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Background and Objectives: Hyperhidrosis is a condi-
tion that affects a large percentage of the population and
has a significant impact on peoples’ lives. This report
presents a technical overview of a new noninvasive, mi-
crowave-based device for creating thermolysis of sweat
glands. The fundamental principles of operation of the de-
vice are presented, as well as the design and optimization
of the device to target the region where the sweat glands
reside.
Materials and Methods: An applicator was designed
that consists of an array of four waveguide antennas, a
cooling system, and a vacuum acquisition system. Ini-
tially, the performance of the antenna array was opti-
mized via computer simulation such that microwave
absorption was maximized near the dermal/hypodermal
interface. Subsequently, hardware was implemented and
utilized in pre-clinical testing on a porcine model to opti-
mize the thermal performance and analyze the ability of
the system to create thermally affected zones of varying
size yet centered on the target region.
Results: Computer simulation results demonstrated ab-
sorption profiles at a frequency of 5.8 GHz that had low
amounts of absorption at the epidermis and maximal ab-
sorption at the dermal/hypodermal interface. The tar-
geted zone was shown to be largely independent of skin
thickness. Gross pathological and histological response
from pre-clinical testing demonstrated the ability to gen-
erate thermally affected zones in the desired target region
while providing protection to the upper skin layers.
Conclusions: The results demonstrate that microwave
technology is well suited for targeting sweat glands while
allowing for protection of both the upper skin layers and
the structures beneath the subcutaneous fat. Promising
initial results from simulation and pre-clinical testing
demonstrate the potential of the device as a noninvasive
solution for sweat gland thermolysis. Lasers Surg. Med.
44:20–25, 2012. � 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Hyperhidrosis is defined as excessive sweating beyond
what is physiologically required to regulate body tempera-
ture [1]. Although not life-threatening, hyperhidrosis has
a significant impact on peoples’ lives and is a condition
which affects millions of people worldwide [2]. Its

impact is comparable to many of the commonly recognized
dermatologic disorders such as psoriasis, acne, and vitili-
go [3].
A new noninvasive, microwave-based device has been

developed to create thermolysis of sweat glands. This arti-
cle will provide a technical overview of the device and
present some of the device’s fundamental principles of
operation. A description of the target anatomy, basics of
microwave-based therapeutic techniques, and the device
configuration will be shown. Computer simulations
utilized to design the microwave absorption pattern of the
device will also be presented, followed by pre-clinical stud-
ies that assessed and optimized the location and size of
thermally affected zones created by the device.

MATERIALS AND METHODS

Microwave Energy as a Thermal Treatment
Modality

Microwave energy has been under investigation for dec-
ades as a modality for medical treatment. Early conceptu-
al work for microwave-based thermal therapy has been
reported as early as the 1930s [4,5] and practical hard-
ware development and experimentation in this area be-
gan as early as 1946 [6]. Since this early work, research
has been extensive and technology has been developed for
use in medical fields such as oncology, urology, cardiology,
and general surgery [4,7–12]. However, despite this work,
microwave technology is less familiar to the medical com-
munity than other modalities such as lasers, radio fre-
quency (RF), and ultrasound devices. A brief overview of
some of the fundamental principles of microwave energy
in relation to medical devices is presented below.
A microwave is typically defined as an electromagnetic

signal having a frequency of between 300 MHz and
300 GHz, with a corresponding free-space wavelength of
1 m down to 1 mm [13]. This frequency range lends itself
to coupling energy into the body utilizing radiated
energy rather than coupling via direct contact or by ca-
pacitive (or inductive) coupling as utilized in RF devices
[10]. Microwave-based therapeutic medical devices
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generally consist of an antenna that converts high fre-
quency currents (produced by a microwave generator)
into a propagating electromagnetic signal that is trans-
mitted into the body to produce a desired absorption pat-
tern in tissue. The absorption in tissue leads to the
process of dielectric heating, a different phenomenon than
generating heat via resistance to the flow of free electrons
(as in RF devices). At a molecular level, microwave dielec-
tric heating consists of the rapidly changing electric field
induced by a microwave signal acting upon dipole
moments within the water molecules present in tissue.
Molecules are excited by the microwave field, resulting in
frictional forces leading to heating [14].

Target Anatomy

It is generally accepted that there are two types of
sweat glands that exist: eccrine and apocrine glands. The
eccrine glands secrete a clear, nonodorous sweat, whose
primary function is thermoregulation of body tempera-
ture; these glands are distributed all over the body. The
apocrine glands secrete a milky sweat, where the bacteri-
al breakdown of this sweat causes the unique body odor;
these glands are primarily found in the axillae and
genital region. Both of these glands reside near the
dermal/hypodermal interface [15].

