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Abstract:  

Background: According to current American Association of Orthodontists guidelines, 

two-dimensional lateral and posteroanterior cephalometric radiographs are recognized as essential 

components of diagnostic imaging records in orthodontics. Cephalometry is defined as the disci-

pline that analyzes the craniofacial complex in a segmented way, to study the interrelationships 

between its structures and understand how the growth or alteration of one of these structures can 

compromise the whole. Through cephalometry, it is possible to indicate the clinical approach for 

patients, involving dental therapy with intraoral appliances and physical therapy with continuous 

positive pressure in the upper airway. Objectives: Investigate possible differences in cephalometric 

anatomical patterns between genders. Methods: This study protocol follows the STROBE - 

Strengthening the Reporting of Observational Studies in Epidemiology guidelines. A convenience 

sample will be used, consisting of teleradiography (cephalograms) of adult patients of both gen-

ders, carried out in a private Dental Clinic, located in the city of São José dos Campos (SP), Brazil, 

by the established inclusion and exclusion criteria. Six angular and nine linear measurements will 

be used in the analysis of cephalometric measures according to the study protocol. The exams will 

be distributed into three groups and paired according to the value of the angle formed between 

point A nasion and point B nasion (ANB). Groups will be formed by exams with class 1 skeletal 

relationship (0o < ANB angle ≤ 4º), group 2 with class 2 exams (ANB angle > 4°), and group 3 

formed by class 3 exams (ANB angle ≤ 0°). Considerations:  In some cases, craniofacial changes 

may predict the risk of sleep-disordered breathing, such as obstructive sleep apnea (OSA). In-

creased length and thickness of the soft palate and hyoid bone in the mandibular plane and ret-

rognathia are associated with the pathogenesis of OSA. Therefore, the etiology of sleep-disordered 

breathing may vary in patients according to gender, according to cephalometric analysis. 

Keywords: Cephalometry; obstructive sleep apnea; gender; sleep dentistry; physiotherapy in sleep 

disorders. 

 

BACKGROUND 

 According to the most recent practice guidelines from the American Association of 

Orthodontists, two-dimensional lateral and posteroanterior (PA) cephalometric radio-

graphs are recognized as essential components of diagnostic imaging records in ortho-

dontics(1). Cephalometry is defined as the discipline that analyzes the craniofacial com-

plex in a segmented manner, to study the interrelationships between its structures and 

understand how the growth or alteration of one of these structures can affect the whole(2). 

The concept of using angles and linear measurements to evaluate facial compositions 

dates back to the 15th century, when Leonardo da Vinci used these analyses to study facial 

shape. Da Vinci designed a line that ran along the suture from the frontal bone to the 
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nasal bones, continuing to the back of the sella turcica, similar to the S-N line widely used 

today (Figure 1)(3). 

 
Figure 1. Anatomical points of the skull proposed by Leonardo da Vinci. 

 However, it was only in the 16th century that Spigel made the first scientific record of 

cranial anatomical measurements, using the term “lineae cephalometricae”(4). From the 

16th century to the 20th century, several professionals in the field and scientific institutions 

developed techniques for craniofacial measurement, evaluating dental discrepancies 

through the analysis of the interrelationship of teeth in plaster models. 

 The Frankfurt plan (Pl FH) was initially proposed by Von Ihering in 1882. This plan 

considers that the description of the skull must be made based on the premise that the 

skull is positioned horizontally, parallel to the ground. The measurement is determined 

by an imaginary line that passes through the lowest point of the lower edge of the left 

orbit to the upper edge (highest point) of the left and right external auditory canal(3). 

 The Frankfurt plane, as shown in Figure 2, can be established both in the individu-

al's head and through a teleradiography, passing through the upper points of the right 

and left external auditory canals (Po - porion point), as well as through the lowest points 

in the margin of the left and right orbit (Or – orbital point). Despite being described and 

cited as a plan, that requires an image in three dimensions (3D), the Frankfurt Plan is a 

line drawn on teleradiography, producing an image in two dimensions (2D)(5, 6). 

