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Abstract 

In modern clinical practice in various areas of dentistry, there is a need to virtualize and determine the diagnostic 

parameters of the stomatognathic system (SS). The aim of this article is to provide an evaluation of correct SS 

structures based on a comparison of mappings in pantomography, lateral cephalometry, and volumetric 

tomography using bone and tooth anthropometric points. The digital measurements performed determine the 

applicability of the analyzed imaging techniques for clinical diagnostics by indicating discrepancies and errors in 

the evaluation of geometric parameters. They should verify the location of characteristic points, lines, angles, and 

planes in relation to spatial objects mapped on the 1:1 scale. The analyses performed confirm the appearance of 

bone and dental structure asymmetry in healthy patients. 
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1. Introduction 

To identify the structures of the stomatognathic system (SS) and to indicate the diagnostic 

possibilities, the following extraoral radiological examinations are performed: pantomography, 

lateral cephalometry, and cone beam computed tomography (CBCT) [1-7]. The literature 

compares most often two selected imaging techniques: cephalometry and CBCT [3, 4] or 

cephalometry and MRI [6] and CBCT and MRI [1] used to indicate the characteristic points or 

diagnostics focused on a specific pathology of SS. An interesting study is the identification of 

the menton (Me) on posteroanterior cephalograms and in 3D CBCT, because the midpoint of 

the symphyseal area is not identifiable after the mandibular symphysis fuses at an early age. 

The aim of this study was to evaluate the reliability of the identification of the genial tubercle 

(GT) in patients with mandibular asymmetry and to compare it with that of the traditional 

landmark (Me). The results suggest that both Me and GT are clinically reliable and equally 

useful landmarks for the evaluation of mandibular asymmetry in CBCT images [4]. Of note is 

the prospective study to evaluate whether magnetic resonance imaging is equivalent to lateral 

cephalometric radiographs. The applied MRI technique has been optimized for short scanning 

time, high resolution, high contrast, and geometric accuracy. The data sets have been 

transformed into lateral cephalograms, allowing reliable measurements as applied in 

orthodontic routine of high concordance with the corresponding measurements in 

cephalometry. This study shows the feasibility of planning orthodontic treatment based on MRI, 

without exposure to radiation [6]. Another interesting item is the evaluation of combined cone 

beam tomography and magnetic resonance images used to evaluate the position of the articular 

discs. The fusion of these images significantly improved the reliability of evaluation due to high 
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resonance resolution for soft tissue examination. The temporomandibular joint has a layered 

structure. In this study, it was particularly important to map and location of the articular disc 

and the articular surfaces made of fibrous cartilage [1]. Patients often require combined 

treatment involving different areas of dentistry. In dental prosthetics, orthodontics, endodontics, 

implantoprosthetics, and surgery, it is necessary to determine the correlated diagnostic 

parameters of the stomatognathic system because they can optimize the treatment process [2-4, 

8, 9]. The holistic approach to treatment allows for correct occlusion and full face aesthetics, 

and complications in the form of periodontal disorders, temporomandibular joints, and 

recurrences often result from insufficient diagnosis. The SS geometric parameters are used to 

determine mathematical correlations between the measurement values, allowing the 

standardization of the results and the elimination of subjective error of the assessor. They make 

it possible to determine deviations from the norm and also to define the direction of treatment 

and its priorities. The basic principle of all diagnostic analyzes is the possibility of finding 

points and repeatability of measurements, by one researcher as well as many researchers of 

them. Established norms may serve the population in which the studies were conducted, but 

may not be appropriate for other populations. For this reason, many clinicians create their own 

analyzes, which are a set of selected measurements, used in the diagnostics of their patients. 

Therefore, studies were carried out that will be compared with the variables expected for the 

type of face of a given patient treated at the Krakow University Dental Clinic. 

At the same time, the ALARA principle, which must be observed, means that the largest 

possible amount of diagnostic information should be obtained at the maximum reduction in 

radiation dose [10]. The 3D imaging technique offers new possibilities of diagnosis and 

treatment. The use of CBCT is an alternative to traditional CT. It has a much lower radiation 

dose and lower costs of image recording. The doses of ionizing radiation in radiological 

imaging in dentistry are as follows: analog pantomography - 26 μSv, digital pantomography - 

4.7 μSv, spiral CT (classic) - 1700 ÷ 3000 μSv and CBCT - 35 ÷ 90 μSv [9, 11]. 

