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Abstract: Class III skeletal malocclusion is one of the less frequent but 

aesthetically impactful misalignments. It can be caused by maxillary hypoplasia 

or retrognathia, mandibular hyperplasia, or a combination of both. Its frequency 

varies between 2-11% of the global population, depending on the ethnic group. 

Diagnosis and treatment planning traditionally is determined by two-

dimensional anteroposterior position using cephalometric analysis on lateral 

radiographs, with few studies analyzing bone volume rather than position, being 

of great importance for diagnosis and treatment planning. This study aims to 

measure maxillary volume and its anteroposterior position using CBCT (Cone 

Beam Computarized Tomography) in skeletal Class I, II, and III patients, 

establish the bone volume and determine if there is a correlation between 

volume, length and anteroposterior position using the Trujillo analysis as a 

reference. Tomographs of patients from the Orthodontic program of the 

Universidad Autonoma de Baja California with Class I, II, and III 

malocclusions were collected. The maxilla was segmented using the 

DIAGNOCAT software, and teeth removed to measure the volume. The skeletal 

groups were divided for measurements to determine the patient's sex and search 

for volume, length and anteroposterior position, using for the last two variables 

the Trujillo’s analysis to compare them. ”T” students test was used for 

statistical analysis. There was a statistically significant difference in maxillary 

length and volume when comparing Class III patients to Class I and Class II, 

with Class III patients exhibiting lower values. No significant difference was 

found in the anteroposterior position of the maxilla when comparing the Class 

III group to the Class II skeletal group.  

Keywords: CBCT, Angle Class III malocclusion, maxillary volume. 
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License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
In the case of Class III malocclusions, we can 

differentiate between dental problems, functional issues 

(pseudo-Class III), and skeletal problems [1, 2]. 

 

Ackerman and Proffit introduced new features, 

including the transverse, vertical, and anteroposterior 

planes. They also incorporated skeletal maxillary 

proportions within each plane of space [1, 3].  

 

Although Class III is the musculoskeletal 

pattern with the lowest prevalence, it surprisingly exerts 

the most significant aesthetic impact [4]. Understanding 

the true underlying cause of the aesthetic impairment of 

the profile can greatly benefit from the volumetric 

analysis of the maxilla. The introduction of cone-beam 

computed tomography (CBCT) for imaging the 

maxillofacial region has shifted the approach from 2D 

to 3D for data acquisition and image reconstruction. 

CBCT allows for more comprehensive and detailed 

visualization of the maxillofacial structures, providing 

valuable information for diagnosis, treatment planning, 

and assessment of various conditions. The transition 

from traditional 2D imaging techniques to CBCT has 

significantly enhanced the accuracy and precision of 

imaging in the maxillofacial field [5, 6]. 

 

Image segmentation is the process of 

separating specific regions within an image to delineate 

structures or areas of interest. It enables measurements 

of volume, surface area, shape properties, 3D printing, 
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and other analyses. By segmenting an image, it 

becomes possible to extract and analyze specific 

components, facilitating quantitative assessments and 

further applications in areas such as medical imaging, 

computer vision, and scientific research. Image 

segmentation plays a crucial role in obtaining precise 

and detailed information from images for various 

purposes and applications [7]. 

 

Regrettably, within the realm of assessment 

and diagnosis, the measurement of maxillary volume 

has not been regarded as a pivotal factor in determining 

treatment decisions [8, 9].  

 

Nonetheless, it is essential to acknowledge that 

not everyone has equal access to these transformative 

technologies. 

 

Furthermore, it is worth noting that not all 

dentists have the necessary resources for these 

technological advancements fully. 

 

There is a need to explore potential differences 

in maxillary bone development among individuals with 

different skeletal classes and its volume. 

 

Investigating the relationship between 

maxillary bone volume and the anteroposterior position 

of the maxilla can provide insights into the factors 

influencing the overall positioning of the maxilla within 

the craniofacial complex [10, 11]. 

 

Exploring the feasibility of utilizing a 

cephalometric landmark in tomography scans can offer 

valuable information regarding the anteroposterior 

position of the maxilla, facilitating the assessment of 

both its volume and spatial orientation. 

 

MATERIALS AND METHODS 
CBCT records of patients of the Orthodontics 

Department of the Universidad Autónoma de Baja 

California were use under the following criteria: 

Patients with no previous orthodontic treatment, no 

history of maxillofacial surgery and no active upper 

airway diseases (sinusitis, allergies, adenoids, 

tonsillitis). 

 

Exclusion Criteria was patients with previous 

or ongoing orthodontic treatment, patients with a 

history of maxillofacial surgery (orthognathic surgeries, 

facial reconstruction surgeries, accidents with impact on 

craniofacial structures, etc.) patients with active upper 

airway diseases (sinusitis, allergies, adenoids, 

tonsillitis). 

 

All Cone-beam tomography scans of patients 

obtained randomly from the archives of the 

Postgraduate Orthodontics Program at UABC Mexicali 

Campus, and all files included a signed informed 

consent form from the patients, allowing their 

information to be used for academic and research 

purposes archives of the Postgraduate Orthodontics 

Program at UABC Mexicali Campus. 

 

Intentional Sampling was performed, the 

variables were: age, sex, skeletal Class, maxillary 

volume, maxillary length, and anteroposterior position 

of the maxilla. 

