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Abstract. Cephalometry is a measurement of the head by imaging, also taking into account the layer which consists of all 

the soft tissues of the head. Following the introduction of computed tomography (CT), 3D reconstruction of the head and 

neck structures and 3D analysis of angular and linear cephalometric parameters was enabled. This study aimed to deter-

mine the characteristic cephalometric parameters, using the 2D reconstruction of the multi-slice CT (MSCT) images, which 

are essential for computer designing of the parametric-geometric-mathematical model (PGMM) of the human skull. We 

conducted the study on 20 CT scans of adult patients (12 males and 8 females), taken from the radiology archive of the Clin-

ical Center in Niš. Measurements were done on 2D reconstruction images of preselected 3D images of the human head cre-

ated using MSCT. The values of 29 linear cephalometric parameters (LCP) and 20 angular cephalometric parameters 

(ACP) were determined. Statistically significant differences between males and females were noted for the distance between 

the points Sella and Supraorbitale and for the distance between the points Subspinale and Labium superius. Mean values of 

cephalometric parameters obtained by measurements on 2D CT images can be used to generate normative parameters 

which represent values used to generate 3D PGMM of the human skull. This PGMM of the skull may allow a more accurate 

diagnosis, better selection of treatment methods and more accurate prognosis for healing in orthodontics, implantology, 

oral and maxillofacial surgery. 
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Introduction

 

Cephalometry means measurements on the head, taking 
into account the cover that builds all the soft tissue of the 
head, regardless of whether these measurements are per-
formed on a live patient or a cadaveric material. The 
basic principles for obtaining a valid profile radiographic 
image were made by Pacinni in 1922 as cited by Broad-
bent [1]. The beginning of the application of this method 
is related to 1931 when Broadbent [1] introduced a 
cephalostat in the technique for recording the head pro-
file, a device by which the recording can be done from 
the same projection with greater certainty, because the 
head could always be placed almost in the same position 
relative to anode and film. 

Radiography made by the help of digital X-ray ma-
chines dramatically facilitated the clinical approach to 
the cephalometric analysis. The advantages of this 
method are reflected in the storage, transmission, im-
provement of image quality, reduced patient radiation, 
and the ability to analyze cephalometric parameters us-
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ing a computer [2]. Digital radiography also provides 
better visualization of the soft tissue structures. Howev-
er, the disadvantages of these methods, classical and digi-
tal 2D radiography, may also be the inability to identify 
cephalometric points due to the superposition of the bone 
structures as well as reporting radiographic magnification 
and rotation of the head in the cephalostat [3].  

After the introduction of 3D reconstruction of the 
head and neck with the help of computerized tomogra-
phy (CT), 3D analysis enabled more precise diagnostics 
in the field of maxillofacial surgery, orthodontics and 
implantology. On the same CT image, 2D reconstruc-
tion can be made at any level, and the researcher can 
choose which plane he will use as a plane of the cross-
section and in this way simulate the profile cephalo-
metric image (virtual cephalogram) without re-radiating 
the patient. Also, the position of the patient's head 
doesn’t need to be strictly defined (eliminates the use of 
cephalostat) during radiography because there is the 
possibility of rotating a 3D image on a computer [4]. 

The study aimed to determine the characteristic 
cephalometric parameters using the 2D reconstruction 
of multi-slice computed tomography (MSCT) record-
ings that are significant for the computer construction of 
the parametric-geometric-mathematical model (PGMM) 
of the human skull.  
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Material and Methods 

We performed morphometry on 20 CT images of adult 

patients (12 male and 8 female) of the average age of 61 ± 

12.76 years, obtained from the archives of the Radiology 

Center, Clinical Center Niš. The Institutional Review 

Boards at Clinical Center Niš approved all procedures ac-

cording to the Declaration of Helsinki. We selected the 

subjects by a random method and the only criterion for 

selection was the absence of defects, fractures, and patho-

logical processes on the bones of neurocranium and viscer-

ocranium and on the surrounding soft tissues. 

