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The very high efficacy of phototherapy with low incident 
levels of 830 nm radiation in the near infrared waveband 
with appropriate intensities and doses has now been well-
reported in a large variety of pan-specialty indications. 
Originally the domain of gallium aluminum arsenide 
(GaAlAs) laser diode-based systems, a new generation of 
830 nm LEDs based on NASA Space Medicine technolo-
gy has added LED phototherapy to the clinician’s arma-
mentarium. Although LEDs are not coherent and thus not 
monochromatic like laser diodes (LDs), they are quasimo-
nochromatic with almost all of their photons at the rated 
wavelength. In addition LEDs have two main advantages 
over laser diodes: they can be mounted in large planar 
arrays thus enabling hands-free treatment of large areas of 
tissue; and they are much less expensive. 

It may be possible to improve the already proven 
cellular, tissue and systemic response to 830 nm through a 
novel photosequencing technology in which another 
wavelength of LED energy is used to precondition the 
target cells before irradiation with the main 830 nm LED 
energy. This novel technology is discussed, which 
delivers sequential doses of very low intensity 590 nm 
light (visible yellow) in the microwatt (µW/cm²) domain 
followed by appropriate clinically useful levels of near-
infrared 830 nm light (in the milliwatt [mW/cm²] range). 
 
1.1. The Device 
The HEALITE II system consists of planar LED-based 
arrays with two rows of double-wavelength 590/830 nm 
LEDs sandwiched between multiple rows of 830 nm 
LEDs per single planar array unit, 5 units making up the 
total planar array area [Figure 1]. When the device is acti-
vated, it first delivers 1s of only 590 nm energy at ex-
tremely low incident levels of photon intensity from both 
rows of 590 nm LEDs in each panel, working sequentially 
along the planar arrays from left to right, and returning to 
the first array. With 10 rows of yellow LEDs per total ar-
ray area of 5 panels, 2 rows per panel, this takes 5 sec. 
This is repeated 12 times for a total of 1 minute. While the 
yellow photosequencing then continues, the 830 nm LEDs 
are then activated in continuous wave at the set intensity 
(20, 40, 60, 80 or 100 mW/cm²) until the desired fluence, 
also called the energy density or dose, of 830 nm energy 
has been delivered. 
 
1.2. Potential Applications 
The device is intended for multiple pan-specialty applica-
tions in the area of phototherapy. These include, but are 
not restricted to, the following: 
- Wound healing of traumatic or iatrogenic wounds in 

both hard and soft tissues, including the donor and re-
cipient sites of skin grafts 

- Healing of recalcitrant wounds, for example torpid or 
nonhealing crural ulcers of all etiologies 

- Osseointegration of osseous implants and prostheses 
in dentistry, maxillofacial and orthopedic surgery 

- Attenuation of pain in chronic and acute pain entities 
- Increased cerebral blood flow in simple senile demen-

tia patients (currently not trialed for Alzheimer’s or 
other clinically diagnosed forms of dementia, Parkin-
son’s or Huntingdon’s disease) 

- Photorejuvenation of extrinsically-aged and intrinsic-
cally-aged skin 

- Photoactivation of transepidermally delivered cosme-
ceuticals and other agents including stem-dell-derived 
materials and platelet-rich plasma (PRP) 

- Adjunctive therapy with any other treatment modali-
ties from mild epidermal peels all the way through to 
full face ablative laser resurfacing 

- Hair re-growth for hair loss due to alopecia areata, 
stress alopecia and so on 

 
 

 

 
[Figure 1] (Upper panel): Schematic of a single LED array panel showing 
the arrangement of the 830 nm and the 830/590 nm LEDs on their printed 
circuit board (PCB). 
(Lower panel): View of the actual HEALITE II treatment head showing the 
5 articulated and adjustable panels 
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The use of phototherapy at the near-infrared wavelength 
of 830 nm has already been extensively reported in the 
literature for almost 3 decades. Efficacy has been proven 
for the healing of recalcitrant ulcers,(1) treatment of acci-
dental and iatrogenic wounds including burns,(2,3) for os-
seointegration of osseous implants(4) and in successful 
photorejuvenation of age-damaged skin.(5,6) As underlying 
mechanisms for these successful and effective applica-
tions, light energy at 830 nm has been shown to selective-
ly and significantly upregulate the action potential of the 
main skin cells involved in wound healing, including ma-
crophages,(7) neutrophils,(8) mast cells(9) keratinocytes(10) 
and fibroblasts (personal communication, Prof Kyoung 
Chan Park, Seoul National University, as yet unpublished 
data). 830 nm increases blood flow in axial pattern flaps, 
with the elevated blood flow and volume still evident on 
laser speckle Doppler flowmetry 90 min after a single ir-
radiation, and significantly better flap survival in the 830 
nm-treated animals.(11) At a genetic level, 830 nm has 
been proved to upregulate the genetic mechanisms re-
sponsible for osteoblast activation.(4,12) 

