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 Under extreme conditions postmortem, dental radiography examinations can 

play an essential role in individual identification. In forensic odontology, 

individual identification traditionally compares antemortem dental records 

radiographs with those obtained on postmortem examination. As such, these 

traditional methods are vulnerable to oversights or mistakes in the individual 

identification of unidentified bodies. Digital technology can develop forensic 

odontology well. An automatic individual identification system is needed to 

support the forensic odontology process more easily and quickly because there 

are still opportunities to be created. We aimed to review the complete range of 

recent developments in identifying individuals from panoramic radiographs. 

We study methods in gender identification, age estimation, radiographic 

segmentation, performance analysis, and promising future directions. 
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1. INTRODUCTION 

Individual identification involves investigating criminal cases, natural disasters and forensic science. 

Identification or determination of individu can be done by comparing antemortem and postmortem data [1]. 

Individual identification can be done using several elements of the human skeleton, namely the pelvis, skull, 

teeth, and soft tissues [2]. Victims are identified through primary and secondary identification. Secondary 

identification includes identification of gender, age, and race [3], [4]. 

Whereas primary identification tools are based on fingerprint, dental and deoxyribonucleic acid 

(DNA) analysis, secondary identification includes individual descriptions (tattoos, scars and gender); medical 

findings; clothes and evidence inside the victim's body. Primary identification in forensic dentistry is the 

application of all relevant dental disciplines in investigations to obtain postmortem data, assisting in 

determining the authenticity and identity of victims and perpetrators for the sake of law in the judicial process 

and upholding the truth. Teeth in the oral cavity are the most challenging parts of the body, have their 

characteristics, and are resistant to temperature, chemicals and trauma, so they are very suitable for 

identification. Gender identification in forensic anthropology and dentistry can be carried out using various 

methods, including morphological or non-metric, metric, geometric, and molecular morphometric methods [5]. 

This forensic odontology method is highly accurate and almost identical to fingerprint identification. In 

Indonesia, it is still difficult to obtain antemortem dental data because not all individuals have archived dental 
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data. Only a few professions have written information about teeth, such as the military and workers in the aviation 

world. If antemortem data are unavailable, identification with dental tools may not reach the individual level. 

In addition to examination with dental, the bone examination can also estimate the age if the victim 

to be identified does not have any remaining teeth available [6], [7]. In certain conditions where teeth cannot 

be used as an identification tool because the data on the victim's teeth is incomplete or in victims with 

edentulous conditions that do not allow identification using teeth, an alternative method using bones is 

needed to assist the identification process at the victim. The accuracy rate for determining gender when using 

the pelvis is 95% and when using the skull (cranium) is 90%. The parts of the skull that can use to identify 

are the supraorbital ridge, mastoid process, palate, orbit, and mandible. The mandible is the strongest and 

largest bone in the face. Several studies state that mandibular assessment is more significant for 

differentiating gender and providing age estimation information. Gender identification and age estimation 

can be done using radiography [8]. The recommended radiographic technique is radiography that provides an 

image of the jaw both frontally and laterally, for example, lateral cephalometric radiography, posteroanterior 

cephalometric radiography, panoramic radiography and cone-beam computed tomography (CBCT). 

In addition to gender identification, age estimation plays an important role in every aspect of life. 

Age information is always needed in various matters such as education, employment and health. Age 

estimation can be done on living or dead individuals. Age estimates can be used on living individuals to clarify 

criminal and civil matters. Meanwhile, for individuals who died, age estimation is part of the identification of 

the deceased, for example, due to an accident. Gender identification and age estimation methods can be done 

automatically. Automated processes can make a significant social contribution in individual identification. We 

studied methods in gender identification, age estimation, radiographic segmentation, performance analysis. 

The paper is organized as: section 2 briefly reviews the relevant literature segmentation of 

panoramic radiography. Section 3 provides a description of age estimation from panoramic radiography. 

Section 4 describes gender estimation-based panoramic radiography. The baseline results and performance 

comparison are presented in section 5. Finally, section 6 summarizes this work’s contributions and conclusion. 

 

 

2. RADIOGRAPHY SEGMENTATION 

The segmentation process is a step to separate objects from the background. Many segmentation 

studies have been carried out previously. We present several studies of the results of tooth segmentation in 

Figures 1(a) to 1(c) and the results of mandibular segmentation in Figure 2. Figure 1 is the result of tooth 

segmentation, and the difference is the method. gaussian kernel fuzzy c-means clustering method on CBCT 

images Figure 1(a), deep learning (DL) method on CBCT images Figure 1(b), and decimation-free directional 

filter bank thresholding and multistage adaptive thresholding methods on panoramic radiography Figure 1(c).  

