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Özetçe — Bu çalşmada, agar fantomu içerisine yüzeyden 15 
mm içeriye yerleştirilen dört adet slçift üzerine, ticari bir 
epilasyon cihaz tarafndan belirli aralklarla uygulanan IPL 
şk kaynağnn (epilasyon cihaznn) oluşturduğu scaklk 
etkileri, cihazn farkl cilt tonlar için tasarlanan beş ayr güç 
seviyesinde araştrlmştr. Yaplan çalşma sonucu tespit edilen 
scaklklarn, cihazn insanlarda kullanm için güvenli olduğu 
sonucuna varlmştr. 

 
Anahtar Kelimeler —Agar Fantomu, Doku Benzeri Malzeme, 

Yoğun Atml Işk, Epilasyon Cihaz, Scaklk Etkileri, Islçiftler  
 
Summary — In this study, the temperature effects created by 
the IPL light source (epilation device) applied by a commercial 
epilation device at regular intervals on four thermocouples 
placed 15 mm inside the agar phantom were investigated at five 
different power levels designed for different skin tones of the 
device. The determined temperatures have been found to be safe 
for human use. 
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I.  INTRODUCTION  
In biomedical research, tissue-like materials are often 

investigated. In this manner, phantoms are designed to 
simulate tissue in terms of optical and /or acoustic properties 
in biomedical optics applications. Phantom studies allow for 
controlled, systematic testing, and optimization of new 
methodologies before testing in animals and humans [1]. The 
development, testing and quality control of devices requires 
the use of phantoms of optical tissue, that is, materials with 
well-known optical properties in which tissues are modeled 
[2]. Phantoms are tools that allow researchers to measure 
specific parameters to calibrate, characterize, and better 
understand biological data. For example, optical phantoms 
are widely used in the development, testing and optimization 
of spectroscopic devices. Optical phantoms are also 

important tools that make sense of experimental results with 
theoretical models [3]. 

 
IPLs (Intense Pulsed Lights) is a non-laser technique that 

generally emits incoherent polychromatic light from 400 nm 
to 1200 nm, so it can have different therapeutic effects on 
different chromophores. The structure of IPL devices 
includes flash lamps, computer controlled power supplies and 
bandpass filters to create pulses of light of a certain length, 
density and spectral distribution [4-6]. Since the early 1990s, 
many different lasers have been introduced for various 
dermatological applications such as removing tattoos, 
healing wounds, cosmetic rejuvenation and hair removal. 
However, apart from a monochromatic laser, IPL is not a 
laser but a high power broadband light source [7]. 

 
The average normal body temperature is about 37 °C, but 

the normal body temperature differs depending on variables 
such as health status, age, sex, ambient temperature, activity, 
daytime, etc  [8,9]. For photothermal impacts induced by 
light-tissue interactions, many studies have been performed 
in literature. In short, we can deduce that there are important 
relationships between tissue temperatures and tissue health. 
Temperatures between 35 and 40 ° C in tissues create 
photochemical effects, i.e. biostimulation effect; 
temperatures between 40 and 48 ° C causes thermal effects, 
temperatures between 48 and 60 ° C leads to photoablation 
effect and temperatures after 60 ° C makes permanent 
damage [10-12]. 

 
As per “Medical Device Directive of European Union, 

93/42/EEC” and in our country in parallel with 
harmonization laws of Europe Union, "Medical Device 
Regulation" issued by Turkey Ministry of Health point out 
that “Medical devices should be devised and produced so that 
they do not jeopardize the safety of patients, the clinical 
situation or health or safety of users or other persons when 
necessary, when used in accordance with their intended use 
and conditions. The risks associated with the intended use of 
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medical devices should be acceptable compared to their 
advantages to the patient and ensure a high level of 
preservation of health and safety. ” [13,14]. For this reason, 
light therapy products including IPL should be designed and 
produced in a way that does not endanger the health and 
safety of patients. 

 
In this study, It was investigated the temperature effects 

created by a commercial epilation device on four 
thermocouples placed 15 mm inside the agar phantom at five 
different power levels. Our aim in this study is to investigate 
whether the IPL device examined is safe for use in humans in 
terms of temperature effects. 
  

II. MATERIALS AND METHODS 

A. Tissue-Mimicking Material / Phantom and Its 
Preparation 
 
Tissue-Mimicking Material (TMM) is a kind of material 

generally used in medical research because of its ability to 
simulate biological soft tissues. In our study, Agar material 
was used and Agar phantom was prepared by creating about 
a 250 ml solution with  0.4 M ZnCl2  and 2 % Agar  by the 
weight of the initial water in a rectangular container (having 
inner dimension as 56 mm x 56 mm x 75 mm) [15].  

