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Preambule 

Chronic pain is a global problem with prevalence in Europe estimated at 19% (Breivik et al., 2006) 
and up to 30,7% in the USA (Johannes et al., 2010). These numbers, which keep growing as the 
population ages, have a significant economic impact due firstly to a decreased productivity for 
people of working age, and secondly to the cost of medical care. Chronic pain also has a 
profound impact on people’s lifestyle and quality of life, half of chronic pain sufferers being 
constantly in pain and a third considering their pain to be severe. A study conducted in the US 
(Breivik et al., 2006) reports 61% patients being less able or unable to work outside the home, 
19% having lost their job due to their condition, 3% having changed jobs because of their pain 
and 21% having been diagnosed with depression because of their pain.  

For a long time, pain had only two identified causes: nociceptive pain, the activation of 
nociceptors arising from damage to non-neural tissues, or neuropathic pain, lesion or disease 
of the somatosensory nervous system. As such, opioids came very useful for patients enduring 
severe acute pain. However, it was without considering other causes and mechanisms for pain 
and the subsequent inefficacity of opioids that would lead to misusage of those drugs.  

It was only in 2016 that the terminology “nociplastic pain”, referring to altered nociception, was 
introduced by the International Association for the Study of Pain. Clinical observations of 
“unexplained painful conditions” have been connected to recent neuroscientific evidence 
showing disturbances of the pain system, namely central sensitization. Subsequently, “primary 
pain”, has been included in the new version of the International Statistical Classification of 
Diseases and Related Health Problems (ICD-11, 2019) and relevant therapies could therefore be 
recommended.  

Acknowledged as arising from biopsychosocial factors, chronic nociplastic pain calls for 
multifactorial therapies: drug therapies, psychotherapies, physical therapies, etc. Drug 
therapies involve opioids, but also antidepressant and anticonvulsant for their 
neuromodulating effects. Therapies that rely on the body’s own opioid system have been 
emphasized: because the release of endogenous opioids is triggered by the stimulation of the 
peripheral nervous system, treatments such as massages, thermal cures, acupuncture, and 
cryotherapy are often proposed to patients. These solutions, though effective, require 
significant expenditure of time, money and effort. The first non-drug treatment recommended 
to patients with chronic pain is “physical exercise”, but it is extremely difficult for sufferers to 
take physical exercise when even simple everyday movements are painful. 

It is in this context that Remedee Labs is developing a safe, convenient, self-managed solution 
that has the potential to relieve people not only from the burden of chronic pain, but also from 
conditions involving sleeplessness, stress, mood and reward regulation. The solution uses the 
emission of millimeter waves (MMW) that stimulate the peripheral nervous system and has 
neuromodulating effects, through the intracerebral release of various neurotransmitters, 
(mainly endorphins, but also serotonin and dopamine) together with parasympathetic effects. 
 
In this 1st Volume of our White Paper, we present a summary of endorphins and millimeter wave 
therapy justifying Remedee Labs’ approach and the scope of the projects in development. In 
Volume II, we demonstrate the potential of our device as a stepping stone to facilitate the 
holistic change required to overcome nociplastic pain, and show how the Remedee Solution, 
combining device and a digital, interdisciplinary program, can significantly improve patients’ 
quality of life.  
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1. Endorphins  

1.1. Background  

Endorphins are neuropeptides secreted by the body and 
acting as opioids. Their name come from the contraction 
between “endogenous”, meaning “proceeding from inside” 
and “morphine”, from “Morpheus”, the Greek god of sleep 
and dreams. The analgesic and sedative properties of 
opioids have been known since Antiquity: opium was 
extracted from the poppy flower in Mesopotamia and used 
both for its medicinal and relaxing properties. They are 
currently considered as “natural pain-killers”, “well-being 
hormones” or “feel-good chemicals”.  
 
The existence of the opioid system in the central nervous 
system was first evidenced by the identification of opioid 
receptors in the brain (Pert & Snyder, 1975; Simon et al., 1973) 
and later of their endogenous ligands called Met- and Leu-
enkephalin (Kosterlitz & Hughes, 1977; Smith et al., 1976). 
Since then, many other endogenous opioids have been 
identified, namely: enkephalin, dynorphin, and β-endorphins.  