 

 

   

(a) (b) (c) 

 

Figure 1. The tooth segmentation of panoramic radiography methods: (a) Gaussian kernel fuzzy C-means 

clustering (GK-csFCM) [15], (b) DL [16] of CBCT, and (c) decimation-free directional filter bank 

thresholding (DDFBT) and multistage adaptive thresholding [17] of panoramic radiography 

 

 

Figure 2 results of mandibular segmentation on CT scan images Figures 2(a) to (d), CBCT Figures 2(e) 

to (g), and panoramic radiographs Figure 2(h) and Figure 2(i). Method uses the symmetric convolutional neural 

network (SCNN) method Figure 2(a), recurrent convolutional neural networks (RCNN) for mandible segmentation 

(RCNNSeg) Figure 2(b), fuzzy connectivity Figure 2(c), U-Net convolutional neural network (CNN) Figure 2(d), 

conditional statistical shape model (SSM) Figure 2(e), Super-voxels and graph clustering Figure 2(f), Recurrent 

SegUnet Figure 2(g), shape-aware segmentation for mandible segmentation (SASeg) Figure 2(h), active contour 

Figure 2(i). The segmentation process is very influential in recognizing objects in the image. If the 

segmentation results fail, then the thing is easier to identify. The following are some studies related to tooth 

segmentation on radiographs: Segmenting teeth on panoramic radiographs using quantum particle swarm 
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optimization (QPSO) [9]. Research segmentation is segmenting the maxillary and mandibular margins on 

panoramic radiographs [10] and evaluating the results of tooth segmentation on panoramic radiographs using 

the CNN method [11] and evaluating CNN methods for detecting parts of panoramic radiographs ResNet-101, 

Densenet161, Vgg19_bn, and AlexNet [12]. Evaluating the results of the DL method in detecting or automatically 

segmenting teeth, fillings, roots, and dental implants on panoramic radiographs [13]. Segmenting or identifying 

and classifying the type of Maxillary canine impaction on panoramic radiography with the DL method [14]. 

 

 

   
(a) (b) (c) 

 

   
 (d)  (e) (f) 

 

   
 (g) (h) (i) 

 

Figure 2. The mandibular segmentation methods: (a) SCNN-11C [18], (b) RCNNSeg [19], (c) fuzzy 

connectivity [20], (d) U-Net CNN [21] of CT scan, (e) SSM [22], (f) super-voxels and graph clustering [23], 

(g) recurrent SegUnet [24], (h) SASeg [25] of CBCT, and (i) active contour [26], [27] of panoramic 

radiography 

 

 

3. AGE ESTIMATION FROM RADIOGRAPHY 

Research has been done on estimating tooth age on radiographs, including analyzing the Willems 

method for estimating the tooth age of children on panoramic radiographs [28]. Marinkovi et al. [29] 

estimating adult tooth maturity using the Willems method on panoramic radiographs, estimating age at the 

time of identification using premolars using Cameriere’s method [30] and estimating age based on changes in 

tooth pulp size using the Kvaal method [31]. Kelmendi et al. [32] evaluating the accuracy of tooth age 

estimation using a method by Demirjian, Chaillet, and Willems and evaluating tooth age estimation of the 

three methods Demirjian, Willems, and Blenkin and Evans [33] and evaluating how to identify the age and 

maturity of the tooth on panoramic radiographs using Willems and Cameriere’s method [34]; evaluating the 

tooth age using the Chaillet and Dermijian’s method on panoramic radiographs using the multilayer 

perceptron method [35]; evaluating the morphometric assessment of tooth chronology or estimating the tooth 

age using the DL method [36]; evaluating the measurement of age estimation using the Demirjian and Willems 

method on panoramic radiographs [37]. Several previous studies have conducted age estimation using 
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mandibular radiographic parameters, with the following parameters: length of the ramus (mm), the height of the 

body of the mandible (mm), the distance of the lower border of the mandible (LB) to the inferior margin of 

mental foramen (IMF) (mm) (left and right), a distance of inferior margin of mental foramen (IMF) to the crest 

of alveolar bone (CAR) (mm) (left and right), gonial angle, antegonial (AG) angle, antegonial (AG) depth, the 

width of the cortex at the body and the antegonial region (TCB at AG) [38], gonial angle, length of ramus, 

bigonial width, bicondylar breadth [39], ramus height, bigonial width, gonial [40]–[42], Gonial angle, Ramus 

length, Condylar length, Ramal notch depth, Cortical bone thickness [43]. 

Several previous studies carried out the process of age estimation based on panoramic radiographs 

using teeth and mandibles with the method used for matching dental data with machine learning (ML), neural 

networks (NNs), DL, and CNN. The age estimation using teeth on panoramic radiographs is made 

automatically. However, the mandible identification process on panoramic radiographs is done manually or 

semi-automatically. Manually by measuring several mandibular parameters with standard measuring 

instruments. Semi-automatic by measuring mandibular parameters with applications such as ImageJ, Master 

View, Sidex software, and RadiAnt Dicom Viewer. Figures 3(a) [39] and 3(b) [44] show the manual way. 

The measurement process uses standard measuring instruments. Figure 4 is an example of the process of 

measuring with the application. Some of the applications used for measurement are SIDEXIS-XG [45] 

Figure 4(a), IG measure software [46] Figure 4(b), and ImageJ tool [42] Figures 4(c) and 4(d). 

