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Nowadays, a wide variety of low-power light sources such as IPL, LED and laser are frequently used in therapy
applications. In this study, irradiance values were calculated for different emissivity values by using the temperature
measurement results made in the agar phantom using low-power light sources such as LED, IPL and laser. Based on the
irradiance data, energy densities (J/cm?) as per the different emissivity coefficient and time durations are calculated and the
results were evaluated in terms of dose quantities given in the literature. We also present in detail both acoustic and optical
characterization of the agar phantom. In conclusion, we clearly show the importance of emissivity measurement in this study.
Our findings explicitly suggest that emissivity measurement must be determined precisely to determine optical power density
and/or energy density values and hence doses can be applied on the base of this values.
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INTRODUCTION

In recent years, the use of light therapy in the field
of health has been expanding. These low-light-intensity
therapies are called as photobiomodulation therapy.
Photobiomodulation therapy (PBMT) mainly includes
low-level laser therapy (LLLT), light-emitting diode
(LED) therapy, and broadband light therapy (IPL-
Intense Pulsed Light) [1]. Discovered in the late 1960s,
this treatment is also called as cold laser, soft laser, low-
intensity laser and biostimulatory laser therapy. PBMT
is different from lasers that destroy or cut tissue used in
cosmetic and surgical procedures.

PBMT, on the other hand, employs non-ionizing,
non-thermal light sources in the visible and infrared
spectrum (600-1200 nm) to decrease inflammation and
promote healing. The light is directed at injured or
inflamed tissues through the skin. Intracellular
photoreceptors absorb light energy, which triggers a
sequence of photochemical intracellular reactions that
boost cellular activity and speed up tissue repair.
PBMT is also cost-effective, non-invasive, and has
been shown to have no negative side effects [2,3,4].
PBM is a treatment used by irradiation with light at low
power density. As used at optimum condition of
wavelengths and fluences, the beneficial effects of
PBMT are photochemical, not thermal because they
have been often resulted from the photostimulation of
the mitochondrial electron transfer chain. PBMT not
only produces therapeutic effects, but also causes no
adverse effects on target organs. [4].

PBMT is used to stimulate, heal and regenerate
damaged tissue and is thought to work best on diseased
or damaged tissue [3]. PBMT has recently been used
to treat thousands of individuals all over the world for
a variety of medical and dermatological disorders.
Applications of PBMT for aesthetic therapy of
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disorders such as scars, fine wrinkles, inflammatory
acne, photoaged skin, and others have gotten a lot of
attention in the recent several decades. PBMT has also
been proven to have the ability to improve various
dermatological disorders such as acne, vitiligo, and hair
loss, as well as cellulite therapy and tooth whitening
[4]. It is reported in the literature that PBMT
effectively and successfully cures many health
problems such as ulcer healing treatment [5-8], wound
healing [9-11], tissue repair [12,13], acne vulgaris
treatment [14,15], laser hair reduction [16] and skin
rejuvenation [17] operations, in improving symptoms
of ocular discomfort such as dry eye problem [18] and
enhancing bone repair and accelerating bone healing
[1]. Furthermore, PBMT has been reported to be an
adjuvant therapy option for pain management,
lymphedema, wound healing, and musculoskeletal
problems [2].

In this study, we present the irradiance and energy
density values we calculated on the base of internal
temperatures data caused by low power IPL, LED and
laser light sources within the agar phantom, with
respect to different emissivity coefficients, and we
discuss the importance of emissivity coefficient. We
also demonstrate optical and acoustial characterization
study of the agar phantom. Lastly, we evaluate
treatment application times of the investigated light
sources, as per the given energy densities for the
treatment of various diseases with light in the literature.

METHODOLOGY

In this study, agar phantom, LED, IPL and laser
devices and various types of thermocouples were used.
All experiments were performed under controlled
laboratory ambient conditions.
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PREPARATION OF AGAR PHANTOM

Tissue phantom or Tissue-Mimicking Material
(TMM) is a kind of material widely applied in medical
ultrasonic studies and research due to its capability to
mimic biological soft tissues. In our research, as a tissue
phantom, agar material was used. Agar phantom was
made by preparing approximately a 250 ml solution
with 0.4 M ZnCI2 and 2 % Agar by the weight of the
initial water [19].