 
Endorphins are one kind of opioids derived from the 
precursor protein pro-opiomelanocortin (Mains et al., 1977) 
(POMC). They are produced continuously in various parts of 
the body, but especially in the nervous system and the 
pituitary gland and interact mainly with cell receptors of the 
nervous system responsible for blocking pain and its 
emotional processing. Their production varies dramatically 
both inter and intra individually, depending on factors such 
as people’s age, activities, mood, or even the time of day. 
 
After binding to specific receptors, endorphins are degraded 
by enzymes called enkephalinases after about an hour (Chen 
et al., 2001; Hersh, 1985). Despite this rapid degradation, 
biological effects of endorphins remain for a longer duration 
due to the triggering of a chain of second messengers 
leading to a global activation of the parasympathetic 
system. neuralgia, (Schlereth et al., 2015). 
 

1.2. Regulation: the involvement of peripheral 
stimulation 

Increases in endorphin levels associated with strain or stress 
in bodily tissues, especially painful stimulation, physical 
exercise or childbirth, led to the hypothesis that 
intracerebral endorphin levels depend on peripheral 
nerve stimulations. Corroborating this idea, several triggers 
have been identified. Activation of nociceptors leads to an 
increase of β-endorphin levels in blood plasma ( Aloisi et al., 

1995; Facchinetti et al., 1984), that is negatively correlated 
with patient’s pain score (Szyfelbein et al., 1985). Moreover, 
intracerebral injection of exogenous β-endorphins leads to 

an analgesic effect about 30 times stronger than that of 
morphine (Loh et al., 1976). Activation of temperature-
specific receptors leads to an endorphin release and 
support the wellbeing effects of certain technics, namely 
e.g. sauna (Vescovi & Coiro, 1993), hot-spring baths (Kubota 
et al., 1992), cryotherapy (Algafly & George, 2007), as well as 

the use of capsaicin (Lee et al., 2012), the ‘spicy’ chemical 
present in chili peppers, in patches used for neuropathic 
pain management. The activation of mechanical receptors 
and/or ergoreceptors in connective tissue massage (Kaada 
& Torsteinbø, 1989), in physical exercise (Harber & Sutton, 
1984; Goldfarb & Jamurtas, 1997, for a review, see  Harber, 
1997) and pregnancy (Berkley et al., 1993; ,Cogan & Spinnato, 
1986; Smith et al., 1990; Steinman et al., 1992; Whipple et al., 
1990),have been shown to lead to endorphin release. 
Lastly,  exposure to light leads to an increased production 
of endorphins mediated by epidermal keratinocytes (Fell et 
al., 2014; Jussila et al., 2016). In an experiment on mice, signs 
of withdrawal were observed after long term exposure to UV 
rays was stopped, confirming the hedonic role of β-

endorphins that contribute to seasonal affective disorders 
during seasons with less light (i.e. autumn and winter)(Fell et 
al., 2014).   
 

1.3. Physiological processes 

1.3.1. At the cellular level: neurotransmission and 
hormonal function 

Endorphins secreted in the central and peripheral nervous 
systems behave as neuromodulators. In the peripheral 
nervous system, endorphins bind to both pre- and post-
synaptic membrane receptors and reduce interneural signal 
transmission (Goldstein, 1976; Sprouse-Blum et al., 2010), 
especially that of substance P, a nociceptive 
neurotransmitter. In the central nervous system, 
endorphins are involved in the descending regulation of 
pain, by inhibiting the release of GABA, resulting in abundant 
release of dopamine (Devine et al., 1993).  
 
Endorphins are also synthesized by the pituitary gland 
(which sits outside the blood-brain barrier), and are released 
into the circulatory system in the same way as hormones (Li 
et al., 1976). Endorphins released in this way circulate 
through the whole body and their action is similar to that of 
exogenous opioids (e.g. morphine) in nociception/analgesia 
(Dickenson & Suzuki, 2005; Zöllner & Stein, 2007).  
 