Measurements were performed on 2D reconstructions 

previously selected 3D images of the human heads per-

formed on the 64-slice CT or MSCT (Aquillion 64, Toshi-

ba, Japan) according to a standard recording protocol: 

120 kVp, 150 mA, rotational time 0.5 s, cross-section 

thickness 0.5 mm. As a plane of cross sections for 2D re-

constructions, a mediosagittal plane that passed through the 

middle of the mandibular symphysis and which is at right 

angles crossed the coronal plane that passed through the 

points of the mandibular angles was taken. 

The values of 29 linear cephalometric parameters 

(LCP) and 20 angular cephalometric parameters (ACP) 

were determined by using the previously defined cepha-

lometric points (Table 1; Figure 1). The values of these 

49 parameters were used to evaluate the shape, size, and 

position of the three craniofacial complexes: (1) the 

cranial base, (2) the middle of the face, (3) the mandible 

(Tables 2 and 3; Figures 2 and 3). For further analysis, 

the values of 7 parameters were added as the cephalo-

metric points on the soft tissues. 

 
Fig. 1 Schematic representation of the topographic 

cephalometric points from Table 1 on the human 

profile image – A, Ar, B, Ba, Cd, Go, Gn, IOrb, 

Li, Ls, Me, N, Pg, Prn, Pr, S, Sna, Snp, Sorb.  

Table 1 Topographic cephalometric points characteristic 

for the profile image of the human head 
 

Cephalometric 

point 

Definition 

Articulare (Ar)  The section of the mandibular head with 

the shadow of the external, exocranial 

surface of the basilar part of the occipital 

bone 

Basion (Ba) The lowest point of the basilar part of the 

occipital bone located on the anterior mar-

gin of the foramen magnum, at the medial 

plane; on the profile image, it is seen as the 

lowest point on the profile shadow of the 

occipital bone  

Condylion (Cd) The highest point of the mandibular head 

on the condylar process  

Gonion (Go) The point where the symmetry of the angle 

between the tangents of the inferior margin 

of the mandibular body and the posterior 

margin of the mandibular ramus cut man-

dibular contour at the level of the mandibu-

lar angle   

Gnathion (Gn) The point at which the symmetric line of 

the angle that build the tangents at the low-

er edge of the mandible and the extended 

plane Nasion-Pogonion, cut the outer edge 

of the shadow of the beard; it is located 

between the points Pogonion and Menton  

Infraorbitale 

(IOrb) 

The most inferior point on the inferior 

margin of the aditus orbitae 

Labrale inferius 

(Li) 

The most prominent point of the inferior 

lip 

Labrale  

superius (Ls) 

The most prominent point of the superior 

lip 

Menton (Me) The lowest point of the shadow of the 

beard, in which the shadow of the beard 

and the shadow of the inferior margin of 

the mandible are joined 

Nasion (N) The connection between the internasal and 

nasofrontal suture; on the profile image, it 

is the most anterior point of the nasofrontal 

suture 

Pogonion (Pg) The most prominent point of the beard 

profile 

Pronasale (Prn) The most prominent point of the nose 

Prosthion (Pr) The lowest point on the profile of the max-

illary alveolar process at the level of the 

incisors 

Sella (S) The middle of the contour of the sella  

turcica on the profile image of the head 

Spina nasalis 

anterior (Sna) 

The apex of the anterior nasal spine 

Spina nasalis 

posterior (Snp) 

The apex of the posterior nasal spine 

Subspinale (A) The point on the deepest part on the  

concave profile of the alveolar process of 

the mandible  

Supramentale 

(B) 

The deepest point of the concave profile of 

the chin 

Supraorbitale 

(SOrb) 

The highest point on the superior margin 

of the aditus orbitae 
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Table 2 The names and definitions of the linear cephalometric parameters 
 

No  Name Definition 
  Cranial measurements  

1 S-N The distance between Sella and Nasion points; a cranial base in a mediosagittal plane 
2 S-Ar The distance between the points Sella and Articulare 
3 N-Ba The distance between the points Nasion and Basion represents a cranial base in a mediosagittal plane 

