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Abstract: Both Continuous Wave (CW) and Pulse Wave (PW) are used in Low-level Light Therapy (LLLT) treatment
of skin diseases, wound healing, and hair transplantation. At present, LLLT is being used in Alzheimer’s disease
treatment. It was found that LLLT can prevent nerve cell death in an in-vitro test. However, LLLT for Alzheimer’s
disease requires high energy of light so that the light can pass through the skull and be sufficient to treat Alzheimer’s
disease. This study focuses on designing uniform light illumination on the skull, both CW and PW, at a wavelength of
810 nm using the local search algorithm without harming the skin to make the light pass through the skull. Moreover,
this study measured the energy density of light when the light through the skull from the simulation. The results found
that PW irradiation was able to produce more energy density than CW irradiation, and the energy density that passes
the skull is enough to treat Alzheimer’s disease without harming the skin. Also, the PW treatment duration was shorter
than CW, where the coefficient of variation of energy density on the skull surface of PW and CW were 0.037 and 0.036,
respectively.
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I. INTRODUCTION tide called amyloid plaques in the extracellular brain and

Dementia is a syndrome with many causes; for ex- the formation of neurofibrillary tangles inside neurons

ample, Parkinson’s disease, Vascular dementia, and the that interrupt the work of the brain cell, causing brain
most common cause of dementia is Alzheimer’s Disease  cells to die [2].

(AD). In 2018, it was found that 5.7 million Americans For this reason, some parts of the brains of
suffer from AD [1]. This number was included an esti-  Alzheimer’s patients are slowly destroyed, starting from
mated 5.5 million people aged 65 and older. Furthermore,  the hippocampus part and cerebral cortex, respectively,

it is estimated that in 2025, people ages 65 and older causing amnesia. Moreover, the ability to live is reduced.
will have Alzheimer’s for 7.1 million people [1]. AD is For the late stage of Alzheimer’s patients, their surround-
caused by the accumulation of the amyloid-8 (AB) pep-  ing response is diminished, and they eventually die. Cur-
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rently, there are no drugs that can completely cure AD.
The drugs can only slow down the symptom. Besides,
they have side effects: loss of appetite, nausea, vomiting,
and diarrhea [3]. Because the efficiency of the current
treatment is not high as it should be, the researchers de-
vised a way to reduce the side effects. Recently, LLLT or
photobiomodulation with near-infrared light (600-1000
nm) has been used to grow hairs [4] and heal wounds [5].

Furthermore, light can reduce pain inflammatory and
prevent cell death. Nowadays, LLLT has been used
to treat Alzheimer’s disease in in-vitro tests [6], which
causes higher production of ATP in the mitochondria. As
a result, the cells become more robust and can eliminate
amyloid-B (Af) by themself [7]. Previous research [8]
found that light with a wavelength of 810 nm has the best
penetrating capacity of human tissue. Moreover, it was
found that 810 nm wavelength gave the best therapeutic
effect on Alzheimer’s disease at the cellular level [9, 10].
However, the light passes skin, skull, and brain, the en-
ergy of light is weakened by adsorption and scattering, but
the light of these results is irradiated directly into the cells
[11, 12]. The light did not penetrate the skin, skull, and
brain, important parameters for AD treatment. In 2011,
PW irradiation was compared to continuous wave irradia-
tion (CW) at 810 nm wavelength using light irradiation
to brain injury mice [13]. LLLT at 810 nm laser PW was
found to be the most effective for improving traumatic
brain injury in mice compared with continuous-wave [13].
Therefore, this research has focused on the simulation of
the irradiation of LED light in BCW and PW on the skull
surface and brain surface at different distances. Moreover,
a low-level light panel is designed using the MATLAB
program to investigate the effect of LLLT with continuous
wave and PW on penetrating ability into the skull.

II. EXPERIMENTAL
A.  Curved Skull Modeling

LLLT has been used to treat various brain diseases
[14, 15]. For AD treatment, light is necessary to pass the
skull and reach brain tissue. Therefore, the thinnest part
of the skull is a good choice in LLLT. The skull is divided
into six main parts: frontal bone, parietal bone, sphenoid
bone, temporal bone, occipital bone, and ethmoid bone,
each with different thicknesses and curvature. The charac-
teristics of the skull change according to gender, age, and
race [16]. The temporal skull was considered a priority
because it is the thinnest part of the skull, with a thickness
of 4 mm [17]. Since the human skull is not uniform, it is
impossible to find the cranial curvature equation. There-
fore, this project used a CT scan-3D model of the human
skull from a free source [18] that causes the spherical

surface to overlap with the temporal skull by using Au-
todesk Inventor Professional 2021 program. Along with
determining the boundary of the light projection on the
skull in Fig. 1.