 

 

 
(a) 

 

 
 

 

  
(b) 

 

Figure 3. Manual measuring process: (a) gonial angle, length of ramus, bigonial width, bicondylar breadth [39] 

and (b) gonial angle, height of the ramus, bimental breadth, and bigonial width (A) bicondylar breadth (B) [44] 
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(a) 

 
(b) 

  

 
(c) 

 
(d) 

 

Figure 4. Measuring process using (a) SIDEXIS-XG software [45], (b) IG measure software [46],  

(c) and (d) ImageJ tool [42] 

 

 

4. GENDER IDENTIFICATION FROM RADIOGRAPHY 

Identity can be determined by using two identification methods, namely primary and secondary 

identification. Primary identification includes fingerprint, DNA, and dental examination. Secondary 

identification includes a visual examination, photography, property, medical, lip print examination, age, race, 

and gender. The primary identification commonly used in forensic teams is a tooth. However, when teeth are 

unavailable, bone can be an alternative. The most dimorphic bone for identification is the mandible. The 

mandibular bone can be used to identify the gender and age of the victim. Identification of victims with 

incomplete or damaged bodies will be difficult to identify. Primary identification with teeth or bones as an 

alternative to identify victims in damaged or incomplete cases. Identification using teeth and bones has the 

advantage of being fire resistant. The identification process uses teeth by comparing antemortem and 

postmortem data. If the teeth are incomplete, bone alternatives are also appropriate for victim identification. 

Previous studies used the mandibular bone identification process by measuring the mandibular parameters. 

Some studies carried out measurements manually with measuring instruments or semi-automatically. 

Examples of parameters measured are ramus height, gonial angle, ramus length, body height, bigonial width, 

bicondylar breadth, coronoid height, mandibular corpus length, and anterior mandibular corpus height. 

The following research conducted gender identification: Looking for the relationship between 

changes in the mental foramen's size and the mandibular ramus's height with gender and age [47], evaluating 

the relationship between chronological age and gender based on mandibular condyle on CBCT [48]. Also 

evaluating the effect of gender and age on ramus height, gonial angle, and bigonial width on panoramic 

radiographs [49]. Perform gender identification based on the mandible, mental, and gonial angles [50]. 

Okkesim and Erhamza [51] evaluating mandibular morphometric measurements on CBCT for gender 

identification. Performing morphometric evaluation of maxillary sinus CBCT to determine gender 

dimorphism [52]. Lee et al. [53] analyzing changes in the anatomy of the teeth and mandibular structure on 

panoramic radiographs, evaluating gonial angle measurements on both cephalometric and panoramic 

radiographs for identification of gender and age [54], comparing the diagnostic accuracy of mandibular and 

maxillary structural development with age and gender changes [55], checking dental accuracy on panoramic 

radiographs to identify humans [1]. Determining gender and age based on teeth by applying NN computing 

[56], [57]. Performing forensic identification on a disaster victim by matching the teeth using panoramic 

radiography based on contour feature extraction [58], [59]. Performing forensic identification of mass 

victims’ teeth on panoramic radiographs using the CNN method [60], evaluating and verifying the accuracy 

of gender identification based on teeth on panoramic radiographs using the ML method [61]. Ortiz et al. [62] 

matching teeth on panoramic radiographs with ML to identify a individu, using the NN method, identifying 

unknown bodies based on tooth contours on panoramic radiographs [63]. 

Based on several review articles related to artificial intelligence [64], [65] vision computing 

technology, or related to dental forensic identification [66], [67], that: Identifying the victim alive or dead 

based on the characteristics of the individu aims to ascertain their identity. Identification of a victim can be 

both biological and non-biological identities. Non-biological identity includes identity cards, driving licenses, 

and clothes. Biological identity can be known through the body's anatomical structure, bones, teeth, blood, 

fingerprints, hair, profiles, DNA, and identity on the lips. 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 13, No. 5, October 2023: 5491-5500 

5496 

5. RESULT COMPARISON 

Most of the gender identification and age estimation is based on teeth automatically. However, some 

studies related to dental identification are in Table 1. Figure 5 is a proposal from Fan et al. [60] research 

using teeth radiography in identification. Identification from panoramic dental radiographs (PDR) uses a 

CNN (DENT-Net). The DENT-Net took 128×128×7 image size as input, including the details of the feature 

extraction from the PDR. Figure 6 is an example of the identification process based on teeth using the CNN 

method. Identify individuals with dental panoramic. Panoramic dental images were carried out by 

morphology and contour feature extraction so that they could be classified using the CNN method [63]. 

 

 

Table 1. Identification performance 
Method Evaluation 

Multi-layer perceptron neural network [56], [57] Age error difference ±8.9, accuracy gender 98% 

Convolutional neural network [60] Accuracy 85.16%-97.74% 
Machine learning [61] Precision methods KNN, neural network, naive Bayes (NB), 

Logistic regression (0.86, 0.84, 0.76, 0.7) 

Machine learning [62] Accuracy neural network 85% 
CNN [63] Accuracy 75.53% to 90.87% 

 

 

 

 
 

Figure 5. Identification diagram using teeth [60] 

 

 

 
 

Figure 6. Identification based on teeth using CNN [63] 
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6. CONCLUSION 

We aim to conduct a process of identifying reviews on radiographs. In comparison, the traditional 

method of individual identification is by measuring or matching teeth between antemortem and postmortem 

on panoramic radiographs. The process to do tooth matching automatically uses methods including ML, 

neural networks, deep learning, and CNN. The process to identify manually or semi-automatically by 

measuring mandibular parameters on panoramic radiographs either with standardized measuring devices or 

applications such as ImageJ, master view, Sidex software, and RadiAnt Dicom Viewer. Segmentation on 

radiographs mostly segments the teeth to the jaws or segments the mandible. The segmentation methods 

include conventional clustering or filtering, active contour, or CNN deep learning. 