Yellow light at 590 nm has mostly been used for the 
pulsed dye laser photothermal treatment of vascular 
lesions, but sub-purpuric doses at the skin surface have 
produced interesting extravasation of wound-healing 
mediators in the dermis at sub-mW levels of energy at the 
dermal blood vessels,(13,14) and LED phototherapy with 
yellow light has been well- reported as effective in a 
number of applications.(15-17) 
 
 

 
 
This subsection will examine the scientific basis for the 
preconditioning component of the HEALITE II photo-
sequencing technology embodied in the proprietary photo-
sequencing technology. 
 
3.1. Why Preconditioning with 590 nm? 
The major photobiological difference between 590 nm 
and 830 nm is the depth to which these wavelengths will 
inherently penetrate into living human skin at equalized 
levels of photon intensity, with 830 nm penetrating around 
5 orders of magnitude greater than 590 nm [Figure 2].(18) 
This is due to the presence of competing chromophores 
for 590 nm, namely hemoglobin and melanin, compared 
with 830 nm, whose main chromophores are ester chains 
and subcellular components located in the membranes of 
target cells and their subcellular organelles. In addition, 
830 nm is right at the bottom of the water absorption 
curve, and in the middle of the so-called ‘tissue window’ 
described by Karu and others. (19) 

An alternative for 590 nm as the preconditioning 
wavelength might have been 633 nm, as a great deal of the 
literature since the beginning of phototherapy in the late 

1960’s was based on the helium neon (HeNe) laser, with 
the wavelength of 632.8 nm. However, referring again to 
Figure 2, the reader will see that 633 nm penetrates almost 
3.5 orders of magnitude better into tissue than 590 nm, 
due to its comparatively low absorption in epidermal 
melanin and dermal blood, so it was feared that some 
dissonance would occur in deeper dermal cells due to the 
combination of 633 nm and 830 nm being absorbed 
simultaneously after the initial preconditioning stage. 
Although blue light will penetrate even less than yellow, 
blue light is known to over-stimulate melanocytes with 
potential melanogenesis and is furthermore not associated 
very well with mitochondrial cytochrome c oxidase 
absorption, the key to cell photoactivation and induced 
ATP synthesis by visible light. 
 

[Figure 2] Schematic representation of the comparative penetration 
depths of LED energy at 590 nm and 830 nm in a photospectrogram 
of regulated ‘white light’ through a human hand in vivo. Wave-
length is shown along the x-axis and optical density, in logarithmic 
units, on the y-axis. The higher the OD, the poorer the penetration. 
(Adapted from Ref 17) 

 
For these reasons, when we considered the optimum 

preconditioning wavelength, 590 nm was the first choice 
because its excellent photoactivative qualities are already 
known in vivo and in vitro from previous studies as 
mentioned above. Furthermore, 590 nm LED energy has 
been demonstrated in vitro by Karu to be right at the 
absorption peak of mitochondrial cytochrome c oxidase(20) 
the importance of which will be discussed below. 
 

3.2. What is Preconditioning? 
The entire concept of ‘preconditioning’ is underpinned by 
restriction of the absorption of the preconditioning wave-
length photon energy to the living cells of the epidermal 
stratum basale, the basal layer, including components of 
the basement membrane and possible some extremely su-
perficial parts of the papillary dermis, as will be discussed 
in detail below. In Figure 2 above, the intensity across all 
wavelengths was equalized, so the comparatively shallow 
penetration of 590 nm light will be further compounded 
by the ultra-low incident intensity of around 300 µW/cm² 

2. RATIONALE 

3. PRECONDITIONING
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for HEALITE II 590 nm energy compared with the 40, 60, 
80 03 100 mW/cm² delivered by the 830 nm LEDs. This is 
combined with the 1 s exposure per panel to give an inci-
dent radiant fluence or dose per exposure to 590 nm of 
300 µJ/cm² compared with the usual recommended dose 
of around 60 J/cm² for the 830 nm wavelength. Thus we 
class this as micro-low level light therapy, or µ-LLLT. 

The model is based on the theory that the 590 nm µ-
LLLT delivered sequentially over that first minute will 
‘precondition’ the epidermal cells to start to manufacture 
cytokines, and may also induce the formation of 
neuropeptides, neurotransmitters and hormones from the 
epidermal Merkel cells. These photoproducts will then in 
turn ‘precondition’ the dermal target cells for the main 
830 nm treatment. 
 