1.3.2. At the systemic level: changes in the 
sympathetic/parasympathetic balance 

Homeostasis is a dynamic equilibrium which keeps the body 
maximally functional in various situations. The autonomic 
nervous system is divided into two sub-systems with 
opposite effects on homeostasis. On one hand, the 
sympathetic nervous system regulates the adaptive 
response to stress - the so-called “fight-or-flight 
response”(Jansen et al., 1995), preparing the body to react to 
threatening situations. On the other hand, the 
parasympathetic nervous system promotes “rest-and-
digest” activities (McCorry, 2007). The functional interaction 
between the sympathetic and the parasympathetic nervous 
systems works to return the body to the required state of 
homeostasis. 
 
The role of endogenous opiates in interaction with the 
autonomous system has been exhaustively described in a 
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review by Holaday (1983). This review shows a dense 
population of opioid receptors in the hypothalamus, 
hypophysis, brainstem, and in proximity to cardiovascular 
centers, which is a strong indicator of the role of 
endogenous opioids in the balance between sympathetic 
and parasympathetic systems. Endorphins suppress 
sympathetic nerve activity in a dose-dependent way (Egawa 
et al., 1993; Wong & Shan, 2001), as well as it stimulate 
parasympathetic activity (Haddad et al., 1986).  

 

1.4. Functional outcomes 

1.4.1. Pain management 

Pain is defined by the International Association for the Study 
of Pain as an “unpleasant sensory and emotional experience 
arising from actual or potential tissue damage or described 
in terms of such damage”. It is a vital function of the nervous 
system to provide a warning signal and trigger a response 
from the individual experiencing the pain. This signal is 
carried by nerve fibers from the location of the injury, 
through the spinal cord and to the brain where it is 
processed and interpreted. The perception of pain depends 
on many factors including one’s individual pain matrix and 
as a result, is always a subjective experience. 
 
The human body has a system to decrease the pain 
sensation after the warning information has been processed 
(Millan, 2002; Ossipov, 2012; Ossipov et al., 2010, 2014). In this 
system, endogenous opioids play a preponderant role both 
by reducing ascending transmission of the nociceptive 
message and by descending inhibition from the brain to the 
spinal cord (Figure 1). At the peripheral level, endogenous 
opioids reduce the transmission of nociceptive impulses 
(Nagi et al., 2015). Descending modulations of pain arise from 
multiple areas including the somatosensory cortex, the 
amygdala, and the hypothalamus, and are projected into the 
periaqueductal grey (PAG). The PAG then projects onto the 
parabrachial nucleus, locus coeruleus and medulla, and then 
onto the spinal or medullary dorsal horns. When involved in 
this descending modulation, endogenous opioids act by 
reducing interneural signal transmission of the nociceptive 
message (Sprouse-Blum et al., 2010) and by inhibiting the 
release of GABA, thus resulting in abundant release of 
dopamine. Dopamine is a main actor in the feelings of 
pleasure, reward and euphoria and as such modulates the 
perception of pain, especially its affective and motivational 
aspects.  

 

 
Figure 1. Schematic representation of pain modularity 
circuitry from Ossipov et al. (2010). 
Ascending (red) and descending (green) tracts are shown 
schematically. Areas labeled “i–iv” in the small diagram correspond 
with labeled details of the larger diagram. BLA = basolateral 
amygdala; CeA = central nucleus of the amygdala; DRt = dorsal 
reticular nucleus; LA = lateral amygdala; LC = locus coeruleus; RVM: 
rostral ventromedial medulla; PAG = periaqueductal gray region.   

 

1.4.2. Stress and mood regulation 

During the normal reaction to stress, the secretion of 
corticotropin-releasing hormone (CRH) stimulates POMC to 
release β-endorphin, which helps coping with pain and its 

emotional response (Hsu et al., 2013). However, prolonged 
stress leads to a gradual decrease of the peptide and β-

endorphin levels over time.  
 
Relationship between endorphin levels and several mood-
related conditions have been found. For example, decreased 
levels of endorphins are found in populations suffering from 
anxiety and Post-traumatic-stress disorder (PTSD), 
especially combat-related PTSD in soldiers (Hoffman et al., 
1989). Studies conducted in human and animals suggest a 
link between pathophysiology of major depressive disorder 
(MDD) and β-endorphin, with individuals suffering from MDD 
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having lower levels of β-endorphins compared to healthy 

people (Hegadoren et al., 2009). Administration of opioid 
agonists is successfully used for therapeutic benefits to 
relieve anxiety and depression (for a review, see Tenore, 
2008). 
 
