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Abstract: Inflammation of the periodontal tissue (periodontitis) is the highest problem of oral health 
in Indonesia after caries. Photoacoustic imaging (PAI) is a new imaging technique that can be simply 
constructed using a diode laser combined with a condenser microphone. This study aims to deter-
mine that a simple PAI system was able to image periodontal disease in animal model. Samples of 
the study were normal periodontal and periodontitis tissue, obtained from Sprague-Dawley rats 
that were divided into four groups, i.e. the control group, treatment group 1 (7 days periodontitis 
induction), treatment group 2 (11 days periodontitis induction), and treatment group 3 (14 days 
periodontitis induction). The PAI system was controlled by Labview and Arduino IDE software 
from a personal computer. Results of the study reveal that the optimal frequency of laser modula-
tion for periodontal tissue imaging was 19 kHz with duty cycle of 50%. Photoacoustic (PA) intensity 
was obtained from higher to lower of -68,71 dB (treatment group 3), -70,69 dB (treatment group 2), 
-71,69 dB (treatment group 1), and -73,07 dB (control group) respectively. The photoacoustic images 
were analyzed to define the contrast between sample and media. The PA intensity of the samples 
were higher than media. Therefore, this study demonstrate the feasibility of simple PAI system to 
differentiate normal periodontal tissue and periodontitis. 
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1. Introduction 
Periodontal disease, also known as periodontitis, is a chronic inflammation disease 

that affects supporting tissue of the teeth [1,3]. Periodontal disease commonly caused by 
accumulation of pathogenic bacteria infection that induce the inflammation in gums (gen-
erally known as gingivitis) that subsequently leading in progressive destruction of perio-
dontal ligament and alveolar bone [2,4]. If not treated properly, periodontal disease can 
caused systemic disease including coronary heart disease, stroke, and peripheral arterial 
disease [3]. 

The diagnosis of periodontal disease is based on clinical and X-rays radiographic ex-
amination. The X-rays radiography has being excellent imaging modality for hard tissue 
examinations, but it has limitation for imaging the soft tissues. The photoacoustic imaging 
(PAI) is a new imaging technique that developed based on the photoacoustic effect, a phe-
nomenon of acoustic signal generation from material being exposed by laser or other elec-
tromagnetic waves [4]. Photoacoustic imaging has been proven to be an effective tech-
nique for soft tissue imaging. Therefore, this imaging technique is potential to be devel-
oped as an imaging techniques for examination of periodontal disease [5,6]. 

In last two decades, various non-invasive PAI systems have been developed in the 
field of biomedical research [6,7,8,9,10]. Photoacoustic imaging is a future biomedical im-
aging modality that combine the merits of optical resolution with the depth of acoustic 
penetration. This imaging technique has capacity to image structural, functional, molecu-
lar and kinetic information from various tissue. Photoacoustic imaging also has been de-
veloped for clinical applications. The rapid development of clinical applications of photo-
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acoustic imaging include breast cancer imaging, dermatological imaging, vascular imag-
ing, carotid artery imaging, musculoskeletal imaging, gastrointestinal imaging, adipose 
and other tissue imaging [8,11]. 

Photoacoustic imaging (PAI) is a non-invasive and low-cost imaging technique. It 
does not produce ionizing radiation [12]. The electromagnetic source in PAI system is 
generally uses laser. The photoacoustic effect arises when the optical energy of laser in-
teracts with medium. The energy is absorbed and converted into heat in the medium be-
ing exposed by the laser. Thermal expansion in the medium subsequently produce a pres-
sure wave that will spread in the tissue. The pressure waves then propagates as acoustic 
waves that can be detected on the tissue and then reconstructed as photoacoustic image 
in the computer [13]. The development and application of lasers are widely used in the 
fields in medical and dentistry [5]. Previous study reveals that diode laser illumination is 
well absorbed by the gingival melanin pigment in the periodontal tissue [14]. 

The present study was carried out to demonstrate the capability of simple PAI system 
based on diode laser and condenser microphone to image the periodontal disease. The 
photoacoustic images obtained in this study were compared to differentiate the photoa-
coustic images of normal (healthy) periodontal tissue with the images of periodontitis 
condition in samples taken from animal models. 

