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Abstract

Radiology facilitates the imaging of two- and three-dimensional structures of hard tissues. Therefore, knowledge of radio-
logical imaging techniques, their proper use, and knowledge of the latest advances have a significant impact on the efficiency 
of the dentist’s work. A comprehensive literature review was conducted based on available publications. Articles describing 
methods of  radiological assessment of  dental caries, periodontal disease, and endodontic treatment utilising using two-
dimensional and three-dimensional imaging were included. The following diagnostic indices were introduced: ICCMS, PAI, 
CBCTPAI, and PESS. The potential of using artificial intelligence in radiological diagnostics were also presented. The ne-
cessity of  two- and three-dimensional methodologies in contemporary dental diagnostics was also emphasised. Despite 
the enormous progress in spatial imaging, represented by CBCT, there are still some limitations in dental caries diagnostics. 
Furthermore, the integration of artificial intelligence in the domain of radiological diagnostics in dentistry is a promising 
field of science that requires further research.

Introduction 

In 2019, 3.5 billion people were afflicted by one 
of the many oral diseases, which have been identified 
as the  most common human diseases. Dental caries 
occupies a  significant position within the  spectrum 
of dental diseases, with one-third of the global popu-
lation living with untreated tooth decay [1]. Untreated 
caries can lead to a number of severe complications, 
including, but not limited to, pulpitis and pulp ne-
crosis. These conditions can progress to apical peri-
odontitis and, in severe cases, even tooth loss. Due 
to the structure of the teeth and surrounding tissues, 
dental caries and other pathologies frequently go un-
detected during basic clinical examinations. Radio-
graphic imaging, in conjunction with clinical exami-
nation, plays a pivotal role in the diagnosis of oral and 
dental pathologies. Both basic intraoral radiographs 
and advanced imaging techniques, such as cone beam 
computed tomography (CBCT), are employed in con-
temporary dentistry, with notable success. It is impor-
tant to note that dental caries lesions must undergo 
a minimum of 40% mineral loss before they become 
radiographically visible [2]. The transition from ana-
logue to digital radiography has facilitated dental 

diagnostics, reducing the time required for such pro-
cedures. This transition has also made it possible to 
store and manipulate images more efficiently. Perhaps 
most significantly, it has reduced the  amount of  ra-
diation used in dental procedures by 80% [3, 4]. Two- 
dimensional (2D) radiographic imaging, which is used 
to evaluate tooth structure and adjacent tissues, is di-
vided into two categories: intraoral, such as periapi-
cal or bitewing radiographs, and extraoral, including 
panoramic radiography (OPG). In the realm of three-
dimensional (3D) radiological imaging in dental diag-
nostics, CBCT is employed.

Periapical radiographs represent a  prevalent 2D 
technique utilised predominantly for the evaluation 
of teeth and associated tissue anatomy, as well as pa-
thologies. This methodology facilitates the identifica-
tion and evaluation of  periapical pathologies, along 
with the  assessment of  crown and root fractures. 
The utilisation of these radiographic images remains 
a pivotal component in the field of endodontics, par-
ticularly for the  purpose of  evaluating root and ca-
nal anatomy. These radiographs play a  crucial role 
in the preparation for endodontic treatment, as they 
facilitate the assessment of various parameters such as 
canal curvature, canal obliterations, working length 
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determination, the  evaluation of  root canal obtura-
tion quality, and the monitoring of periapical lesion 
healing. Bitewing radiographs are primarily utilised 
for the  detection and monitoring of  caries progres-
sion. This diagnostic approach permits the detection 
of  incipient proximal carious lesions, with particu-
lar efficacy in the early demineralisation phase. Fur-
thermore, it facilitates the identification of recurrent 
caries, assessment of  marginal overhangs of  restora-
tions, and evaluation of the alveolar bone level within 
the  interproximal regions [4, 5]. The  employment 
of OPG enables the acquisition of a more extensive im-
aging field. This technique provides a comprehensive 
visualisation of the entire maxilla, mandible, tempo-
ro-mandibular joints, and associated structures. It is 
recommended for initial assessment as a preliminary 
screening radiograph to assess the dentition and bone 
support, identify impacted teeth, and provide a basic 
assessment of the osseous status of the temporoman-
dibular joints. It is also used to diagnose maxillary 
and mandibular fractures [4].