The aim is to evaluate the correct SS structures based on the comparison of mappings in 

pantomography and lateral cephalometry, which give a 2D back projection, and volumetric 

tomography, which enables a spatial reconstruction of the studied subject. Anthropometric 

points according to Steiner were used for the imaging analysis. The medical criterion is to 

indicate the possibility of locating even and odd anthropometric points and to compare the 

position of the located points and the distances determined on their basis in the craniofacial area 

tested using the above mentioned methods. The measurements performed indicated 

discrepancies in the evaluation of the geometric parameters of the stomatognathic system 

resulting from the applied imaging technique, which must be taken into account in the clinical 

procedures performed. The imaging techniques with the use of the ball standard were subjected 

to metrological evaluation. 

2.  Material and methods 

The materials used for the study were pantomographic, lateral cephalometric and CBCT 

imaging results carried out in 20 healthy men (aged 25 ± 3 years) at the University Dental Clinic 

in Krakow in the Image Diagnostics Laboratory. The research group consisted of men without 

disorders and malocclusion, as well as skeletal disproportions. They had the correct parameters 

of occlusion and good condition of the teeth. The consent of the Bioethics Committee was 

obtained to carry out such research (decision number KBET/89/B/2009). 

The study method involved radiological examination using the three techniques mentioned 

above in each of the patients and an indication of the diagnostic options representative of such 

techniques. In all studies, procedures and recommendations related to patient protection, his 

location, and the introduction of appropriate imaging parameters were followed. 
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Clinical imaging systems are quality controlled according to international standards or 

national recommendations. In Poland, these provisions are included in the Regulation of the 

Minister of Health of December 24, 2002. The regulations apply to health care facilities that 

use devices which use ionizing radiation. According to the Minister's recommendation, the 

Clinic conducts periodic internal quality control tests of devices used in radiological 

diagnostics. 

The controls were performed using a phantom, which is a standard containing elements made 

of materials with values in Hounsfield units (HU) corresponding to the gray level of human 

tissues. 

For a selected group of patients, panoramic imaging was performed with the use of a 

ProMax® radiographic unit (Planmeca, Helsinki, Finland 2005) at 74 kVp and 10 mA. In 

standard pantomography, many factors affect the quality of the image and its diagnostic value: 

patient positioning, motionless position during examination, imaging parameters, and the angle 

at which the beam reaches the sensor. The differences in the grayness of structures are caused 

by the differences in the absorption of ionizing radiation, while the overlapping of many 

structures, both bones and soft tissues, in the studied object results in back projection. 

Depending on the angle of the beam reaching individual stomatognathic system structures, they 

may introduce a significant distortion of the form. Another diagnostic procedure applied was 

lateral cephalometric projection. Cephalometric examinations were performed using the 

Planmeca ProMax Helsinki Finland device with the application of additional equipment – 

special arms attached to the pantomographic device. The enlargement in the examinations in 

question was 10%. The Frankfurt plane was parallel to the ground level, while the midsagittal 

plane of the head was parallel to the cassette in a vertical position. The central beam passed 

through the external acoustic opening. Cephalometric tests were performed at the following 

parameters: 90kV, 12 mA, 16s and 54 mGy. 

Then, a selected group of patients underwent CBCT using RAY Scan Symphony 

tomography with the following field of view (FOV): 10×10cm, 15×15cm and 17×23cm, with 

an expanded field of the view mode. During the procedure the patient was seated, the head was 

fixed, and the Frankfurt plane was parallel to the ground level. The short time of the 

examination, which lasted 26.9 s, minimized motor artifacts. The dose of radiation was similar 

to the one used for an extraoral point picture and equaled 36-74 μSv. The examination was 

carried out with parameters of the voxel size of 380×380×380 µm. On the basis of CBCT 

imaging, spatial reconstructions of the craniofacial area of the examined patients were 

performed. 

