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ABSTRACT  

Orthodontic abnormalities are common in today's population, as the individual is subjected to dietary changes, 

growth and continuous re-adaptation to environmental conditions. The objectives of this study were to observe 

the morphological changes of the cervical spine and of the cervical length, together with the severity of the 

overjet in patients with open bite compared with those with frontal overbite. The average measurement of the 

inter-incisal distances of the patients with frontal vertical open bite was 6.18 mm. The minimum measurement 

value was 0.74 mm and the maximum measurement value was 12.24 mm. Steiner angle expresses a high 

percentage of exaggerated vertical growth (85.3% with increased angle values. The most common 

morphological changes among patients are simple fusions between two cervical vertebrae, most often the C2 

and C3 vertebrae.  
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INTRODUCTION 

Orthodontic problems are common in 

today's population due to dietary changes, 

growth and the continuous adjustments to 

environmental factors. Very few patients 

have ideal occlusion as defined by most 

orthodontic professionals. Orthodontic 

anomalies are caused by hereditary or 

environmental factors that act during 

growth and development, affecting the 

harmonious union of the elements of the 

skull [1]. Each individual develops a 

habitual occlusion at one time, feeling a 

certain balance. There are serious cases in 

which the harmony and functionality of the 

dento-maxillary system are disturbed and 

the orthodontic intervention is needed to 

correct them. Some authors make the 

diagnosis of open bite only when the 

functionality is disturbed, like in the cases 

involving difficulty in pronunciation and 

articulation of some words and difficulties 

encountered in food incision [2-4]. 

The anomalies in the vertical plane have 
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always been viewed with skepticism, as 

there is a high risk of recurrence. Problems 

in the sagittal and transverse planes have      

always been addressed more easily with a 

higher rate of treatment success [5,6]. The 

open occlusion or open bite is defined by 

the existence of the vertical step in the 

maximum intercuspation and the complete 

lack of frontal overbite. Open bite 

anomalies are the most difficult to correct 

and maintain, having a very high degrees of 

relapse. An interdisciplinary consultation is 

often needed. In addition to the classical 

orthodontic treatment, the patient requires 

surgical correction of the defects, especially 

in cases involving skeletal imbalance. 

The main goal of this study was to observe 

the morphological changes of the cervical 

spine and of the cervical length, together 

with the severity of the overjet, in patients 

with open bite compared with those with 

frontal overbite. 

 

MATHERIALS AND METHODS 

In this study 82 lateral cephalograms of 

patients were manually selected and later 

divided into two groups. The first set of 41 

cephalograms was from patients with 

frontal vertical open bite and the second set 

of 41 cephalograms represented patients 

with varying degrees of overbite. The full 

set of inclusion criteria in the study were: 

- presence of first molars on the arch 

- presence of a certain degree of frontal 

overbite or frontal vertical open bite 

- visibility of the cervical spine on the 

lateral cephalograms 

 

 

 

Fig.1 Lateral cephalogram of a patient with 

open bite included in the study 

 

In the next phase of the study the following 

types of cephalometric analyses were 

performed on patients with frontal overbite: 

1. Tweed's cephalometric analysis to 

determine the degree of facial divergence 

by measuring the FMA (Frankfurt 

Mandibular Plane Angle). 

2. Cervical length analysis, measured 

between the points cv2ap (apex of the 

odontoid process of the cervical vertebra 

C2) and cv4ip (the most posterior-inferior 

point of the body of the cervical vertebra 

C4) [7]. 

3. Visual analysis of the cervical vertebrae 

to determine the existence of certain 

morphological abnormalities [8,9]. 
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Fig.2 Calculation of the interincisal distance by Design tool of the Audax CephAdvantage™ 

software

The next step was s set of measurements 

and analyses performed on the lateral 

cephalograms of patients with frontal 

vertical open bite:  

1. Steiner's cephalometric analysis, for the 

determination of the skeletal class, by 

measuring the ANB angle. It expresses the 

difference between the anteroposterior 

positions of the maxilla (SNA) and the 

mandible (SNB), with values expressing 

skeletal class I between 0˚-4˚ (higher 

values), large expresses skeletal class II, 

and negative values skeletal class III.. 

2. Steiner's cephalometric analysis for 

determining Steiner's angle (formed by the 

skull base plane, Sellae-Nasion, and the 

mandible base plane, Gonion-Gnathion). It 

expresses the pattern of vertical growth by 

measuring the degree of openness of this 

angle (the normal value is 30˚). 