Two-dimensional images are subject to inherent 
limitations due to their intrinsic properties. Firstly, 
they represent 3D objects on a  2D image. Secondly, 
the  aforementioned techniques visualise objects in 
the mesio-distal plane, while the bucco-lingual plane 
remains uncharted. Thirdly, a 2D projection of a 3D 
object can only provide suggestive, not definitive, 
evidence when evaluating a  clinical problem. Final-
ly, anatomical structures surrounding the teeth may 
overlap, causing anatomical or background noise, 
which complicates the interpretation of radiographs. 
Two-dimensional radiographs have been shown to 
underestimate the  severity of  bone destruction and 
fail to accurately depict the  relationship between 
soft and hard tissues. It is imperative to acknowledge 
the  inherent limitations of  radiographs in assessing 
clinical status, irrespective of the employed 2D or 3D 
technique. These limitations include the  inability to 
determine the bacterial status of hard and soft tissues, 
as well as the  inability to distinguish inflammatory 
tissues from healed fibrous scar tissue. Furthermore, 
radiographic imaging is incapable of providing infor-
mation regarding the  composition of  the  tissue that 
has replaced the bone. In most cases, abscesses, granu-
lomas, or cysts manifest as radiographically identical 
osteolytic lesions [4, 6–8].

According to the European Society of Endodontol-
ogy (ESE) and the American Association of Endodon-
tists (AAE) recommendations, the utilisation of CBCT 
in endodontic diagnostics may be considered in 
the following clinical situations:
•	 diagnosis of pathology in periapical tissues visible 

on radiographic images in the presence of conflict-
ing, non-specific clinical symptoms;

•	 confirmation of non-odontogenic causes of pathol-
ogy in the maxilla and mandible;

•	 diagnostics in dental traumatology (tooth dislo-
cation, suspected fracture of  the  alveolar process 
of the maxilla or the alveolar part of the mandible, 
and root fractures not visible in 2D imaging);

•	 assessment of the complex anatomy of the root ca-
nal system prior to planned primary treatment and 
endodontic retreatment, e.g. in maxillary and man-
dibular premolars and molars, or class III and IV in-
vaginated teeth;

•	 assessment of complications after endodontic treat-
ment, e.g. perforation, non-healing chronic apical 
periodontitis (CAP), to manage these complications 
when conventional images do not provide sufficient 
information;

•	 diagnosis of root resorption that appears to be po-
tentially treatable;

•	 analysis prior to endodontic microsurgery, e.g. for 
multi-rooted teeth [9, 10].

It is imperative to acknowledge the inherent limi-
tations of  the  3D imaging technique. The  presence 
of  metallic fillings or gutta-percha can cause sig-
nificant radiographic artifacts, sufficient to obscure 
details of the root canal anatomy and important pa-
thologies such as root resorption and root fractures. 
It is fortunate, therefore, that metal artifact reduction 
algorithms are becoming increasingly common in im-
age-processing and viewing software, thus allowing 
for the successful overcoming of this limitation [11].

The extensive utilisation of  radiological diagnos-
tics in dentistry and the increasing number of radio-
logical assessment methods underscores the  neces-
sity for the standardisation of radiological indicators. 
The objective of this paper is to provide a comprehen-
sive overview of  the  radiological indexes currently 
employed in the diagnosis of dental caries, periodon-
tal disease, and endodontic treatment and to present 
a range of radiological assessment tools that leverage 
artificial intelligence in the field of dentistry. 

Two-dimensional radiological imaging

The indication for bitewing or interproximal radio-
graphs is to evaluate the proximal tooth surfaces. Dur-
ing the procedure, the film or sensor is positioned hori-
zontally within the oral cavity, enabling the imaging 
of the proximal surfaces of multiple upper and lower 
teeth with a single X-ray exposure [4]. Bitewing radiog-
raphy has been demonstrated as a highly effective di-
agnostic tool for detecting proximal caries – especially 
in its early stages – occlusal caries, secondary caries, 
filling overhang, as well as evaluating the interproxi-
mal bone condition [5]. The  literature indicates that 
the bitewing radiograph can detect 60–85% of proxi-
mal caries [12]. Conversely, the utilisation of bitewing 
radiographs for the evaluation of caries on occlusal sur-
faces, particularly in its early stages, remains a subject 
of debate due to its limited sensitivity [13, 14]. A specif-
ic variety of this radiographic procedure is the external 
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bitewing radiograph, a technique that is particularly 
recommended for patients in whom the  acquisition 
of intraoral radiographs is difficult. However, the liter-
ature is inconclusive regarding the effectiveness of this 
technique compared to intraoral bitewing radiographs; 
therefore, its utilisation should be reserved for excep-
tional circumstances [15, 16]. 

