,00% T - Aaaaanaasad 80,00% ,' = uaaa AdAAMAAAARAAMAALAL
= 9 Apdad
S as £ 6000% |
w 40,00% £
20,00% B 40,00% |4 A
0,00% 20,00% g ar
0 10 20 30 40 50 60 70 A‘
) ) 0,00% &
Time (min) 0 10 20 30 40 50 60 70
Time (min)
A Double Cooltech® % fat T<10 degC # Double Cooltech Define® % fat T<10 degC
A Tight Cooltech® % skin T<7 degC # Tight Cooltech Define® % skin T<7 degC
Straight Cooltech® vs Straight Cooltech Define®
Straight Cooltech® vs Straight Cooltech Define®
100,00% —
80,00% 100,00% A .
R 60,00% 8000% [ * =
E 40,00% X 60,00% : s AAMMAAAAS
P =
20,00% % 4000% |4 ‘.-;7
0,00% 20,00% A
0 10 20 30 40 50 60 70 ¥
) : 0,00% i
Time (min) 0 10 20 30 40 50 60 70
Time (min)

A Straight Cooltech® % fat T<10 degC # Straight Cooltech Define® % fat T<10 degC

Tight Cooltech® vs Tight Cooltech Define®

100,00%
80,00%
60,00%
40,00%
20,00%

0,00%
0 10 20 30 40 50 60 70
Time (min)

A AAAAAL

Fat %

A Tight Cooltech® % fat T<10degC # Tight Cooltech Define® % fat T<10 degC

Figure 12. Fat % below 10 °C vs. time chart: Cooltech® vs. Cooltech
Define®.

and blood perfusion was observed. Clinical studies carried
out with Straight and Double Cooltech® applicators have
shown an effectiveness in fat reduction for each applica-
tor of about 20% and 25%, respectively [Dr. Serena’s clinical
study, not yet published]. These percentages corresponded
to blood perfusion in the simulations for each applicator of
42% and 27%, respectively.

Figure 15 compares the result of the simulations for both
applicators without blood perfusion (blood perfusion fac-
tor (BPF)=0) inside the suctioned tissue and with the BPF
estimated. An isotherm curve of 10 °C has been added to
the graphics to compare the differences between both
simulations. Table 6 shows the BPF for all the applicators of
both series obtained from the model, as well as the results
of the simulation for fat reduction percentage at the end
of the treatment. Thus, from the simulations that included
blood perfusion, the Cooltech® Straight, Double and Tight
applicators showed fat reduction percentages of 21.05%,

A Straight Cooltech® % skin T<7 degC 4 Straight Cooltech Define® % skin T<7 degC

Double Cooltech® vs Double Cooltech Define®
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A Double Cooltech® % skin T<7 degC % Double Cooltech Define® % skin T<7 degC

Figure 13. Skin % below 7 oC vs. time chart: Cooltech® vs. Cooltech
Define®.

25%, and 68.39%, respectively; while their Cooltech De-
fine® counterparts showed fat reduction percentages of
49.13%, 77.47% and 73.97%, respectively.

Table 5. Comparative table of mean times at which hypoesthesia
temperatures were reached

Series Applicator Model Time required for
50% of the skin to
reach a temperature
below 7 °C (min)

Cooltech® Straight 26
Tight 9
Double 8
Cooltech Define® Straight 3
Tight 3
Double 3

°C: degrees Celsius; min: minutes.
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Figure 14. Fat percentage under 10 oC at 70 minutes of treatment
based on the applied blood perfusion factor (expressed as a percent-
age) for Cooltech® Straight and Double applicators.
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Figure 15. Cooltech® Double applicator without internal perfusion
(A) and with 27% perfusion (B); Cooltech® Straight applicator with-
out internal perfusion (C) and with 55% perfusion (D).

Table 6. Comparative table of the percentage of fat reduction
based on the blood perfusion percentage applied in the
simulation

Series Applicator % of Blood % of Fat Reduction
Model Perfusion at the End of
Treatment
Cooltech® Double 28 25
Straight 42 21
Tight 31 68
Cooltech Define®  Double 31 78
Straight 49 49
Tight 39 74

Discussion

The present study shows numerical simulations as an ef-
fective tool in the design of applicators for cryoadipolysis,
allowing to evaluate the temperature inside cooled tissues
with different real applicators and determining the behav-
ior that new designs will have when compared to current
models. In order to realize these simulations, a 3D heat
transfer model has been used with all the integrated mate-
rials (tissues and applicator) and with temperature-depen-
dent parameters.

