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Abstract

Background/Objectives: To Develop a CBCT-based transverse diagnostic method that
establishes normative buccolingual inclination values for permanent first molars and objec-
tively distinguishes between dentoalveolar transverse deficiency and skeletal maxillary
deficiency. Methods: A total of 1120 initial CBCT scans were reviewed, and 40 subjects with
normal occlusion met the inclusion criteria. Volumes were reoriented using a standardized
three-plane protocol, and molar angulations were measured relative to reference planes
parallel to the occlusal plane. Intra- and inter-examiner reliability were assessed using ICC.
Descriptive, comparative, and correlation analyses were performed bilaterally and between
arches. Results: No significant right-left differences were observed for upper molar angu-
lation (URM vs. ULM: 99.5° vs. 99.1°; t(19) = 1.560, p = 0.135) or lower molar angulation
(LRM vs. LLM: 78.9° vs. 78.9°; (19) = 0.301, p = 0.767). Non-parametric analysis confirmed
these findings (ULM vs. URM: Z = —1.203, p = 0.229; LLM vs. LRM: Z = —0.427, p = 0.669).
Significant positive bilateral correlations were observed in both arches (upper: rg = 0.784,
p <0.001; lower: rs = 0.837, p < 0.001). A significant negative correlation was found between
upper and lower molar angulations (left side: rg = —0.626, p = 0.003; right side: rg = —0.858,
p < 0.001), demonstrating dentoalveolar compensation. Conclusions: CBCT enables the
precise assessment of molar buccolingual inclination and the establishment of normative
patterns essential for transverse diagnosis. The proposed method allows the quantification
of the maxillary “basal defect” after virtual dental decompensation, providing an objective
tool to differentiate dentoalveolar from skeletal transverse discrepancies and guide targeted
treatment planning.

Keywords: cone-beam computed tomography; transverse diagnosis; maxillary transverse
deficiency; buccolingual inclination; molar angulation; dentoalveolar compensation; skeletal
discrepancy; orthodontic diagnosis

1. Introduction

Traditionally, the diagnosis of transverse maxillary discrepancies—differences in width
between upper and lower jaws—relies on clinical assessment. Posterior crossbite (when
upper teeth bite inside the lower back teeth), whether unilateral or bilateral, and crowding
remain the main factors for deciding on expansion. However, this clinical approach
often fails to identify the origin of the deficiency. It does not clarify whether the cause is
dentoalveolar (teeth and supporting bone), skeletal (jawbone), or both.
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The difficulty in making this distinction—i.e., distinguishing between different types
of malocclusion or misalignment—has made transverse diagnosis—a process for evaluating
jaw width and asymmetry—a challenge in modern orthodontics. Cephalometrics, the mea-
surement of the head using lateral (side-view) skull radiographs, are effective for sagittal
(front-to-back) and vertical (up-and-down) analysis. However, the frontal (posteroanterior,
or PA) projection has been unreliable for transverse (side-to-side) evaluation [1,2]. The
limitations of this technique include superposition, when structures overlap in the image,
and a greater likelihood of patient positional errors. These issues have reduced the precision
of conventional anteroposterior cephalometric analyses, which are assessments performed
on front-to-back images of the skull.

As a result, the main tools used for the transverse plane have been study models
(Wilson curve analysis, which assesses dental arch curvature relative to molar position, and
occlusograms, diagrams of occlusal relationships) and occlusal photography (e.g., Wala
Ridge, the bony ridge near the mandibular basal bone) [3-6]. The introduction of Cone-
Beam Computed Tomography (CBCT), a 3D imaging technique for detailed views of dental
and skeletal structures, has transformed diagnosis. This technology provides a distortion-
and superposition-free frontal view. It provides the three-dimensional information needed
to accurately determine the extent of patient dentoalveolar (tooth and alveolar bone) and
skeletal transverse problems [7-9]. Many authors have adopted CBCT for its measurement
accuracy and lack of superimpositions, enabling a new era in diagnosis.

Therefore, the objective of this study was twofold. First, we aimed to develop a
CBCT-based transverse analysis using normative reference values for the inclinations of
permanent first molars. Second, we sought to design and implement a diagnostic method.
This method objectively differentiates dentoalveolar from skeletal transverse problems and
helps plan specific treatments for each component.

2. Materials and Methods
2.1. Sample Determination

The present study is a descriptive design aimed at establishing the normative values
of the transverse inclination of permanent first molars in a population with normal occlusal
alignment. The study was conducted at the Mississippi Institution University Clinic and
Complutense University of Madrid.

A total of 1120 initial CBCT files from the clinic’s database were analyzed. Only
files obtained for non-orthodontic diagnostic reasons (such as dentoalveolar pathology
evaluation or implant planning) were included.