Periapical radiographs are an essential tool in end-
odontic treatment planning. Two primary radiographic 
techniques are employed for the acquisition of periapi-
cal radiographs: the paralleling technique and the bi-
secting angle technique. The  paralleling technique 
involves the direction of the central X-ray beam per-
pendicular to the receptor and tooth. This is achieved 
by positioning the  receptor parallel to the  long axis 
of the tooth. In the bisecting angle technique, the film 
receptor is positioned as close as possible to the pala-
tal/lingual side of the tooth so that the central X-ray 
beam is perpendicular to an imaginary line that bisects 
the angle formed between the long axis of the tooth 
and the receptor [17]. Periapical radiographs are a valu-
able source of  information regarding tooth anatomy 
and the presence of CAP. Radiographs are 2D images 
of  3D structures, and unfortunately some features 
of the area being examined are not visible. Addition-
ally, variations in the density of the surrounding bone, 
along with challenges in achieving repeatable images, 
can also compromise the  reliability of  radiographic 
interpretations [18, 19].

Orthopantomogram is a  routine radiologic diag-
nostic instrument in the field of dentistry. It facilitates 
the  simultaneous imaging of  multiple structures at 
a low cost and with a relatively low radiation dose [20, 
21]. However, this technique is not without its disad-
vantages, including the superimposition of anatomi-
cal structures, magnification of the image in horizon-
tal and vertical dimensions, or 2D imaging [20]. 

Three-dimensional radiological imaging

Cone beam computed tomography is a modifica-
tion of  the computed tomography concept in which 
a single rotation of the X-ray source is made around 
the  patient. The  information is analysed and recon-
structed using an algorithm to produce data that 
can be viewed in three conventional planes (sagittal, 
coronal, and transverse), as well as several alternative 
planes that can be used when manipulating the data-
set. The production of a CBCT image is a rapid process 
that utilises technology that is becoming increasingly 
accessible. The 3D visualisation of the area of interest 
allows for the  picturing of  teeth and adjacent struc-
tures in a  manner that is not possible with conven-
tional 2D imaging [9]. The  introduction of  CBCT 
into routine clinical practice has enabled 3D imaging 
of the teeth and maxillofacial skeleton, and the rela-
tionships between anatomical structures [22]. How-
ever, CBCT imaging has its drawbacks. These include 

an increased radiation dose absorbed by the patient, 
the generation of artifacts, and high levels of scatter 
and noise [23].

The utilisation of CBCT for the detection of dental 
caries is controversial and is not universally recom-
mended. The  efficacy of  this method is contingent 
upon the  capabilities of  the  software used [24, 25]. 
The diagnosis of proximal caries based on non-artifact 
CBCT is characterised by higher specificity and sen-
sitivity compared to intraoral radiographs, and thus 
could be an accurate tool for assessing caries depth 
[25]. On the other hand, the diagnosis of  secondary 
caries using this type of imaging can be difficult due 
to the presence of artifacts from some fillings [24]. Ac-
cording to the literature, it is far more difficult to iden-
tify healthy tooth tissue next to amalgam restorations 
than next to other fillings, such as ceramic crowns 
or metal-ceramic restorations on CBCT images [25]. 
The presence of composite, resin-modified glass iono-
mer or lithium disilicate fillings should have no effect 
on the detection of proximal caries on CBCT [26]. 

The  ESE and AAE agree that the  most important 
principle to follow when determining indications for 
the use of CBCT in endodontics is the ALARA (as low 
as reasonably achievable) principle, which states that 
the dose of ionising radiation should be as low as possi-
ble to obtain a clear radiological image. Cone beam com-
puted tomography should only be considered when 2D 
radiographs do not provide the necessary information 
during the diagnostic and treatment process [10, 27].

Cone beam computed tomography allows for 
the  utilisation of  diverse field of  view (FOV) sizes, 
ranging from 3 cm to 20 cm. In CBCT endodontic 
diagnostics, the principle of using the  smallest FOV, 
the  smallest voxel size, and the  shortest feasible pa-
tient exposure time during an examination with 
pulsed emission should be followed. Converting 
a  divergent beam of  radiation into a  parallel beam 
limits radiation exposure of  the area of  interest and 
facilitates the  selection of  the  appropriate FOV. Fur-
thermore, a reduced scan volume and voxel size yield 
enhanced image resolution [10, 27].