 

 

ACKNOWLEDGEMENTS 

Thanks to Deputy for Strengthening Research and Development, Ministry of Research and 

Technology/National Research and Innovation Agency, Indonesia, for providing research funding through 

the Doctoral Dissertation Research scheme with research contract number 1255/PKS/ITS/2020. Thanks to 

the Dental and Oral Hospital of Universitas Airlangga, Surabaya providing dental radiographic panoramic 

data. Thank you to the Indonesian National Research and Innovation Agency for providing publication 

assistance, with a letter of agreement 69/II/HK/2022. 

 

 

REFERENCES 
[1] L. Gorza and S. Mânica, “Accuracy of dental identification of individuals with unrestored permanent teeth by visual comparison 

with radiographs of mixed dentition,” Forensic Science International, vol. 289, pp. 337–343, Aug. 2018, doi: 
10.1016/j.forsciint.2018.06.004. 

[2] K. Krishan, P. M. Chatterjee, T. Kanchan, S. Kaur, N. Baryah, and R. K. Singh, “A review of sex estimation techniques during 

examination of skeletal remains in forensic anthropology casework,” Forensic Science International, vol. 261, Apr. 2016, doi: 
10.1016/j.forsciint.2016.02.007. 

[3] S. S. Tambawala, F. R. Karjodkar, K. Sansare, and N. Prakash, “Sexual dimorphism of maxillary sinus using cone beam 

computed tomography,” Egyptian Journal of Forensic Sciences, vol. 6, no. 2, pp. 120–125, Jun. 2016, doi: 
10.1016/j.ejfs.2015.08.002. 

[4] T. Khaitan, A. Kabiraj, U. Ginjupally, and R. Jain, “Cephalometric analysis for gender determination using maxillary sinus index: 

a novel dimension in personal identification,” International Journal of Dentistry, vol. 2017, pp. 1–4, 2017, doi: 
10.1155/2017/7026796. 

[5] A. Urooge, “Sexual dimorphism of maxillary sinus: a morphometric analysis using cone beam computed tomography,” Journal of 

Clinical and Diagnostic Research, vol. 11, no. 3, 2017, doi: 10.7860/JCDR/2017/25159.9584. 
[6] S. Sarkar, S. Kailasam, and P. Mahesh Kumar, “Accuracy of estimation of dental age in comparison with chronological age in 

Indian population – a comparative analysis of two formulas,” Journal of Forensic and Legal Medicine, vol. 20, no. 4,  

pp. 230–233, May 2013, doi: 10.1016/j.jflm.2012.09.007. 
[7] P. Sharma, A. Arora, and A. Valiathan, “Age changes of jaws and soft tissue profile,” The Scientific World Journal, vol. 2014,  

pp. 1–7, 2014, doi: 10.1155/2014/301501. 

[8] D. K. Prathap, “Age determination in forensic odontology,” International Journal of Prosthodontics and Restorative Dentistry, 
vol. 7, no. 1, pp. 21–24, Mar. 2017, doi: 10.5005/jp-journals-10019-1170. 

[9] F. P. Mahdi and S. Kobashi, “Quantum particle swarm optimization for multilevel thresholding-based image segmentation on 

dental x-ray images,” in 2018 Joint 10th International Conference on Soft Computing and Intelligent Systems (SCIS) and 19th 
International Symposium on Advanced Intelligent Systems (ISIS), Dec. 2018, pp. 1148–1153, doi: 10.1109/SCIS-

ISIS.2018.00181. 

[10] B. K. Ulku, I. S. Yetik, A. K. Culhaoglu, K. Orhan, and M. A. Kilicarslan, “Semi-supervised method for determining the 
maxillary and mandibular boundaries on panoramic radiographs,” in 2018 26th Signal Processing and Communications 

Applications Conference (SIU), May 2018, pp. 1–4, doi: 10.1109/SIU.2018.8404750. 

[11] J.-H. Lee, S.-S. Han, Y. H. Kim, C. Lee, and I. Kim, “Application of a fully deep convolutional neural network to the automation 
of tooth segmentation on panoramic radiographs,” Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology, vol. 129, 

no. 6, pp. 635–642, Jun. 2020, doi: 10.1016/j.oooo.2019.11.007. 

[12] D. Apasrawirote, P. Boonchai, P. Muneesawang, W. Nakhonkam, and N. Bunchu, “Assessment of deep convolutional neural 
network models for species identification of forensically-important fly maggots based on images of posterior spiracles,” Scientific 

Reports, vol. 12, no. 1, Mar. 2022, doi: 10.1038/s41598-022-08823-8. 

[13] S. Vinayahalingam et al., “Automated chart filing on panoramic radiographs using deep learning,” Journal of Dentistry, vol. 115, 
Dec. 2021, doi: 10.1016/j.jdent.2021.103864. 

[14] M. Aljabri et al., “Canine impaction classification from panoramic dental radiographic images using deep learning models,” 

Informatics in Medicine Unlocked, vol. 30, p. 100918, 2022, doi: 10.1016/j.imu.2022.100918. 
[15] A. Fariza, A. Arifin, E. Astuti, and T. Kurita, “Segmenting tooth components in dental x-ray images using Gaussian kernel-based 

conditional spatial fuzzy c-means clustering algorithm,” International Journal of Intelligent Engineering and Systems, vol. 12,  

no. 3, pp. 108–117, Jun. 2019, doi: 10.22266/ijies2019.0630.12. 
[16] R. Indraswari, T. Kurita, A. Z. Arifin, N. Suciati, and E. R. Astuti, “Multi-projection deep learning network for segmentation of 

3D medical images,” Pattern Recognition Letters, vol. 125, pp. 791–797, Jul. 2019, doi: 10.1016/j.patrec.2019.08.003. 

