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Abstract 
The article provides an insight into the technological aspects of a novel technology in body shaping allowing simultaneous delivery of HIFEM 

magnetic fields and radiofrequency energy. The device utilizes circular coil for magnetic field induction and radiofrequency electrodes in a single 
applicator which poses a technological challenge to the construction. To overcome the challenges a novel electrode design has been introduced for 
avoiding interferences between the two types of energy. As such the device presents a shift in the body contouring segment of aesthetic medicine, 
because it allows a simultaneous treatment of muscle laxity through supramaximal muscle stimulation and reduction of excessive adipose tissue 
through radiofrequency heating.
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Introduction
In aesthetic medicine, various technologies are used for non-

invasive body shaping. Two of the most widely used modalities 
are radiofrequency heating of tissues and high-intensity 
electromagnetic muscle activation. These two principles represent 
energy application arising from two different frequency bands of 
the electromagnetic spectrum within humans. Radio frequency 
(RF) are waves in the frequency range of roughly 20 kHz to 300 
GHz. These are the frequencies with the ability to create heat 
through the oscillation of molecules while propagating within the 
tissue. In the aesthetic medicine, the RF energy is usually emitted 
by a solid metal electrode, which is normally in direct contact with 
the patient. The heating effects of the RF technology can be used 
for wide range of applications such as fat cell disruption, skin 
tightening or cellulite reduction [1-3]. For muscle activation, a high-
intensity electromagnetic field (HIFEM) is used. The HIFEM field 
represents a very-low frequency range (<10kHz). 

During the application, rapid alternations in the magnetic field 
induce a secondary electric current in the tissue. These currents 
do not create any heat but are able to both polarize and depolarize  

 
the motor neurons that innervate the muscle, thus eliciting muscle 
contractions of supramaximal nature that cannot be achieved 
voluntarily. Such stimulation was found to result in muscle 
hypertrophy [4-6]. To emit HIFEM energy for muscle activation, an 
applicator with an embedded round metal coil is used without direct 
contact with the patient. Until recently, these two energies have 
been used solely as standalone modalities, and their combination in 
close-space engineering would be restricted by physical laws, due 
to frequency incompatibility and technical interference. However, 
the latest breakthrough in the field presented a technological 
solution overcoming these issues. The main goal of this article is 
thus to describe and explain the technical aspects of this innovation. 
Technical issues associated with simultaneous HIFEM and RF 
application In order to apply both RF and HIFEM at the same time 
within the same location, the metal RF electrode and the magnetic 
coil generating HIFEM field would need to be incorporated in a 
single applicator that is in contact with the patient. 

However, while the magnetic fields easily pass through most 
common materials such as wood, plastic or even human tissue, 
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they cannot pass through metal without mutual interactions. Any 
metals, when exposed to rapidly changing HIFEM fields quickly 
heat up (see Picture 1) and also tend to be physically repulsed. For 
this same reason, HIFEM is strictly contraindicated in patients with 
metal and electronic implants. With this known contraindication, 
HIFEM and ordinary RF can’t be emitted simultaneously within 
the same field without overheating the metal electrode generating 

RF as the electrodes are made of a solid metal. Although the RF 
electrodes are used to generate heat, their overheating could result 
in malfunctions in the RF delivery but most importantly would 
expose the patient to risk of burns. An evidence of the heating effect 
can be seen in the Figure 1 where metal plates are placed over the 
magnetic coil applicator (Figure 1).

Figure 1: Digital photographs of running applicator containing the circular coil and metal plates placed over. The right image shows the metal 
plates’ temperature elevation as captured by the thermal camera.

Technical solution allowing simultaneous 
application

To enable HIFEM to pass through the electrode without 
this heating phenomenon an entirely new electrode technology 
has been developed and patented by a leading company in the 
aesthetic market (BTL Industries Inc., Boston MA). While solid 
electrodes represent an issue for the magnetic field, the patented 
Synchrode RF electrode uses a special design concept which 
makes it transparent to the HIFEM energy. Instead of using a single 
coherent metal structure, the Synchrode RF electrode is comprised 

of 56 smaller segment pairs, with each segment pair laid out close 
to each other, creating individual positive and negative (+/-) RF 
poles (112 segments per applicator). The main purpose for using 
this segmented design and for having multiple interspacings is to 
achieve selective tissue heating effects as with large-sized solid 
electrode but without the technical limitations associated with a 
solid electrode (see Figure 2). The device utilizing this technology 
offers two treatment applicators, allowing a total of 224 interspaced 
electrode segments to work in synchrony during the treatment 
(Figure 2).

Figure 2: Illustration of the difference between standard and segmented electrode. Standard electrodes are made of compact material as a 
single piece (left), while the segmented electrode is composed of multiple interspaced segments (right).
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The key to this breakthrough technology is the interspacing. 
This interspaced design allows the HIFEM to pass through the 
electrode easily without any unfavorable interaction with its metal 
parts. Instead, the electrode is transparent to the magnetic fields, 
allowing them to continue in their intended direction (See Figure 
3). Through years of development and testing, the Synchrode RF 

electrode’s overall size and shape is specifically tailored to work in 
synchrony with the HIFEM magnetic fields. The electrode design 
takes into consideration the exact shape, the depth of penetration, 
as well as the intensity of HIFEM fields. The magnetic coil and the 
Sychrode RF electrode are thus truly synchronized with each other 
from an engineering standpoint (Figure 3).

Figure 3: Illustration of the mutual interaction between magnetic coil and underlying electrode. The interspaced electrode is transparent to the 
HIFEM’s magnetic field and the magnetic waves can pass without interaction, while standard electrode absorbs the HIFEM energy, resulting in 
heat.

Conclusion
For the very first time in the aesthetic field, this patented concept 

allows practitioners to simultaneously apply RF heating and high-
intensity electromagnetic muscle (HIFEM) activation in the same 
treatment area, at the same time. This represents an engineering 
breakthrough that now allows leveraging both the clinical, as well as 
commercial synergies of combining two gold standard technologies 
from a single device applicator. The company holding the patent 
rights (BTL Industries Inc., Boston MA) has already implemented 
this solution in a novel body shaping device introduced in October 
2020 (EMSCULPT NEO) and presented the results of several clinical 
studies showing synergistic effects on muscle and fat tissues [7-
10]. Although this electrode design solution has been first used 
for body shaping where it shows superior results, its’ use may not 
be limited only to aesthetic medicine but could found a variety of 
other applications in another medical areas such as physiotherapy 
or rehabilitation.
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