THE LIGHT EQUIPMENTS AND
MEASUREMENT SYSTEMS
Philips brand, Lumea Prestige model IPL

(epilation) device, Tristar One brand LED therapy
device and Optotronics branded VA-1-400-635 model
635 nm wavelength red colored solid-state diode laser
were used in the experiments. The laser, IPL and LED
devices used on the agar phantom in the experiments
can be seen in Figure 1. The operating range of the
devices was as follows. The operating range of IPL|

device was between 560 nm and 1200 nm. The LED
therapy device has 110 LEDs on its right side, 110
LEDs on its left side and 110 LEDs on the top, with
four basic lights. These LEDs were mainly red, green,
blue and yellow in colour. Red LED was operating at
640 nm wavelength, Blue LED was operating at 423
nm wavelength, Green LED was operating at 532 nm
wavelength and Yellow LED was operating at 583 nm
wavelength. Maximum working power of the 635 nm
red color laser was 400 mW. T-type ultra-fine
thermocouples (Physitemp, accuracy is +£0.04 °C) were
placed at 15 mm depth in from the phantom surface for
the IPL and laser temperature measurement studies.
The distance between the four thermocouples was set
to be as 2 mm apart. In the LED research, four pieces
T-Type Metronik commercial thermocouple with an
accuracy of 0.2 °C were used as a thermocouple within
the phantom. A PC-based Data Acquisition and
Monitoring Interface system was used for multi-
channel temperature measurements within the phantom
[20-22].

Fig. 1. (a) Laser, b) IPL, and (c) LED devices used in the temperature measurement experiments.

THE EMISSIVITY, IRRADIANCE AND DOSE
CONCEPT

The efficiency with which a material emits or
absorbs energy is referred to as emissivity. The
emissivity values are all in the range of 0.0 to 1.0.
Because it is expressed as a perfect emitter, The
emissivity rating of 1.0 means that 100% of the energy
is emitted. A 0.0 emissivity value indicates that the
object does not emit any radiation. Materials with a
high emissivity value are extremely reflecting or
brilliant, whereas materials with a low emissivity value
are dark and dull. Emissivity is a complicated material
attribute that is influenced by a variety of factors,
including material type, surface structure, geometry,
observation direction, wavelength, and temperature.
The material is the most important factor. Materials can
be separated into metal and nonmetal categories in a
simplistic categorization. Skin, paper, glass, polymer,
and other nonmetallic materials utilized in
thermography can be classified as gray bodies and have
an emissivity of greater than 0.8. Metallic materials,
especially polished metals, on the other hand, often
have an emissivity of less than 0.2. Even for the same
material, the surface structure can have a significant
impact on its emissivity. For instance, a polished metal
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| can have an emissivity of 0.02, but if the surface is

roughened, the number rises to almost 0.8 [23].

The Stefan-Boltzmann law, as shown in Eq.1-3,
says that thermal radiation intensity depends on the
fourth power of the temperature.

| =ecT* [24] (1)
= @
P = ecAT* 3)

In the equations, “I” represents the intensity of the
radiation or the power per unit area, “¢” represents the
object's surface radiation emissivity coefficient, which
is a dimensionless number between 0 and 1, “c” is the
Stefan-Boltzmann constant (o= 5,6703 x 108 Watt m
K, “T” represents the temperature, “P” represents the
power, and “A” represents the area of the cavity
opening.

The light dose is evaluated using the following
formula;

Dose = (Power Density x Time) x 0.001 [25] (4)
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The same standardized units and measurements
(doses as J/cm?, power density as mW/cm?, and also
time as seconds (s) unit) are utilized when computing
the light doses.

THE OPTiCAL CHARACTERIZATIiON SETUP

Optical equipment included a compact

spectrometer (Thorlabs, CCS200/M) with a wavelength |

a)

range of 200 nm to 1000 nm, a broadband stabilized
fiber-coupled white light source  (Thorlabs,
SLS201L/M), and a single integrating sphere (Thorlabs
1S200 type 2” integrating sphere). And the thickness of
the agar phantom specimen cut out as a sample was 22
mm. Figure 1 shows the experiment set-up, and Figure
2 shows how all of the optical measurements and
computations were realized using Thorlabs OSA
software.

