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Abstract:
In recent years, it has been reported that low-power lasers in the 390 nm - 1100 nm wavelength range and
with a power up to 500 mW are used as a complementary new treatment technique and have no side effects.
It has been reported that when working with this technique, no adverse thermal effects occur in the tissues,
and that only the chemical reactions in the cells are stimulated. Phantom or Tissue-Mimicking Materials
(TMMs) are frequently used as test objects in medical research due to their low cost and advantages of
repeated use. In this study, the temperature effects of a 635 nm red colored, solid-state diode laser with a
maximum operating power of 400 mW were examined on the Zerdine phantom using two different
thermocouples and two different temperature measurement systems according to different distances and
different application durations. In this article, temperature measurement studies and results found for the
Zerdine phantom will be reported.
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INTRODUCTION
Tissue-mimicking materials or phantoms are widely used in medical research fields due to their ability to
simulate biological soft tissues. Phantoms are also materials used as reference test objects in preclinical
testing for medical purposes. The ability of phantoms to be used repeatedly by imitating the properties of
living tissues provides great advantages, especially in medical research. The use of tissue-like materials is
also very common in the field of biophotonics [1-7].
Lasers are classified as high and low power lasers according to their energy density. High power lasers
are called thermal lasers, and low power lasers are called as therapy lasers. Also, according to its power, this
naming can be divided into "Ablative Laser Systems" and "Nonablative Laser Systems" [8].
A wide variety of therapy lasers are used in medical treatments. For example, Low-Level Laser Therapy
(LLLT) is a photobiostimulation therapy for the treatment of a wide variety of conditions in physiotherapy
practice and is preferred because of its effective, noninvasive, safe and cost effective. LLLT modulates
biological processes, including differentiation, cell proliferation, cell growth, apoptosis, and angiogenesis. It
also helps improve blood flow and collagen synthesis. Increased microcirculation and increased ATP, RNA
and DNA production (hence improving cellular oxygenation, nutrition and regeneration) are the most
prominent biostimulatory effects of LLLT [9].
It has been reported in the literature that there are important relationships between tissue temperatures
and tissue health. For example, temperatures between 35 and 40 ° C in tissues cause photochemical effects,
that is, biostimulation effects, temperatures between 40 and 48 ° C cause thermal effects, temperatures
between 48 and 60 ° C create photoablation effects, and temperatures beyond 60 ° C has been reported to
cause permanent damage [10-12].
It has been also reported that temperature increases up to 10 ° C affect changes in blood flow and
vascular permeability and trigger enzyme activity. Temperatures below 40 ° C, called photoactivation, are
explained by cellular activation. At temperatures between 40 ° C and 48 ° C, some molecular and tissue
reactions occur, such as changes in protein structure, hydrogen bond breakage and retraction. This
photothermal event is called protein denaturation and is classified as reversible variations. After 48 ° C,
photothermal effects cause serious structural changes and this change is called irreversible damage [12-14].
In this study, temperature measurement studies caused by a 635 nm low power solid-state diode laser
have been carried out on Zerdine phantom. It was investigated whether the laser had photothermal effects
based on the results found.
MATERIALS AND METHOD
In this study, a 635 nm red colored solid-state diode laser as a laser source, a Zerdine phantom as a tissuelike material, two different thermocouples: T Type and NTC Thermistor Sensor as thermocouples, and two
different temperature measurement systems, DBK83 and UME MEDMET were used.
Preparation of Zerdine Phantom
Zerdine phantom was used as a test object in the study. The Zerdine phantom is generally used as a
reference test material in the quality control of ultrasonic imaging systems. The Zerdine phantom was
prepared in a rectangular container using the formulation specified in the patent of Zerhouni and Rachedine
[15]. A picture of the Zerdine phantom tested can be seen in the Figure 1.
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Figure 1. A picture of the Zerdine phantoms under test
Laser Source
Optotronics brand VA-I-400-635 model red colored solid-state diode laser with 635 nm wavelength was
used as optical source for measurements. A picture of the laser used in the study can be seen in the Figure 2.