Device Configuration and Design

Figure 1 shows a diagram of the antenna array, cooling
system components, and the tissue model utilized in the
development of the microwave applicator. Microwave
energy from a high-power generator is fed into a metal-
plated waveguide structure via a coaxial probe as shown
in the figure. The probe excites a propagating microwave
signal in the waveguide which travels down the structure
to an open face with no metal. This open face forms a radi-
ating aperture that allows the transmission of energy out
of the waveguide structure, through the cooling system

and into tissue. The cooling system is formed from a circu-
lating layer of water and a ceramic cooling plate and
serves to prevent thermal damage to the superficial layers
of the skin, while allowing therapeutic heat to develop in
the deeper target tissue. The applicator also includes a
vacuum acquisition system, which is represented in
Figure 1 by the ‘‘lifted’’ configuration of the skin and fat
regions. The vacuum system lifts the skin and underlying
fat layers to achieve additional separation of the energy
source from underlying fixed tissue structures and physi-
cally isolate the target region.

The main design goal for this device was to achieve an
optimal heating effect in the target tissue. The first step
utilized electromagnetic computer simulations using the
model described above to determine an optimal antenna
geometry and frequency for maximizing microwave ab-
sorption near the target region. The computer modeling
was followed by hardware implementation and pre-
clinical testing to verify the design and determine optimal
energy delivery parameters in terms of heating of the tar-
get region as well as protection of the epidermal and up-
per dermal regions. The details of the electromagnetic
simulation and optimization are presented below.

Computer Simulation Setup

An industry-standard three-dimensional microwave
simulation tool (CST Microwave Studio, CST of America,
Inc., Boston, MA) was utilized to perform the optimization
of the electromagnetic response of the system. The model
included the four-channel waveguide array, the cooling
system and the vacuum acquired tissue model as shown
in Figure 1. Using the anatomy of the axilla as an exam-
ple, the epidermal and dermal layers were modeled as a
single 1.75 mm thick slab. The hypodermis was modeled
as a 9.5 mm slab of adipose tissue, distended by vacuum,
with a layer of underlying muscle tissue 6 mm thick. The
microwave properties assumed for the various tissue
types are shown in Table 1 for a frequency of 5.8 GHz.
The tissue density properties were taken from [16] and
are also shown in Table 1. In order to account for patient
skin thickness variation, simulations were also conducted
with 1.25 and 2.25 mm skin thicknesses. It is of note that
the sweat glands themselves, which were shown in pre-
liminary simulation investigations to have minimal affect
on absorption pattern, were not explicitly included in the
simulations.

As shown in Table 1, there are significant differences in
the material properties of the dermal and underlying
adipose tissue, with the relative permittivity and micro-
wave conductivity being significantly larger in the dermal
tissue. These differences result in two phenomena. The
first is that a large reflection of the microwave energy
will tend to occur at the dermal/hypodermal interface (in
the same manner by which light reflects when striking a
material with a different index of refraction than that it
is propagating through). Secondly, the large difference
in microwave conductivity (which is proportional to the
amount of energy absorbed in a material for a given elec-
tric field strength) demonstrates that dermal tissue is

Fig. 1. Geometry of antenna array, cooling system, and tis-

sue model utilized for this study.
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more readily subjected to absorption than the adipose lay-
er. These phenomena were utilized to design an antenna
geometry to target the region near the dermal/hypoder-
mal interface, as described in further detail below.

Absorption (Specific Absorption Rate, or SAR) profiles
were computed by the simulator and utilized to character-
ize the spatial absorption in tissue and assess the ability
of the antennas to treat the target region effectively. SAR
is a metric used for treatment zone estimations in micro-
wave hyperthermia because the absorbed energy is con-
verted into heat.

Pre-Clinical Testing

Although the computer simulation results provide accu-
rate estimates of the microwave absorption, they do not
account for thermal conduction effects. The constant tem-
perature cooling system protects the superficial region of
the skin by inhibiting upward thermal conduction from
the peak microwave absorption region. The cooling
parameters can also be designed such that the combina-
tion of direct microwave heating and thermal conduction
creates an optimal therapeutic heating region in the deep
dermis and adjacent subdermal tissue. The general con-
cept of designing the combination of microwave absorp-
tion pattern and cooling system to create an optimal
thermal profile is illustrated in Figure 2. Optimization of
the thermal performance was achieved via pre-clinical
studies, as described below.