1- Experiment Table

2 Light Source

3- Phantom or TMM

4 single Integrating Sphere
5. Spectrometer

6 Computer / Software

7- Screen/ Results

b)

Fig. 2. a) A picture showing the phantom measurement; b) Experiment set-up. 1-experimental table, 2-light source, 3-
sample (phantom or TMM), 4-single integrating sphere, 5-compact spectrometer, 6-computer and 7-computer

monitor.
ASSESSMENT OF THE OPTiICAL DATA

First, the spectrum of the incoming light was
obtained during the measurement. The light spectrum
was received in the absence of the phantom material in
the experimental setup for this. To remove the
background noise in the dark environment, the same
procedure was applied. The primary signal was then
taken by subtracting the dark from the light. The
phantom was then placed to the system, and the
phantom's spectrum was recorded. The dark, which is
background noise, was then eliminated to produce the
real phantom signal. The “Io” data is represented by the
main signal, while the “I” signal is represented by the
real phantom signal. As a consequence, the following
given formulas were used to extract macroscopic and
microscopic optical characteristics from the acquired
Main Signal (Light-Dark) and Real Phantom
(Phantom-Dark) data.

CALCULATION OF OPTICAL PROPERTIES

Optical properties such as absorbance,
transmittance, reflectance, the refractive index, and
optical attenuation coefficient were measured and
calculated by using the following formulas.

R+T+A =1 or%R+%T+%A = %100 [26] (5)
Absorbance, A;
A=-log(1/10)=-log(T)=2-log(%T) [27] (6)

Transmittance, T; T = I/10

(271 (7)

Reflectance, R; R=1-(A+T) [26] (8)
_ (n-1)?2
Reflectance, R = 2 [26] (9)
where n is the Refractive Index.
lnIL
[=1e™, u= _TO [28] (10)

Where p is the Linear Attenuation Coefficient.

The related microscopic formulas used in the
calculations for  absorption coefficient, scattering
coefficient, reduced scattering coefficient, and total
attenuation coefficient are as in the following.

The Kubelka-Munk Function is given by

_(@-R?> _k
F(R) ="—F—=+ [29] (1)
where R = Reflectance, k= Absorption Coefficient,
s=Scattering Coefficient.
The total attenuation coefficient is described by

U=l = Ug T Us [30] (12)

Where p, is Absorption Coefficient and pg is
Scattering Coefficient.

That is, k=u, and s=u, can be matched by using
(11) and (12) formulas.

The reduced scattering coefficient ( g ) is defined
by the following equation;
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ts = (1= gus [31] (13)
Where g is the anisotropy factor. The g value of
the phantom was used as 0.98 for the agar phantom.

RESULTS AND DISCUSSION

First of all, we give the optical and acoustic
characterization results of the agar phantom to show
that the agar phantom used in the experiments has real
tissue properties. The phantom's tissue-mimicking
features were validated acoustically. The sound speed
was measured as 1606,78 + 13 m/s. Attenuation
coefficient was measured as
0.60 £ 0.05 dB-cm !"MHz '. And acoustic impedance
was 1.70 MRayl. According to Mast’s study [32], a
liver tissue has the speed of sound as 1595 m/s. As seen,
agar phantom has a liver-tissue characteristics. The
macroscopic and microscopic optical properties of agar
phantom were investigated using a spectrometer with a
single integrated sphere and a broadband white light
source in the wavelength range of 200 nm to 1000 nm.
In fact, spectras were originally taken between 200 nm
and 1000 nm. However, since the resolution of the
signals was very high, the noise level was also very
high. Moving average of the data was taken to reduce

the noise level and get more smoother signals. For this |

0,65

Absorbance, a.u.