Several mechanisms by which endorphins are involved in 
mood regulation have been identified. Endorphins regulate 
stress-coping strategies by interaction with the 
hypothalamic-pituary-adrenal (HPA) axis. They modulate 
hedonia and feelings of reward and satisfaction by 
interacting with the serotoninergic (Merenlender-Wagner et 
al., 2009; Zangen et al., 1999) and dopaminergic systems 
(Roth-Deri et al., 2008). These aspects are found to be 
strongly affected in MDD patients. The interaction between 
β-endorphin and dopamine would be bi-directional, with 

neuronal effects of β-endorphin occurring both 

downstream and upstream to the dopaminergic synapse in 
the NAcc (Steinman et al., 2009; Berkley et al., 1993). 
 

1.4.3. Sleep induction 

Although “Morphine”, the most famous opioid was named 
after the sleep god Morpheus, the mechanisms by which 
opioids induce sleep are sparsely investigated and described 
in the literature.  
 
Endorphins have anticholinergic properties. Indeed, the rate 
of liberation of acetylcholine is significantly higher during 
wakefulness and Rapid Eye Movement sleep as compared to 
deep sleep (Gadea-Ciria et al., 1973; Jasper & Tessier, 1971), 
and this liberation is regulated by the endogenous opioid 
system (Lapchak et al., 1989). This mechanism is part of the 
more global modulatory action of endorphins in the balance 
between sympathetic/parasympathetic activations. This 
whole modulating action (described in section 1.3.2.) per se 
promotes sleep induction.  
 
The sleep-inducing effect of endorphins may also be due to 
their action on the ventrolateral preoptic nucleus (VLPO), a 
part of the brain that plays an important role in sleep and 
wakefulness (Sherin et al., 1996). In animals, high doses of 
morphine seem to induce sleep through the opioidergic 
projection to the VLPO (Greco et al., 2008; Tissot, 1980).  
 
Pain, stress and (lack of) sleep are closely linked with 
interactions in all directions (Abell et al., 2016; Gatchel et al., 
2007; Harvey, 2002; Leproult et al., 1997; Moldofsky, 2001). 
Dysfunction in one area negatively impacts the other two, 
just as improvement in any one has a beneficial effect on the 
function of the others.  
 

1.4.4. Neuroplasticity 

People that suffer from chronic stress (Conrad, 2008; 
Mizoguchi et al., 2001), sleep deprivation (Leproult et al., 
1997)/chronic insomnia (Abell et al., 2016), and chronic pain 
(for example: chronic migraine(Peres, 2001); chronic back 
pain (Vachon-Presseau et al., 2013), temporomandibular 
disorders (Korszun et al., 2002)) have higher basal levels of 
glucocorticoids than non-sufferers.  

Amongst the damage that continued activation of HPA axis 
on the body can inflict, prolonged exposure to 
glucocorticoids harms the brain. The impairing effect of 
glucocorticoids on neuroplasticity has been shown at the 
molecular (Foy et al., 1987; Kim & Yoon, 1998), cellular 
(Magarinos et al., 1997; ,Schoenfeld & Gould, 2012) and 
structural levels (Bremner, 1999; Maleki et al., 2012). 

As described above, endorphins have analgesic effects 
(1.4.1.), modify the sympathetic/parasympathetic balance in 
favor of a restful state (1.3.2), mediate the stress response 
(1.4.2) and promote sleep (1.4). As such, endorphins 
contribute to restore the natural conditions improving 
neuroplasticity. In addition, interactions between the 
serotonergic and endorphinic systems are well established 
(Zangen et al., 1999), and serotonin leads to an increase in 
neuroplasticity (Ming & Song, 2005; Santarelli, 2004). Finally, 
endorphins have been the focus of research on 
neurogenesis in recent studies. In vitro studies have shown 
that endorphins and the activation of endorphins’ target 
receptors increase proliferation of hippocampal progenitors 
(Persson, Thorlin, Bull, & Eriksson, 2003), while blocking 
target receptors decreases proliferation (Persson, Thorlin, 
Bull, Zarnegar, et al., 2003). Koehl et al. (2008) tested the 
effect of exercise on wild-type and β-endorphin-deficient 

mice. Their results showed that a lack of β-endorphin in 

deficient mice completely blocked the running-induced 
increase in cell proliferation in β-endorphin-deficient runner 

mice compared to wild-type mice, which shows that β-

endorphin released by exercise in wild-type mice is involved 
in their increased cell proliferation.  
 