Figure 2. A picture of the laser used in the study
Temperature Measurement Systems and Thermocouples
Two different thermocouples and two different temperature measurement systems were used in the study.
The first temperature measurement system used was the DBK83 temperature measurement system and the
thermocouple used in this system was T-type ultra-thin thermocouple. A PC based Data Acquisition and
Monitoring Interface has been developed for multi-channel temperature measurements in the phantom for
DBK83 temperature measurement system. Hardware components of the measurement system include a PCI
data acquisition card (IOtech's Daqboard 2000), a signal conditioning module for thermocouple signals
(IOtech's DBK83), and a PC. This T-type thermocouple is Physitemp Ultra Fine IT Series Flexible Micro
Probe IT-24P. The maximum outer diameter is 0.23 mm and the insulated tip has a cross section of 0.13 mm
x 0.07 mm. This ultra-thin thermocouple is very fragile but reacts very quickly (4 ms). A picture of this
system can be seen in the Figure 3. The second temperature measurement system used was UME MEDMET
temperature measurement system developed by our laboratory and the thermocouple used in this system was
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NTC-type thermistor temperature sensor. UME MEDMET temperature measurement device had 5
connectable 10 kOHM NTC type thermistor temperature sensors. The sensitivity of the temperature sensors
was 0.5%. A picture of this system can also be seen in the Figure 4.

Figure 3. A picture of DBK83 temperature measurement system and T-Type thermocouple used in this
system

Figure 4. A picture of UME MEDMET temperature measurement system and NTC-Type thermocouple
used in this system
For temperature measurements by using DBK83 system, Physitemp T-type ultra-thin thermocouples were
placed 15 mm inside the phantom surface. The distance between the thermocouples is designed to be 2 mm
apart from each other. A PC based Data Acquisition and Monitoring Interface system (DBK83) was used for
multi-channel temperature measurements within the phantom. Placement of thermocouples within the
phantom used in temperature measurement can be seen from the Figure 5.

Figure 5. A picture of placement of thermocouples within the phantom for the first experiment
As shown in the Figure 6, a special phantom container with 5 measurement points, 50 mm wide, 100 mm
long and 40 mm high, was designed and printed on a 3D Printer for the second experiment. NTC type
thermistor temperature sensor was used here as thermocouple. The distance between the temperature sensor
and the point where the laser was applied was 10 mm, 13 mm, 18 mm, 23 mm and 28 mm respectively.
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Figure 6. A picture of placement of thermocouples within the phantom for the second experiment
In the second experiment, as can be seen from the Figure 7, measurements were made by applying the
laser from different points. The Temperature Measurement Device (UME MEDMET) used in the second
experiment was produced in our laboratory. The drawing of the outer box of the device was made in the
Solidworks program and the printout was taken from the Zaxe X1 + 3D printer in our laboratory. 5 pieces of
10 kOHM NTC Type thermistor temperature sensors can be connected to the device. The Temperature
Measurement Device (UME MEDMET) gets its power directly from the connected computer via USB
connection. There is a TFT touch screen on the device, commands can be entered and data can be read from
this screen. The software of the device has also been developed in our laboratory and if desired, the data can
be transferred as MS Excel file.

Figure 7. A picture of showing all steps of the second experiment.
UME MEDMET Temperature Measurement Device and software interface screen and experiment setup
can be seen in Figure 8.
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Figure 8. A picture of UME MEDMET temperature measurement device and its software interface.
RESULTS AND DISCUSSION
The temperature measurements done by using DBK83 system and Physitemp T-type ultra-thin
thermocouples can be seen schematically from Figure 9. The laser beam was set as the target in the "center"
thermocouple in all experiments.

Figure 9. A picture of DBK83 temperature measurement system with Physitemp T-type ultra-thin
thermocouples.
The temperature measurement results taken from the zero distance, that is, when the laser beam is in
contact with the phantom surface, to the varying distances (5, 10, 15, 20 and 25 mm) can be seen from the
figures below from Figure 10 to Figure 15.
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Figure 10. Application of 635 nm red color diode laser from “0” mm distance to the phantom surface for 20
seconds duration (left) and minimum, maximum and differential temperatures detected at different
thermocouple locations.

Figure 11. Application of 635 nm red color diode laser from “5” mm distance to the phantom surface for 20
seconds duration (left) and minimum, maximum and differential temperatures detected at different
thermocouple locations.

Figure 12. Application of 635 nm red color diode laser from “10” mm distance to the phantom surface for
20 seconds duration (left) and minimum, maximum and differential temperatures detected at different
thermocouple locations.
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Figure 13. Application of 635 nm red color diode laser from “15” mm distance to the phantom surface for
20 seconds duration (left) and minimum, maximum and differential temperatures detected at different
thermocouple locations.

Figure 14. Application of 635 nm red color diode laser from “20” mm distance to the phantom surface for
20 seconds duration (left) and minimum, maximum and differential temperatures detected at different
thermocouple locations.