3. Ricketts's cephalometric analysis for the 

determination of the Facial Axis (angle 

formed between the Nasion-Basion Axis 

and the Pterygoid-Gnathion Axis), which 

expresses the direction of mandibular 

growth and the vertical position of the chin 

with normal value of 90˚. . 

4. Riedel's angle measurement (formed 

between the Skull Base Plan, Sellae-

Nasion, and Y-axis, Sellae-Gnathion), 

which expresses the mandibular vertical 

and anteroposterior growth. . 

5. Interincisal distance.  

6. Differential diagnosis between functional 

and skeletal open occlusion, calculated by 

the following formula: 

 y = -0.2787 * Steiner angle - 0.5422 * 

Riedel angle + 1,2029 * Facial axis. 

A patient with a value greater than 55.83 

was considered to be part of the group with 

functional open occlusion while a patient 

with value less or equal than 55.83 was 

considered in the group with skeletal open 

occlusion [12].  
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Fig.3 Measurement of the cervical length and the Riedel angle by Design (using AudaxCeph 

Advantage software) after pre-calibrating the image, by selecting the functions "Distance" 

and "Angle" 

 

 

Fig.4 Measurement of cervical length using AudaxCeph Advantage software 

 

 

Fig.5 Tweed and Steiner cephalometric analysis using AudaxCephAdvantage software 
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Fig.6 Measurement of inter-incisal distances using AudaxCephAdvantage software

 

RESULTS 

The average measurement of the inter-

incisal distances of the patients with 

frontal vertical open bite was 6.18 mm. 

The minimum measurement value was 

0.74 mm and the maximum measurement 

value was 12.24 mm. Regarding the 

skeletal classes of the patients with frontal 

open bite, Class II is the most frequent 

(46.3%), followed by the Class I (43.9%) 

and by Class III (9.7%). The prevalence of 

simple fusions depending on the type of 

open bite (functional or skeletal) revealed 

percentage values of 42% and 58% 

respectively. Another thing to point out is 

that the measured average Steiner angle 

expresses a high percentage of exaggerated 

vertical growth (85.3% with increased 

angle values). 

 

DISCUSSION 

In a study group described by L.  

 

 

 

 

Sonnesen et al. [12] a number of 38 people 

with anatomically open occlusion and a 

number of 21 people with overbite was 

used for comparison. Their results reveal a 

42.1% incidence of simple fusions 

between the C2 and C3 vertebrae and a 

13.2% incidence of posterior arch 

deficiencies in patients with anatomically 

open bite. B. Solow et al. [13] studied the 

vertebral length in a group of 120 Danish 

patients with overbite, obtaining an 

average value of 78.67 mm, with a 

minimum value of 69.9 mm and a 

maximum one of 87.9 mm. The mean 

value found was 64.22 mm, a significant 

difference of 14.02 mm. This was 

probably due to the country of origin, 

which may affect the constitutional type. 

Further studies [14-17] referred to groups 

of patients with overbite. They found 

simple fusions in an average proportion of 

14.3% and deficiencies of the posterior arc 

in an average proportion of 4.8%. The 

conclusion reached by these authors may 

be comparable to the conclusion of the 
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present study, since the prevalence of 

simple fusions between the C2 and C3 

vertebrae appears more often in patients 

with frontal vertical open bite than in those 

with a degree of overbite. 

Other researchers [18-19] demonstrated 

the close link between clefts (palatal or 

labial) with morphological abnormalities 

of the cervical spine. The prevalence of 

these defects was 25.6% in cases with cleft 

palate, 16.3% in cases with bilateral cleft 

palate and labial cleft, and 11.1% in the 

group with unilateral cleft palate and cleft 

lip. The lowest percentage (9.1%) was 

found in patients without splits. In past 

studies various authors have demonstrated 

a correlation between cervical spine 

morphology and abnormalities such as 

increased sagittal stage and condylar 

hypoplasia, where they reported that the 

prevalence of these morphological defects 

was even higher, with 61.4% and 72.7% 

respectively. [20] 

 

CONCLUSIONS 

The most common morphological changes 

among patients are simple fusions between 

two cervical vertebrae, mostly C2 and C3 

vertebrae.  

The occurrence of simple fusions does not 

depend on the degree of facial divergence, 

occurring in similar proportions in each 

category of patients.  

The prevalence of simple fusions is higher 

in patients with anterior open bite than in 

those with overbite.  

Cervical length was found to be similar in 

the two categories of patients, being only 

about 2 mm longer in those with anterior 

vertical open bite.  

The skeletal class with the highest 

prevalence among patients with frontal 

open bite is Class II Angle. 
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