0,45

0.4

reason, the absorption spectrum range, shown in the
Figure 3, was obtained between 400 nm and 1000 nm.
All the experiments done for optical measurements
were carried out under controlled laboratory ambient
conditions (Temperature was 23.5 °C = 0.2 °C, and
Relative Humidity (RH) was 50% =+ 2%). In all graphs
of repeated experiments, the individual maximum
points were found and the average peak values were
calculated. Then, using the absorbance values at the
peak values in each measurement, all other optical
parameters were calculated for this peak value using the
formulations given above. By using these macroscopic
optical properties, microscopic optical properties such
as absorption coefficient, scattering coefficient,
reduced scattering coefficient and total attenuation
coefficient were calculated via Kubelka-Munk
Function approach. We calculated the total attenuation
coefficient from formula (10) and we know R =
reflectance value, then we can solve these two equation
(11) and (12) and find absorption and scattering
coefficients. By the way, while calculating reduced
scattering coefficient, we used 0.98 value for the agar
phantom. The absorbance peak values we found for the
agar phantom were in the range of 645.55 = 61.05 nm
and the absorption coefficient was found to be 0.050 +
0.008 mm%. This value is in good agreement with the
absorption coefficient values given in the literature
[33].

650 750 850 950 1050

Wavelength, nm

Fig. 3. Absorbance Spectrum of Agar Phantom.

The macroscopic optical properties of agar phantom such as absorbance, transmittance, reflectance, refractive
index and attenuation coefficient, which was subtracted from the formulas at the peak values, were calculated as

average in the Table I.

Table I.
The measured optical properties of the agar phantom as average
Transmittance | Absorbance | Reflectance Refractive
Phantom
T R Index
Agar 0.23+£0.03 0.64+0.06 | 0.13+0.03 2.14£0.18

The microscopic optical properties of agar phantom such as absorption coefficient, scattering coefficient,
reduced scattering coefficient, and total attenuation coefficient were calculated as average in the Table II.
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Table II.

The calculated microscopic optical properties of agar phantom at around maximum absorbance peak.

Absorption Scattering Reduced Scattering | Total Attenuation
Phantom Coefficient, Coefficient, Coefficient, Coefficient,
Ha, CM ts, cmt ps, cmt pte, cm
Agar 0.50 +0.08 0.17+£0.02 0.02 +0.002 0.67 £0.06

After optically and acoustically characterizing the phantom and demonstrating that it has a true tissue-like
structure, the temperature measurement results can now be given. The temperatures detected by the thermocouples
within the agar phantom as a result of the light flushes of the IPL device were found as given in Table 111 below at
different power levels of the device.

Table I1I.
Temperatures measured in thermocouples as °C inside the agar phantom with the application of different
power levels of the IPL light source.

Power Level 1st Thermocouple | 2nd Thermocouple 3rd Thermocouple 4th Thermocouple Average (°C)
1st Power Level 22,40 £ 1,74 22,55+ 1,92 22,48 +2,62 22,45+2,11 22,47 + 0,06
2nd Power Level 25,07 = 1,67 25,39 +1,82 25,75+2,73 25,56 = 1,89 25,44 +0,29
3rd Power Level 27,21 +£331 27,81 +3,72 27,51 £5,44 28,10+ 3,82 27,66 +0,38
4th Power level 29,33+ 1,84 30,10£2,11 30,76 £ 1,25 30,39 +1,92 30,15+ 0,61
5th Power Level 32,56 + 0,46 33,79+0,76 34,09 + 1,64 3321+1,17 33,41 + 0,68

Average irradiance values calculated at different power levels of IPL device according to 0.80, 0.85, 0.90,
.095 and 1.0 emissivity values can be seen between Figure 4 and Figure 8.