Fig. 1. The boundary of light projection on the skull

B. Algorithm Design

810 nm LED with 0.16W/sr is used in the experiment
in both CW and PW, but a single LED cannot generate
sufficient power for desired irradiation. Multiple LEDs
are needed to increase the irradiation power, while LLLT
with high energy may cause thermal damage to skin or
organs. In this experiment, 10 J/cm? is the maximum
energy density that skin can take without damage for CW
[19] and 22.6 J/cm? for PW [20]. The position of the LED
affects the energy density on the skull surface. Therefore,
designing and optimizing the placement of LEDs to create
uniform light and high energy density are very important
in the treatment of AD. In the experiment, the dimension
of the skull is 6x6 cm. The skull is divided into 100 small
grids, and the size is 0.6x0.6 cm. as shown in Fig. 2.

0.6 cm

0.6cm

6cm

Fig. 2. Dimension and number of grids on skull

The MATLAB program is used to determine the opti-
mum position of LED by randomizing the LED position,
where it has the lowest Coefficient of Variation (CV) to en-
sure that the energy density on the target is equal in each
area [21]. In the experiment, the different LED positions
gave the different output parameters of light. Therefore,
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the LED positions are randomized with different initial
conditions to find the appropriate position [22], number
of LEDs (20, 30, and 40 LED), and distance between the
LED panel and target (1, 2, 3, 4, and 5 cm) to be emitted
to treat Alzheimer’s disease. A basic flowchart of random
LEDs positions is shown in Fig. 3.

The step of the flowchart is described as follows.

1. Input initial LED, skull, and air parameters as
shown in Table 1.

2. Create the target plane of the skull.

3. Compare the number of LEDs and number of grids.
If the number of LEDs is more than the number of
grids, stop the program. If the number of LEDs is
less than the number of grids, go to the next step.

4. Random LED position in grids on LED panel.

5. Determine power density and energy density of
LED light on each grid at target plane and deter-
mine CV, along with generating a random initial
CV solution as CV star where CV star is the lowest
CV value.

6.

10.

11.

12.
13.

14.

Set k = 1 where k represents LED sequence on
panel (1st LED position).

. Move the k-LED to the left, right, down, up, left-up,

right-down, left-down, and right-up.

. If the LED moves to the position where the other

LED is already present, then move the LED to the
next grid in line.

. Calculate the CV value of the new LED position.

Compare CV value of new LED position and keep
the lowest CV value as CV star.

Move the LED to the position where it has the
lowest CV value.

Set k =k + 1 (Start to move next LED sequence).

If LED sequence (k) is less than the number of
LED, then go back to step 7.

If LED sequence (k) more than number of LED,
then print the output which show in Table 2 and
end the process.
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Fig. 3. Flowchart of designing LED position on panel
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TABLE 1
INPUT PARAMETERS

Parameters

Number of LEDs (N)

The angular half-width of LED
The radiant intensity of LED
Energy density at the target plane

degree
W/sr
J/em?

Number of grids in length (Lt) -
Number of grids in width (Wt) -

Grid size

Absorption and scattering coefficient of skin ~ cm
Absorption and scattering coefficient of skull cm™
Absorption and scattering coefficient of brain cm™

Distance between LED panel and target plane cm

The number of the loop cycle

Skin, skull, and brain thickness cm

Frequency Hz

Duty cycle -

TABLE 2
OUTPUT PARAMETERS
Parameters

CvV -
Time S

Power density at the upper surface of the skull
Power density at hippocampus

Energy density at the upper surface of the skull
Energy density at hippocampus

mW/cm?
mW/cm?
J/em?
J/em?