[17] R. Indraswari, A. Z. Arifin, D. A. Navastara, and N. Jawas, “Teeth segmentation on dental panoramic radiographs using 
decimation-free directional filter bank thresholding and multistage adaptive thresholding,” in 2015 International Conference on 

Information and Communication Technology and Systems (ICTS), Sep. 2015, pp. 49–54, doi: 10.1109/ICTS.2015.7379870. 

[18] M. Yan, J. Guo, W. Tian, and Z. Yi, “Symmetric convolutional neural network for mandible segmentation,” Knowledge-Based 
Systems, vol. 159, pp. 63–71, Nov. 2018, doi: 10.1016/j.knosys.2018.06.003. 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 13, No. 5, October 2023: 5491-5500 

5498 

[19] B. Qiu et al., “Recurrent convolutional neural networks for 3D mandible segmentation in computed tomography,” Journal of 

Personalized Medicine, vol. 11, no. 6, May 2021, doi: 10.3390/jpm11060492. 
[20] N. Torosdagli et al., “Robust and fully automated segmentation of mandible from CT scans,” in 2017 IEEE 14th International 

Symposium on Biomedical Imaging (ISBI 2017), Apr. 2017, pp. 1209–1212, doi: 10.1109/ISBI.2017.7950734. 

[21] B. Qiu et al., “Automatic segmentation of the mandible from computed tomography scans for 3D virtual surgical planning using 
the convolutional neural network,” Physics in Medicine & Biology, vol. 64, no. 17, Art. no. 175020, Sep. 2019, doi: 

10.1088/1361-6560/ab2c95. 

[22] F. Abdolali, R. A. Zoroofi, M. Abdolali, F. Yokota, Y. Otake, and Y. Sato, “Automatic segmentation of mandibular canal in cone 
beam CT images using conditional statistical shape model and fast marching,” International Journal of Computer Assisted 

Radiology and Surgery, vol. 12, no. 4, pp. 581–593, Apr. 2017, doi: 10.1007/s11548-016-1484-2. 

[23] O. Cuadros Linares, J. Bianchi, D. Raveli, J. Batista Neto, and B. Hamann, “Mandible and skull segmentation in cone beam 
computed tomography using super-voxels and graph clustering,” The Visual Computer, vol. 35, no. 10, pp. 1461–1474, Oct. 2019, 

doi: 10.1007/s00371-018-1511-0. 

[24] B. Qiu et al., “Mandible segmentation of dental CBCT scans affected by metal artifacts using coarse-to-fine learning model,” 
Journal of Personalized Medicine, vol. 11, no. 6, Jun. 2021, doi: 10.3390/jpm11060560. 

[25] B. Qiu et al., “Robust and accurate mandible segmentation on dental CBCT scans affected by metal artifacts using a prior shape 

model,” Journal of Personalized Medicine, vol. 11, no. 5, 2021, doi: 10.3390/jpm11050364. 
[26] A. H. Abdi, S. Kasaei, and M. Mehdizadeh, “Automatic segmentation of mandible in panoramic x-ray,” Journal of Medical 

Imaging, vol. 2, no. 4, Art. no. 044003, Nov. 2015, doi: 10.1117/1.JMI.2.4.044003. 

[27] N. Nafi’iyah, C. Fatichah, E. Renwi Astuti, and D. Herumurti, “The use of pre and post processing to enhance mandible 
segmentation using active contours on dental panoramic radiography images,” in 2020 3rd International Seminar on Research of 

Information Technology and Intelligent Systems (ISRITI), Dec. 2020, pp. 661–666, doi: 10.1109/ISRITI51436.2020.9315438. 

[28] H. Nemsi et al., “Applicability of Willems method for dental age estimations in Tunisian children,” Pediatric Dental Journal, vol. 
28, no. 3, pp. 141–147, Dec. 2018, doi: 10.1016/j.pdj.2018.10.001. 

[29] N. Marinkovic, P. Milovanovic, M. Djuric, N. Nedeljkovic, and K. Zelic, “Dental maturity assessment in Serbian population: a 
comparison of Cameriere’s European formula and Willems’ method,” Forensic Science International, vol. 288, Jul. 2018, doi: 

10.1016/j.forsciint.2018.04.019. 

[30] A. C. Anastácio, C. Serras, R. F. V. de Sousa Santos, and C. Palmela Pereira, “Validation of Cameriere’s medical-legal age 
estimation method using seconds premolars in a Portuguese population,” Journal of Forensic and Legal Medicine, vol. 60,  

pp. 30–34, Nov. 2018, doi: 10.1016/j.jflm.2018.09.005. 

[31] M. Li, G. Chu, M. Han, T. Chen, H. Zhou, and Y. Guo, “Application of the Kvaal method for age estimation using digital 
panoramic radiography of Chinese individuals,” Forensic Science International, vol. 301, pp. 76–81, Aug. 2019, doi: 

10.1016/j.forsciint.2019.05.015. 