 

 
Figure 2. The Frankfurt plane. 
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The discovery of X-rays by Roentgen in 1895 boosted the development of the ceph-

alogram by Hofrath in Dusseldorf and Broadbent in Cleveland in 1931. From that date 

on, professionals began to accurately use established cephalometric measurements to 

analyze skeletal structures and dental techniques, in addition to improving observations 

related to soft tissues and their relationship with the position of the jaws and dentition(1, 

7-10). 

 The introduction of anthropometric markings to orthodontists occurred at the be-

ginning of the 20th century, originating from the meeting of the 13th General Congress of 

the German Anthropological Society. This meeting resulted in the development of the 

current Frankfurt Horizontal Plan(7). Current cephalometric techniques have evolved 

with the contributions of several authors such as Steiner, Ricketts, McNamara, Wylie, and 

Interlandi, among others, each establishing their points, lines, and cephalometric planes. 

However, this variety of proposals results in a large number of measures, which makes it 

impossible to mention all of them(10). 

 Despite the introduction of numerous cephalometric analyses over the years, many 

of the most relevant anthropometric points used today were initially established in the 

first cephalometric workshop, held in 1957, at Western Reserve University in Cleveland, 

Ohio, USA(11). Radiographic cephalometric analysis is a tool that allows the visualization 

of two-dimensional structures of bone and soft tissues, providing information about the 

sizes and shapes of craniofacial components, as well as their location. This analysis is 

fundamental for orthodontic diagnosis and treatment planning, in addition to being es-

sential for examining changes related to therapeutic results. These analyses compare the 

skeletal, dental, and facial characteristics observed in each patient, using morphological, 

numerical, or normality standards(12). 

 In two-dimensional lateral cephalometric analysis, the general objectives include 

evaluating the relationship of the maxilla and mandible to the skull, the relationship of 

the dentition to the maxilla and mandible, the interrelationship of the maxillomandibular 

complex, as well as the relationship between the entire complex and the soft tissues that 

surround it. During this process, the points to be used are marked based on the x-ray. 

Subsequently, the lengths are measured and the associated angles are calculated. In most 

analyses, a combination of measurements from several protocols is used(13, 14). 

 In the PA dimension, two-dimensional cephalometry has some limitations, such as 

errors arising from magnification, overlapping structures, and patient positioning. 

However, it is useful for evaluating transverse discrepancies, facial asymmetries, the or-

bital area, the frontal sinuses, and the nasal cavity. This is done by demarcating cepha-

lometric points and drawing linear and angular orientation lines. Furthermore, it is a 

simple and economical method for measuring facial typology and anatomical structure 

related to the airway. Currently, the use of this imaging technique is becoming less fre-

quent with the advent of three-dimensional imaging, which provides diagnostic infor-

mation visualized with greater detail(1, 7, 12). 

 Cephalometry plays a fundamental role in quantifying craniofacial bone growth, 

allowing the identification of possible factors related to impaired respiratory patterns. 

This is crucial to understanding the emergence of numerous breathing disorders during 

wakefulness and/or sleep, such as sleep bruxism and/or obstructive sleep apnea (OSA). 

Cephalometry is a low-cost examination, with minimal radiation exposure and easy 

analysis. Through measurements obtained by cephalometry, it is possible to indicate the 

clinical approach for patients, which may involve dental therapy with intraoral appli-

ances and physical therapy with continuous positive airway pressure (CPAP). In this 

context, the objective of this research protocol is to investigate possible differences in 

cephalometric anatomical patterns between genders. 
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METHODS 

Study design 

 This is a study protocol that follows the guidelines of STROBE - Strengthening the 

Reporting of Observational Studies in Epidemiology(15), illustrated in Figure 3. The study 

was planned as observational, being of a retrospective cross-sectional type, consisting of 

the analysis of cephalometric exams. The objective is to compare the profile between 

males and females. 

         

Figure 3. Flowchart STROBE 

Ethical aspects 

 This research protocol received approval from the Ethics and Research Committee 

of the Universidade Estadual Júlio de Mesquita – UNESP, CAMPUS São José dos Cam-

pos, under number 25000.058696/2010-74. The results of this study will be disseminated 

through presentations at scientific events in the dental field, scientific reports and publi-

cation in specialized journals). 

