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Abstract

Energy-based devices are used to improve features of appearance for aesthetic reasons while avoiding
more invasive methods. Examples of treatment targets are the reduction of wrinkles, sagging,
unwanted skin lesions, body hair and excess fatty tissue and the enhancement of muscle tissue. One
treatment modality is the use of electromagnetic fields (EMF, 0-300 GHz). The present work aims to
give an up-to-date survey of cosmetic applications of EMF for professional use with an assessment of
client and worker exposure and possible adverse effects. A systematic search was conducted for peer-
reviewed articles (2007-2022), patents, premarket notifications, manufacturer data and adverse effects
reports. Five categories of cosmetic EMF device with increasing frequency were identified: sinusoid
low frequency magnetic fields for lipolysis; pulsed low frequency magnetic fields for skin
rejuvenation; pulsed low frequency magnetic fields for muscle building; radiofrequency EMF for
lipolysis or skin rejuvenation; microwaves for hair removal or hyperhidrosis. In the vicinity of the last
four device categories, there is a potential for exceeding the occupational exposure limits in the
European Union EMF Directive, which could lead to nerve or muscle stimulation, burns or
overheating. There are also potential hazards for clients or workers wearing active or passive medical

devices. The severity of reported adverse effects increases with EMF frequency.
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INTRODUCTION

The past 15 years have seen rapid developments in the use of energy-based devices, applying
heat, cold, electric current, ultrasound, optical radiation or electric, magnetic and electromagnetic
fields (EMF, frequencies 0-300 GHz), for cosmetic purposes. These devices are used to improve
features of appearance for aesthetic reasons while avoiding more invasive methods such as surgery.
Examples of treatment targets are the reduction of wrinkles, sagging, unwanted skin lesions, body hair
and excess fatty tissue (lipolysis) and the enhancement of muscle tissue (‘body shaping'). The
International Commission on Non-lonizing radiation Protection (ICNIRP) published a Statement on
cosmetic applications of EMF, optical radiation and ultrasound in 2020 [ICNIRP, 2020a]. Its
conclusions were that there was a significant potential for harm to clients and workers associated with
these devices and ICNIRP recommended complete coverage by relevant regulations and greater
oversight regarding their use. For those devices employing EMF, potential risks for clients or workers
depend on the frequency. Low frequency EMF that are sufficiently strong can stimulate sensory
organs, nerves and muscles and cause pain or involuntary contractions. Radiofrequency EMF that are
sufficiently strong can cause heat stress or burns. These health risks are a consequence of direct
effects of EMF on the body or its constituents. EMF can also cause safety risks via their interaction
with metallic objects and electronics in their environment (indirect effects). In its guidelines, ICNIRP
has set exposure limits for the strength of EMF and their effects on the body for which potentially
harmful direct effects do not occur [ICNIRP, 2010; ICNIRP, 2020b]. Lower limits are set for the
general public than for occupational exposure, because the general public includes individuals of all
ages and differing health status, and are not trained to be aware of the risks or subject to appropriate
risk mitigation measures. However, ICNIRP has stated that only clients exposed to EMF as a result of
cosmetic treatments without control by a qualified medical practitioner are subject to the general
public limits in their guidelines and that any decisions concerning potential exemptions are the role of
national regulatory bodies [ICNIRP, 2020b].

In the European Union (EU), the Medical Devices Regulation (2017) covers six groups of

products for which the manufacturer claims only an aesthetic or other non-medical purpose, but which



are similar to medical devices in terms of functioning and risk profile [European Parliament and
Council, 2017]. In addition, the European Commission issued an implementing regulation listing
common specifications addressing risk management for these devices [European Commission, 2022].
With regard to energy-based devices, devices (including EMF sources) intended for reducing,
removing or destroying adipose tissue, devices using optical radiation for skin resurfacing, tattoo or
hair removal or other skin treatment, and devices intended for brain stimulation (including EMF
sources) are included. The requirements of the Medical Devices Regulation regarding post market
surveillance of device safety experience and vigilance for serious incidents and corrective action also
apply to these specified categories of non-medical devices. In the United States, the Food and Drug
Administration (FDA) regulates the putting on the market and surveillance for medical devices and
electronic devices emitting radiation. It does not make a distinction between devices for medical or
cosmetic purposes: as long as they affect the structure or any function of the body of humans or
animals, they are considered to be medical devices. The FDA can take corrective action against
devices that are marketed without FDA review, clearance, or approval [ICNIRP, 2020a].