(Ricketts analysis)  
4 S-Ba The distance between the points Sella and Basion 
5 S-SOrb The distance between the points Sella and Supraorbitale 

  The middle of the face 

6 S-Go The distance between the points Sella and Gonion 
7 N-A The distance between the points Sella and Subspinale; sagittal referent plane anterior-posterior position of 

the maxilla in the Steiner plane  
8 S-Gn The distance between the points Sella and Gnathion 
9 N-Pg The distance between the points Nasion and Pogonion 
10 N-Sna The distance between the points Nasion and Spina nasalis anterior 
11 N-Pr The distance between the points Nasion and Prosthion 
12 S-Snp The distance between the points Sella and Spina nasalis posterior 
13 S-Pr The distance between the points Sella and Prosthion 
14 Snp-Pr The distance between the points Spina nasalis posterior and Prosthion 
15 S-IOrb The distance between the points Sella and the most inferior point on the inferior margin of the aditus orbitae 

  The mandible 

16 Ar-Go The distance between the points Articulare and Gonion 
17 Go-Gn The distance between the points Gonion and Gnathion; the mandibular plane in the Steiner analysis 
18 Go-Me The distance between the points Gonion and Menton; the mandibular plane  
19 N-Me The distance between the points Nasion and Menton; total face height 
20 N-B The distance between the points Nasion and Supramentale; an anterior-posterior position of the mandible in 

the Steiner analysis 
21 Me-Sna The distance between the points Menton and Spina nasalis posterior 
22 Co-Gn The distance between the points Condylion and Gnathion 
23 Co-Go The distance between the points Condylion and Gonion; posterior or facial height  
24 Go-Pg The distance between the points Gonion and Pogonion; the length of the mandibular body  

  Soft-tissue measurements 

25 Prn-(N-Pg) The distance between the points Pronasale and line between the points Nasion and Pogonion 
26 A-Ls The distance between the points Subspinale and Labium superius 
27 Li-Pg The distance between the points Labium inferius and Pogonion 
28 Ls-(N-Pg) The distance between the points Labium superius and line between the points Nasion and Pogonion 
29 Li-(N-Pg) The distance between the points Labium inferius and the line between the points Nasion and Pogonion 

Table 3 Names and definitions of angular cephalometric parameters  

No  Name Definition 

  Cranial measurements 
1 N-S-Ar The angle between the points Nasion-Sella-Articulare 
2 Ba-S-Or The angle between the points Basion-Sella-Orbitale 
3 Ba-S-N The angle between the points Basion-Sella-Nasion 

  The middle of the face 

4 S-N-A The angle between the points Sella-Nasion-Subspinale 
5 SOrb-Pr-Snp The angle between the points Supraorbitale-Prosthion-Spina nasalis posterior 
6 S-SOrb-Pr The angle between the points Sella-Supraorbitale-Prosthion 
7 A-N-B The angle between the points Subspinale-Nasion-Supramentale 

  Mandible 

8 S-N-B The angle between the points Sella-Nasion-Supramentale 
9 N-S-Gn The angle between the points Nasion-Sella-Gnathion 
10 SN<GoGn The angle between the line Sella-Nasion and Gonion-Gnathion 
11 S-Ar-Go The angle between the points Sella-Articulare-Gonion 
12 Ar-Go-Me The angle between the points Articulare-Gonion-Menton 
13 Ar-Go-N The angle between the points Articulare-Gonion-Nasion 
14 N-Go-Me The angle between the points Nasion-Gonion-Menton 
15 SN<GoM The angle between the line Sella-Nasion and Gonion-Menton  
16 S-N-Pg The angle between the points Sella-Nasion-Pogonion 
17 Co-Go-Me The angle between the points Condylion-Gonion-Menton 
18 N-A-Pg The angle between the points Nasion-Subspinale-Pogonion 

  Soft-tissue measurements 

19 Li-Go-Me The angle between the points Labium inferius-Gonion-Menton 
20 Prn-A-Ls The angle between the points Pronasale-Subspinale-Labium superius 