Sample selection 

 For this study, a convenience sample will be used, consisting of teleradiography 

(cephalograms) of adult patients of both genders. These cephalograms were performed at 

the Dental Clinic specializing in Sleep Dentistry, located in the city of São José dos 

Campos (SP), in accordance with the established inclusion and exclusion criteria. 

The exams will be distributed into three groups and paired according to the value of the 

angle formed between plane point - A nasion and plane-B nasion (ANB): 

 

- Group 1: exams with Class 1 skeletal relationship (0o < ANB angle ≤ 4º). 

- Group 2: exams with Class 2 skeletal relationship (ANB angle > 4°). 

- Group 3: exams with Class 3 skeletal relationship (ANB angle ≤ 0°). 

 

 

Assessed for eligibility (n=) 

Excluded (n=)   

Did not meet the inclusion 

criteria 

Included in the study (n=) 

Male gender 

 (n=) 

Feminine gender 

(n=) 

Analyzed (n=) 

Identification 

Exclusion 

Inclusion 
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Cephalometric points 

 In this study, six angular measurements and nine linear measurements will be used 

to evaluate lateral cephalometric radiographs obtained under standardized conditions. 

The reference points, as well as the reference lines and measurements to be used, are 

shown in Figure 4. 

 
Figure 4 – Cephalometric landmarks, angles and reference planes. 

Note: N (Nasio), S (Sella), Po (Porion), Ar (Articular), Or (Orbital), ENA (Anterior nasal 

spine), ENP (Posterior nasal spine), A (A-point), B ( point-B), Me (Mental), Go (Gonion), 

H (Hyoid), AA (atlas), Pog (Pogonion), C3 (Third Vertebra). Source: Linear measure-

ments will be used: Perpendicular Pogoni on-Nasion (Pog-N), Perpendicular A-Nasion 

Point (A-N), Anterior-Mental Nasal Spine (ENA-Me), Anterior Skull Base, Soft Palate 

Length, Atlas-Maxilla Distance, Space Posterior Air (PAS), Hyoid-Third Vertebra Dis-

tance (H-C3), Hyoid-Mandibular Plane Distance (H-PM). 

 

 The angular measurements to be used will be the angle formed between the vessel 

sellar plane and the nasion point-A plane (SNA), the angle formed between the nasion 

sellar plane and the nasion point-B plane (SNB), ANB, Mandibular Plane 

Gionio-Mentoniano (Go- Me), angle formed between gonial articular plane and gonius 

plane nasion (Superior Plane Gonic Angle [Ar-Go]. Nasion), angle formed between go-

nian mental plane and gonius plane nasion (Inferior Plane Gonic Angle [Me -Go] Nasi-

on). 

 Each cephalometric radiograph will have its parameters traced and measured by 

two investigators independently. Afterwards, the results will be compared. To estimate 

inter-examiner variability, a pre-test will be conducted with 75 randomly selected lateral 

cephalometric radiographs. These will be drawn up by the two researchers and 

re-evaluated by a third examiner 

Inclusion and exclusion criteria 

 In the present study, exams that present adequate visual and graphic quality for 

marking anatomical points will be included. On the other hand, examinations of patients 

who present craniofacial changes that compromise the anatomical configuration will be 

excluded. 
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Acquisition of images 

 Each cephalogram will be transferred from each radiograph to a sheet of “ul-

traphan” paper, fixed with adhesive tape, where the anatomoradiological structures of 

interest for preparing the cephalogram will be traced. This tracing will be carried out by a 

single observer in a darkened room, using a negatoscope to facilitate visualization and 

highlighting of the structures. 

Technique for performing lateral cranial teleradiography 

 To take the lateral teleradiography of the skull, the patient's positioning will be 

standardized with the left side closest to the film. In exceptional cases, in which the shot 

needs to be taken on the right side due to equipment limitations, it will be crucial to in-

dicate a variation(5). Taking lateral cephalograms (Figure 4) must currently follow the 

following basic and universal rules(5, 16). 