Average Irradiance Values (mW/cm?)
at 0.80 Emissivity Value

Average Irradiance Values (mW/cm?)
at 0.85 Emissivity Value

] wn
] 0
3 _ 4200 3 42,57
© oL 41,00 40,07 T~ 43,00 7L
i E 40,00 : > £
0 = 39,00 Average : 37.26 + 2.09 mW. 0L a0 Average : 393.95& +2.22
& = 3300 g3 ’
= 38,39 0 39,00
B E a0 5 E 36,81
© 36,00 34,64 ' ) 38,31
= 35,00 ; = g
34,00 35,00
1stPower 2nd Power 3rd Power d4thPower 5th Power 1stPower 2nd Power 3rd Power 4thPower 5thPower
Level Level Level level Level Level Lewel Level level o
Power levels Power levels
Fig. 4. The average calculated irradiances at 0.80 Fig. 5. The average calculated irradiances at 0.85
emissivity value. emissivity value.
Average Irradiance Values (mW/cm?) Average Irradiance Values (mW/cm?)
" at 0.90 Emissivity Value n at 0.95 Emissivity Value
1]
S5 __ 500 ;g __ 5000 =
S g a0 , S g w0 ’
8 X %0 Average:41.92+235mW/em ;.00 Y L .00 | Average:44.25:+2.48
€3 wuw . €3 wow
5 E nw T 5 E s | 414
o 38,98 ' s
T L 40,57 s Bm
38,00 38,00

1st Power 2nd Power 3rd Power 4thPower 5th Power
Level Level Level level Level

1st Power 2nd Power 3rd Power A4th Power 5thPower
Level Level Level level Level

Power levels Power levels

Fig. 6. The average calculated irradiances at 0.90
emissivity value

Fig. 7. The average calculated irradiances at 0.95
emissivity value.
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Average Irradiance Values (mW/cm?)
at 1.0 Emissivity Value

"
S
T~ 520 Average : 46.57 = 2.61 mW/cns0,08
> £ 5000
VK]
O T~ 48,00
€3
T 46,00
5 E
E 44,00
= 20

40,00

1st Power 2nd Power 3rd Power 4th Power 5th Power
Level Level Level level Level
Power levels

Fig. 8. The average calculated irradiances at 1.0 emissivity value.

The temperatures detected by the thermocouples within the agar phantom as a result of the different lights of
the LED device were found as given in Table IV.

Table IV.
Temperatures measured in thermocouples inside the agar phantom with the application of different colors of the
LED light source.

ED Coler M emperatares (0
Yellow 18,18+ 0,32
Blue 18,74 +0,15
Orange 18,92 +0,11
Purple 19,08 £0,11
Red 17,214 0,07
Green 17,32 £ 0,06

The irradiance values calculated at different emissivity values from the internal temperatures detected in the
agar phantom using the LED therapy device can be seen between Figure 9 and Figure 13.

Average Irradiance Values (mW/cm?) Average Irradiance Values (mW/cm?)
at 0.80 Emissivity Value at 0.85 Emissivity Value
35,00 2 37,00 2
8 3450 Average : 32.71 £ 0.37 mW/cm 3 S650 Average : 34.75 + 0.39 mW/cm
S 30 2 ~35%0
MmN M N !
> E 33,50 e 32,03 33,01 33,08 > E 3550 i 34,99 35,07 35,15
QY 3300 s Qv )
P ‘ 32,2 Sl 34,26
£ S 3250 5 % 3450 [ °
5 € 200 T £ 340
B s nH B=
@~ 3150 £ % At
= 31m = 330
Yellow Blue  Orange Purple Red Green Yellow Blue Orange  Purple Red Green
Different Color LED Lights Different Color LED Lights
Fig. 9. The average calculated irradiances at 0.80 Fig. 10. The average calculated irradiances at 0.85
emissivity value. emissivity value.

21



HUSEYIN OKAN DURMUS, MIRHASAN Yu SEYIDOV

Average Irradiance Values (mW/cm?)
at 0.90 Emissivity Value

40,00 2 i

@ Average : 36.80 = 0.41 mW/cm 5

3 3900 2

N 37,14 ]
38,00 . 37,22 -

z § 3676 03 36,27 0
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c

m £ 3600 § =2

T 36,33

@ ™ 3500 8 E
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Yellow Blue Orange  Purple Red Green -
Different Color LED Lights

Fig. 11. The average calculated irradiances at 0.90

emissivity value.

43,00
42,50

O 41,00

<

= 4050
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=~ 39,50
39,00

Irradiance Degerleri

Fig. 13. The average calculated irradiances at 1.0 emissivity value.

Average Irradiance Values (mW/cm?)
at 0.95 Emissivity Value
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41,35

Purple Red

41,16
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20,37

Green

Red Green

Fig. 12. The average calculated irradiances at 0.95

The maximum temperatures detected by the thermocouples within the agar phantom as a result of the red
color laser application at different time intervals and different distances from the laser source were found as given

in Table V.