Evaluation of caries lesions

One of the most widely utilised classifications for 
radiographic staging of  coronal caries lesions on 2D 
radiographic images is the International Caries Clas-
sification and Management System (ICCMS), which 
classifies the depth of caries penetration as follows:

0 = no radiolucency (Figure 1 A);
RA: Initial stages 
1 = radiolucency in the outer ½ of the enamel (Fig-

ure 1 B);
2 = radiolucency in the inner ½ of the enamel ± 

enamel-dentin junction (EDJ) (this stage is recom-
mended for restorative care in the US, if the radiolu-
cency touches the EDJ) (Figure 1 B);
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3 = radiolucency limited to the outer ⅓ of dentin 
(in some countries, especially the US, this stage is clas-
sified as moderate) (Figure 1 C);

RB: Moderate stages
4 = radiolucency reaching the middle ⅓ of dentin 

(Figure 1 D);
RC: Extensive stages;
5 = radiolucency reaching the inner ⅓ of dentin, 

clinically cavitated (Figure 1 E) [28, 29]. 
The  American Dental Association Caries Classi-

fication System for Clinical Practice (ADA CCS) em-
ploys the  ICCMS classification to integrate clinical 
judgment with radiologic diagnosis. The  ADA CCS 

combines clinical findings with radiographic images, 
facilitating a more precise diagnosis of caries, taking 
into account the  activity of  the  lesion and the  loss 
of hard tooth tissue, thereby indicating the appropri-
ate therapeutic measures [30].

Evaluation of endodontic treatment

In the  literature, several measures have been 
used to evaluate the  outcome of  endodontic treat-
ment based on radiographic assessment of  the  peri-
apical status and the quality of root canal filling [31]. 
The quality of the root canal filling is one of the fac-

Figure 1. The  International Caries Classification and 
Management System (ICCMS); A  – 0 = no radiolucency, 
in lower arch teeth, B – 1 = radiolucency in the outer ½ 
of the enamel in the first left upper premolar on the dis-
tal surface and second left upper premolar on the mesial 
surface, 2 = radiolucency in the inner ½ of the enamel ± 
EDJ  in the second left upper premolar on the distal sur-
face, C – 3 = radiolucency limited to the outer 1/3 of den-
tin in the  first right upper molar on the  mesial surface,  
D – 4 = radiolucency reaching the  middle 1/3 of  dentin 
in the  first left upper premolar on the  distal surface,  
E – 5 = radiolucency reaching the  inner 1/3 of  dentin in 
the first right upper molar on the distal surface

A

C

E

B

D
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tors that is taken into account in the  radiographic 
evaluation of  the endodontic treatment. The evalua-
tion of the homogeneity of the root canal filling and 
the acceptable distance of the root canal filling from 
the radiological apex, including overfilling of the root 
canal, was performed in both 2D [32, 33] and 3D [34] 
radiographic imaging.   

The  acceptable distance that the  end of  the  root 
canal filling material should be in relation to the ra-
diographic apex varies in the  literature. In a  study 
based on OPG images, Huumonen et al. considered 
root canal filling to be adequate when the  distance 
from the  end of  the  filling to the  radiographic apex 
was less than 3 mm [35]. A similar method of assess-
ment was employed in the research conducted by Van 
der Veken et al. based on CBCT, and by Kamberi et al. 
based on OPG images. Their method differed only in 
the acceptable distance of the end of the filling from 
the radiographic apex, which was equal to or less than 
2 mm (Figure 2) [36, 37].

Evaluation of chronic apical periodontitis

A  primary objective of  endodontic treatment is 
to prevent or eliminate apical periodontitis. Over 
the  years, numerous classifications and diagnostic 
methods of CAP lesions have been developed based 
on 2D imaging. The Periapical Index (PAI) scale, intro-
duced by Ørstavik et al., was the first classification to 
be recognised and widely used. This five-stage classifi-
cation system evaluates the progression of CAP lesions 
based on 2D radiographic images. Stage I determines 
normal periapical structures, stage II – small changes 
in bone structure, stage III – changes in bone structure 
with some mineral loss, stage IV – periodontitis with 
well-defined radiolucent area, and stage V – severe 
periodontitis with exacerbating features (Figure 3) [38].