With regard to protection of workers against the risks of EMF in the workplace, Directive
2013/35/EU (further called 'EU Directive') contains obligations for employers regarding risk
management, information and training and sets exposure limits for workers based on ICNIRP
guidelines [European Parliament and Council, 2013]. These consist of exposure limit values in terms
of the induced electric field strength, specific absorption rate (SAR) and (absorbed) power density, as
well as action levels in terms of the environmental electric field strength, magnetic flux density and
(incident) power density. When action levels are exceeded, this gives an indication that exposure limit
values could be exceeded. There are also action levels for indirect effects aimed at preventing safety
risks.

The present work aims to update and expand the survey of cosmetic applications conducted
by ICNIRP specifically for EMF sources and to provide a more detailed assessment of client and
worker exposure and possible adverse effects based on the scientific literature and relevant technical

documents.



METHODS

The working definition for cosmetic EMF sources is devices that apply EMF to alter the
appearance for aesthetic reasons. Thus, treatment of clinical conditions such as severe acne or
varicose veins are outside the scope, because they are primarily considered medical conditions
[ICNIRP, 2020a]. Treatments solely aimed at cognitive enhancement (e.g. through transcranial
magnetic stimulation, TMS) were also excluded because they do not have an aesthetic purpose. TMS
for medical purposes has a well-established risk profile for workers, with likely transgression of
occupational exposure limits in the vicinity of the coil [Stam and Yamaguchi-Sekino, 2018]. Some
cosmetic devices termed 'radiofrequency’ actually apply radiofrequency alternating electric current via
an electrode in direct contact with the skin (monopolar or bipolar). Since they do not employ EMF as
a treatment modality and do not convey energy to the body with the same mode, localisation and
damage pattern as EMF, they also fall outside the scope of this review. The focus is on devices for
professional use, where the potential exposure level is expected to be higher than for home use and
where occupational exposure may occur. The type of pulsed magnetic field therapy mats intended for
private use [De Santis et al., 2015; Jaermann et al., 2011] were therefore excluded. Devices were not
assessed with regard to efficacy for the stated cosmetic aim, but solely for potential hazards with
regard to the client or the operator (worker).

A systematic search for peer-reviewed research articles in English involving human subjects
was conducted for the period from January 2007 to November 2022 in Pubmed
(https://www.ncbi.nlm.nih.gov/pubmed/) and Scopus (https://www.scopus.com/). Pagination of
advance publications was added if available before submission of the manuscript. The first, general
search used a combination of search terms for EMF [(((magnetic OR electric OR electromagnetic OR
emf OR "radio frequ*" OR radiofrequ* OR rf OR "low frequ*" OR elf OR radar* OR "non ioni*" OR
nonioni*) AND (field* OR radiat* OR wave*)) OR microwave* OR "millimeter wave*" OR
"millimetre wave*" OR "mm wave*") NOT ("optical radiation" OR ultraviolet OR uv OR infrared
OR "visible light™)] with search terms for cosmetic applications in general [cosmetic OR esthetic OR
aesthetic]. A second search combined the EMF search terms with search terms or for specific

cosmetic treatment targets [epilat* OR ((hair OR tattoo OR make-up OR makeup OR wrinkle* OR



scar* OR acne OR rosac* OR pigment* OR naev* OR fat OR cellulite) AND (reduc* OR remov¥*))
OR lipolysis OR lipectom™* OR electrolysis OR "body shaping" OR "body contouring™ OR "body
sculpting” OR "muscle stimulat*" OR hyperhidrosis OR osmidrosis OR curing OR bleaching OR
(skin AND (tighten* OR rejuvenat*)) OR laxity]. In Scopus, document types such as conference
abstracts, commentaries and book chapters that were not full journal articles were excluded. For
Scopus, 743 results were found with the general search terms and 2,059 with the source-specific
search terms (with an unknown overlap between the two). After screening of titles and, if necessary
for clarification, abstracts, 61 articles were selected as relevant. Articles were considered relevant
when they contained information about devices or treatments using EMF to alter the appearance for
aesthetic reasons. For Pubmed, 1,196 results were found with the general search terms and 1,680 with
the source-specific search terms (with an unknown overlap between the two). After screening of titles
and, if necessary for clarification, abstracts, 6 articles were selected as relevant that were not also
found with the Scopus search.