2. Materials and Methods 
The protocols of this study was approved by the research ethics committee of the 

Faculty of Dentistry, Universitas Gadjah Mada (Ref. No. 00491/KKEP/FKG-
UGM/EC/2020). Samples in this study were periodontal tissue of male Sprague-Dawley 
(SD) rats, aged 4-8 weeks and weighing 150-200 grams. Rats were divided randomly into 
four groups according to Table 1. Each group consist of 5 rats. 

Table 1. Groups of animal model for periodontal disease in the study 

Group N Treatment 
Control Group (C) 5 No treatment 

Group (T1) 5 7 days 
Group (T2) 5 11 days 
Group (T3) 5 14 days 

 
The animals were acclimatized for seven days and kept in a room which had a con-

stant temperature of 25oC with a 12-hour-light and 12-hour-darkness cycle before being 
treated. There was no treatment given for the control group. Silk ligatures were tied 
around the incisors of treatment groups. Before treatment, all animals in treatment groups 
were anesthetized with intramuscular injection of ketamine (10 mg/kgW) [15]. The 
method of periodontitis induction in the animal model of the study is presented in Figure 
1. 
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(a) (b) 

Figure 1 Teeth and gingiva condition in control group (a), silk ligatures tied around the incisors of treatment group (b). 

After treatment, all rats were euthanized. The region of incisor and the supporting 
structures were dissected and fixed in 10% buffered formalin for 24 hours. The specimens 
were decalcified using EDTA 10% (pH 7.4) for 1 week at 4oC. The tissue specimens were 
then embedded in paraffin and cut in the median line. 

The photoacoustic (PAI) system in this study is presented in Figure 2. The excitation 
source in the PAI system was a 532 nm diode laser with 200 mW peak power. The diode 
laser was modulated using the Arduino. The laser was illuminated onto the sample to 
generate the photoacoustic signal. Photoacoustic signal was then detected by a condenser 
microphone ECM8000 (Behringer, Germany) and was amplified using a soundcard con-
nected with a personal computer. The PAI system is described more specific in the previ-
ous study [16]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Schematic depiction of experimental setup for photoacoustic imaging. A. Diode laser, B. 
Condenser microphone, C. Soundcard, D. Lens, E. Stative, F. Arduino mega, G. Sample, H. Motor 
stepper, I. Motor driver, J. Arduino uno [17]. 

To ensure that the PAI system can be used for periodontal tissue imaging, the char-
acterization of laser power stability was performed to illuminate the sample for 15 
minutes. Analysis of laser power stability can be observed in Figure 4 that display the 
laser output power during sample scanning. Meanwhile the calibration of condenser mi-
crophone also conducted to ensure that the frequency given by the acoustic source was in 
the same frequency detected by the microphone that recorded in Labview. Figure 5 con-
firmed the relationship between the frequency of the sound source (𝑓௚) with the frequency 
received by the microphone (𝑓௠). 
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Characterization of 𝑥 − 𝑦 stage is principal to determine the accuracy of the stage 
shifts towards 𝑥 and 𝑦 direction following to the number of steps inputted in the Lab-
view program. The procedures to characterize the 𝑥 − 𝑦 stage shifts was performed by 
giving input of 10, 20, 30, and 40 steps in the Labview program, then the length of the 𝑥 −

𝑦 stage shifts were measured using digital caliper. 
The flowchart of the study is presented in Figure 3. To determine the optimal laser 

modulation for periodontal tissue imaging in this study, laser was exposed onto the sam-
ple with various frequency and duty cycle. Variations of frequency to determine the opti-
mal laser modulation were 17 kHz, 18 kHz, 19 kHz, and 20 kHz. Whereas variations of 
duty cycle were 10%, 20%, 30%, 40%, and 50%, respectively. 

Figure 3 The flowchart of the study. 

3. Results and Discussion 
The animal model in this study was Sprague-Dawley rats. The periodontal tissue of 

Sprague Dawley rats can be induced using a simple method, so that is can be used in 
periodontitis modeling that mimic the periodontitis condition in humans [18]. 