Table V.

Maximum temperatures measured in thermocouples inside the agar phantom with the application of red laser
light source at different time intervals and different distances from the laser source.

The Measured Max. Temperature (°C) at 0 mm 5 mm 10 mm 15 mm 20 mm 25 mm
20s 22.85 21.45 20.99 211 21.24 21.26
40s 22.88 21.41 21.11 21.2 21.34 21.36
60s 22.96 2142 21.19 21.28 21.38 2141
80s 23.03 21.44 21.25 21.36 21.43 21.48

The irradiance values calculated at different emissivity values from the internal temperatures detected in the
agar phantom using the red color laser can be seen between Table VI and Table X.

Table VI.
Irradiance values calculated for 0.80 emissivity value from the maximum internal temperatures
The Calculzlfsichiﬁtslﬁil (Ir:t\‘/avn/f:lr%;; ;rtradlance/ 0 mm 5mm 10 mm 15 mm 20 mm 25 mm
20s 34.82 34.17 33.96 34.00 34.07 34.08
40s 34.84 34.15 34.01 34.05 34.12 34.13
60 s 34.88 34.16 34.05 34.09 34.14 34.15
80s 34.91 34.16 34.08 34.13 34.16 34.18
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Table VII.
Irradiance values calculated for 0.85 emissivity value from the maximum internal temperatures
The Calculated Optical Intensity / Irradiance /
Flux Density (mW/cm?) at 0mm 5mm 10 mm 15 mm 20 mm 25 mm
20s 37.00 36.30 36.08 36.13 36.20 36.21
40s 37.01 36.28 36.14 36.18 36.25 36.26
60 s 37.05 36.29 36.18 36.22 36.27 36.28
80s 37.09 36.30 36.21 36.26 36.29 36.32
Table VIII.
Irradiance values calculated for 0.90 emissivity value from the maximum internal temperatures
The Calculated Optical Intensity / Irradiance /
Flux Density (mW/cm?) at 0mm 5mm 10 mm 15 mm 20 mm 25 mm
20s 39.18 38.44 38.20 38.26 38.33 38.34
40s 39.19 38.42 38.26 38.31 38.32 38.39
60 s 39.23 38.42 38.30 38.35 38.40 38.42
80s 39.27 38.43 38.34 38.39 38.43 38.46
Table IX.
Irradiance values calculated for 0.95 emissivity value from the maximum internal temperatures
The Calculated Optical Intensity / Irradiance /
Flux Density (mW/cm?) at 0mm 5mm 10 mm 15 mm 20 mm 25 mm
20s 41.35 40.58 40.32 40.38 40.46 40.47
40s 41.37 40.55 40.39 40.44 40.52 40.53
60s 41.41 40.56 40.43 40.48 40.54 40.55
80s 41.45 40.57 40.47 40.53 40.56 40.59
Table X.
Irradiance values calculated for 1.0 emissivity value from the maximum internal temperatures
The Calculated Optical Intensity /
Irradiance / Flux Density (mW/cm?) | Omm | 5mm | 10 mm 15 mm 20 mm 25 mm
at
20s 4353 | 42.71 42.45 4251 42.59 42.60
40s 4355 | 42.69 42.51 42.57 42.65 42.66
60 s 43.59 | 42.69 42.56 42.62 42.67 42.69
80s 43.63 | 42.71 42.60 42.66 42.70 42,73

When the average irradiance values calculated according to different emissivity values over the temperature
data found for IPL, LED and laser experiments in the agar phantom, Figure 14 appears. As can be seen in Figure
14, the average irradiance values increase as the emissivity value increases. In other words, the irradiance value is
directly dependent on the emissivity value. Therefore, it must be determined precisely.

Calculated IPL, LED and Laser Irradiances
as per different emissivity values

(%]
o

=y
(]

Average Irradiances
(mW/cm?)
w =
wu o

w
o

0,80

Fig. 14. The calculated IPL, LED and Laser irradiances at different emissivity value.