Since information on the frequency or strength of EMF was often missing in the peer-
reviewed articles, which usually focus on the cosmetic effects obtained, additional technical
information was sought in November 2022 by keyword searches for the device or manufacturer name
in the Patent Public Search tool of the United States Patent and Trademark Office
(https://ppubs.uspto.gov/pubwebapp/static/pages/landing.html) and the 510(k) Premarket Notification
medical device database of the U.S. Food and Drug Administration (FDA)
(https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm) and on manufacturers' websites.
Additional information on adverse events in the previous 10 years was obtained by device and
manufacturer name searches in the FDA MAUDE database in November 2022
(https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cFEMAUDE/search.CFM). This searchable
database only contains the last 10 years of medical device report data on a given search date. Other
stated limitations of this database include the potential submission of incomplete, inaccurate,
untimely, unverified, or biased data, and the fact that the incidence or prevalence of an event cannot
be determined from its record alone due to potential under-reporting of events, inaccuracies in reports,

lack of verification that the device caused the reported event, and lack of information about frequency



of device use. An EU-wide digital system (EUDAMED) for medical device traceability and proactive
market surveillance, including a vigilance module for adverse effects, is under development but not
yest operational [European Commission, 2023]. Websites of regulatory authorities in the EU, USA,
and Australia were searched for institutional reports in English, French or German on cosmetic
applications of EMF. Three relevant reports were found [ANSES, 2016; Durrenberger et al., 2018;
Strahlenschutzkommission, 2019], but these yielded no additional references or cosmetic techniques
that fell within the scope of the present review. Devices were not assessed with regard to efficacy for

the stated cosmetic aim, but solely for potential hazards for the client or the operator (worker).

RESULTS

The vast majority (92%) of relevant articles concerned case studies or case series. Only 8% of
articles concerned controlled clinical trials, half of which were not randomized or blinded. Devices for
professional use employing EMF for cosmetic purposes were identified in five categories with

increasing frequency.

1. Low frequency, sinusoid magnetic fields for lipolysis

Low frequency, sinusoid magnetic fields with power frequency (50 Hz) are used with the
stated aim to stimulate lipolysis [Beilin et al., 2012]. The magnetic induction coils are located in a
pressure suit which the client wears during the treatment to stimulate lymphatic drainage. The
maximum magnetic flux density for the client is 200 uT [U.S. Patent and Trademark Office, 2016],
which is equal to the ICNIRP 2010 reference level for the general population and 20% of the
occupational low action level in the EU Directive at 50 Hz. Adverse direct effects of EMF exposure
are therefore unlikely and have not been reported. The manufacturer does list a contra-indication for
clients wearing a pacemaker or women who are pregnant or breastfeeding [Bodysculptor, 2022].
Hazards from indirect effects for workers wearing active medical devices in the immediate vicinity of

the client during treatment cannot be excluded. However, although interference with pacemakers can



be detected at this flux density in less than 10% of individuals in power frequency provocation tests
[Stunder et al., 2017], actual reports of adverse effects due to interference with active implanted

cardiac devices by household appliances of similar strength are generally lacking [Misiri et al., 2012].