The implementation of the research program was preceded by individual calibration of the 

devices, which resulted from previous measurement experiences [12]. To ensure the correct 

metrological evaluation of imaging systems, an uncertainty analysis was carried out in 

accordance with the guidelines of VDI/VDE 2630 and related standards ASTM E1441-19 and 

ISO 10360, which characterize parameters in four groups related to: length measurement error, 

scanning error, dimensional shape dependencies and resolution. The tests were carried out using 

a standard zirconium ball with a diameter of 1/2” and class 0. The ball was stabilized on a 

special base in the central area of the patient's head. The precision of the mapping was evaluated 

by comparing the reconstructed models, based on 20 measurements in each imaging technique: 

pantomography, lateral cephalometry, and CBCT tomography, with the geometric parameters 

included in the ball certificate. The comparison was carried out using the best-fit method using 

the 3D Reshaper program. The standard uncertainty determined by Method A was 0.40 mm for 

pantomography, 0.32 mm for lateral cephalometry and 0.10 mm for CBCT. 

Geometric comparison of representations in pantomography, lateral cephalometry and 

CBCT was carried out using classification points according to skeletal classes (Table 1). The 

points taken into account were those determined in the panoramic radiograph and the lateral 
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cephalogram (characteristic of these projections) and the points determined in the spatial 

reconstruction on the basis of CBCT that were characterized by a geometric representation of 

anatomical location. 

To compare these three imaging techniques, a midsagittal plane was introduced. The 

characteristic distance of points for pantomography and CBCT was evaluated in relation to this 

plane. The location of characteristic points and linear dimensions between the points in 

cephalometry and in CBCT was also controlled in relation to this plane. Additionally, the spatial 

location of the selected even points in the orthogonal system was analyzed on the basis of 

CBCT. Cross-sections were also performed in the midsagittal plane and in selected sagittal 

planes crossing the anthropometric points that were analyzed in pantomographic and 

cephalometric examinations. 

Table 1. Description of points used in measurements of the stomatognathic system, the basis for Steiner 

classification [9]. 

Points Definitions 

Sella (S)  

/odd/ 
The midpoint of the sella turcica; it is located in the midsagittal plane 

Nasion (N)  

/odd/ 
The most anterior point on the frontonasal suture 

Porion (Po)  

/even/ 
The upper- and outer-most point on the external auditory meatus 

Orbitale (Or)  

/even/ 

The most interior and anterior point on the orbital margin at the intersection 

of the pupil line (a vertical line crossing the middle of the pupil) when looking 

straight ahead with the lower edge of the orbit 

Articulare (Ar)  

/even/ 

The point of the intersection of the posterior margin of the ascending 

mandibular ramus and the outer margin of the posterior cranial base 

Gnathion (Gn)  

/odd/ 
The most anterior and interior point on the bony chin 

Menton (Me)  

/odd/ 
The most inferior point of the mandibular symphis in the midline 

Pogonion (Pog)  

/odd/ 
The most anterior point on the bony chin 

Gonion (Go)  

/even/ 

The point of the intersection of the mandibular line with the line adjacent to 

the mandible ramus; the mandibular line crosses Gn and the inferior mandibular 

angle bulge; the line adjacent to the mandibular ramus crosses Ar and the 

posterior mandibular angle bulge. 

Point A (Subspinale)  

/odd/ 

The deepest point on the curved profile of the maxilla between the anterior 

nasal spine and the alveolar crest 

Point B (Supramentale)  

/odd/ 

The deepest point of the curved profile of the mandible between the chin 

and the alveolar crest 

Anterior nasal spine (ANS)  

/odd/ 
The tip of the bony anterior nasal spine in the midline 

Posterior nasal spine (PNS)  

/odd/ 

The point of intersection of the posterior contour of the maxilla body 

(anterior limitation of the pterygopalatine) with the contour of the hard or soft 

palate (may be covered by erupting molars) 

Incisor superius (Is)  

/odd/ 
The tip of the crown of the most anterior maxillary central incisor 

Upper incisor apex (UIA)  

/even/ 
The root apex of the most anterior maxillary central incisor 

Incisor inferius (Ii)  

/odd/ 
The tip of the crown of the most anterior mandibular central incisor 

Lower incisor apex (LIA)  

/even/ 
The root apex of the most anterior mandibular central incisor 
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Molar superioris (Ms)  

/even/ 
The mesial cusp tip of the maxillary first molar 

Molar inferioris (Mi)  

/even/ 
The mesial cusp tip of the mandibular first molar 

Condylion (Cd) 

/even/ 
The most lateral point on the surface of the head of the mandible 

3. Test results and their analysis 

The edge of the midsagittal plane, together with some odd points belonging to it (Fig. 1), 

was determined on pantomographic examinations. Not all the characteristic points of this plane 

could be marked on a panoramic radiograph. On the basis of CBCT, in the midsagittal cross-

section it was also possible to indicate the remaining characteristic points that were 

overshadowed in the panoramic radiograph (Fig. 1 and 4). The way of positioning the patient 

and the necessity to select automatic projections, image enlargement, and deformation of 

anatomical structures make it impossible to perform objective measurements on the basis of a 

panoramic radiograph. 