In 2008, the PAI scale was adapted for use in CBCT. 
The  previous five-point PAI scale has been replaced 
by the  six-point CBCTPAI scale, where a  score of  0 
indicates intact bone structure in the periapical area, 
score 1: CAP lesion diameter 0.5–1 mm, score 2: CAP 
lesion diameter 1–2 mm, score 3: CAP lesion diameter 
2–4 mm, score 4: CAP lesion diameter 4–8 mm, and 

score 5: CAP lesion diameter > 8 mm. Two variables 
were added to the CBCTPAI scale, with score E indi-
cating periapical cortical bone expansion caused by 
chronic apical periodontitis and score D indicating 
destruction of the cortical bone (Figure 4). Comparison 
of the PAI and CBCTPAI indices revealed greater accu-
racy of CBCT images compared to dental images [18]. 
However, it should be noted that the PAI and CBCTPAI 
indices are only designed to assess CAP. These indi-
ces do not evaluate the  quality of  endodontic treat-
ment and the quality of  crown reconstruction, both 
of which have a direct impact on the development and 
treatment of CAP [39, 40]. Consequently, the Periapi-
cal and Endodontic Status Scale (PESS) was developed 
to assess changes in periapical tissues, endodontic 
treatment, and the  quality of  crown reconstruction 
[41]. The PESS index is composed of two components: 
the  Endodontically Treated Tooth Index (ETTI) and 
the Complex Periapical Index (COPI). Table 1 presents 
the PESS scale, and Figure 5 offers an illustration of its 
application.

Perspectives of deep learning technologies 
in dental radiology 

Recent years have marked a  rapid development 
of  artificial intelligence (AI). The  efficacy of  this 
technology is currently being thoroughly evaluated 
through rigorous testing and implementation in nu-
merous disciplines, including dental radiology. This 
field of medicine is of considerable importance for en-
abling AI integration, as billions of radiological images 
are now stored in digitised form and can be effectively 
transformed in different ways as needed, providing 
a suitable basis for enhancing its capabilities [42].	

The predominant approach in the field of radiog-
raphy involves the integration of deep learning (DL) 
technology [43]. Deep learning is a field of AI focused 
on developing resource-intensive neural network mod-
els that can make decisions based on available data 
without human intervention [44]. Deep learning has 
demonstrated efficacy in a  variety of  applications, 
including speech recognition, language processing, 
and image analysis. With regard to the third option, 

Figure 2. Assessment of endodontic treatment on orthopantomograms. A – Underfilled distal canal and correct endodon-
tic treatment of mesial canal in right second lower molar, B – overfilled mesial canal in right first lower molar

A B



Katarzyna Lewusz-Butkiewicz, Stanislav Vorobiov, Aleksandra Kulas-Bałaban, Marta Rogocka, Kinga Kaczor-Wiankowska6

Medical Studies 2026; 42/1

A

C

E

B

D

Figure 3. The  Periapical Index Scale (PAI) by Ørstavik  
et al. A – I stage (normal periapical structures) in the upper 
second premolar, B – II stage (small changes in bone struc-
ture) in the upper second premolar, C – III stage (changes 
in bone structure with some mineral loss) in the lower first 
molar, D – IV stage (periodontitis with well-defined radio-
lucent area) in the upper second incisor, E – V stage (se-
vere periodontitis with exacerbating features) in the up-
per first and second incisors
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Figure 4. CBCTPAI scale. A – grade 0: intact bone structure in the periapical area in the upper second premolar, B – grade 1: 
diameter of the CAP lesion 0.5–1 mm in the upper first incisor, C – grade 2: diameter of the CAP lesion 1–2 mm in the up-
per second premolar, D – grade 3: diameter of the CAP lesion 2–4 mm in the lower first molar

A

C

B

D
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which concerns radiographs, the  most appropriate 
DL algorithm is the  convolutional neural network 
(CNN). This mechanism possesses a distinctive neu-
ral connection structure and through a series of multi-
layered mathematical operations it can perform such 
tasks as classifying provided images into designated 
categories. It also identifies objects within the images 
and segments them into specific regions of  interest  
[45, 46]. In the  context of  dental caries, initial CNN 
models have been demonstrated to exhibit a lack of di-
agnostic accuracy when compared to that of medical 
specialists in detecting and classifying the  disease. 
However, the  findings have indicated a  promising 
avenue for future decision-making processes [47, 48]. 
Recent models, such as those based on YOLO architec-
tures in combination with the ICCMS™ staging system, 
have exhibited a marked enhancement in the balance 
between precision and recall. This enhancement is evi-
denced by an F1 score of approximately 85%, which 
approaches the  results attained by experienced re-
searchers [49]. Moreover, a DL architecture called Car-
ies Net was recently developed and dedicated entirely 
to detecting dental caries. It has been demonstrated 
to facilitate more precise segmentation of the affected 
area in comparison to other CNNs [50]. Deep learning 
has also been employed for the detection of CAP. Con-
volutional neural network  architecture demonstrated 
satisfactory results in classifying CAP on OPG [51]. In 

the field of endodontics, DL is being evaluated for its 
capacity to detect root fractures, assess root length and 
morphology, and differentiate CAP [52].