[32] J. Kelmendi, M. Vodanović, F. Koçani, V. Bimbashi, B. Mehmeti, and I. Galić, “Dental age estimation using four Demirjian’s, 
Chaillet’s and Willems’ methods in Kosovar children,” Legal Medicine, vol. 33, pp. 23–31, Jul. 2018, doi: 

10.1016/j.legalmed.2018.04.006. 

[33] S. Ranasinghe, J. Perera, J. A. Taylor, A. Tennakoon, A. Pallewatte, and R. Jayasinghe, “Dental age estimation using radiographs: 
towards the best method for Sri Lankan children,” Forensic Science International, vol. 298, pp. 64–70, 2019, doi: 

10.1016/j.forsciint.2019.02.053. 

[34] N. Ozveren, G. Serindere, P. Meric, and R. Cameriere, “A comparison of the accuracy of Willems’ and Cameriere’s methods 
based on panoramic radiography,” Forensic Science International, vol. 302, Sep. 2019, doi: 10.1016/j.forsciint.2019.109912. 

[35] S. Abu Asab, S. N. oo. F. M. oh. Noor, and M. F. adhl. Khamis, “The accuracy of Demirjian method in dental age estimation of 

Malay children,” Singapore Dental Journal, vol. 32, no. 1, pp. 19–27, 2011, doi: 10.1016/S0377-5291(12)70012-3. 
[36] D. Milošević, M. Vodanović, I. Galić, and M. Subašić, “Automated estimation of chronological age from panoramic dental X-ray 

images using deep learning,” Expert Systems with Applications, vol. 189, Mar. 2022, doi: 10.1016/j.eswa.2021.116038. 

[37] L. Shi et al., “Dental age estimation of Tibetan children and adolescents: comparison of Demirjian, Willems methods and a newly 
modified Demirjian method,” Legal Medicine, vol. 55, Mar. 2022, doi: 10.1016/j.legalmed.2022.102013. 

[38] D. P. Mohite, M. S. Chaudhary, P. M. Mohite, and S. P. Patil, “Age assessment from mandible: comparison of radiographic and 

histologic methods,” Romanian Journal of Morphology and Embryology, vol. 52, no. 2, pp. 659–668, 2011. 
[39] H. Zainab and V. B. Nandyal, “Estimation of age from dry human mandibles and correlation of age with mandibular parameters,” 

Journal of Evolution of Medical and Dental Sciences, vol. 7, no. 36, pp. 4027–4031, Sep. 2018, doi: 10.14260/jemds/2018/899. 

[40] J. Leversha, G. McKeough, A. Myrteza, H. Skjellrup-Wakefiled, J. Welsh, and A. Sholapurkar, “Age and gender correlation of 
gonial angle, ramus height and bigonial width in dentate subjects in a dental school in far North Queensland,” Journal of Clinical 

and Experimental Dentistry, vol. 8, no. 1, 2016, doi: 10.4317/jced.52683. 

[41] S. Pillay, S. Ishwarkumar, B. De Gama, and P. Pillay, “The morphometry of the angle of mandible and its correlation with age 
and sex in the eThekwini metropolitan region: a panoramic study,” International Journal of Morphology, vol. 35, no. 2,  

pp. 661–666, Jun. 2017, doi: 10.4067/S0717-95022017000200045. 

[42] J. P. Pillai, R. J. Shah, B. Darji, A. Banker, and R. J. Pillai, “Association of the gonial angle with age, gender, and dental status: A 
radiographic study using lateral cephalogram and orthopantomogram,” Journal of Forensic Radiology and Imaging, vol. 15,  

pp. 8–13, Dec. 2018, doi: 10.1016/j.jofri.2018.11.002. 

[43] V. Sairam, G. Potturi, B. Praveen, and G. Vikas, “Assessment of effect of age, gender, and dentoalveolar changes on mandibular 
morphology: A digital panoramic study,” Contemporary Clinical Dentistry, vol. 9, no. 1, 2018, doi: 10.4103/ccd.ccd_704_17. 

[44] A. Datta et al., “A study of sex determination from human mandible using various morphometrical parameters,” Original 

Research Indian Journal of Forensic and Community Medicine, vol. 2, no. 3, pp. 158–166, 2015. 
[45] A. S. Nayyar, K. B, and U. S. Y, “Accuracy of Mandibular Rami measurements in prediction of sex,” Annals of Medical and 

Health Sciences Research, vol. 7, pp. 20–29, 2017, doi: 10.4103/amhs.amhs_66_16. 

[46] E. R. Astuti, H. B. Iskandar, H. Nasutianto, B. Pramatika, D. Saputra, and R. H. Putra, “Radiomorphometric of the jaw for gender 
prediction: a digital panoramic study,” Acta Medica Philippina, vol. 56, no. 3, pp. 113–121, 2021, doi: 10.47895/amp.vi0.3175. 

[47] T. Dosi, S. Vahanwala, and D. Gupta, “Assessment of the effect of dimensions of the mandibular ramus and mental foramen on 

age and gender using digital panoramic radiographs: A retrospective study,” Contemporary Clinical Dentistry, vol. 9, no. 3, 2018, 
doi: 10.4103/ccd.ccd_26_18. 