2. Millimeter wave therapies  

2.1. Historical background 

Millimeter Wave (MMW) therapy was developed in the 1970s, 
in the former Eastern-Bloc countries, at the intersection of 
biophysics, radio electronics and medicine. Teams of 
researchers conducted various experiments on the 
biological effects of MMW exposure and found painkilling 
results (Betskii & Lebedeva, 2004). At the time, this 
necessitated the use of huge machines in dedicated rooms 
at a center people were obliged to visit to receive their 
treatment. In Eastern Europe, more than 3 million patients 
received MMW therapy for various conditions, in about 1000 
centers (Pakhomov & Murthy, 2000). 
 
However, the cost and bulk of such devices made them 
inconvenient for therapeutic use and precluded any 
ambulatory use. Their use was mostly empirical and no clear 
scientific explanation of the mechanism of action was 
identified. For these reasons, as well as the development of 
improved pharmaceutical solutions, MMW therapy stopped 
being used as a treatment of first intent, or even as an 
alternative to chemical medication.  
 
After the collapse of the Eastern Bloc, several research 
teams kept studying MMW therapy for different 
applications, such as wound healing (Korpan & Saradeth, 
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1995), diabetes (Moazezi et al., 2008b), cancer (Pakomov et 
al., 1998) and the treatment of chronic pains (Usichenko et 
al., 2006). Since then, the action of MMW on organic tissues 
as well as the physiological mechanisms by which they 
provoke analgesic effects have been better understood.  
 

2.2. Functional principle  

There are various sensory receptors situated in the 
superficial layers of the skin, the face, and the palms of the 
hands and feet being more densely innervated than others. 
Activation of these receptors sends signals from peripheral 
nerves via the spinal cord to the brain which processes the 
information. Endorphins are released centrally in response 
to sensitive peripheral stimulations, generally as a pain 
coping mechanism, even though pain is not essential to 
trigger this response, as described in section 1.3.  
 

Penetration depth of electromagnetic waves depends on 

their frequency such that their penetration depth decreases 

as their frequency increases (Figure 2). Millimeter waves lie 

within the frequency range of 30–300 GHz and do not 

penetrate skin beyond a fraction of a millimeter (0.3 – 

0.5mm), i.e. the depth of cutaneous sensory receptors. 

During MMW therapy, skin is exposed to waves that carry 

enough energy to activate sensory receptors, i.e. thermal 

endings, but not enough to cause any injury. Normally, 

"thermal background noise" generates ion fluxes and local 

currents capable of stimulating voltage-sensitive receptors, 

and especially voltage-gated calcium channels (VGcc). The 

twist of the 4 intramembrane chains of  VGcc opens the 

channel like an optical diaphragm. The result is a net influx 

of calcium, leading by itself to trigger physiological activities 

in a non-thermal way, e.g. release of neurotransmitters. This 

painless nerve stimulation leads to an increase in the 

secretion of intracerebral endorphins, which have 

hypoalgesic effects.  

Figure 2. Skin exposed to waves frequency (a) lower than  
30GHz, (b) 61GHz, (c) higher than 300GHz. Purple arrows 
represent energy absorption by the skin.   

Hence, a series of of experiments conducted by Radzievsky 
and colleagues from Temple University (Pennsylvania, USA), 
contributed to better understand the mechanism of MMW 
therapy. After demonstrating the suppression of pain 
sensation in humans exposed to MMWs (Radzievsky et al., 
1999) in a double-blind cross-over study, they showed that 
MMW-induced hypoalgesia is produced by the release of the 
endogenous opioids, by blocking this effect with naloxone, 
an opioid receptor antagonist (Rojavin, 2000). They also 
demonstrated that the effect depends on the innervation 
density of the area exposed, the most innervated areas 
leading to the best results (Radzievsky et al., 2000). Further 
investigations confirmed the role of the peripheral nervous 
system when deafferentation of the area exposed to MMW 
totally abolished systemic hypoalgesia (Radzievsky et al., 
2001). Lastly, they showed that hypoalgesic effects can’t be 
replicated with laser-increased temperature alone 
(Radzievsky et al., 2004), are power- and frequency-
dependant, and that different types of pain do not respond 
in the same way to MMW therapy: a single exposure to MMW 
(15 min, frequency of 61.22 GHz and average incident power 
of 13.3 mW/cm2) significantly reduced pain sensitivity in the 
models of acute and chronic non-neuropathic pain, but 10 
exposures were necessary in a model of neuropathic pain in 
their study (Radzievsky et al., 2008).  
 