 

Fig. 1. A panoramic radiograph with the defined edge of the midsagittal plane and characteristic points: Me, Gn, 

Ii, and Is. 

The points identified in the cephalometric analysis were the odd points: Me, Gn, Ii, and Is, 

which define the midsagittal plane, and the even points: LIA, UIA, Mi, MS, Go, Cd, and Po, 

which lie outside this plane and could be identified (Fig. 2). 
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Fig. 2 Cephalogram with location of the reference points in Steiner analysis. 

Spatial reconstructions were prepared on the basis of CBCT results using Xelis Dental 

software. Anthropometric points were determined on 3D reconstructions of craniofacial bone 

structures. Their location was a consequence of their objective shape and they were defined in 

Steiner classification as reference points (Table 1, Figs. 3 and 4). Based on these points in the 

midsagittal plane, 8 measurement sections were identified: Nasion-Sella (NS), Distance 

between points A and Gn (A-Gn), Palatal length (ANS-PMS), Lower face height (ANS-Me), 

Distance between points N and Me (N-Me), Facial plane (N-Pog), Distance between points A 

and Pog (A-Pog), Distance between points N and B (N-B) (Fig. 5). Section linear measurements 

were made using digital methods i.e., Photoshop CS2 for lateral cephalometry, Adobe and Xelis 

Dental for CBCT. The appropriate sections measured in the research group of patients with 

both imaging techniques applied were characterized by an approx. 20% dispersion of the 

results. Such dispersion originates from differences in the anatomical structure of patients in 

the evaluated group. 

 

Fig. 3. Craniofacial bones reconstructed on the basis of CBCT with marked reference points. 
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Fig. 4. A cross-section in the midsagittal plane on the basis of CBCT with the following odd points marked: N, 

S, PNS, ANS, A, Ii, Is, Pog, Gn and Me, B. 

 

Fig. 5. Distances between selected odd points in cephalometry and CBCT. 

Calculations were performed using the Statistica 13.1 package. The distances between the 

anthropometric odd points lying in the midsagittal plane were characterized by the parameters 

of descriptive statistics: the mean value, the standard deviation, and the dispersion of the test 

results (Fig. 5). In the second stage, normality tests were performed for each group of distances 

with the Shapiro-Wilk test. Not all results groups had a normal distribution (Shapiro-Wilk test 

p>0.05). In the next stage of statistical analyzes, the U-Man Whitney test was performed which 

showed no significant statistical differences between the lengths tested in all imaging 

techniques. Statistical values were tested at the significance level of p<0.05. 

For comparison, based on imaging and reconstruction with CBCT, the location of even 

anthropometric points in sagittal planes crossing the following points was presented: the root 

apex of the most anterior mandibular central incisor LIA (Fig. 6a), the root apex of the most 
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anterior maxillary central incisor UIA (Fig. 6b), the mesial cusp tip of the mandibular first molar 

- Mi (Fig. 7a) and the point of the intersection of the mandibular line with the line adjacent to 

the mandible ramus - Go (Fig.7b). 

 

Fig. 6. Sagittal cross-sections based on CBCT crossing the following even points: a) the root apex of the most 

anterior mandibular central incisor LIA, b) the root apex of the most anterior mandibular central incisor UIA. 

 

Fig. 7. Sagittal cross-sections on the basis of CBCT on the right crossing the following even points: a) the mesial 

cusp tip of the mandibular first molar - Mi, b) the point which determines the mandibular angle - Go. 