Testing was performed on a porcine model at an Associ-
ation for the Assessment and Accreditation of Laboratory

Animal Care (AAALAC) accredited facility. The porcine
model is commonly utilized for dermatological testing,
having been used to test many modern laser systems
[17–19], wound healing devices and drugs [20], and der-
mal abrasion systems [18]. It is also widely documented
that porcine skin and human skin are similar in morphol-
ogy and in physiology [21] and their microwave properties
have also been shown to be similar [22–24]. The main lim-
itation of the porcine model for this application is that
eccrine glands are not present in the target tissue. How-
ever, the porcine model has apocrine glands that are simi-
lar in size to the human apocrine glands and are located
near the dermal–hypodermal interface in the subcutane-
ous tissue. Since most of the human eccrine glands also
reside at the same interface [15], they adequately model
the presence of sweat glands for the optimization of ther-
mal performance and provide confidence in the potential
to achieve efficacy in humans.
The animal study was conducted in the following man-

ner. The animals were anesthetized and a grid was creat-
ed on the left and right flank surfaces. Each rectangular
area of the grid was a test location for a single treatment.
Utilizing a 158C coolant temperature and an approximate
30 W antenna power per channel, microwave energy lev-
els of 599, 630, and 756 J were utilized. Note that these
energy levels represent the total energy spread over seven
individual zones treated by a single applicator placement.
The 756 J setting represented an example of excessive
energy to test the limits of safety and was not considered
a clinically viable setting. A minimum of six test locations

TABLE 1. Table of Tissue Properties (Data Taken From [16,25])

Tissue type Relative permittivity er Conductivity s (S/m) Density r (kg/m3)

Dermal/epidermal 38.62 4.34 1,010

Adipose 4.95 0.29 920

Muscle 49.5 5.44 1,040

The relative permittivity (er) describes the velocity at which the microwave travels through each tissue type, with a large er
corresponding to a lower velocity. The conductivity is a measure of how well each tissue type absorbs microwave energy.

Fig. 2. Diagram demonstrating the basic method by which the sweat gland layer is targeted:

(a) an incident signal is radiated by the antenna system through the epidermal and dermal

layer, (b) a significant amount of reflection occurs at the dermal/hypodermal interface,

resulting in constructive interference in the dermis near the interface, (c) the cooling system

protects the epidermal/upper dermal layer and allows thermal conduction from the micro-

wave absorption region to spread to the target zone.
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were treated for every energy setting used. Animals were
recovered and survived until time-points spanning 1–
3 months. Gross pathological examination was utilized to
assess the location and size of the thermally affected area,
and histopathological analysis was conducted by a veteri-
nary histopathologist to assess the local effects.

RESULTS

Computer Simulation Results

Figure 3 shows a plot of the normalized SAR profile in
the plane perpendicular to the skin surface for the opti-
mized design. As the figure shows, power is preferentially
absorbed in the dermal layer in the region near the der-
mal/hypodermal interface. At the skin’s surface the SAR
is approximately 30% of the maximum, demonstrating
the inherent protection of the epidermal and upper der-
mal layer achieved by the system independent of the cool-
ing which further protects the superficial tissue. The peak
SAR occurs in the dermal layer at a distance of 0.25 mm
from the dermal/hypodermal interface and quickly drops
when transitioning into the hypodermal region. Also, the
peak SAR is less than 2% of maximum in the muscle lay-
er, which demonstrates the ability of the system to focus
the energy in the target region without causing signifi-
cant absorption in the underlying structure.
As previously described, a range of skin thicknesses

were subsequently simulated for the optimal antenna sys-
tem geometry to assess the performance over variation in
patient skin thickness. Normalized 1D SAR data were cal-
culated and compared to the original result at 1.75 mm,
as shown in Figure 4. The figure demonstrates that the
peak absorption zone remains in the same location for all
simulated skin thicknesses, with some variation in peak
energy absorbed.