2.3. Scientific and clinical data 

After the collapse of the Eastern Bloc, worldwide research 
teams continued to investigate MMW therapies in order to 
provide an understanding of the mechanisms involved in 
MMW-induced hypoalgesia in controlled experiments. 
Several articles have been published reviewing the “medical 
applications of MMWs”(Rojavin et al., 1998), their effects in 
“biology and medicine”(Betskii & Lebedeva, 2004), “in 
interaction with the human body”(Zhadobov et al., 2011), “for 
pain therapy”(Usichenko et al., 2006). These reviews, as well 
as other or later published articles, support the 
effectiveness of MMW therapies, in the absence of 
associated side effects, used either at loco dolenti or by 
dermal exposure remote from the pain’s point of origin.  

 

In acute pain, Radzievsky et al.( 1999) and  Partyla et al. (2017) 

both ran randomized, placebo-controled trials with healthy 

participants using the cold pressure test, and showed 

hypoalgesia effects following exposure to MMW tested 

compared to sham exposure.  

 

The effects of MMW have been shown in post-operative 

pain. Patients with postoperative septic wounds exposed 

to 30-minutes sessions of MMW showed 1.8 times more 

rapid wound clearance, 1.7 times earlier onset of wound 

granulation and 1.8 times faster onset of epithelization, and 

the average daily decrease of wound surface area in the 

treated patients was twice that of subjects  exposed to a 

sham device (Korpan & Saradeth, 1995). Pradahn, et al. (2014) 

carried out a study with 120 patients who had to undergo a 

cesarean section. They showed that for 30 patients 

exposed to MMW for 3 consecutive treatment sessions of 

a)                      b)                         c) 
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30 minutes, over 3 days, the score of intensity of 

postoperative pain and the postoperative morbidity were 

significantly reduced, while postoperative mobility was 

increased, compared to the 90 patients of a control group.  

 

Regarding neuropathic pain, Moazezi et al. (2008)  tested 

patients with Diabetic Sensorimotor Polyneuropathy and 

observed a significantly stronger decrease in the Toronto 

Clinical Neuropathy Score (TCNS) for MMW-exposed 

patients compared to sham-exposed patients. Megdiatov et 

al. (1995) investigated trigeminal nerve neuralgia. Patients 

were exposed to either MMW (27 patients) at a frequency of 

42.2 GHz, at a power of 10mW/cm2 for 15 minutes, applied to 

areas where branches of the affected trigeminal nerve 

approach skin, or to a sham device (25 patients), for 10 

sessions in each condition. Nineteen of the 27 patients 

treated with MMW reported a decrease of the incidence and 

severity of pain attacks as opposed to 4/25 in the sham 

group.  

 

Benefits of MMW exposure have been shown in joint pain. 

Bakaliuk, et al. (1998) showed that repeated sessions of 30 

minutes on patients with osteoarthrosis led to reduced 

pain intensity, expressed as a joint pain index, diminished 

joint stiffness and lower level of C-reactive protein 

compared to patients with treatment as usual. Similar 

effects were shown in patients with rheumatoid arthritis 

(Usichenko et al., 2003) and patients with diffuse connective 

tissue diseases (Usichenko & Herget, 2003).  

 

Debouzy et al. (2021; 2022) published case reports relating to 

the beneficial effects of exposure to MMW, namely 

hypoalgesia and functional recovery after surgical or sports 

trauma, pain and physical rehabilitation on chronic 

pancreatitis, pain and rehabilitation in fibromyalgia.  
 
The medical literature is rich in studies showing the 
hypoalgesic effects of millimetre waves used under the 
same conditions as the Remedee band.  These results, 
published as provocation studies, clinical trials or case 
reports, show good efficacy on several types of pain. 
 