For the sample size calculation, a total population of 1120 patients was considered,
with a 90% confidence level and a 10% margin of error. Assuming an expected proportion
of success or characteristic of interest of 50% (p = 0.5), representing the most conservative
scenario, the finite population correction was applied.

The calculation yielded an optimal sample size of 62 participants, a number that
ensures a representative estimate of the total population under the established statistical
parameters. Therefore, a sample of approximately 60 to 65 patients was considered suffi-
cient to achieve the desired precision and confidence level in the present study. It is worth
noting that the mean sample size in previous studies ranged between 30 and 80 patients
per study.

After applying the eligibility criteria, the final sample consisted of 40 patients. Thirty
files were discarded due to artifacts or acquisition errors preventing proper landmark
identification. This sample size was considered suitable and was comparable to reference
studies on transverse norms based on CBCT, which generally include 30 to 80 subjects.
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All patients who met the inclusion criteria were consecutively included between 2019
and 2024.

The mean age of the sample was 18.6 years. The youngest patient was 17.3 years
old, and the oldest was 21.4 years old. There were 26 women and 14 men. All 40 scans
were performed at the same radiological center using the same machine (I-CAT scanner,
Alpharetta, GA, USA; 0.4 mm voxel size; 20 s CBCT acquisition). The CBCT analysis was
performed using Dolphin imaging 12 (v12.0) (Chatsworth, CA, USA).

2.2. Eligibility Criteria

The inclusion criteria were as follows. Patients must have completed growth (no
further height increase expected) and be of Caucasian origin. They needed a complete
permanent dentition (all adult teeth present) and a skeletal Class I (jaw relationship con-
sidered normal) based on the ANB angle (angle between points A, Nasion, and B on a
cephalometric radiograph) and Wits appraisal (measurement of jaw position on a lateral
skull radiograph). Study models had to meet Andrews’ six keys to occlusion (six character-
istics used to identify ideal dental alignment) to indicate normal occlusion. Patients should
not have had previous orthodontic treatment.

The exclusion criteria were as follows. Patients with facial or skeletal asymmetry, TMD
problems, or craniofacial anomalies were excluded. Patients with supernumerary teeth,
agenesis, or prematurely lost teeth were not considered. Those with previous orthodontic
treatment were also excluded.

2.3. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Institutional Review Board (Ethics Committee) of Universidad Complutense
de Madrid. The initial ethical approval was obtained in June 2025 due to the loss of the
previous ethics approval documentation. A new ethics approval was obtained (protocol
code 607_CE_20260212_14_SAL and date of approval 12 February 2026). Written informed
consent was obtained from all participants for the use of their CBCT images for diag-
nostic purposes. The CBCT files were preexisting and anonymized prior to inclusion, in
compliance with current data protection laws.

2.4. CBCT Orientation and Measurement

To obtain the same frontal slice in all patients, the CBCT volume was reoriented using
the three-dimensional standardization method proposed by Balachandran R et al. [10]. The
following reference planes were established for transverse measurement (Figure 1):

1.  Sagittal Plane: Established by passing through the midline of the central teeth and
rotating the volume until the sagittal axis is equidistant from the palatal surface of the
first molars.

2. Axial Plane: Located at the height of the occlusal surface of the lower first molars.

3. Coronal Plane: Placed at the center of the main fossa of the lower first molars.

Once the frontal slice was set, reference planes and angles were defined (Figure 2):

e  Occlusal Plane (OP): Defined as the line passing through the contact points between
the palatal cusp of the upper molar and the main fossa of the lower molar. It runs
parallel to the horizontal reference used for correct coronal orientation of the CBCT.

e  Upper Reference Plane (URP): This is a line parallel to the occlusal plane (OP) and is
positioned above the apices of the upper molars.

e  Lower Reference Plane (LRP): This is a line parallel to the occlusal plane (OP) and is
positioned below the apices of the lower molars.
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e  Longitudinal Axis: Defined as the line running from the central or main fossa of the
occlusal surface to the root center at the apical level in the coronal slice.

Finally, inclination angles (Upper Rigth Molar Angle -URMA-, Upper Left Molar
Angle -ULMA-, Lower Rigth Molar Angle -LRMA-, Lower Left Molar Angle -LLMA-)
were measured between the longitudinal axes and their respective reference planes (URP
and LRP).

Figure 1. Obtaining the front section for transverse measurement.

Figure 2. Angulations of permanent molars for transverse analysis. Green line, URP: upper refer-
ence plane; LRP: lower reference plane. Yellow line, axis of length of the first molar. Red curves:
angulations with the URMA, ULMA, LRMA, and LLMA planes.