Results obtained from the simulations conducted in this
study showed that Cooltech Define® applicators had better
cooling speed and homogeneity. The merit parameter of
Cooltech® applicators proved to be appropriate as a start-
ing point to design these new applicators since, as its value
increased, so did the cooling of the suctioned tissue (Fig.
7). This behavior justified choosing that merit parameter
and enabled to analyze the response of the new Cooltech
Define® applicators during their design and compare the
cooling capacity of both series of applicators in a simula-
tion (Fig. 11). The merit parameter value obtained for the
design of the new applicators was almost twice as high as
that used to design the Cooltech® series applicators (Fig. 9).

At 35 min of treatment, the Cooltech Define® applicators
managed to cool a larger percentage of internal tissue, and
in a more homogeneous way, than their Cooltech® counter-
parts, being this difference, more apparent in Straight and
Tight applicators. The temperature reached by Cooltech®
applicators in the upper part was 10-15 °C, whereas that
of their Cooltech Define® counterparts reached 0 °C in the
same area. This improvement was due to the fact that the
entire surface inside the Cooltech Define® applicators has
cooling capacity, while the Cooltech® applicators only con-
tain cooling plates on the sides of the inner cavity.

In both types of applicators, the temperature exponentially
decreased with time (Fig. 11) and, as it could be expected,
skin temperature dropped faster than fat temperature. Re-
sults clearly show that, at the end of the 70 min of treatment,
fat cooling speed was faster, and the temperature reached
was much lower with Cooltech Define® applicators, with a
mean difference of 5 °C between both series of applicators.
Furthermore, when comparing the results of the time re-
quired for intracellular triglycerides to reach crystallization
temperatures, it was observed that the applicators of the
Cooltech Define® series showed a faster cooling speed than
the Cooltech® series, confirming a larger and more homo-
geneous cooling capacity (-10 °C) of the Cooltech Define®
applicators vs. the Cooltech® applicators, which only reach
a temperature of -8 °C.

The evolution of the fat percentage crystallized with time



was also different between both series of applicators (Figs.
13, 14). Cooltech Define® applicators showed an exponen-
tially negative and homogeneous increase of affected fat
over time, with a tendency to become stabilized at the end
of treatment. In turn, Cooltech® applicators showed a first
linear trend regarding fat cooling towards an exponentially
negative behavior. Again, this behavior occurs because
Cooltech Define® applicators cool fat in a homogeneous
way thanks to an increased cooling surface. Furthermore,
Cooltech Define® applicators reached a larger amount of
fat affected than Cooltech® applicators at all times.

Regarding the time required for 50% of skin to reach hy-
poesthesia temperature, Cooltech Define® applicators
achieved it at 3 minutes of treatment while Cooltech® ap-
plicators needed more time. These results indicate that
Cooltech Define® applicators may provide patients with
more comfort during treatment, since they would be able
to numb the area faster than Cooltech® applicators.

Results from the second round of simulations revealed that
including biological heat as a parameter in the simulations
highly affected the results obtained. The results showed a
strong relationship between the crystallized fat and blood
perfusion or, in other words, the degree of ischemia ap-
plied in the simulation. With the Cooltech® Double appli-
cator, the crystallized fat percentage without blood per-
fusion was virtually 80%, and after adjusting the ischemia
value, this percentage dropped to 25%. When the ischemia
model was applied to the new Cooltech Define® Double
applicator, crystallized fat increased to 77%. The percent-
ages of crystallized fat obtained for all three Cooltech De-
fine® applicators (Double, Straight and Tight) were 77%,
49%, and 74%, respectively. These results suggest that the
new Cooltech Define® applicators may offer fat reduction
percentages of over 50%, which could be equivalent in ef-
fectiveness to surgical techniques.

Finally, to summarize, this study of numerical simulations
shows how Cooltech Define® applicators reach a lower
cooling temperature, presented a higher cooling speed,
cooled the suctioned fat in a more homogeneous way,
and reached hypoesthesia and a large percentage of crys-
tallized fat faster than Cooltech® applicators at the end
of treatment. Likewise, the inclusion of the degree of is-
chemia of the suctioned tissue in the simulation model was
a highly relevant parameter to estimate the temperatures
of adipose tissue inside the applicators. Clinical studies will
be necessary to adjust blood perfusion for each type of ap-
plicator, both Cooltech® and Cooltech Define®, in order to
determine fat reduction and the effectiveness of each se-
ries of applicators more accurately and be able to show the
new Cooltech Define® applicators’improvements.
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