Pre-Clinical Testing Results

One month post-treatment gross pathological images
from the study are shown in Figure 5, with part (a) of the
figure showing a baseline untreated area and demonstrat-
ing the various tissue regions, and parts (b)–(d) of the
figure showing the effects from energy delivery settings of
599, 630, and 756 J respectively. The figure demonstrates
how the system was optimized to create a thermal effect
consistently in the dermal/hypodermal interface and how
the lesion size (range 1–3 mm thickness) was adjustable
while still providing protection to the epidermal and up-
per dermal layers. Figure 6 (a) shows a histological image
from the dosage study at the 1 month time-point for the
599 J setting. The majority of the dermal tissue has mini-
mal to no histologic changes in the treatment zone. In-
flammation and fibrosis were identified within the deep
dermis and subdermal regions where the thermal energy
was focused. The sample also shows an apocrine gland
with inflammation, suggesting that it was subjected to a
significant amount of thermal energy. Figure 6 (b) shows
an untreated control sample for comparison. Figure 7 (a)
shows another section that was treated at the 630 J set-
ting. Again we notice a similar treatment zone. The boxed
area in Figure 7 (a) is shown magnified in Figure 7 (b);
the black arrows indicate the necrotic apocrine glands.

In terms of safety, protection of the epidermal and up-
per dermal layers was evident in the gross and histologic
results. No evidence of skin effects such as skin necrosis,
blisters, or hyper/hypopigmentation were found for any of
the settings. There was a range of edema and erythema in
the treatment area that was recorded at each follow-up
time point, however these had resolved by the 3-month
time-point for the clinically viable settings. The histologic
changes were consistent across all of the energy settings;
however the area of effect varied.

Fig. 3. SAR Plot for the optimized design, skin thick-

ness ¼ 1.75 mm, frequency ¼ 5.8 GHz. The color scale repre-

sents the % of maximum SAR at a given point in the 3D

model.

Fig. 4. 1D Normalized SAR profiles through center of wave-

guide antenna down into tissue, comparison of skin thickness

models from 1.25 to 2.25 mm. Plot normalized such that

z ¼ 0 mm occurs at the dermal/hypodermal interface for

each trace. Peak SAR values for each thickness were as fol-

lows: 1.25 mm ¼ 1.6 � 105 W/kg, 1.75 mm ¼ 1.2 � 105 W/kg,

2.25 mm ¼ 9.0 � 104 W/kg.
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DISCUSSION

When delivering microwave energy into tissue, the dif-
ference in the dielectric properties between dermal and
adipose tissue tend to generate a large amount of reflected
energy at the dermal/hypodermal interface. The antenna
system was designed to take advantage of this property
such that this reflected signal travels back towards the
waveguide antenna and creates an optimal interference
pattern (i.e., standing wave pattern) with the initial inci-
dent signal. The result is constructive interference in the
region near the dermal/hypodermal interface and destruc-
tive interference near the epidermal layer. The larger con-
ductivity of the dermal tissue results in this constructive
interference signal being absorbed mainly on the dermal
side of the interface to produce the absorption profile
shown in Figure 3.

A great advantage of utilizing the reflected signal to
create an optimal interference pattern and corresponding
absorption profile is that the reflection occurs at the
dermal/hypodermal interface independently of the skin
thickness. Thus, as demonstrated in Figure 4, changes in
skin thickness do not affect the location of the targeted

area. This principal highlights one of the inherent advan-
tages of using this microwave technology for treating
sweat glands.
The pre-clinical study showed that delivering energy

with the system resulted in thermal injury to a well-
defined area at the dermal/hypodermal interface where
sweat glands reside. The results also demonstrate the
ability of the system to create thermal zones of varying
size while maintaining the desired safety profile. The
high level of epidermal and upper-dermal protection
achievable by the system is also attributable to the ability
of the microwave energy to create a peak absorption zone
that occurs below these layers. The gross pathological
results were verified by the histology, which also clearly
showed thermolysis of the apocrine glands.

CONCLUSION

A new noninvasive microwave device for treating sweat
glands has been developed. This article has presented a
technical overview of the fundamental principles of opera-
tion of this device and described how the microwave and
thermal performance of the device were optimized for

Fig. 5. Gross pathology examination 1 month posttreatment, for tissue treated at various

energy levels in porcine model: (a) untreated, (b) 599 J, (c) 630 J, (d) 756 J. The dark region

(localized hematoma) approximates the area affected by the energy. Note that the baseline

untreated case shows the location of the dermal region (D) the fat layer (F) and muscle (M).

Fig. 6. H&E stained samples in porcine model: (a) treated with microwave device at 599 J,

(b) untreated control. For both cases, dermal region is denoted with a (D), fat layer with an

(F), and muscle with an (M).
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targeting the sweat glands. Clinical investigations of this
device should be performed to demonstrate safety and
efficacy for the specific indication of use.
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Fig. 7. H&E stained sample in porcine model: (a) treated with microwave device at 630 J,

(b) magnification of part (a); the black arrows indicate the necrotic apocrine glands.
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