Currently, there are numerous programs avail-
able on the market that employ AI infrastructure to 
analyse radiographic images. These tools allow dental 
professionals to use the latest advances in AI to inter-
pret dental radiographs without the necessity of addi-
tional programming skills. The following AI-powered 
platforms have been incorporated into clinical prac-
tice: VideaAI from Videa Health©, Second Opinion® 
from Pearl, Inc©, Diagocat©, and Overjet©. Further-
more, a multitude of platforms are available for indi-
viduals and institutions wishing to create their own 
DL models from the ground up or utilise the existing 
ones. Among these are Roboflow©, which is used to 
prepare and manage datasets for AI models with a fo-
cus on object recognition, and Tensorflow©, where 
the models can be built, deployed, and refined. Two 
models, based on the “YOLO-NAS Object Detection 
(Accurate)” and “Roboflow 3.0 Instance Segmentation 
(Fast)” algorithms, were tested. In the  initial model, 
OPG were utilised as samples, while the second refer-
enced model relied on bitewing radiographs. The re-
sults are presented in Figures 6 and 7. The  website 
https://checkdent.com/ai-scan/ enables the  evalua-
tion of radiographs without the necessity of acquiring 
the software (Figure 8).

Figure 4. Cont. E – grade 4: diameter of  the  CAP lesion 4–8 mm in the  lower first premolar, F – grade 5: diameter 
of the CAP lesion 8 mm in the upper canine

E F
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Table 1. The Periapical and Endodontic Status Scale

The Periapical and Endodontic Status Scale (PESS)

The Endodontically Treated Tooth Index (ETTI)

L (length of the root canal filling) 

L1 0–2 mm from radiographic apex

L2 > 2 mm from radiographic apex

L3 Overfilling (extrusion of material through the apex)

L4 Filling material visible only in pulp chamber

L5 Filled canal of a surgically treated root

H (homogeneity of the root canal fillings)

H1 Complete obturation (homogenous appearance of the root canal filling)

H2 Incomplete obturation (voids and porous appearance of the root canal filling)

CS (coronal seal)

CS1 Adequate (coronal restoration appears intact radiographically)

CS2 Inadequate (detectable radiographic signs of overhangs, open margins, recurrent caries, or lost coronal 
restoration)

CF (complications/failures) 

CF0 No complications

CF1 Root perforation

CF2 Root canal not treated/missed

CF3 Root resorption 

CF4 Root/tooth fracture

CF5 Endodontically treated root with radiolucency

The Complex Periapical Index (COPI)

S (size of the radiolucent lesion)

S0 Widening of the periodontal ligament not exceeding two times the width of the lateral periodontal ligament

S1 Diameter of small well-defined radiolucency up to 3 mm

S2 Diameter of medium well-defined radiolucency 3–5 mm

S3 Diameter of large well-defined radiolucency > 5 mm

R (Relationship between root and radiolucent lesion)

R0 No radiolucency, when widening of the periodontal ligament is not exceeding two times the width 
of the lateral periodontal ligament

R1 Radiolucent lesion appears on one root

R2 Radiolucent lesion appears on more than one root

R3 Radiolucent lesion with involvement of furcation

D (location of bone destruction)

D0 No radiolucency, when widening of the periodontal ligament is not exceeding two times the width 
of the lateral periodontal ligament

D1 Radiolucency around the root

D2 Radiolucency is in contact with important anatomical structures

D3 Destruction of cortical bone
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Nonetheless, despite the  encouraging prospects 
outlined above, AI continues to exhibit substantial 
limitations that prevent its comprehensive integra-
tion into the  dentist’s routine work with radiologi-
cal images. These include the necessity for increased 
quantity and quality of  data. Inappropriate sample 
size can lead to elevated results. Furthermore, various 
ethical concerns and information security protocols 
have been identified as substantial constraints in ac-
quiring the optimal number of radiographs [43, 53]. 

Nevertheless, should these challenges be over-
come, AI has the potential to serve as a valuable in-
strument for dentists, thereby reducing the  cost 
of dental care and significantly enhancing the quality 
of dental diagnostics [54].