<, angle between two lines; -, angle between the points 
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Fig. 2 Schematic representation of linear cephalometric parameters from Table 2 on the human profile image – (A) LCP 

cranial measurements: S-N; S-Ar; N-Ba; S-Ba; S-SOrb; (B) LCP in the middle of the face: S-Go; N-A; S-Gn;  

N-Pg; N-Sna; N-Pr; S-Snp; S-Pr; Snp-Pr; S-IOrb (C) LCP of the mandible: Ar-Go; Go-Gn; Go-Me; N-Me; N-B; 

Me-Sna; Co-Gn; Co-Go; Go-Pg; (D) LCP of the soft tissue: Prn-(N-Pg); A-Ls; Li-Pg; Ls-(N-Pg); Li-(N-Pg). 

 
Fig. 3 Schematic representation of angular cephalometric parameters from Table 3 on a human profile image – (A) ACP 

cranial measurements: N-S-Ar; Ba-S-Or; Ba-S-N; (B) ACP in the middle of the face: S-N-A; SOrb-Pr-Snp;  

S-SOrb-Pr; A-N-B; (C) ACP of the mandible: S-N-B; N-S-Gn; SN<GoGn; S-Ar-Go; Ar-Go-Me; Ar-Go-N;  

N-Go-Me; SN<GoM; S-N-Pg; Co-Go-Me; N-A-Pg; (D) Soft-tissue measurements: Li-Go-Me; Prn-A-Ls. 
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The measurement of LCP and ACP was performed by 

manually drawing the measuring lines between previously 

defined and identified cephalometric points on 2D recon-

structions by three researchers, three times for each of the 

cephalometric parameters, at a time interval of 24 hours, by 

the Centricity DICOM Viewer program, version 3.12. 

(Figure 4).  

The LCP values are in millimeters (mm) and for ACP 

in degrees. Statistical significance between male and fe-

male groups was defined as a two-sided p value of 0.05 for 

all analyses, which were carried out using the STATA 

software package v15.1 (Stata Corporation, College 162 

Station, Texas). 

Results 

We included 20 subjects (12 male and 8 female) with a 

mean age of 61±12.76 years in this study. The sample was 

100% Caucasian. There were no significant differences 

between males and females regarding age. The mean val-

ues and standard deviations M(SD) of the LCP and ACP 

are shown in Tables 4 and 5, respectively. An independent-

samples t-test reported significant differences between 

males and females for the distance between the points Sella 

and Supraorbitale and for the distance between the points 

Subspinale and Labrale superius. 

Table 4 The linear cephalometric parameters in males 

and females 

No Abbrevia-

tion 

Male N=12 

M(SD) 

Female N=8 

M(SD) 

 