The PAI system is generally built by integrating ultrasound transducer as detector 
with a pulsed laser as an electromagnetic wave source [9]. Acoustic signals in this study 
are generated by using a modulated continuous-wave (CW) laser as an electromagnetic 
wave source [16]. Modulated excitation on CW lasers was carried out by regulating the 
duty cycle and pulse width periodically at a single frequency using pulse width modula-
tion (PWM) technique. This technique was applied to obtain fluctuating laser radiation 
[11, 16] in this study. 

When a laser is modulated with a certain duty cycle, the output pulse was emitted in 
a sporadic manner (non-stationary pulses). Non-stationary pulses cause thermal expan-
sion in the sample, which resulted in an acoustic signal. The frequency of resulting acous-
tic signals in our experiment were in the same frequency of laser modulation, and it was 
also directly proportional to the energy absorption. The duty cycle of laser modulation 
was proportional to the intensity of the thermal expansion that generate the acoustic sig-
nals [13]. 

Figure 4 displays the relationship between laser output power and exposure time. 
After 15 minutes of scanning, it was discovered that the laser power output had barely 
changed. The laser power almost does not changing during scanning time so that the laser 
exposure was assumed in stable condition during photoacoustic imaging in this study. 
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Figure 4 Characterization of main component in the PAI system: Laser power (mW) observed in 
respective interval time. 

The characterization of microphone in Figure 5 reveals a linear relationship between 
frequency received by microphone (𝑓௠) and frequency emitted by sound generator (𝑓௚) 
(Figure 5) and the frequency received by the microphone was represented by the 𝑓௠ data. 
The frequency produced from the sound generator was represented by 𝑓௚ data. The sig-
nal detected by the microphone was in the form of a voltage, which was read by the Lab-
view program. The signal was converted from a function of time into a function of fre-
quency using the Fast Fourier Transform (FFT) in the Labview program. 

 

 
 

Figure 5 Characterization of main component in the PAI system: correlation of sound generator 
frequency (𝑓௚) with microphone frequency (𝑓௠). 

The correlation between input step in Labview program with the step number is in a 
linear relationship (Figure 6). The result of the experiment in Figure 6 indicates that the 
input in Labview program was precisely corresponds to the shift of 𝑥 − 𝑦 stage. 
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Figure 6 Characterization of main component in the PAI system: the average shift of 𝑥 − 𝑦 stage 
step for each 0.2 mm input in Labview. 

The laser in the PAI system was modulated to induce the acoustic signals from the 
sample in this study. The energy absorbed by the sample was comparable to the photoa-
coustic signal. The duty cycle of laser modulation was a percentage of the signal’s active 
time during the laser modulation. The best periodontal images were obtained when the 
laser was modulated with optimum frequency and duty cycle that capable to generate the 
higher PA intensity from the samples. Figure 7 shows that the best frequency for scanning 
the sample of periodontal tissue was 19 kHz (Figure 7a), with a duty cycle of 50% (Figure 
7b). 

 

  
(a) (b) 

Figure 7 The PA intensity generates from periodontal tissue been illuminated in respective frequency (a) and duty cycle (b) of 
laser modulation. 

The aim of this study is to differentiate healthy periodontal tissue and periodontitis 
tissue in terms of photoacoustic image and average PA intensity. The PAI system was able 
to scan samples at a rate of one second per pixel. Data of acoustic signals were collected 
from samples with a resolution of 30 x 30 pixels on average. It took about 30 minutes to 
scan every sample. Data of the PA intensity were used to create photoacoustic image in 
this study. Image color was used to describe the PA intensity produced from the PAI sys-
tem in this study. Result of this study is in accordance with previous study that low PA 
intensity was displayed as blue, medium PA intensity was yellow, and high PA intensity 
was red [15,16]. The difference in PA intensity between the control group and treatment 
group were shown in figure 8. 