Discussion
The present-day approach to dental management 

ought to be founded upon individualised prophylactic 
and treatment plans. A correct diagnosis and treatment 

Figure 5. An example of utilising the PESS scale – right upper second premolar L1H1CS1CF0S0RxD1 

(L1 – root canal filling 0–2 mm from radiographic apex, H1 – complete obturation of the canal, CS1 – adequate coronal seal, CF0 – no 
complications, S0 – no radiolucency, widening of the periodontal ligament not exceeding two times the width of the lateral periodontal 
ligament, Rx – single-root tooth, no possibility of assessment, D0 – no radiolucency) 

Figure 6. Panoramic radiograph, analysed by the model based on the “YOLO-NAS Object Detection (Accurate)” algorithm, 
aimed at detecting foci of non-physiological demineralisation. The percentages provided above indicate the confidence 
level of the model
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planning that takes into account the patient’s individ-
ual caries risk, as well as determining the periodontal 
status and surgical treatment needs, must be done in 
conjunction with radiographic diagnosis [4, 47, 49]. 

It is considered good practice to initiate the diag-
nostic process with a OPG [4, 23]. While it lacks suf-
ficient resolution to detect early carious lesions or 
inflammatory lesions of the apical periodontium, it es-
tablishes the foundation for a more comprehensive di-
agnosis through the utilisation of additional 2D and/
or 3D radiographic techniques [8, 23, 47, 55, 56]. Due 
to its wide availability in many dental offices, afford-
able price, and low radiation dose to which the patient 
is exposed, 2D radiography is the  most widely used 
method in modern dentistry. The  use of  2D images 
has already been demonstrated to facilitate successful 
detection and staging of carious lesions (bitewing ra-

diographs), assessment of the extent of inflammatory 
periapical lesions, planning of endodontic treatment, 
and evaluation of the quality of its performance (peri-
apical radiographs) [4, 6]. The  two aforementioned 
imaging techniques have been demonstrated to facili-
tate the successful determination of the prognosis for 
a given affected tooth, thereby assisting in the deci-
sion-making process regarding the necessity of tooth 
extraction.

It has been widely accepted that, despite the many 
conveniences provided by 3D imaging of  hard tis-
sues within the  oral cavity, the  use of  CBCT is lim-
ited only to cases where traditional imaging with 
2D techniques is not feasible or insufficient to make 
a correct diagnosis [9, 19]. The indications for the use 
of 3D technique are constrained by the ALARA rule, 
and the detailed scope is defined by scientific societ-

Figure 7. The bitewing X-ray analysed by a model based on the “Roboflow 3.0 Instance Segmentation (Fast)” algorithm, 
aimed at detecting caries lesions on the proximal surfaces. The degree of colour obscuration indicates the confidence 
level of the model

Figure 8. Panoramic X-ray evaluated at https://checkdent.com/ai-scan/
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ies [9, 10, 27]. However, it should be noted that due to 
the high level of specialisation in various fields of den-
tistry, which allows for the preservation of teeth with 
advanced pathological lesions that require complex 
treatment procedures, the use of CBCT is imperative 
for diagnosis.

While dentists frequently refer to and interpret X-
rays taken with 2D and 3D techniques in their daily 
practice, there is often no available assistance from 
a radiologist. Doctors frequently depend exclusively on 
their own experience when interpreting radiographs, 
with no reliance on objectified indicators. Such inter-
pretation can vary considerably among physicians, re-
sulting in divergent prognoses, and prophylactic and 
therapeutic management plans [47, 50]. The populari-
sation of radiographic indices that determine the se-
verity of  carious lesions (2D) and indices to assess 
the endodontic treatment performed and the extent 
of periapical inflammatory lesions (2D and 3D) could 
systematise the  diagnostic process and standardise 
the therapeutic decisions made by doctors.

Despite their indisputable advantages, the  refer-
enced radiological indicators, particularly the exten-
sive endodontic indicators, can pose challenges for 
clinicians in their daily work due to the time required 
to perform a complete “staging”. The utilisation of in-
dicators in scientific publications is not a  cause for 
concern; however, in routine clinical practice, their 
implementation can pose substantial challenges. 
The utilisation of computer programs based on deep 
learning models with convolutional neural networks 
(CNNs) may prove beneficial in this regard. Presently, 
a  lot of  these models are in the  research phase, and 
although their results appear to be promising, it is not 
yet feasible to discuss their widespread use in the clin-
ical practice of doctors.