3. Statistical Analysis

Data were collected in an Excel 2007 database, and the SPSS version 29.0 program was
used for statistical analysis.
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3.1. Evaluation of Reliability (Measurement Error)

The reliability of the measurements (both intra- and inter-examiner) was checked
using the Intraclass Correlation Coefficient (ICC). The main examiner (DDR) traced the
planes and angles twice, with a 2-week gap, to calculate intra-examiner reliability. A second
calibrated examiner measured a random subsample (10 scans) to check inter-examiner
reliability, with a Kappa index of 0.812, indicating a high intra-examiner reliability.

3.2. Descriptive and Comparative Analysis

For each angular variable, descriptive statistics were calculated. This included the
mean, standard deviation, range, and 95% confidence interval. Data normality was tested
with the Shapiro-Wilk test.

e  Parametric variables (right vs. left side angulation) were compared using Student’s
t-test for paired samples.
° For nonparametric distributions, the Wilcoxon test was used for comparisons.

3.3. Correlation

Finally, the Spearman correlation coefficient (rs, a non-parametric measure of statistical
association) was used to evaluate the correlation between the angulations of the right and
left sides (symmetry) and between the variables of the upper and lower arches. The level
of statistical significance (probability threshold for meaningful results) was set at p < 0.05.

4. Results

The results for the values obtained from the measurement of the angles between the
upper and lower reference planes and the long axis of the molars are shown in the following
table (Table 1).

Table 1. Measurements of molar angulation between reference plane and long axis of first molar
(URMA: upper right molar angle; ULMA: upper left molar angle; LRMA: lower right molar angle;
LLMA: lower left molar angle).

95% Confidendence

ean Std. Deviation Minimun Maximun Lower Bound Upper Bound
URMA 99.500 1.6125 97.000 102.2 98.745 100.255
ULMA 99.110 1.7720 94.700 101.6 98.281 99.939
LRMA 78.910 1.7717 75.8 80.7 78.081 79.739
LLMA 78.865 1.6512 75.1 80.6 78.092 79.638

5. Parametric Analysis

e  Comparing ULM vs. URM, no statistically significant differences were found between
the right-side and left-side measurements; t(19) = 1.560, p = 0.135. Mean ULM: 99.1;
Mean URM: 99.5.

e  Comparing LLM vs. LRM, no statistically significant differences were found between
the right-side and left-side measurements; t(19) = 0.301, p = 0.767. Mean LLM: 78.9;
Mean LRM: 78.9.

6. Non-Parametric Analysis

e  Comparing ULM vs. URM, no statistically significant difference was found between
right- and left-side measurements (Z = —1.203, p = 0.229). Median ULM: 99.5; Median
URM: 99.5.
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e  Comparing LLM vs. LRM, no statistically significant differences were found between
the right-side and left-side measurements; Z = —0.427, p = 0.669. Median LLM: 79.5;
Median LRM: 80.0.

Correlation between Right and Left Sides and Upper and Lower Arches ( Figure 3 ):

We observed the relationship between variables using the Spearman correlation co-
efficient to determine whether the variables behaved similarly bilaterally and, crucially,
whether there was a correlation between upper and lower changes.

e  Upper: ULM and URM: The relationship is positive and significant; rg = 0.784,
p < 0.001. As ULM scores increase, URM scores also increase.

e  Lower: LLM and LRM: The relationship is positive and significant; rs = 0.837, p < 0.001.
As LLM scores increase, LRM scores also increase.

o Left: ULM and LLM: The relationship is negative and significant; rg = —0.626,
p =0.003. As ULM scores increase, LLM measures decrease.

° Right: URM and LRM: The relationship is negative and significant; rg = —0.858,
p <0.001. As URM scores increase, LRM measures decrease.

URM
LRM
uLm

]

@0 Fo o w0 E o £
um (] M LRM

Figure 3. Correlation of permanent molar measurements.

7. Discussion

Unlike vertical and anteroposterior discrepancies, the diagnosis of transverse maxil-
lary deficiencies (TMD) has been extremely difficult until now [11-14]. Clinical evaluation,
model analysis, occlusogram, and radiographic measurements have been used in conjunc-
tion or separately to aid in correct diagnosis. But only the advent of CBCT has enabled a
true anteroposterior projection of molar position and its relationship to the skeletal base.
Many authors have used CBCT to address the transverse problem in new ways [15-20].
However, collectively, they offer disconnected information.

Some analyze molar relationships in only one jaw, either the lower [19] or the up-
per [20]. Others use CBCT to study the skeletal and dentoalveolar effects of treatments,
such as SARPE with different expanders [21-23], unilateral disjunction [18], and the rela-
tionship between molars and pattern [19]. Only two articles have proposed a study seeking
normative values. Tong et al. [24] conducted a study on the angulations in normal incli-
nations of each tooth. Their reference plane is vertical, not horizontal, but if we translate
the angles they obtain to the occlusal plane reference, their angulations are compatible
with those obtained in our study. They also define the tooth’s long axis in the same way.
However, this article is merely descriptive and does not relate the obtained values to the
transverse maxillary problem. Miner et al. [18] used angular and linear measurements to
define normality in healthy patients, but no correlation was observed between the chosen
angle (the long axis of the tooth-occlusal plane) and the obtained values. Furthermore, the
use of skeletal reference planes (the mandibular base and a tangent to the nasal fossa base)
can artificially alter values due to anatomical variability among patients.