  

B. Thermocouples and Temperature Measurement 
Detection System 
 
For temperature measurements, Physitemp T-type ultra-

fine termocouples were located at 15 mm inside from the 
phantom surface. The distance between the thermocouples 
was designed to be as 2 mm apart. For multi-channel 
temperature measurements within the phantom, a PC-based 
Data Acquisition and Monitoring Interface system was used. 
Measurement pictures with IPL can be seen in Figure 1 and, 
also  schematic representation of the measurement system 
can be seen in Figure 2. 

 
A PC-based Data Acquisition and Monitoring Interface 

were developed for multi-channel temperature measurements 
in TMM. Hardware components of the measurement system 
include a PCI data acquisition board (IOtech's Daqboard 
2000), a signal conditioner module (IOtech's DBK83) for 
thermocouple signals (Analog In) and a PC. 

 

  
 

Figure 1. An IPL shot picture on the Agar phantom,  
and temperature measurement system 

 

 
Figure 2. Schematic representation of the measurement system  

 

C. IPL Device  
 

    IPL experiments were carried out by Philips brand, Lumea 
Prestige model IPL (hair removal / epilation) device. The 
operating range of the Philips Lumea Prestige IPL device was 
between 560 nm and 1200 nm. It should be noted that the IPL 
device has a color tone detection sensor and the device does 
not work if the sensor does not come into contact with the 
skin or structure in case. 

 

III. RESULTS AND DISCUSSION 

A. Temperature Measurements 
 
The temperatures detected on four different 

thermocouples from the first power level to the fifth power 
level can be seen from Figure 3 to Figure 7. Experiments 
were repeated at least three times at each power level. The 
average temperatures detected on each thermocouple from 
Table 1 to Table 4 have been also summarized. Table 5 shows 
the average temperatures detected by all thermocouples at all 
power levels. And finally Table 6 demonstrates the maximum 
temperatures detected at all power levels.  

 
As can be seen, the maximum temperatures determined 

create photochemical temperature effects (below 40 °C) 
rather than photothermal effects. Photochemical temperature 
effects constitutes biostimulation effect, that is, healing effect 
to the tissues. 

 
 

Figure 3. One of the IPL shots on the Agar phantom on the 1st Power 
level 
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Figure 4. One of the IPL shots on the Agar phantom on the 2nd Power 

level 
 

 

 
Figure 5. One of the IPL shots on the Agar phantom on the 3rd Power 

level 
 

 

 
Figure 6. One of the IPL shots on the Agar phantom on the 4th Power 

level 
 

 

 
 

Figure 7. One of the IPL shots on the Agar phantom on the 5th Power 
level 

 
 
 

Table 1. Average Temperatures detected on 1st 
thermocouple at all power levels 

 

Power Level 
Average Temperatures 
on 1st Thermocouple 

(°C) 
1st Power Level 22,40 ± 1,74 
2nd Power Level 25,07 ± 1,67 
3rd Power Level 27,21 ± 3,31 
4th Power level 29,33 ± 1,84 
5th Power Level 32,56 ± 0,46 

 
 
 

Table 2. Average Temperatures detected on 2nd 
thermocouple at all power levels 

 

Power Level 
Average Temperatures 
on 2nd Thermocouple 

(°C) 
1st Power Level 22,55 ± 1,92 
2nd Power Level 25,39 ± 1,82 
3rd Power Level 27,81 ± 3,72 
4th Power level 30,10 ± 2,11 
5th Power Level 33,79 ± 0,76 

 
 

Table 3. Average Temperatures detected on 3rd 
thermocouple at all power levels 

 

Power Level 
Average Temperatures 
on 3rd Thermocouple 

(°C) 
1st Power Level 22,48 ± 2,62 
2nd Power Level 25,75 ± 2,73 
3rd Power Level 27,51 ± 5,44 
4th Power level 30,76 ± 1,25 
5th Power Level 34,09 ± 1,64 

 
 

Table 4. Average Temperatures detected on 4th 
thermocouple at all power levels 

 

Power Level 
Average Temperatures 
on 4th Thermocouple 

(°C) 
1st Power Level 22,45 ± 2,11 
2nd Power Level 25,56 ± 1,89 
3rd Power Level 28,10 ± 3,82 
4th Power level 30,39 ± 1,92 
5th Power Level 33,21 ± 1,17 
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Table 5. Average temperatures detected on all 
thermocouples at all power levels 

 

Power Level 
All Average 

Temperature  
(°C) 

1st Power Level 22,47 ± 0,06 
2nd Power Level 25,44 ± 0,29 
3rd Power Level 27,66 ± 0,38 
4th Power level 30,15 ± 0,61 
5th Power Level 33,41 ± 0,68 

 
 

Table 6. Max. temperatures detected at all power levels 
 

Power Level 
Maximum 

Temperature  
(°C) 