To facilitate the detection of caries at the proximal 
surfaces of  teeth, Lee et al. have proposed a  model 
for the  detection of  carious lesions on bitewing ra-
diographs [47]. The model under consideration does 
not include an assessment of  the  severity of  carious 
lesions. Consequently, it is impossible to automatically 
assign the lesion to known carious lesion classification 
systems. Moreover, the findings yielded by the mod-
el (precision, 63.29%; recall, 65.02%; and F1-score, 
64.14%) are not aligned with the expected outcomes. 
Consequently, the model’s utility is limited to provid-
ing a reference point for dental professionals. Alsolamy 
et al. [49] proposed a model aimed at enhancing the de-
tection of caries on bitewing radiographs. This model 
utilises the ICCMS™ classification system to determine 
the severity of detected lesions. Utilising YOLO-based 
instance segmentation, coupled with a larger database 
of radiographs as training sets, ensured high perfor-
mance metrics (precision: 84.4%, recall: 86.4%, F1-
score: 85.1%). Zhu et al. presented the results of a study 
indicating the high performance of a model referred 
to as CariesNet [50]. The  researchers presumed that 

pantomographic images are a sufficient instrument for 
evaluating caries, even in its initial stages. However, 
this supposition is questionable in light of contempo-
rary assumptions. This is because the  OPG demon-
strates increased geometric distortion, reduced spatial 
resolution, and diminished contrast when compared 
to bitewing radiographs. Consequently, it is not rec-
ommended as a primary instrument for the detection 
of early caries [55].

The endodontic model proposed by Ekert et al. is 
highly sensitive and specific, but it does not consider 
the extent of the observed inflammatory lesion classi-
fication [51]. It only provides a tool to assist in the final 
clinical evaluation. More sophisticated neural network 
models may demonstrate greater clinical utility by clas-
sifying lesions detected on radiographs by size. Apply-
ing segmentation-based approaches to convolutional 
neural network (CNN) models, such as U-Net or U²-
Net, enables the  detection of  pathological lesions on 
radiographs, the precise delineation of their extent, and 
the assessment of disease progression over time [56, 57].

It is important to keep in mind that, in all cases 
of training data input in the form of radiographs eval-
uated by researchers, the CNN model learns the pixel 
patterns corresponding to the labels given by humans. 
If the label is incorrect and the lesion is misinterpret-
ed, the model will learn the incorrect pattern and rep-
licate the error. Less sophisticated models are ineffec-
tive at interpreting low-quality radiographs and are 
more sensitive to error than experienced examiners 
[47]. Therefore, when using AI-based tools in daily 
clinical work, clinicians should bear in mind that they 
still need to critically evaluate the results proposed by 
CNN models. The integration of artificial intelligence 
into the domain of dental radiology raises important 
medico-legal implications. Despite the high diagnos-
tic performance of deep learning models in detecting 
caries and apical lesions [47, 49, 51, 56], these systems 
are currently regarded as decision-support rather 
than decision-making tools. In accordance with appli-
cable legal standards, dentists bear full responsibility 
for interpreting radiographs and determining further 
treatment options. This holds true even in instances 
involving the utilisation of AI systems [42, 53]. They 
also need to combine the data obtained from the ra-
diographic examination with the  patient’s medical 
history and existing individual disease risk factors 
before implementing therapy. In light of  the  ethical 
considerations in the  domain of  AI-assisted radiol-
ogy, it has been observed that physicians cannot shift 
responsibility solely to the  algorithm used. This is 
because AI does not possess clinical responsibility or 
full transparency [53, 54]. Accordingly, professional 
guidelines such as those of the American Dental As-
sociation emphasise that radiographic interpretation 
must remain under the control of the dentist [55]. To 
mitigate legal risk, dentists should critically appraise 
AI outputs, document the diagnostic process, and in-



13
Radiographic assessment of caries severity, periodontal disease, and endodontic treatment – a narrative review of contemporary 
diagnostic indicators

Medical Studies 2026; 42/1

tegrate algorithmic suggestions with clinical expertise 
and patient-specific factors [43, 52].

Conclusions

Cone beam computed tomography is less useful in 
assessing caries than bitewing radiographs. The indi-
cations for CBCT in endodontic treatment are limited; 
however, in certain clinical cases, the benefits of its use 
are greater than those of 2D radiography. The integra-
tion of AI in the domain of dental radiological diagnos-
tics is a  rapidly evolving field, necessitating ongoing 
research and development. 
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