Figure 8 displays the average PA intensity of the sample, which reveals that the av-
erage of PA intensity of periodontal tissue in the treatment group was greater than healthy 
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periodontal tissue in the control group. The groups of C, T1, T2, and T3 have average PA 
intensity values of -73.07 dB, -71.69 dB, -70.34 dB, and -68.71 dB, respectively. The inflam-
mation of periodontal tissue is causing alteration of mineral distribution, which revealed 
a greater PA signal among the treatment groups than the control group in the supporting 
tissue of the teeth [7]. 

 

Figure 8 The PA intensity of photoacoustic images from control and treatment groups. 

Figures 8 illustrates the difference in PA intensity between control and treatment 
groups. The photoacoustic of periodontal tissue samples in this study were shown in Fig-
ure 9. The photoacoustic images in Figure 9 were indicate different color depending on 
the PA intensity. Blue denotes a low level of PA intensity, yellow a moderate level of PA 
intensity, and red a high level of PA intensity from samples. It was recognized from Figure 
9 that the control group display lower PA intensity based on the PA intensity (Figure 8) 
and the color of the photoacoustic image (Figure 9). Yellow dominates the photoacoustic 
images of control group. Whereas the photoacoustic images of periodontal disease (peri-
odontitis) tissue in treatment groups display a high PA intensity, which showed up in the 
picture as a red hue. 

 

 

 

(a) (b) 

 

 

 

(c) (d) 

Figure 9 Incisors specimens of Sprague Dawley rat’s periodontal tissue and photoacoustic images: (a) Control group (C), (b) 
Group 1 (T1), (c) Group 2 (T2), (d) Group 3 (T3). The black square in photographs shows the area been scanned for photoa-
coustic imaging in this study. 
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Periodontitis is chronic disease that caused by bacterial infection. Periodontitis in-
duction by using silk ligatures [19] can cause accumulation of bacteria then induce of tooth 
supporting inflammation and destruction in periodontal tissue followed by deminerali-
zation [5]. 

The PA intensity of the periodontitis (treatment) group was higher than the PA in-
tensity of the control group, as shown in Figure 8. This was may be caused by different 
mineral distributions in the tissue that caused by inflammation [6]. The laser energy was 
more easily absorbed by inflamed tissue in treatment groups, resulting in a greater aver-
age PA intensity [7]. 

The density of certain tissues or materials also affects the laser absorption in photoa-
coustic imaging. Chromophores are tissue components that can absorb laser light energy 
[20]. Several chromophores, such as hydroxyapatite, protein, and blood vessels can be 
found in oral tissue [21]. The periodontal tissue has a lower tissue mass than the teeth. As 
a result, periodontal tissue has a higher optical absorption than teeth. Periodontal struc-
ture was consist of hard and soft tissues. There are several blood vessels and nerves in soft 
tissue [22]. Hemoglobin is a powerful chromophore found in blood, and it may found 
more in periodontitis condition than healthy periodontal tissue. 

The contrast of photoacoustic image was formed by PA intensity differences. This 
can be used as an initial parameter, indicating that the photoacoustic imaging system was 
able to distinguish between healthy periodontal and periodontitis condition. 

Figure 10 shows different PA intensity between periodontal tissue and media. The 
graphs in Figure 10 shows that PA intensity of periodontal tissue from 5th until 25th steps 
of 𝑥 direction at the 10th step of 𝑦 direction are tend to be higher than PA intensity of 
media. Therefore, the PA images can represent different PA intensity between periodontal 
tissue and media. 

 

 

 

(a) (b) 
 

 

 

(c) (d) 

Figure 10 Different PA intensity between periodontal tissue and medium. (a) Control group (C), (b) Group 1 (T1), (c) Group 2 
(T2), (d) Group 3 (T3). 

4. Conclusions 
A photoacoustic imaging system based on diode laser and condenser microphone in 

this study is capable for imaging the periodontal disease. Based on the results of this 
study, the PA intensity of the photoacoustic images from treatment groups was higher 
than control group. The optimal frequency of laser modulation for imaging the periodon-
tal tissue was 19 kHz with duty cycle of 50%. The simple photoacoustic system in this 
study can be developed further to build photoacoustic tomography system. 
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