1st Power Level 25,64 
2nd Power Level 28,42 
3rd Power Level 32,27 
4th Power level 32,21 
5th Power Level 36,16 

 
IV. CONCLUSIONS 

     
    IPL device is now used intensely in daily life for aesthetic 
purposes and marketed under the name of laser epilation in 
the market very wrongly. In fact,  it is actually not a laser 
device, but it is a light-emitting device that has a very wide 
light spectrum. In this study, light pulses of a strong light-
emitting IPL device have been used on the tissue-mimicking 
phantom and temperatures were determined by 
thermocouples within the phantom. The purpose of the study 
was to investigate whether the IPL device is safe for human 
use or not. As a result, the maximum temperatures detected 
have been found in the safe temperature zone (below 40 ° C), 
which does not have thermal effects on the tissues. 
     
    In summary, with this study, it has been shown that 
phantoms can be used for safety testing of light-emitting 
devices. However, this study can give an idea to the testing 
and calibration laboratories about the testability of light 
emitting optical devices. In the future, this study can be 
extended with multiple thermocouples located at different 
depths within the phantom but very near to the surface, and 
similar studies can be tried on different phantoms. 

 
REFERENCES 

[1] Spirou, G. M., Oraevsky, A. A., Vitkin, I. A., & Whelan, 
W. M. (2005). Optical and acoustic properties at 1064 nm of 
polyvinyl chloride-plastisol for use as a tissue phantom in 
biomedical optoacoustics. Physics in Medicine & Biology, 
50(14), N141. 

[2] Di Ninni, P., Martelli, F., & Zaccanti, G. (2010). 
Intralipid: towards a diffusive reference standard for optical 
tissue phantoms. Physics in Medicine & Biology, 56(2), N21. 

[3] Leh, B., Siebert, R., Hamzeh, H., Menard, L., Duval, M. 
A., Charon, Y., & Abi-Haidar, D. (2012). Optical phantoms 
with variable properties and geometries for diffuse and 
fluorescence optical spectroscopy. Journal of biomedical 
optics, 17(10), 108001. 

[4] González-Rodríguez, A. J., & Lorente-Gual, R. (2015). 
Current indications and new applications of intense pulsed 
light. Actas Dermo-Sifiliográficas (English Edition), 106(5), 
350-364. 

[5] Daoud, A. A., Gianatasio, C., Rudnick, A., Michael, M., 
& Waibel, J. (2019). Efficacy of Combined Intense Pulsed 
Light (IPL) With Fractional CO2‐Laser Ablation in the 
Treatment of Large Hypertrophic Scars: A Prospective, 
Randomized Control Trial. Lasers in surgery and medicine. 

[6] Ciocon, D. H., Boker, A., & Goldberg, D. J. (2009). 
Intense pulsed light: what works, what's new, what's next. 
Facial Plastic Surgery, 25(05), 290-300. 

[7] Ash, C., Town, G., Whittall, R., Tooze, L., & Phillips, J. 
(2017). Lasers and intense pulsed light (IPL) association with 
cancerous lesions. Lasers in medical science, 32(8), 1927-
1933. 

[8] Geneva, I. I., Cuzzo, B., Fazili, T., & Javaid, W. (2019, 
April). Normal body temperature: a systematic review. In 
Open Forum Infectious Diseases (Vol. 6, No. 4, p. ofz032). 
US: Oxford University Press. 

[9] https://medlineplus.gov/ency/article/001982.htm 

[10] Pradeep Kumar Gupta, Mahesh Kumar Swami, 
Harishankar Patel. 22 Oct 2013, Light–Tissue Interactions 
from: Handbook Of photomedicine CRC Press, page 32. 
Accessed on: 07 Aug 2019. 

[11] W.-S. Kim ve R. G. Calderhead, «IS LIGHT-
EMITTING DIODE PHOTOTHERAPY (LED-LLLT) 
REALLY EFFECTIVE?,» Laser Therapy, cilt 20, no. 3, pp. 
205-215, 2011. 

[12] Peng, Q., Juzeniene, A., Chen, J., Svaasand, L. O., 
Warloe, T., Giercksky, K. E., & Moan, J. (2008). Lasers in 
medicine. Reports on Progress in Physics, 71(5), 056701. 

[13]’https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1
993L0042:20071011:en:PDF 

[14]’http://www.resmigazete.gov.tr/eskiler/2011/06/201106
07-1.htm 

[15] B. Karaböce, E. Çetin, H. O. Durmuş, M. Özdingiş, H. 
Öztürk, K. Mahmat, et al., "Investigation of Different TMMs 
in High Intensity Focused Ultrasound Applications," in 
MeMeA 2018 - 2018 IEEE International Symposium on 
Medical Measurements and Applications, Proceedings, 2018. 

 