To further illustrate the method on the basis of the CBCT results obtained, an analysis of the 

spatial locations of anthropometric even points Mi, MiR on the right, and MiL on the left, was 

carried out. For a group of 20 patients examined, it was found that in the frontal plane 

projection, there is an asymmetry in the position of the points in relation to the midsagittal plane 

(Tab. 2). This information led the authors to perform a deeper analysis which consisted of 

identifying the location of the Mi points for a randomly selected patient. For 3D reconstruction 

with CBCT, an orthogonal coordinate system xyz was introduced (Fig. 8). This system specifies 

the coordinates of the MiR and MiL points. The repeatability of CBCT diagnostics was 

evaluated by determining the standard deviation of the measurements determined by the 

coordinates of the selected even point on the basis of a series of 20 measurements. The analysis 

of the spatial location of even points Mi on the right and left indicates that they have different 

locations, both in the horizontal and frontal planes. This confirms the asymmetry of the right 

side in relation to the left side. Due to this asymmetry of the location of MiR and MiL, the 

distance between them was determined in a three-dimensional space – d(MiR, MiL) (1). 



Metrol. Meas. Syst., Vol. 29 (2022), No. 3 

DOI: 10.24425/mms.2022.142274 

 

    (1) 

The calculated mean distance between the even anthropometric points Mi on the right side 

MiR and the left side MiL is 54.69 mm, and the measurement uncertainty determined by the A 

method is 0.11 mm [13]. Statistical analysis revealed the normal distribution of test results. 

 

Fig. 8. Determination, based on CBCT, of the location of points at the tips of the mesial cusp of the mandibular 

first molars, MiR on the right and MiL on the left. 

In order to determine the asymmetry in the craniofacial structures, in the group of 20 patients, 

the even bone and dental points were located: LIA, UIA, Mi, Ms, Or, Go, Cd. The 

measurements were performed taking into consideration the position of these points on the right 

and on the left sides, in relation to the midsagittal plane, in frontal plane projection. The mean 

values of the distance and standard deviations in the analysed points were determined in relation 

to the plane (Tab. 2). The results of the research indicate differences between the positions of 

the points on the right and left sides in relation to the midsagittal plane, which indicates 

asymmetry in the anatomical structure of the craniofacial area. 

For the group of men studied, there are differences in the mean values of the distances of the 

points from the plane, ranging from 0.19 mm to 1.79 mm. The percentage asymmetry 

determined for individual points in the test group was in the range of 0.48% to 10.63%. Note 

that the greatest asymmetry occurs at the LIA and UIA points. The literature emphasizes that 

the identification of the position of the upper and lower incisors is particularly problematic. 

Finding their vertices precisely is often impossible [11]. 

  

( ) ( ) ( ) ( )222
, MiLMiRMiLMiRMiLMiR zzyyxxMiLMiRd −+−+−=



W. Ryniewicz et al.: EVALUATION OF GEOMETRIC PARAMETERS OF THE STOMATOGNATHIC SYSTEM … 

 

Table 2. Distances determined in the group of 20 patients, based on CBCT, between the even points and the 

midsagittal plane, in the frontal plane projection 

Even anthropometric 

points 

Distance to the midsagittal plane [mm] Asymmetry in the 

position of the points, % Mean values Standard deviation 

LIA R 2,91 1,93 6,99 

L 2,53 1,91 

UIA R 3,74 1,07 10,63 

L 4,63 0,23 

Mi R 26,88 4,04 1,63 

L 26,02 4,42 

Ms R 28,46 3,94 3,05 

L 30,25 4,71 

Or R 32,60 2,98 3,54 

L 34,99 4,31 

Go R 50,90 6,26 0,48 

L 51,39 8,08 

Cd R 63,16 6,87 0,81 

L 64,19 7,43 

4.  Discussion 

In pantomography and lateral cephalometry, the mapping is two-dimensional. This 

representation is a projection of the evaluated structures upon planes: respectively in the 

pantomography - on the frontal plane and in the lateral cephalometry - on the sagittal plane. 

Not all structures are visible because there is back projection and overshadowing caused by the 

different abilities of the tissues in the image to absorb radiation. To use information from a two-

dimensional imaging and make a diagnostic decision, a clinician must have knowledge of the 

anatomy of the SS and preferably perform CBCT imaging and 3D reconstruction. 

Pantomography is only a review image, and lack of shape-dimensional mapping and image 

summation may be misleading in the SS evaluation. 

The back projection of anatomical structures and a nonparallel beam in lateral cephalometric 

make it impossible to determine spatial coordinates of the dental and bone even points and 

perform a reliable measurement of the distance between them (Fig. 2). In cephalometric 

diagnostics, the angles defined in orthodontics for the population with normal craniofacial bone 

development and the population with irregularities are projections in the image plane. A 

diagnostic inconvenience and perhaps the need for additional imaging is the summation of 

structures in the midsagittal plane, which causes obscuring and difficulties in locating bone and 

dental points. Furthermore, in this type of imaging, it is impossible to evaluate craniofacial 

asymmetry. It would be possible to perform cephalometric imaging from the other direction, 

but the error in locating anthropometric points would be much greater than in the case of CBCT 

and its processing would require a specialized program according to the proposed method. 