2. Low frequency, pulsed magnetic fields for skin rejuvenation

Pulsed low frequency magnetic fields with an equivalent frequency [ICNIRP, 2003] of 2 kHz
(pulse duration 0.5 ms, pulse frequency 15 Hz) are applied for the treatment of wrinkles and skin
laxity [Few et al., 2016; Krueger et al., 2012; Oliveira et al., 2017; Wattanakrai et al., 2022].The
maximum magnetic flux density in the pulse for the client is 1.5 mT [U.S. Food and Drug
Administration, 2019b; Krueger et al., 2012; Wattanakrai et al., 2022], which is 38 times the ICNIRP
2010 reference level for the general population and 10 times the occupational high action level for
nerve stimulation or 3 times the action level for limb exposure in the EU Directive at the equivalent
frequency. This indicates that action levels could potentially be exceeded for workers in close
vicinity, but no measurement results at the worker position were available. This form of pulsed
magnetic field is always combined with the application of radiofrequency (1 MHz) electric current on
the client's skin, making it harder to distinguish possible adverse effects of the low frequency
magnetic field. For clients there is clearly a hazard of exceeding the threshold for nerve or muscle
stimulation, which has indeed been observed when EMF with a similar frequency and intensity are
applied (in the absence of radiofrequency current) for muscle building (see category 3). By analogy
with electrosurgical equipment using radiofrequency currents, the electrode and cable may also
generate EMF that exceed the action levels in the EU Directive [Stam and Yamaguchi-Sekino, 2018].
Temporary adverse effects for clients reported by the authors are heat sensation, pain, redness and
swelling and are most likely caused by the radiofrequency current [Few et al., 2016; Krueger et al.,
2012; Oliveira et al., 2017; Wattanakrai et al., 2022]. The FDA MAUDE database only listed 2
medical device reports in the past 10 years, which together reported one instance of redness, swelling,

itching, scarring or pigmentation change.

3. Low frequency, pulsed magnetic fields for muscle building



Pulsed low frequency magnetic fields with an equivalent frequency of 3.6 to 4 kHz (pulse
duration 0.25 to 0.28 ms, pulse frequency 1 to 150 Hz) are applied to generate repeated muscle
contractions and thereby build up muscle mass and tone (‘body shaping’) [Duncan, 2021; Giesse,
2021; Goldberg, 2021; Jacob et al., 2021; Katz, 2020; Katz and Duncan, 2021; Kent and Jacob, 2019;
Kilmer et al., 2020; Kinney and Lozanova, 2019; Leone et al., 2021; Negosanti et al., 2022; Nistico et
al., 2022; Samuels et al., 2022]. The oval applicator is generally held in place adjacent to (but isolated
from) the skin of the body region treated by flexible straps. The maximum magnetic flux density in
the pulse for the client ranges from 1.5 to 2.5 T [U.S. Food and Drug Administration, 2019a; U.S.
Food and Drug Administration, 2022; Nistico et al., 2022], which is approximately 93,000 times the
ICNIRP 2010 reference level for the general population and 25,000 times the occupational high action
level for nerve stimulation or approximately 8,000 times the occupational action level for limb
exposure at the equivalent frequency in the EU Directive. This not illogical, since the stated aim is to
cause muscle contractions in the client. It indicates that action levels could potentially be exceeded for
workers in close vicinity, but no measurement results at the worker position were available. With
regard to possible adverse effects in clients, the FDA MAUDE database listed 4 medical device
reports in the past 10 years (after removing duplicate reports), 25% of which reported burns or
blisters, 50% ulceration, abscess, cyst, hematoma, seroma or wound infection and 50% ovarian
symptoms. Low frequency pulsed muscle stimulation is sometimes combined with the application of
radiofrequency EMF [Nistico et al., 2022] (see under 4.) or radiofrequency electric current [Duncan,
2021; Goldberg, 2021; Jacob et al., 2021; Samuels et al., 2022] (see under 2.), either of which may

generate radiofrequency EMF exposure of workers in the vicinity.

4. Radiofrequency EMF for lipolysis or skin rejuvenation

Radiofrequency EMF with a frequency of 27 MHz are applied to stimulate lipolysis
[Agochukwu-Nwubah and Mentz, 2020; Choi et al., 2018; Downie and Kaspar, 2016; Elnaggar, 2020;
Fajkosova et al., 2014; Fritz and Salavastru, 2017; Fritz et al., 2016; Hayre et al., 2016; Key, 2014;
Kim, 2017; McDaniel and Samkova, 2015; Moradi and Palm, 2015; Moradi et al., 2020; Pumprla et

al., 2015; Suh et al., 2017]. This EMF frequency is also applied in diathermy for medical therapeutic



purposes. The antennas are placed at some distance from the body of the client. Absorbed power
density in the client can be up to 10 kW/m?, which is 500 times the ICNIRP 2020 basic restriction for
the general population and 200 times the occupational exposure limit value in the EU Directive, and
local tissue temperature can reach 45 °C [U.S. Food and Drug Administration, 2016]. No
measurement results were available at the potential position of the worker, but in view of the absorbed
power density in clients it is possible that action levels for thermal effects are exceeded in the vicinity.
With regard to possible adverse effects in clients in the past 10 years, the FDA MAUDE database
listed 13 medical device reports in the past 10 years, 92% of which listed burns or blisters, 25% pain,
20% redness or bruising and 20% scarring.