2.4. Remedee One: a technological breakthrough  

Remedee Labs is developing technology resulting from two 
lines of progress: the identification of a biological 
mechanism of MMW action supported by scientific and 
clinical research, and a major step forward in the technology 
necessary to manufacture integrated hyper-frequency 
components. 
 
Until the beginning of the 21st century, the size of emitters 
and power supplies precluded any extensive clinical 
development, especially if ambulatory use was desired. 
Recently, several applications using frequencies in the tens 
of GHz range have been developed and widely integrated in 
products and services. Communication technology has 
taken advantage of these increases in frequency, as higher 

bandwidth corresponds to higher data transfer rates. WiFi 
for instance, which has long been used at 2.4GHz and 5GHz, 
has recently adopted the 802.11ad standard using 
frequencies from 57GHz to 70GHz. Wireless backhaul and 
point-to-point communication systems have also made 
more and more use of the 60GHz band and benefit from the 
very high data rates it provides. 
 
Radar has also benefitted from the increase in frequency, as 
shorter wavelengths allow for the detection of smaller 
objects and require smaller antennas. Long-range 
automotive radars now run at 77GHz and are used for 
cruise-control applications. New applications using 
miniaturized, personal radars, have been recently developed 
and integrated in consumer products, such as the Pixel 4 
smartphone that uses the Google Soli radar technology as 
user gesture detection. Other personal radars use the high 
resolution offered by the small wavelengths to offer new 
functions such as contactless respiration rate monitoring or 
even contactless heartrate measurement for newborns. 
 
These new applications come with the benefit of higher 
system integration and reduced device size, offered by the 
low power consumption of miniaturized integrated circuits. 
Microelectronics manufacturing technologies also drive 
down the costs of the components by several orders of 
magnitudes. Basic components such as amplifiers or 
oscillators in the tens of GHz range, that used to cost 
thousands of dollars are now available for just a few dollars, 
and are easier and cheaper to build into systems. 
 
Such progress in technologies supporting frequencies and 
powers necessary for therapeutic use have enabled 
Remedee Labs to develop its patented Microelectronic 
Endorphin Trigger (MEET) module.  This miniaturized module 
has been integrated into a wearable device – a wristband 
called “Remedee One” - making endorphin-stimulation 
therapy accessible for safe and efficient personal healthcare 
use.  
 

3. Demonstration of safety, hypoalgesic 
and parasympathetic effects 

3.1. Safety: Analysis of the literature 

The safety of exposure to MMWs is well established and has 
been documented in many preclinical animal studies and 
clinical studies in human. For the electromagnetic spectrum 
ranging from 0 to 300 GHz, no study showed any cumulative 
or long-term effect (Cardis et al., 2013). 
 
Due to the superficial penetration of electromagnetic fields 
in the millimetric band, specific attention was paid to 
possible cutaneous and ophthalmological effects. It was of 
primary importance to determine what power density was 
perceptible, and that which would cause lesions. It was 
found in monkeys that energy levels as high as 5J/cm2 were 
necessary to induce ocular lesions, while perception 
occurred for a few mJ/cm2 (Chalfin et al., 2002; Gandhi & 
Riazi, 1986; Kues et al., 1999). Similarly, a factor of a 100 was 
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identified between cutaneous perception/pain and tissular 
lesions (Debouzy et al., 2007). In vitro, very high exposure 
levels (770 W/kg) are required to induce an inflammatory 
response (release of interleukin IL1β), which exceeds by 

several orders of magnitude those allowing perception in 
vivo (Novoselova & Fesenko, 2002). Definitive evidence was 
drawn from human experiments testing the innocuity of the 
Active Denial System (ADS), a non-lethal weapon used for 
crowd dispersion in the USA. The specificity of ADS, which 
used MMW at significantly higher power levels than those 
used in the Remedee band, is to provoke pain sensations in 
order to make people flee, without any tissue damage 
(Konno et al., s. d.).  

 

3.2. Hypoalgesia and parasympathetic effects: 
clinical trial 

Remedee Labs’ first clinical study “Remedee 0” was a 
randomized, placebo controlled, cross-over study. The aim 
was to assess the existence of hypoalgesic and 
parasympathetic effects of Remedee’s millimeter waves 
emitting device when applied to the wrist - a densely 
innervated area of the body - of healthy volunteers.  
 