Often, also during orthodontic treatment, it is necessary to locate and clinically shift dental 

structures using biomechanical excitations caused by appropriate appliances. In such situations, 

it is better to use CBCT diagnostics. 

The use of CBCT in the evaluation of diagnostic parameters of the stomatognathic system 

is a result of the progress and rapid development of digital technologies in radiology. In this 

examination, multiplane images can be obtained using a cone-shaped beam. It is possible to 

define any cross-sectional plane and spatial reconstruction while voxels are isotropic [14]. 3D 

reconstruction can be freely rotated and cut with frontal, horizontal, and sagittal planes as well 

as any other planes. The vertical position of the head during imaging allows one to scan the 

natural shape of the soft tissues and eliminates the risk of mandibular retraction. 



Metrol. Meas. Syst., Vol. 29 (2022), No. 3 

DOI: 10.24425/mms.2022.142274 

 

Efforts are being made to assess whether the cephalogram obtained using the traditional 

method may be replaced by a cephalogram synthesized from volumetric imaging [15-17]. The 

latter has many more metrological advantages. Depending on the direction of its preparation 

compared to the midsagittal plane, the symmetry of the location of characteristic points may be 

evaluated.  

Based on CBCT diagnostics, the determination of the midsagittal platform is reliable due to 

the ability to identify a number of points (N, S, PNS, ANS, A, Ii, Is, Pog, Gn and Me) that 

belong to it (Figs. 2 and 4). Moreover, in this plane, it is possible to determine the linear 

dimensions between odd points. The results of the examinations carried out demonstrated that 

linear measurements between odd points in the midsagittal plane are not statistically different 

between the imaging techniques in cephalometry and CBCT (Fig. 5). Similar conclusions have 

been presented in the reference literature [16, 18-21]. In this case, cephalometric standards can 

be used to evaluate CBCT in 3D. Until now, the basis for diagnosis and treatment consisted of 

general orthodontic standards developed by Broadbent in 1931, based on 2D imaging [9]. 

Various centers have analyzed the determination of the geometric parameters of the 

stomatognathic system using a variety of imaging techniques [21-25]. CBCT is an especially 

popular technique as it allows spatial reconstructions and virtual measurements with the 

smallest margin of error with respect to shape representation [15, 21, 26-28]. The study has 

shown that in the diagnostic assessment of SS, based on pantomography and cephalometry, 

there is obscuration of the structure and shape-dimensional deformation. 

The presented material uses an original method, based on CBCT imaging, of introducing an 

orthogonal coordinate system into spatially reconstructed (1:1 scale) research objects and 

analyzing the location of characteristic points. This method makes it possible to determine their 

location in the stomatognathic system with an uncertainty of 0.11 mm and perform virtual 

measurements. The determined values of the distance in the group of 20 examined men allowed 

to indicate the asymmetry in the location of the even points in relation to the midsagittal plane, 

in the projection on the frontal plane (Tab. 2).  

 Direct measurements on 3D reconstructions on the basis of CBCT give a better 

differentiation of anatomical structures, and have an advantage over 2D images obtained in 

traditional cephalometry in which there is summation of the image on the plane and obscuration 

of structures. A barrier to broad implementation of this diagnostic tool is the fact that the 

interpretation and geometric criteria, such as angles, lines, and planes defined in cephalometry, 

have not been defined for spatial structures yet. To be able to compare measurements of three-

dimensional objects with those of two-dimensional objects, which are currently applied in 

clinical practice, it is necessary to create a new set of standards in a 3D system referring to 

various classes of craniofacial bones in the population. A geometric analysis enables evaluation 

of the SS at the stage of treatment planning, visualization of treatment results, and their 

documentation. A digital recording of the reconstruction on the basis of CBCT enables FEM 

(finite element method) strength analysis and the printout of objects before implantoprosthetic 

and prosthetic surgeries [7]. The significance of spatial mapping of the craniofacial structures 

and its biometrology are evidenced by numerous works and reports related to this problem [1, 

15-17, 19, 20, 24, 27]. 