Radiofrequency EMF with a frequency of 2.5 GHz are applied to stimulate lipolysis or
for the treatment of wrinkles and skin laxity [Bennardo et al., 2022; Bonan et al., 2019; Bonan and
Verdelli, 2021; Pahlavani et al., 2022; Salsi and Fusco, 2022]. No data on absorbed or incident power
density was found, but since the temperature in adipose tissue can reach 47 to 50 °C they are likely to
exceed both the ICNIRP 2020 basic restrictions for the general population and the occupational
exposure limit values at the level of the client. Active cooling is used in combination with the device
to prevent damage to more superficial tissues (skin). No measurement results were available at the
potential position of the worker, but in view of the fact that the EMF are strong enough to thermal
effects observed in clients it is possible that occupational action levels are also exceeded in the
vicinity. The only short term adverse effects for clients reported by the authors were redness and a
tingling sensation [Bennardo et al., 2022]. The FDA MAUDE database did not list any medical device

report of adverse effects for this type of device.

5. Radiofrequency EMF for depilation or hyperhidrosis

Radiofrequency EMF, or microwaves, with a frequency of 5.8 GHz are applied to reduce excessive
sweating or remove body hair, primarily in the axillary areas (armpits) [Abd Hamid et al., 2015;
Brauer et al., 2017; Chang et al., 2015; Chen et al., 2022; Glaser et al., 2012; Hatano et al., 2021;
Hong et al., 2012; Kaminaka et al., 2019; Lee et al., 2013; Lin et al., 2021; Lupin et al., 2014;

Mohamoud at al., 2022; Scuderi et al., 2017; Yang et al., 2019]. The mechanism of action is



destruction of sweat glands or hair follicles by heating. The local SAR during treatment lies in the
order of 100 kW/kg, which is 50,000 times the ICNIRP 2020 reference level for the general
population and 10,000 times the exposure limit value in the EU Directive. However, active cooling of
the client's skin is applied to limit potential damage and local anesthesia is given. No measurement
results were available at the potential position of the worker, but in view of the SAR value in clients it
is possible that action levels for thermal effects are exceeded in the vicinity. With regard to possible
adverse effects in clients, the FDA MAUDE database listed 523 medical device reports in the past 10
years, 29% of which listed ulceration, abscess, cyst, hematoma, seroma or wound infection, 15% pain,
10% numbness, 8% redness or bruising, 7% swelling, 6% burns or blisters, 5% scarring, nodules,
lumps or erosions, 5% muscle atrophy or weakness, 4% neurological symptoms, 2% a tingling or
stinging sensation and 1% necrosis. Case reports have been published on some on these adverse
outcomes, in particular inflammation [Aleisa and Feingold, 2020; Wen et al., 2022] and neurological

symptoms [Puffer et al., 2019; Suh et al., 2014].

DISCUSSION

Five categories of cosmetic EMF sources with increasing frequency were identified: 1) low
frequency sinusoid magnetic fields for lipolysis; 2) low frequency, pulsed magnetic fields for skin
rejuvenation; 3) low frequency, pulsed magnetic fields for muscle building; 4) radiofrequency EMF
for lipolysis or skin rejuvenation; 5) radiofrequency EMF for depilation or hyperhidrosis. Compared
with the previous assessment by ICNIRP [ICNIRP, 2020a], two additional types of EMF application
were identified in the present review: sinusoid low frequency EMF devices for lipolysis (category 1)
and 2.5 GHz radiofrequency EMF devices for lipolysis or skin treatment (category 4). In addition,
supplementary data on EMF frequency and strength were obtained from manufacturer documentation,
patents or premarket notifications. Since most of these devices are designed to stimulate nervous or
muscle tissue or to heat skin or adipose tissue, it is not surprising that their strength (for categories 2
to 5) exceeds occupational exposure limits at the level of the client. This is also reflected in adverse

effect reports, which generally reflect effects related to nerve or muscle stimulation (redness,



soreness, skin lesions) or heating (redness, pain or soreness, bruising, swelling, skin lesions,
neurological symptoms).