Figure 15. Application of 635 nm red color diode laser from “25” mm distance to the phantom surface for
20 seconds duration (left) and minimum, maximum and differential temperatures detected at different
thermocouple locations.
When we plot the temperature differences measured from thermocouples according to the positions of the
thermocouples, we obtain the following graphs for 20 seconds in Figure 16.
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Figure 16. Temperature difference values of 20 seconds laser beam applied from “0” mm to 25 mm
distance measured by thermocouples in different locations
When we bring the laser closer to zero distance to the phantom surface (ie at the "0" mm point), the
temperature value has been found to be lower. This situation was also found to be the same for all periods
(20, 40, 60 and 80 seconds). This may be due to the large amount of scattering, absorption or reflections on
the phantom surface or inside, which may result in lowering the temperature value. So when we don't
include this, namely the zero point, the temperature differences graph shows much more meaningful results.
That is, it is seen that the temperature differences decrease as the laser beam moves away from the phantom
surface. Therefore, it would be more meaningful to evaluate results starting from 5 mm for all graphs of 20,
40, 60 and 80 seconds. Below in Figure 17, it can be seen the graphs of the temperature differences caused
by 20 seconds laser beam applied from a distance of 5 mm to 25 mm for 20 seconds.

Figure 17. The temperature differences caused by the laser beam applied from a distance of 5 mm to 25
mm for 20 seconds.
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When we also do this same evaluation separately for the Zerdine Phantom for 40, 60 and 80 seconds, just
as we did for 20 seconds, the following Table I appears.
Table I. The detected maximum temperatures and temperature differences caused by the laser beam applied
at different times (20, 40, 60 and 80 seconds) and from different distances to Zerdine phantom surface by
using DBK83 temperature measurement system and Physitemp T-type ultra-thin thermocouples.
20 s

5 mm

10 mm

15 mm

20 mm

25 mm

Max. Temperature (°C)

26,95

26,71

25,77

25,01

25,26

Temperature Difference (°C) 2,16

2,06

1,26

0,96

1,03

40 s

5 mm

10 mm

15 mm

20 mm

25 mm

Max. Temperature (°C)

27,3

26,81

25,8

25,04

25,32

Temperature Difference (°C) 2,55

2,23

1,33

1,03

1,07

60 s

5 mm

10 mm

15 mm

20 mm

25 mm

Max. Temperature (°C)

27,47

26,88

25,82

25,1

25,33

Temperature Difference (°C) 2,74

2,36

1,36

1,07

1,15

80 s

5 mm

10 mm

15 mm

20 mm

25 mm

Max. Temperature (°C)

27,63

27,16

25,91

25,37

25,33

2,63

1,47

1,12

1,14

Temperature Difference (°C) 2,91

In the second experiment, that is, using the UME MEDMET temperature measurement system and NTC
type thermistor temperature sensor, temperature measurements were performed by applying the laser from
different points to the phantom container’s lateral opennings as can be also seen from the following Figure
18.

Figure 18. The lateral laser application to different points of the phantom container having Zerdine
phantom inside.
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The Figure 19 below show the average temperatures and different laser application times determined for
different distances for the Zerdine phantom.

Figure 19. The average temperatures detected as per different laser distances for different time durations by
using UME MEDMET temperature measurement system and NTC type thermistor temperature sensor.
The Figure 20 below also shows the maximum temperature differences determined for different distances
and different laser application times for the Zerdine phantom.

Figure 20. The maximum temperature differences determined for different distances and different laser
application times for the Zerdine phantom by using UME MEDMET temperature measurement system and
NTC type thermistor temperature sensor.
The following Table II summarizes all the results of the temperature effect of the 635 nm red diode laser
with a maximum power of 400 mW on the Zerdine phantom for the 80 seconds time duration.
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Tablo II. Temperature measurement results for 80 s laser application times

In our experiments, the maximum temperature and temperature difference was found at the closest
distance to the phantom surface. Since the human body temperature is 37 ° C, the maximum temperature
increase found can increase the body temperature maximum to 41 ± 1 ° C at most for 80 seconds by
considering both thermocouples. We also know that the T-type thermocouple takes more accurate
measurements, so when we only consider this, the photobiostimulation effect can be seen more clearly.
That’s why, these temperatures will create photochemical effects to a great extent, that is, biostimulation,
but at the limit of thermal effects. In other words, the used laser will not create irreversible effects.
CONCLUSIONS
In this study, laser-caused temperature measurement within the Zerdine phantom by using two different
thermocouples and two different temperature measurement systems were made. The temperatures and
temperature differences found are of the kind that mostly trigger photochemical processes rather than
photothermal effects. At the same time, we have shown that the laser with 400 mW power is safe to use on
humans for up to 80 seconds and minimum 25 mm approach distance. In the future, these studies can be
performed by adding the dose concept in terms of ocular and skin evaluation for lasers having with different
powers by using different kind of phantoms.
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