3.3. What are the Targets for 590 nm μ-LLLT? 
With the extremely low incident fluence delivered by the 
590 nm component of the HEALITE II system, namely 
around 300 µJ/cm² (0.3 mJ/cm²), coupled with its already 
low penetrative characteristics, the penetration of the 590 
nm light into the target skin will be curtailed even further 
and the targets will therefore all be epidermal, particularly 
the living cells in the basal layer and immediately adjacent 
tissues, as mentioned above. The main putative target cells 
will therefore be the basal layer keratinocytes and the lit-
tle-discussed but very interesting Merkel cells, as already 
mentioned briefly above. Figure 3 compares schematically 

the absorption depth of 590 nm and 830 nm, and lists the 
main targets.  

The extremely low incident intensity selected for the 
HEALITE II 590 nm preconditioning µ-LLLT component 
was mainly based on the large body of evidence which has 
accrued over the past decade and recently reviewed 
comprehensively in Lasers in Medical Science by Baratto 
and colleagues (with associated references).(21) The 
authors presented their own empirical experimental 
findings for what they termed ultra-low level laser therapy 
(ULLLT) and backed up their hypotheses with a large 
series of published studies, showing that very low levels 
of incident visible light (around 150 µW/cm² at a dose of 
450 µJ/cm²) had significant trophic effects on a variety of 
cells, including Merkel cells, as well as potent anti-
inflammatory and anti-edematous actions.(22) Baratto and 
colleagues conclude; “The striking biological response to 
[ULLLT] represents a puzzling issue for biologists and, at 
the same time, an opportunity for clinicians.” We believe 
that HEALITE II µ-LLLT preconditioning with 590 nm 
will take advantage of this opportunity in a practical 
manner with clinical utility. Even though the Baratto 
paper examined visible red light, the intracellular 
absorption characteristics of yellow 590 nm are known to 
be similar, and in common with all visible light, 590 nm 
induces a purely photochemical cascade within the cell 
with the cytochrome c oxidase terminal of the 
mitochondrial respiratory chain as the principle 
target.(15,16) 

 

 
[Figure 3] Schematic representation of the comparative penetration depths of LED energy at 590 nm 
(300 μW/cm²) and 830 nm (100 mW/cm²) into skin (typical skin from a female cheek), and the main 
targets of these wavelengths and their potential effect. 



 

5 July 2011

The primary role of the Merkel cell is as a 
mechanoreceptor. There is controversy as to its fetal 
origin: originally thought to have developed from the 
neural crest, similar to melanocytes, more recent 
mammalian studies have suggested that Merkel cells are 
the result of a neuronal-independent differentiation 
process with their final morphology more akin to the 
keratinocyte than the melanocyte. Merkel cells are located 
in the basal layer with abundant mitochondria in their 
cytosol, and are therefore a potential phototherapy target 
for visible light such as 590 nm, for which the 
mitochondrial cytochrome c oxidase is the starting point 
of the ATP synthesis cascade. Merkel cells also contain 
dense-core granules, on the degranulation of which 
neuropeptides and hormones can be re-leased. In this 
respect they are similar to the mast cell.  

The role of the Merkel cell has recently been 
attracting attention as a part of the neuroendocrine system 
and a potential mediator of epidermal homeostasis, in 
addition to its basic sensory function, and the part that 
these cells can play in the pain attenuation process 
through the release of neuropeptides and neuro-
transmitters.(23-25) Of note is Calcitonine gene-related 
peptide (CGRP), significantly associated with the 
antiinflammatory action of acupuncture.(26) Because 
Merkel cells have been extremely difficult to culture, in 
vitro studies are sparse. However, with the large numbers 
of mitochondria and also the presence of dense granules, it 
can be hypothesized that Merkel cells will respond to 
photostimuli in the same manner as other similarly 
constructed cells. 590 nm µLLLT may well photoactivate 
these interesting cells to enhance ATP production with the 
corresponding increase in intercellular Ca++ signaling, and 
the potential for enhanced degranulation of their dense 

core granules. This is a subject worthy of further research 
to prove the hypothesis. 

As for the keratinocyte as a target, low levels of 
visible light, including the yellow waveband, have been 
shown by Karu(19,20) and Zhevago and Samoilova(27) to 
work extremely well in stimulating keratinocytes to 
release a large number of interleukins and other cytokines, 
some of which will drop down into the dermis to 
precondition the target cells for 830 nm, and where they 
can have effects on and be picked up by the 
microcirculation. Furthermore, increased ATP production 
from photoactivated keratinocytes will most probably 
result in higher levels of Ca++ ions in and outside of the 
photoactivated cells. Ca++ ions are recognized as 
mediators for potent cell-cell signaling.(28) 

In addition to epidermal cellular involvement, some 
590 nm energy may reach the microcapillaries feeding the 
dermoepidermal junction (DEJ) in the very superficial 
layer of the dermis, thereby potentially mediating 
extravasation of the wound-healing mediators already 
mentioned above.(13) 
 
 

 
 
The concept of starting with the scanned 590 nm LED 
energy at µ-LLLT preconditioning energy levels followed 
by the continuous wave 830 nm LED energy at recog-
nized clinically useful photon and energy densities is re-
ferred to as ‘photosequencing’. The full name given to the 
process is ‘590/830 nm photosequencing with precondi-
tioning µ-LLLT’. 