t p 

1 S-N 65.94  (8.81) 64.65  (2.37) 0.09 .929 

2 S-Ar 44.94(10.45) 47.93  (9.07) 0.66 .518 

3 N-Ba 101.09(13.69) 99.94  (6.53) 0.22 .828 

4 S-Ba 58.81(21.62) 52.66  (9.05) 0.76 .459 

5 S-SOrb 47.57  (7.17) 37.19(13.58) 2.24 .038 

6 S-Go 79.19(16.31) 78.45  (6.30) 0.12 .905 

7 N-A 54.92(10.46) 56.28  (6.31) 0.33 .746 

8 S-Gn 118.75(23.17) 117.63  (4.49) 0.13 .895 

9 N-Pg 111.15(19.23) 107.47(10.56) 0.49 .629 

10 N-Sna 51.77(10.91) 48.98  (4.55) 0.68 .505 

11 N-Pr 62.39(13.72) 66.10  (9.02) 0.67 .511 

12 S-Snp 43.65  (9.53) 46.00  (3.01) 0.67 .511 

13 S-Pr 83.92(16.46) 84.64  (7.34) 0.12 .909 

14 Snp-Pr 50.28  (9.48) 47.76  (5.90) 0.68 .502 

15 S-IOrb 50.35  (9.99) 44.52  (4.71) 1.53 .143 

16 Ar-Go 37.00  (8.54) 32.51  (8.59) 1.15 .265 

17 Go-Gn 71.58(16.07) 72.04  (5.34) 0.08 .939 

18 Go-Me 68.53(15.54) 67.77  (4.62) 0.13 .895 

19 N-Me 115.91(19.45) 111.78  (9.02) 0.56 .583 

20 N-B 95.50(15.76) 91.86  (7.97) 0.60 .556 

21 Me-Sna 67.60(10.21) 64.84  (6.07) 0.68 .502 

22 Co-Gn 107.34(20.42) 103.57 (11.88) 0.47 .644 

23 Co-Go 56.77(10.23) 56.89  (5.02) 0.03 .976 

24 Go-Pg 72.21(15.53) 71.85  (4.84) 0.06 .950 

25 Prn-(N-Pg) 36.24  (6.34) 31.72  (3.98) 1.79 .090 

26 A-Ls 22.50  (4.94) 17.90  (4.05) 2.18 .042 

27 Li-Pg 34.58(12.77) 30.08  (3.18) 0.97 .345 

28 Ls-(N-Pg) 15.91  (4.59) 11.14  (6.73) 1.89 .075 

29 Li-(N-Pg) 14.97  (5.63) 11.48  (5.53) 1.37 .188 

 

Fig. 4 Measurement of the linear and angular cephalometric parameters in Centricity DICOM viewer window 
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Table 5 Angular cephalometric parameters in males and 

females  

No Abbreviation Male  

N=12 

M(SD) 

Female 

N=8 

M(SD) 

t p 

Cranial measurements 

1 N-S-Ar 117.67  (17.01) 114.67(6.61) 0.47 .642 

2 Ba-S-Or  125.50  (13.66) 121.09(7.11) 0.84 .414 

3 Ba-S-N 120.15  (14.88) 116.74(5.91) 0.61 .548 

The middle of the face 

4 S-N-A 77.32  (9.98) 75.19(13.27) 0.41 .686 

5 Or-Pr-Snp 59.64  (3.64) 74.97(36.97) 1.45 .165 

6 S-Or-Pr 92.42  (6.87) 86.17(16.95) 1.15 .263 

7 A-N-B 6.27  (4.67) 4.39  (3.12) 0.99 .332 

Mandible 

8 S-N-B 77.56  (6.13) 77.69  (4.73) 0.051 .960 

9 N-S-Gn 74.21(15.91) 71.39  (8.25) 0.46 .652 

10 SN<GoGn 31.45(12.79) 29.11  (9.19) 0.44 .662 

11 S-Ar-Go 152.88(14.58) 155.01(11.37) 0.35 .732 

12 Ar-Go-Me 120.50(11.05) 120.46  (8.04) 0.01 .993 

13 Ar-Go-N 73.75(36.30) 56.11(23.04) 1.21 .240 

14 N-Go-Me 73.88  (6.57) 66.31(16.11) 1.47 .159 

15 SN<GoMe 33.55(12.73) 40.41(25.91) 0.79 .439 

16 S-N-Pg 77.55  (8.54) 79.91  (4.80) 0.70 .488 

17 Co-Go-Me 115.82  (8.38) 118.66  (9.83) 0.69 .497 

18 N-A-Pg 170.13  (6.54) 170.07  (6.97) 0.02 .987 

Soft-tissue measurements 

19. Li-Go-Me 27.31(3.94) 28.43(3.72) 0.64 .532 

20. Prn-A-Ls 70.74(11.66) 77.34(12.65) 1.20 .250 

Discussion 

Creating the 3D PGMM of the skull is a complex process 

that is used today in dentistry, primarily in the modern di-

agnostics and preoperative planning. For generating of 3D 

models of physical objects, different computer-aided de-

sign (CAD) techniques are used. In the field of reverse 

engineering, various techniques are applied to the scanned 

models that originate from a physical model (bones or 

skull in the whole), with the aim to create a satisfactory 

CAD model. The process of creating a CAD model can be 

a complicated or straight forward procedure, which de-

pends on the complexity of the physical model. The final 

product of this process is a valid 3D PGMM [5].  