[48] S. Bayrak, S. Halıcıoglu, G. Kose, and K. Halıcıoglu, “Evaluation of the relationship between mandibular condyle cortication and 

chronologic age with cone beam computed tomography,” Journal of Forensic and Legal Medicine, vol. 55, pp. 39–44, Apr. 2018, 

doi: 10.1016/j.jflm.2018.02.014. 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 System of gender identification and age estimation from radiography: a review (Nur Nafi’iyah) 

5499 

[49] R. Bhuyan, S. Mohanty, S. Bhuyan, A. Pati, S. Priyadarshini, and P. Das, “Panoramic radiograph as a forensic aid in age and 
gender estimation: Preliminary retrospective study,” Journal of Oral and Maxillofacial Pathology, vol. 22, no. 2, 2018, doi: 

10.4103/jomfp.JOMFP_90_17. 

[50] M. Hariemmy, R. M. Boedi, H. Utomo, and M. S. Margaretha, “Sex determination using gonial angle during growth spurt period: 
a direct examination,” Indonesian Journal of Dental Medicine, vol. 1, no. 2, Jun. 2018, doi: 10.20473/ijdm.v1i2.2018.86-89. 

[51] A. Okkesim and T. Sezen Erhamza, “Assessment of mandibular ramus for sex determination: retrospective study,” Journal of 

Oral Biology and Craniofacial Research, vol. 10, no. 4, pp. 569–572, Oct. 2020, doi: 10.1016/j.jobcr.2020.07.019. 
[52] C. B. R. B. Soares et al., “Morphological and dimensional assessment of the maxillary sinus for human identification and sexual 

dimorphism: A study using CBCT,” Forensic Imaging, vol. 23, 2020, doi: 10.1016/j.fri.2020.200409. 

[53] Y. Lee, Q. Auh, Y. Chun, and J. An, “Age‐related radiomorphometric changes on panoramic radiographs,” Clinical and 
Experimental Dental Research, vol. 7, no. 4, pp. 539–551, Aug. 2021, doi: 10.1002/cre2.375. 

[54] R. Srii et al., “Digital radiographic study of gonial angle in forensic odontology in a tertiary care centre: a descriptive cross-

sectional study,” Journal of Nepal Medical Association, vol. 59, no. 236, pp. 350–355, Apr. 2021, doi: 10.31729/jnma.5360. 
[55] H. Mei et al., “Diagnostic validity of different gonial angle segmentation for the assessment of mandibular growth direction: a 

retrospective study,” Annals of Anatomy - Anatomischer Anzeiger, vol. 242, Art. no. 151912, Jun. 2022, doi: 

10.1016/j.aanat.2022.151912. 
[56] E. Avuçlu and F. Başçiftçi, “New approaches to determine age and gender in image processing techniques using multilayer 

perceptron neural network,” Applied Soft Computing, vol. 70, pp. 157–168, Sep. 2018, doi: 10.1016/j.asoc.2018.05.033. 

[57] E. Avuçlu and F. Başçiftçi, “Novel approaches to determine age and gender from dental x-ray images by using multiplayer 
perceptron neural networks and image processing techniques,” Chaos, Solitons and Fractals, vol. 120, pp. 127–138, Mar. 2019, 

doi: 10.1016/j.chaos.2019.01.023. 

[58] M. Banday and A. H. Mir, “Dental biometric identification system using AR model,” in IEEE Region 10 Annual International 
Conference, Proceedings/TENCON, 2019, pp. 2363–2369, doi: 10.1109/TENCON.2019.8929642. 

[59] M. H. Bozkurt and S. Karagol, “Jaw and teeth segmentation on the panoramic x-ray images for dental human identification,” 

Journal of Digital Imaging, vol. 33, no. 6, pp. 1410–1427, Dec. 2020, doi: 10.1007/s10278-020-00380-8. 
[60] F. Fan et al., “Automatic human identification from panoramic dental radiographs using the convolutional neural network,” 

Forensic Science International, vol. 314, Sep. 2020, doi: 10.1016/j.forsciint.2020.110416. 

[61] A. Ortiz, C. Costa, R. Silva, M. Biazevic, and E. Michel-Crosato, “Sex estimation: anatomical references on panoramic 
radiographs using Machine Learning,” Forensic Imaging, vol. 20, Mar. 2020, doi: 10.1016/j.fri.2020.200356. 

[62] A. G. Ortiz, G. H. Soares, G. C. da Rosa, M. G. H. Biazevic, and E. Michel-Crosato, “A pilot study of an automated personal 

identification process: Applying machine learning to panoramic radiographs,” Imaging Science in Dentistry, vol. 51, no. 2, 2021, 
doi: 10.5624/isd.20200324. 

[63] H. Chen et al., “A fine-grained network for human identification using panoramic dental images,” Patterns, vol. 3, no. 5, May 

2022, doi: 10.1016/j.patter.2022.100485. 
[64] L. Chen, P. Chen, and Z. Lin, “Artificial intelligence in education: a review,” IEEE Access, vol. 8, pp. 75264–75278, 2020, doi: 

10.1109/ACCESS.2020.2988510. 

[65] A. S. Kini, P. K. V. Reddy, and S. N. Pai, “Techniques of deep learning and image processing in plant leaf disease detection: a 
review,” International Journal of Electrical and Computer Engineering (IJECE), vol. 13, no. 3, pp. 3029–3040, Jun. 2023, doi: 

10.11591/ijece.v13i3.pp3029-3040. 

[66] S. B. Khanagar et al., “Application and performance of artificial intelligence technology in forensic odontology – A systematic 
review,” Legal Medicine, vol. 48, Feb. 2021, doi: 10.1016/j.legalmed.2020.101826. 