 

 
 
[Figure 4] Scale section of a HEALITE II planar nm array of 830 nm LEDs illustrated schematically. Although indi-
vidual LEDs have a much lower photon intensity than a laser diode, when LEDs are mounted precisely in arrays to 
allow multiple beam intersection, the phenomenon of photon interference finds synergy with the excellent and power-
ful tissue scattering characteristics of 830 nm to create a zone of extremely high, almost laser-like photon intensity 
beneath the surface of the target tissue. 

4. PHOTOSEQUENCING 



 
The levels of delivered photon intensity are so low that no 
590 nm-mediated photoeffect is expected in the dermis, 
with the exception of the microvasculature in the extreme 
superficial papillary dermal zone under the DEJ. Also, 
because the 590 nm energy is scanned sequentially and 
affects only the epidermis, it will have no contradictory or 
interference effect with the much deeper-penetrating and 
continuous wave 830 nm energy, but the dermal cells will 
have been preconditioned to interact with the 830 nm 
LED energy once it starts irradiating the target tissues. 

The intersection characteristics of the 830 LEDs 
create powerful photonic reactions, allowing for the 
creation of photon interference where the beams intersect 
which, coupled with the excellent scattering 
characteristics of 830 nm energy in living tissue, creates a 
zone of very high photon intensity beneath the surface of 
the target tissue as illustrated in Figure 4. 

 

 
[Figure 5] Schematic showing the first 5-second sequence of the 
590 nm LEDs during the initial 1-min preconditioning μ-LLLT 
component of the HEALITE II photosequencing technology. This 
will be repeated for another 11 sequences before the 830 nm LEDs 
are illuminated. 
 

On the other hand, only two rows of 590 nm LEDs 
per panel are incident on the target tissue during the 1 s 
for which they are illuminated, and the distance between 
the rows allows for poor intersection characteristics 
(Figure 5) but covers the entire area treated by the head. 
Even allowing for the intersection among the LEDs in 
each row, the intensity in the target tissue is very low, 
around 300  µJ/cm², as discussed above This is however 
enough to begin photoactivation of the epidermal target 
cells, particularly the keratinocytes and Merkel cells, 
which is repeated for each ‘strip’ of tissue every 5 sec 
during the first 1 min preconditioning period. The system 
then enters the full treatment mode with the much more 
powerful 830 nm LEDs activated in continuous wave, but 
the 590 nm LEDs continue to operate in sequence 
during the remainder of the set treatment period. This is 
photosequencing in a nutshell. 

Another basic but important aspect of photo-
sequencing is the enhanced safety of the treatment, and 
therefore of HEALITE II. Light energy at 830 nm is in the 
near-infrared waveband and is therefore invisible to the 
naked human eye. At the higher intensity settings of the 
HEALITE II system, although perfectly harmless, and 
indeed beneficial, in skin and other tissues, occular 
overexposure to the energy could cause damage to the 
unaccommodated and unprotected eye. However, because 
of the highly visible 590 nm component of the 
photosequencing process, the ‘blink reflex’ will be 
triggered in the eyes of anyone accidentally being 
irradiated with the system, thus protecting the eyes from 
damage. 
 
 
 

 
 
This latest advance in LED phototherapy based on 590 
/830 nm photosequencing with preconditioning µ-LLLT, 
embodied in the 830/590 nm module of the HEALITE II 
system from Lutronic Corporation, offers clinicians a 
unique and highly efficient method of irradiating target 
tissue for a variety of phototherapeutic purposes and 
achieving excellent results faster and better. HEALITE II 
may be used on its own for the applications already listed 
in the Introduction section, and an increasing number of 
others, but it also offers a powerful adjunctive tool to en-
hance the already good results obtained from any other 
kind of surgical or aesthetic procedure which alters the 
architecture of the epidermis and dermis. It is proposed 
that the preconditioning with the µ-LLLT 590 nm light 
will work together with the already proven efficacy of the 
830 nm energy in many clinical fields to achieve even 
more efficient results. 
 
 
 
 
 

CONCLUSIONS
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Low Level Light Therapy (LLLT) with HEALITE II is a medical 
treatment that uses low levels of incident light energy, 

delivered with photosequencing technology, to alter cellular  
function through atraumatic and athermal photoactivation. 
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