 

The measurement of maxillary bone volume 

was performed using Cone-Beam tomography scans of 

skeletal Class I, Class II, and Class III patients and the 

DIAGNOCAT (Copyright © 2023 Diagnocat LLC. All 

rights reserved) software was used to segment that 

maxillary bone and calculate the average volumetric 

values and those were established for both men and 

women (Fig. 1). 

 

Using the CareStream (© 2023 Carestream 

Dental LLC. All Rights Reserved) software linear 

measurements on the CBCT were made following the 

Trujillo´s analysis [12]. 

 

The Trujillo analysis for the maxilla stablishes 

measurements as follows: 

1. Anteroposterior position of the middle maxillary 

portion Mx-Vpt: Average maxillary position 

(anteroposterior): Distance between the maxillary 

point (Mx - midpoint between ANS and PNS) and 

the pterygoid vertical (VPt). Standard: Women: 26 

mm. Men: 30 mm. Standard Deviation: +/- 3 mm. 

2. Anteroposterior Maxillary Dimension (Ena-

Enp): Indicates the distance between the anterior 

nasal spine and the posterior nasal spine. Standard: 

Women: 52 mm. Men: 59 mm. Standard Deviation: 

+/- 3 mm. Determines the degree of horizontal or 

anteroposterior growth of the maxilla. 

 

RESULTS 
A total of 43 patients were selected, 20 male 

and 23 female. 85% of the patient’s age was between 21 

to 30 years old. We found lower average values 

compared to the reference values established by Trujillo 

for both the mean and anteroposterior position of the 

maxilla, as well as for the length of the maxillary bone. 

 

Comparison between maxillary bone volume, 

anteroposterior projection, and length in Class III 

patients vs. Class I and Class II was made as well as the 

comparation between the maxillary bone volume, 

anteroposterior projection, and length between Class III 

patients and Class I and Class II patients. Minitab 14 

was used to analyze the data and convert it into 

statistics. A statistical hypothesis test for the difference 

in means was conducted on small samples using the 

Student's t-distribution. A significance level of 95% 

(alpha = 5%) was used. 
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Fig. 1: Maxillary segmentation for volume mesurements made with DIAGNOCAT 

 

 

 
Fig. 2: Descriptive statistics of variables 

 

The length of the maxillary bone was found to be shorter in Class III patients compared to Class I and Class II 

patients (Fig. 3 and 4). 
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Fig. 3: Length of maxillary bone between CIII and CI 

 

 

 
Fig. 4: Length of maxillary bone between CIII and CII 
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The anteroposterior projection of the maxilla 

was less pronounced in Class III patients, indicating a 

more posterior position of the maxilla with a very low 

statistically difference (Fig. 5 and 6).  

 

 

 
 

 

 
Fig. 5 and 6: Anteroposterior position of the maxillary bone between CIII and CI and CII groups 
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Fig. 7: Maxillary Volume on Class I, Class II and Class III patients 

 

Results showed that Class III patients 

exhibited significantly lower maxillary bone volume 

(56,039 mm
3
) compared to Class I (72,341 mm

3
) and 

Class II (72,833 mm
3
) patients (Fig. 7). The mean for 

maxillary bone volume measurements were 75, 979.75 

mm
3
 for men and 59, 979.73 mm

3
 for women.  

 

These findings suggest that Class III patients 

have distinct characteristics in terms of maxillary bone 

volume, anteroposterior projection, and length 

compared to Class I and Class II patients, highlighting 

the significance of these variables in understanding the 

skeletal differences observed among different 

malocclusion classes. 

 

DISCUSSION 
An average maxillary volume was established 

for Class I, Class II, and Class III skeletal patients, with 

limited reference studies available such as Nair [13] and 

Deguchi et al., [14]. Our findings showed significantly 

lower measurements compared to these previous 

studies. 

 

There was a statistically significant difference 

in maxillary length and volume when comparing Class 

III patients to Class I and Class II skeletal patients, with 

Class III patients exhibiting lower values. 

 

No significant difference was found in the 

anteroposterior position of the maxilla when comparing 

the Class III group to the Class II skeletal group. 

It is suggested to conduct a study with a larger 

sample size, including patients without growth and 

considering a wider range of age groups. Additionally, 

utilizing more accessible software for image 

segmentation of tomographic images is recommended. 

 

Furthermore, it is important to consider not 

only the measurement of maxillary bone volume but 

also the volume of the maxillary sinuses to investigate 

any potential relationship between the volumes of both 

structures and their influence on the growth and 

development of the midfacial region [15]. 

 

CONCLUSIONS 
1. The musculoskeletal pattern with the lowest 

prevalence has the greatest aesthetic impact. 

2. Analyzing the maxilla volumetrically can be 

helpful in identifying the true cause of 

aesthetic profile impairments, so we can 

consider patient’s volume evaluation as a 

routine, specially at a growing phase, to find 

the main etiology to develop this lack of 

maxillary growth and treat it at an earlier age 

as possible. 

3. The measurement of maxillary volume has not 

been considered as an important factor in 

treatment decision-making in current 

assessment and diagnosis studies. 

4. Despite the availability of advanced 

technology and tools for accurate diagnoses 

and treatment planning, not all individuals 

have access to these resources, and not all 

dentists possess the necessary technological 

capabilities. 
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