Ten healthy participants had the palmar side of their wrist 
exposed to MMW (61.25 GHz, 17mW/cm2) for 30 minutes, 1h, 
& 1h30, and 30 minutes of sham exposure. Experimental pain 
was induced after the exposure sessions with the Cold 
Pressor Test, and pain threshold and pain tolerance values 
were compared to that of the sham condition. Participants’ 
heart rate and blood pressure were measured before and 
after exposures. Finally, innocuity of the exposure system 
was controlled with a pre-post exposure visual examination 
scale and skin temperature measured by a thermal camera. 
Exposure to 30 minutes, but not 1h or 1h30, of MMW led to 
significant increases in pain thresholds compared to the 
sham condition, but no increase of pain tolerance. All 
conditions led to decreased heart rate, while no change in 
blood pressure was observed. No change in skin state or 
temperature was observed for any of the conditions. MMW 
applied on the inner part of the wrist diminish pain 
sensations more effectively than placebo, and seem to 
increase parasympathetic activities, while remaining 
innocuous. These results justify building a miniaturized 
MMW emission system to be worn on the wrist that would 
provide access to ambulatory MMW therapy for pain 
management. The study is published in the journal 
Electromagnetic Biology and Medecine (Minier et al., in 
press).  

 

Conclusion 

 
Remedee Labs is developing a technology allowing 
neuromodulation via millimeter wave stimulation of the 
peripheral nervous system. The central secretion of various 
neurotransmitters elicits hypoalgesic effects regardless of 
the anatomical origin of the pain. 
 
Over the past three years, our multidisciplinary team, 
comprised of experts in electronic engineering, software 
development, machine learning, design, neurophysiology 
and medicine have developed an easy-to-wear, watch-like 
device that stimulates one of the most innervated location 
of the body to maximize endorphin stimulation.  
 
To ensure the proper and effective use of our device, the 
first step was to ensure its safety. A rigorous analysis of the 
literature, including fundamental studies conducted on 
animals and the assessment of the American Active Denial 
System on human volunteers, showed the absence of 
noxious effects of the exposure to MMWs. In addition, no 
scientific study or international norm (IEEE, ICNIRP) reports 
any long-term effect from electromagnetic millimeter wave 
exposures. Finally, the harmlessness of our device was 
confirmed in a clinical trial. 
 
Endorphin stimulation can have several other significant 
applications beyond pain management, including promoting 
well-being, alleviating sleeplessness, and managing chronic 
stress. Moreover, we believe that the Remedee band can 
have a skateboarding effect, alleviating patients’ pain in their 
daily life, while they prepare to the multidisciplinary change 
required for their condition (see Remedee Labs White Paper 
– Volume II).  
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Based on 10 years of pre-clinical and clinical research, Remedee 
Labs has designed and developed the first endorphin stimulator for 
personal use. Building on the experience of its clinical partners, the 
company now uses its unique technology to offer the first patient-
centered digital service platform for chronic pain management, working 
alongside medical practitioners. 

Remedee Labs technology, embedded in the first endorphin stimulator 
wristband, stimulates the nerve endings of the wrist during 30 minutes 
session. In response to this painless nerve stimulation, the brain 
releases intracerebral endorphins recognized as the body’s highly 
effective natural pain killer – in a safe, fast and simple way. 

But chronic pain requires comprehensive treatment that is tailored 
to individual needs and provided by a specialized team. Remedee 
Labs’ solution is the only holistic approach that combines innovative 
technology, digital solution, human support and therapeutic education 
placing the patient at the center of the treatment for a sustainable 
improvement of his quality of life.

Remedee Labs initial focus is Fibromyalgia a debilitating chronic 
condition that affects many aspects of healthy living and quality of life. 
In may 2022 FDA has granted Breakthrough Device Designation for 
fibromyalgia patients based on initial real-world evidence results. The 
initial results showed a clinically significant improvement in their quality 
of life (FIQ) and an improvement in their sleep quality (PSQI).

Additionally, Remedee Labs is expanding its range of services to address 
other chronic pain conditions. Early data suggests strong efficacy 
in reducing pain across a variety of pathologies through digitally 
stimulated endorphin pathways.
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