No data were available for the EMF strength at the normal position of the worker, and it
would be useful if such assessments were made in the future using realistic exposure scenarios. Based
on the strength or induced fields at the level of the client, which greatly exceeded occupational limits
for devices in categories 2 to 5, they could potentially exceed the limits for workers in the vicinity of
the client. This possibility is made more plausible by analogy with medical sources with similar EMF
frequency and strength, for which occupational exposure data are available. For devices in categories
2 and 3, the frequency and magnetic flux density of the pulsed fields are comparable to those applied
in transcranial magnetic stimulation, where recent studies have confirmed that the exposure limit
values in the EU Directive can be exceeded for workers in the vicinity of the coil [D'Agostino et al.,
2022; Rutherford et al., 2020]. For the devices in categories in category 4, the frequencies (27 MHz
and 2,5 GHz) and thermal levels in the patient are comparable to those used for radiofrequency
diathermy or hyperthermia treatment for medical purposes, where EMF exceeding the occupational
levels at the position of the worker have been observed [Stam and Yamaguchi-Sekino, 2018]. For
devices in category 5, no measurement data at the position of the worker were found for medical
sources at a similar frequency (5.8 GHz) and strength. Although radar applications in this frequency
band are becoming available for medical diagnostic purposes, they use an EMF strength below the
general public limits at the level of the patient [De Santis et al., 2012]. The possibility of exceeding
occupational exposure limits at the worker position for devices in category 5 therefore remains
speculative.

Devices in category 2 apply pulsed magnetic fields in combination with radiofrequency
electric current (1 MHz). The electrode and cable of radiofrequency electrosurgical equipment are
known to generate radiofrequency EMF which can exceed the action levels in the EU directive in
their vicinity [Stam and Yamaguchi-Sekino, 2018]. For devices in category 3 and 4, standard practice
is already to mount the EMF source (electrode and cable) on a stand or to strap it to the client's body.
In such a setup it should be possible for workers to keep their distance to the device and prevent

overexposure. For devices in categories 2 and 5, normal practice is for the worker to manually hold



the EMF source to the target area on the client. If occupational exposure can be exceeded, measures
would have to be taken to reduce exposure, for example by improved shielding of the device [Zucca
et al., 2017] or by using an appliance to fix the source to the treatment area and allow workers to keep
their distance [Chronicle et al., 2005]. This would also require that the device can be activated
remotely.

With regard to indirect effects of EMF exposure, in view of their strength at the level of the
client, there is a potential hazard for clients or workers wearing active medical devices (e.g.
pacemaker, insulin pump) in the vicinity of all five categories of cosmetic devices. Possible harmful
effects include damage, malfunction, and inappropriate stimulation or inhibition [Beinart and
Nazarian, 2013]. For clients and workers with passive metallic medical devices (e.g. artificial joint,
electrode wire), there is a potential hazard of indirect effects for devices in categories 2 to 5. Possible
harmful effects include burns and local reinforcement of the induced electric field [Virtanen et al.,
2006]. For EMF devices aimed at lipolysis, the common specifications in the EU already require
manufacturers to reduce the risks and instruct the user about the contra-indications for wearers of
active medical devices or passive metallic medical devices or objects on or inside the body [European
Commission, 2022]. It would be advisable to also provide such warnings for the other EMF devices
reviewed here.

In conclusion, for the five categories of cosmetic EMF device identified, the severity of
reported adverse effects in clients increases with EMF frequency. For four categories of devices there
is a potential for exceeding the occupational exposure limits in the EU EMF Directive, which could
lead to nerve or muscle stimulation, burns or overheating. There are also potential hazards for clients
or workers wearing active or passive medical devices, which may occur at field strengths below the

occupational exposure limits.
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