In our investigation, the cephalometric parameters that 

can be used for the creation of 3D PGMM of the skull 

were measured, and we propose a more comprehensive  

list of 49 cephalometric parameters. Such generated 

PGMM of the skull could have different applications  in 

medicine and technology. PGMM of the skull can be used 

for the creation of a real 3D bone model with the purpose 

of studying the effects of different loads  on the bone mod-

el of the skull. Also, the PGMM of the skull can also be 

used for the analysis of the different implants in oral and 

maxillofacial surgery. We point out that, this model can be 

used for personalized implant production using Additive 

Manufacturing. The measurement of the cephalometric 

parameters on the profile CT images provides new oppor-

tunities in the research and clinical work in dentistry.  

With the help of the study of the X-ray images series, 

many of the cephalometric characteristics of people in 

different parts of the world have been found, as well as 

the specificity of these parameters depending on the age 

and gender [6−8], so measuring the cephalometric pa-

rameters in our population is an essential morphometric 

procedure for determining the standard values of that 

population. 

This study measured characteristic cephalometric pa-

rameters using the 2D reconstruction of MSCT record-

ings that are significant for the CAD of the PGMM of the 

human skull. We report no significant differences be-

tween males and females for all LCP and APC except for 

the distance between the points Sella and Supraorbitale 

and for the distance between the points Subspinale and 

Labrale superius. The both LCP were larger in males. 

There is a few studies with cephalometric analysis be-

tween genders. Among Filipinos, the male group had a 

longer anterior cranial base, total facial height, longer 

lower anterior facial height, longer ramus height, longer 

lower posterior dentoalveolar height, and total mandibu-

lar length. Statistical significance for these differences 

was not noted only in the group defined by 9.5 years of 

age [7]. During cephalometric analysis of Slovenians in 

the period of the mixed dentition (6 to 14 years of age), 

significant differences between genders were found only 

for anterior and posterior face height, with boys showing 

larger values [8]. In these studies, the most LCP and ACP 

were defined as well as in our study.  

 Cephalometric parameters of the patient may also be 

compared with the established population norms to con-

firm the diagnosis of dentofacial malocclusion or deform-

ities [9]. A long-lasting untreated malocclusion, such as 

skeletal open-bite, deep-bite and unilateral open-bite, can 

lead to the symptoms and signs associated with the dys-

function of the temporomandibular joint [10]. Therapy of 

this condition involves the use of orthodontics that can 

lead to unwanted effects in the form of tooth and jaw 

movement, which is also referred to as an increase of S-

N-A angle. It shows the anteroposterior position of point 

A (Subspinale) to the base of the skull, as so as it speaks 

of the sagittal position of the viscerocranium to the neu-

rocranium [11]. Also, the analysis of the craniofacial pa-

rameters in patients with Marfan's or fetal alcohol syn-

drome is the most critical characteristic of these diseases 

[12−14]. Postoperatively, in the surgical treatment of 

craniomaxillofacial disorders, deformities, and facial 

asymmetries, it is essential to monitor the clinical condi-

tion, facial condition and conduct the cephalometric anal-

ysis [15−18].  

Many studies have focused on the reliability of digital 

methods so that the measurements obtained by these 

methods are compared with classical methods of meas-

urement [19−22]. Studies have shown that the values of 

digitally measured cephalometric parameters do not dif-

fer, or are more precise, from manually measured values 

[4]. Also, due to the higher speed of measurement, priori-

ty is given to the measurement on the digital imaging 

[2, 20, 21]. 
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Conclusion 

The mean values of the cephalometric parameters ob-

tained by measuring on 2D CT images can be used for 

obtaining the normative parameters which will be used  

as input set for the creation of a 3D PGMM of the human 

skull. PGMMs of the human skull generated in our study 

provide better conditions for a correct diagnostic, more 

valid choice of treatment and better prognosis of healing 

in orthodontics, implantology, oral and maxillofacial sur-

gery. 
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