[67] S. B. Khanagar et al., “Developments, application, and performance of artificial intelligence in dentistry – a systematic review,” 

Journal of Dental Sciences, vol. 16, no. 1, pp. 508–522, Jan. 2021, doi: 10.1016/j.jds.2020.06.019. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Nur Nafi’iyah     received her Bachelor of Informatics Engineering from 

Universitas Islam Lamongan, Indonesia (2005 to 2009) and Master of Information Technology 

from the Sekolah Tinggi Teknik Surabaya, Indonesia in (2011 to 2013). She is currently 

pursuing the Ph.D. degree in computer science with the Department of Informatics, Institut 

Teknologi Sepuluh Nopember. She is currently interested in artificial intelligence, deep 

learning, and computer vision. She also has been teaching artificial intelligence and image 

processing. She can be contacted at email mynaff@unisla.ac.id. 

  

 

Chastine Fatichah     received the Ph.D. degree from the Tokyo Institute of 

Technology, Japan, in 2012. She is currently an Associate Professor with the Institut 

Teknologi Sepuluh Nopember, Surabaya, Indonesia. She has published more than 110 journal 

articles and conference papers related to computer science. Her research interests include 

artificial intelligence, image processing, and data mining. She can be contacted at email 

chastine@if.its.ac.id. 

https://orcid.org/0000-0002-6015-3872
https://scholar.google.com/citations?user=9VHwhKsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57224223259
https://orcid.org/0000-0002-7348-9762
https://scholar.google.com/citations?user=_Dd7x80AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=35811948800


                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 13, No. 5, October 2023: 5491-5500 

5500 

 

Darlis Herumurti     received the B.S. and M.S. degree in Informatics from ITS 

Surabaya, Indonesia in 2001 and 2010, respectively, and the Ph. D. degree from Kumamoto 

University, Japan, in 2014. He is currently an assistant professor with the department of 

informatics, ITS. He is engaged in research on intelligence system, intelligent game, virtual 

and augmented reality. He can be contacted at email darlis@if.its.ac.id. 

  

 

Eha Renwi Astuti     received doctoral degree in Health Science from Universitas 

Airlangga Faculty of Medicine post-graduate course, Indonesia, in 2005. She is currently an 

associate professor at the Department of Dentomaxillofacial Radiology, Universitas 

Airlangga, Indonesia. Since 2008, she has been working as an oral radiologist at  

Universitas Airlangga Academic Dental Hospital, Indonesia. Her research interests include 

radiographic imaging, artificial intelligence in dental radiography, radioprotective agents, 

radiology in forensic odontology, and radiation biology. She can be contacted at email  

eha-r-a@fkg.unair.ac.id. 

  

 

Ramadhan Hardani Putra     received the Ph.D. degree in Dental Science from 

Tohoku University Graduate School of Dentistry, Japan, in 2021. He is currently a lecturer at 

the Department of Dentomaxillofacial Radiology, Universitas Airlangga, Indonesia. His 

research interests include dental implant, digital dentistry, radiographic imaging, and artificial 

intelligence in dental radiography. He can be contacted at ramadhan.hardani@fkg.unair.ac.id. 

  

 

Esa Prakasa     has completed Ph.D. study in Electrical and Electronics Engineering 

from Universiti Teknologi PETRONAS, Malaysia, in 2014. Both master and bachelor degrees 

have been previously finished from the University of Gadjah Mada, Yogyakarta. He has 

joined research center for informatics, Indonesian Institute of Sciences (LIPI) since 2005. The 

institute is now transformed into the National Research and Innovation Agency (BRIN). His 

research interest is mainly in digital image processing, computer vision, and pattern 

recognition. He has published many research papers in international conferences and journals. 

He can be contacted at email esa.prakasa@gmail.com. 

  

 

Yosi Kristian     was born in Tuban, East Java, Indonesia in 1981. He received his 

bachelor degree in computer science and master degree in information technology from 

Sekolah Tinggi Teknik Surabaya (STTS), Surabaya, Indonesia, in 2004 and 2008 respectively. 

He received best graduate honor in both bachelor and master degree. He completed his Ph.D 

on Electrical Engineering from Institut Teknologi Sepuluh Nopember (ITS), Surabaya, 

Indonesia in 2018. In 2015 he joined as special research student in Osaka City University 

(OCU). He joined as a faculty member in STTS since 2004. Currently, Yosi Kristian is an 

Associate Professor and Head of Department in Department of Informatics Institut Sains dan 

Teknologi Terpadu Surabaya (ISTTS). His current research interests include deep learning, 

machine learning, intelligent system, and computer vision. He can be contacted at email 

yosi@stts.edu. 

 

https://orcid.org/0000-0001-5865-796X
https://scholar.google.com/citations?hl=en&user=J1uEWHAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55489397100
https://orcid.org/0000-0002-3815-9485
https://scholar.google.com/citations?hl=en&user=qeSKqaEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55702182000
https://orcid.org/0000-0002-0622-3892
https://scholar.google.com/citations?hl=en&user=6GukmKAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57226575663
https://orcid.org/0000-0003-4685-6309
https://scholar.google.com/citations?hl=en&user=gI_nXOcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=35424564900
https://orcid.org/0000-0003-1082-5121
https://scholar.google.com/citations?hl=en&user=6CS44YEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56094791000