Objective 3D mapping, which can be obtained based on CBCT, is the basis for preoperative 

virtual planning of craniofacial reconstructive surgery [29-32]. Assessment of the geometric 

parameters of the SS is the basis for implantological reconstruction based on a three-

dimensional assessment of the shape and quality of the jaw and mandible bones. It allows 

optimal presurgical positioning of implants in the alveolar bone and the alveolar part of the 

mandible, as well as correct design of the implantoprosthetic structure [26, 33]. In our research, 

an analysis of the location of intraosseous implants in the mandible modeled on the basis of 

CBCT was carried out (Fig. 9). Based on the shades of gray, the density distribution of the 
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mandibular bone was evaluated in the area of implant application, ranging from 2176 HU to -

1024 HU (Fig. 9a). The height of the mandible was determined from 26 mm to 31 mm ± 0.5 

mm and the width of the mandible from 8 mm to 14.5 mm ± 0.5 mm in the area of the planned 

reconstruction. Three implants with a diameter of 3.5 mm and a length of 12 mm were selected. 

The direction of insertion and positioning of the implants were determined.  

Occlusal analysis and numerical simulation of load distribution can also be performed, which 

is a challenge for modern clinical procedures [34]. An even greater challenge is the indication, 

using FEM, of functional disorders of the SS, especially in the temporomandibular joints [35].  

More and more reports in the orthodontic area are aimed at evaluating the morphological 

status of the jaw and mandible in terms of malocclusion [36, 37]. Spatial mapping of the jaw 

and mandible structures and shapes of the patient is a very valuable scientific and clinical 

indication in the planning and solution of a prosthetic structure in terms of its location and 

range, the selection of biomaterials and manufacturing technologies in dental prosthetics [38, 

39]. It also allows, with the use of FEM, the construction of the strength to be considered under 

personalized conditions, taking into account the physiological capacity of the tissues under 

load. The spatial objective dimensions of the masticatory organ form the basis for the 

correlation of shape with the possibilities of generating forces that may occur in occlusion [40-

42]. 

 

Fig. 9. Planning an implantoprosthetic procedure based on CBCT with the use of FEM: a) distribution of bone 

density in the area of implant application along the indicated line, b) virtual implant, c) model of the mandible 

with the arrangement of implants. 

Numerical simulations applying FEM used in orthodontics allow for determining 

biomechanical indications and prediction of the effects of therapy [43]. Using the CBCT, we 

performed a numerical simulation of the transfer of intrusive loads from the orthodontic arch 

through the bracket to the alveolar process. The study was carried out using a Kodak K9000 

camera with high resolution (voxel with a size of 0.076 mm) in the dicom standard. The reduced 

stresses and the resultant displacements were analyzed in the structure of the bracket, the 

connection of the bracket and the maxillary incisal tooth, the tissues of the tooth, the suspension 

apparatus, and the area of the alveolus. Diagnostic imaging of the stomatognathic system 

performed using the CBCT cone beam tomography method, in addition to the evaluation of 

anatomical structures, was used for preoperative treatment planning, including biomechanical 

analysis of the tissues of the masticatory organs (Fig. 10.) [43]. 
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Fig. 10. Map of the displacement and deformation distribution in the area of incisor intrusion [43]. 

5. Conclusions 

1. A comparison of pantomography and CBCT demonstrates that it is possible to determine 

the edge of the midsagittal plane in a pantomogram, but linear distances of even points 

and angle values deviate from reality due to the magnification and summation of the 

image and its flattening. 

2. A comparison of lateral cephalometry and CBCT demonstrates that in cephalometry, 

linear measurements between odd points located in the midsagittal plane are reliable only 

if the natural scale in the plane is maintained. Other linear and angular dimensions are 

subject to error because of projecting distances and angles in one image plane, back 

projection, and image enlargement.  

3. The metrological evaluation of the location of even points made on the basis of CBCT 

indicates asymmetry in the structures of the stomatognathic system.  

4. CBCT has been shown to constitute an optimal basis for the geometric analysis of 

craniofacial bones. It makes it possible to determine multiplanar images, perform spatial 

reconstruction of an object, draw any cross-sectional plane, and perform a reliable 

biometric analysis. The main barrier to its application is the absence of criteria for 

diagnostic interpretation of the stomatognathic system developed for the population. 
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