Light travels through the skin, skull, and brain after
the light hits the skull surface, and the power density is
calculated. When there is an obstacle between the light
emitted from the light source and the target plane, the
obstacle will absorb the light and make some light unable
to pass through the obstacle. Therefore, the absorption
and scattering coefficient of the obstacle is considered to
calculate the actual power density that passed the obsta-
cle. The light absorption coefficient of skin, skull, and
brain is 0.185, 0.375, 0.25 cm ™!, respectively. While
light scattering coefficient of skin, skull, and brain is 1.5,
1.77, 1.69 cm™!, respectively

III. RESULTS AND DISCUSSION

A. Continuous-wave

The LED condition results in the CW part consisting
of CV value, the power density at the skull’s outer sur-
face, the power density at the hippocampus position in
various LEDs, and the distance between LED and skull.
From the results, 30 LEDs at a 4 cm distance between
the LED and the skull showed the optimum result with
the lowest CV value, 0.0359. The irradiation time is 58
seconds. Power density at the outer skull surface (skin)
and hippocampus is 170.8 mW/cm? and 55.3 mW/cm?
Respectively, as shown in Fig. 4, where the LED position
is shown in Fig. 5. The energy density at the skin surface
is shown in Fig. 6.
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Fig. 4. CV value and power density of 30 LEDs at skin and
hippocampus in various distances between LED and skull
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Fig. 5. The 30 LED positions on panel in CW test
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Fig. 6. Local energy density on skin surface of 30 LEDs

The light that hits the skin surface passes through the
skin, skull and brain. Energy density is decreased due to
absorption, scattering and thickness. It is noted that, the
energy density which has ability to penetrate skin, skull
and brain were calculated at the distance of O, 1, 2, 3, 4,
5, 5.9 cm. from the inside skull where the result is shown
in Fig. 7.

w: Local energy density on a skin surface Llfm’}

Fig. 7. Energy density of CW irradiation at different distance

However, the energy density of LLLT that affects
Alzheimer’s treatment is 0.03-10 J/cm? [7]. From the
result, it can be said that LLLT can affect the treatment
of AD at the brain in the range less than 0-2 cm. from the
inner skull where the energy density at 3 cm. distance is
0.093 J/cm?.

B. PW

In the PW part, only the results of 20 LEDs and 30
LEDs conditions were compared. In contrast, it is noted
that the power density released at the outer skull surface
(skin) of 40 LEDs exceeds the acceptable value of the
skin. Fig. 8 shows that at 20 LEDs and the 4 cm distance
between the LED panel and the outer skull surface is
the optimal condition for PW LLLT. The lowest CV of
0.0392 can be obtained with an irradiation time of 100
seconds. Furthermore, the power density and energy den-
sity of 4 cm. distance is not exceeded to damage the skin
where power density at outer skull surface (skin) and hip-
pocampus position is 225.7 mW/cm? and 73.1 mW/cm?
Respectively, as shown in Fig. 8. The LED position is
shown in Fig. 9.
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Fig. 8. CV value and power density of 20 LEDs at skin and
hippocampus in various distance between LED and skull
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Fig. 9. The 20 LED positions on panel in PW test

Since PW does not produce heat like CW light irradi-
ation [23], more energy without harm to the skin can be
applied. The acceptable PW energy density on the skin
is 22.6 J/cm? , as shown in Fig. 10. The energy density
of light after penetration of skin, skull and brain is shown
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in Fig. 11. From the simulation result, it was found that
the energy density of PW irradiation at a distance of 0-3
cm. from the inner skull was sufficient for the treatment
of AD where the energy density at a distance of 3 cm. is
0.04 J/cm?,

Local energy density on a skin surface [J/cm
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Fig. 10. Local energy density on skin surface of 20 LEDs
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Fig. 11. Energy density of CW irradiation at different distance

IV. CONCLUSION

In this study, the optimal LED position of continuous
wave and PW conditions is designed for highly uniform
light to treat Alzheimer’s disease. The power density and
energy density at the skin, skull, and brain were calcu-
lated by the MATLAB program to find the ability of the
LED light penetration through the skull in BCW and PW
to compare the effects of low-level light treatment.

Since PW irradiation does not generate heat accumu-
lation, the skin’s energy density can be obtained more
than continuous wave irradiation. As a result, the sim-
ulated results of PW irradiation can penetrate the skin,
skull, and brain better than continuous wave irradiation.
The simulation results show that the light can reach the
hippocampus, but the energy density reaching the hip-
pocampus is insufficient to treat Alzheimer’s disease com-
pared to previous research. Therefore, LLLT may not cure
the early stage of Alzheimer’s disease. However, the en-
ergy density that reaches the cortex is sufficient to treat
Alzheimer’s disease.
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