 X-ray equipment must operate with a range of 30 mA (milliamperes) to 90 kV (kil-

ovolts). The focus must be reduced (pointwise), not exceeding 3 mm. The central beam of 

the X-rays must be horizontal and fall perpendicular to the radiographic film, crossing 

the two ear tips and the cephalostat. The patient's midsagittal plane must be at a fixed 

standard distance of 1.524 m from the X-rays, this being a universal convention. The 

cephalostat, a device that locates and immobilizes the film and the patient's head, allows 

the teleradiography to be repeated in the same position and distance(5). 

 The patient must be positioned with the body upright, with the left side of the face 

next to the cephalostat, aligned with the Frankfurt plane, and the gaze focused on the 

horizon(5, 17). The cephalostat ear tips should be inserted into the patient's external ear 

canals, applying slight upward pressure. The cephalostat glabella facilitates the patient's 

PA immobilization(16). 

 During the radiographic examination of dental occlusion, the patient will be posi-

tioned in a comfortable position, with the head in a natural position, lips relaxed, and 

looking at the mirror. If it is necessary to position the mandible in a centric relationship or 

a resting position (natural head position - PNC), this detail must be recorded in the ra-

diographic report(5). 

Statistical analysis 

 Descriptive statistical analyses of craniofacial measurements will be conducted in 

samples of female and male patients, categorized into Class I, Class II, and Class III. For 

all measurements, means and standard deviations will be calculated. The Shapiro-Wilk 

test will be applied to verify the distribution of the sample data. When comparing the 

values obtained between male and female patients according to the groups, the 

Mann-Whitney U Test will be used if the sample presents a non-normal distribution. The 

method error will be evaluated by the intraclass correlation coefficient (ICC) to verify the 

reliability and reproducibility of the measurements (r>0.95). Values will be considered 

statistically significant at p<0.05. 

Confidentiality and privacy 

 The information obtained in this study will be exclusively accessible to the re-

searchers involved and used solely for scientific research and publication in Dentistry 

journals. The data collected from the exams carried out by the research participants will 

be kept strictly, without any type of posting or disclosure of the names of the partici-

pants. The names of the participants will not be mentioned in any document, and they 

will be identified by numbers. All results obtained will be stored separately on a central 

computer, with access restricted to authorized people only. The information obtained 

will be retained by the responsible researchers for 5 years, after which it will be properly 

incinerated. 
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FINAL CONSIDERATIONS 

 Facial typology is a crucial factor to be considered in anthropometric analysis, as 

measurements can vary depending on the type of face. The three most common types are 

dolichofacial, mesofacial, and brachyfacial. This variation is directly associated with fac-

tors such as craniofacial growth, the configuration of orofacial structures, muscles, sto-

matognathic functions, and occlusion(17-20). 

 It is also known that the phenotype of the upper airways can vary according to 

gender(21). Aesthetic, skeletal, and dental analyzes reveal gender dimorphism, evident 

through anthropometric measurements that demonstrate higher average values for 

males compared to females, mainly in the areas of the nose, cheekbones, mouth, and 

mandibular canines(22-24). 

 Studies have shown that in men, the volume and thickness of the masseter are sig-

nificantly greater compared to women, and the mandibular angle is also more acute in 

men(25, 26). These differences begin in childhood and persist into adulthood. Therefore, 

when planning a craniofacial morphological study, it is crucial to consider sex, and the 

results must be evaluated with caution when there is no sex compatibility between pa-

tients and the control group(27). 

 In some cases, craniofacial changes can predict the risk of sleep-disordered breath-

ing, such as obstructive sleep apnea (OSA). In men, an increase in the length of the soft 

palate and the mandibular plane of the hyoid bone may contribute to the presence of 

OSA, while in women, retrognathia and an increase in the thickness of the soft palate 

have been associated with the pathogenesis of OSA(28). Therefore, the etiology of 

sleep-disordered breathing may vary among male patients and may be different from 

female patients, according to the perspective of cephalometric analysis(29). 
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