=O==Average Irradiance Values for Laser

0,85

== /verage Irradiance Values for IPL

=@=Average Irradiance Values for LED

0,90

Emissivity Values

23

0,85

1,00
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After determining the irradiance data, energy
densities (J/cm?) can be calculated for different time
periods and different emissivity values. For example,
energy densities for each light therapy device (IPL,
LED and Laser) at 0.9 emissivity value have been
calculated as in Fgure 15. In this way, others can be
calculated and graphed. So, data of the calculated
energy densities of IPL, LED and Laser therapy devices
according to the emissivity data for 1 s are given in
Table XI below. By the way, we also need to explain
why we chose the emissivity coefficient as 0.90. Teper
et al. [34], in their study on the agar phantom model,

took the emissivity value as 0.8, 0.85, 0.9 and 0.95. |

They obtained optimum results at 0.95 emissivity
value. They explained that this emissivity value was
compatible with the emissivity value of water, which
was the main construction material of the phantom.
Also in a doctoral study made by Sichao Hou, the
emissivity value for agarose (the same material we used
in our study) was stated that the agarose gel fluctuates
at four different emissivity concentrations in the range
of 0.88 to 0.92, so they use an average of 0.90 for the
agarose gel over the temperature range of 25 to 70 °C
[23]. Therefore, we took the emissivity coefficient as
0.90.

Calculated Dose (J/cm?) for IPL, LED and Laser

0.050

0.045
—o—|PL —e—LED

0.040

0.035

0.030

0.025

0.020

Dose (Jfcm?)

0.015
0.010

0.005
o

0.000 &

0 01 02

03

04

Laser

Emissivity Value : 0.90

05 06 0.7 08 09 1 11

Time, s

Fig. 15. The calculated energy density of IPL, LED and Laser therapy devices at 0.9 emissivity value.

Table XI.

Energy densities calculated for IPL, LED and Laser for 1 second.

Emissivite Energy Density for IPL Energy Density for Energy Density for Laser
Value (J/cm?) LED (J/cm?) (J/cm?)
0.80 0.04 +0.002 0.03 + 0.0004 0.03 + 0.00004
0.85 0.04 +0.002 0.03 + 0.0004 0.04 = 0.00004
0.90 0.04 +0.002 0.04 + 0.0004 0.04 + 0.00004
0.95 0.04 +£0.002 0.04 + 0.0004 0.04 = 0.00004
1.00 0.05 +0.003 0.04 + 0.0005 0.04 £ 0.00005
Average 0.04 +0.002 0.04 + 0.0004 0.04 + 0.00004

In the literature, there are determined energy
densities (fluence) for the treatment of various diseases
with light. For example, for open wound healing, this
dose value is 2 J/cm?. Total number of treatments are
given as 3-10 times and time interval between
treatments are 2-3 days [35]. When we divide 2 J/cm?
by the values given in Table IX for each emissivity
value, we get the durations required to reach 2 J. This
value as averages are 48 + 4.2 s for IPL, 55 + 4.8 s for
LED and 52 + 4.6 s for laser. The average of all these
devices was calculated as 51.7 + 3.4 s. Again for acne
vulgaris, this dose value is given as 2-5 J/cm?
Total number of treatments are given as 4-10 times and
time interval between treatments are 2-3 days. The
average times for max. value (5 J/cm?) are 120.0+10.6
s for IPL, 136.7 £ 12.1 s for LED and 130.7+11.6 s for
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laser. The average of all these devices for acne vulgaris
treatment was calculated as 129.1 £ 8.5 s. For acute
pain, this dose value is stated as 5-50 J/cm?.
Total number of treatments are given as every day (hew
injuries), max 3 days. The average times for max. value
(50 J/cm?) are 1200.2+ 106.1 s for IPL, 1367.3 = 120.8
s for LED and 1306.5 + 115.5 s for laser. The average
of all these devices for acne vulgaris treatment was
calculated as 1291.4 + 84.6 s.

CONCLUSION

In conclusion, with this study, it was clearly
demonstrated the importance of emissivity coefficient
for the irradiance and energy density and thus dose
calculations on well-characterized tissue phantom by
using light sources having low power intensities. In
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addition, it has been shown that emissivity values are
very critical in the evaluation of the treatment

application times required for the treatment of various
diseases with light.
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