The strong positive bilateral correlations observed in both arches (rs = 0.784 in the
maxilla and rg = 0.837 in the mandible) indicate a high degree of transverse symmetry in
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subjects with normal occlusion. From a clinical perspective, this finding establishes that
symmetrical molar angulation represents a normative pattern. Therefore, clinically relevant
unilateral deviations from these values may indicate transverse imbalance or asymmetric
dentoalveolar compensation, even in the absence of evident posterior crossbite.

More importantly, the statistically significant negative correlations between upper and
lower molar angulations (rs = —0.626 on the left and rg = —0.858 on the right) provide
quantitative evidence of a natural dentoalveolar compensatory mechanism. Clinically, this
means that, when a skeletal transverse discrepancy exists, the dentoalveolar structures may
adapt by increasing the buccal inclination of the maxillary molars and/or lingual inclination
of the mandibular molars in order to maintain functional occlusion. This compensation
can mask the true magnitude of the skeletal maxillary deficiency during routine clinical
examination or when relying exclusively on intermolar width measurements.

Thus, the statistical significance in our study translates directly into diagnostic rele-
vance. The identification of normative angulation values enables virtual dental decompen-
sation, allowing clinicians to isolate the skeletal component of the transverse discrepancy.
In practical terms, this distinction is essential for treatment planning, as dentoalveolar
compression requires orthodontic correction, whereas a true skeletal basal defect may
indicate the need for orthopedic or surgically assisted maxillary expansion. By converting
angular differences into linear millimetric objectives, the proposed method transforms
statistical findings into a reproducible and clinically applicable diagnostic protocol.

8. Clinical Application

The objective of the study is not merely to describe normality, but to seek a “method”
for its clinical application in the diagnosis and treatment planning of transverse problems.
The results demonstrate a negative correlation between upper and lower molar inclinations
in normal individuals and provide objective evidence of a natural dentoalveolar compen-
sation. It is precisely this compensation that masks the true skeletal discrepancy, making
an analysis that virtually decompensates the dental position essential to identify the basal
deficit. For this, we base the method on two basic principles:

1.  Our appliances and treatments produce a vestibulolingual inclination of the molars
without significantly displacing their apices. This movement results in an increase or
decrease in the intermolar distance in the occlusal plane of 1 mm for every 3°, for an
average molar length of 19.85 mm [9-12].

2. With the exception of specifically diagnosed cases requiring SARME (Surgically As-
sisted Rapid Mandibular Expansion), we do not treat defects of the mandibular basal
bone [13].

Thus, the measurement of the distance between the main fossae of the lower first
molars and the palatal cusps of the upper first molars will be the principal transverse
clinical reference of the system described below (Figure 4):

1.  Measure the distance between the main fossae of the lower first molars.

2. Measure the angles formed by the lower molars with the LRS and calculate the
difference in degrees with respect to the norm on both sides.

3. Add or subtract the mm resulting from moving the molars to their correct angulation,
at a rate of 1 mm linear for every 3 degrees of correction [12].

The result is the lower occlusal objective.

1.  Measure the distance between the palatal cusps of the upper first molars.
Measure the angles formed by the upper molars with the URS and calculate the
difference in degrees with respect to the norm on both sides.

https://doi.org/10.3390/diagnostics16071034


https://doi.org/10.3390/diagnostics16071034

Diagnostics 2026, 16, 1034

8of11

3. Add or subtract the mm resulting from moving the molars to their correct angulation
at a rate of 1 mm linear for every 3 degrees of correction.

The result is the upper occlusal objective.

1. The difference between the lower occlusal objective and the upper occlusal objective
is the “basal defect” or skeletal deficiency of the maxilla.

1 Patient name |
Dlez_ & ! TREATMENT PLAN
Bonllla Patient 1D i Correct transverse discrepancy D & B | Orthodontics and Orthognathic Surgery
<
DIAGNOSIS TREATMENT

INITIAL MEASUREMENTS

URMA. (DEGREES)

F36-DISTANCE-F46 ?

[ ]

SKELETAL

SARPE |:|mm SEGMENTED OSTEOTOMY |:] mm M.ARPE I:Imm RPE l:lmm

TREATMENT
ORTHODONTIC

MOLAR INCLINATION CORRECTION

e,

ULMA (DEGREES)

Dentoalveolar treatment
Tooth 16

Dentoalveolar treatment
Tooth 26

Value Goal

=] >

Value  Norm Goal

¢ = 1]
<

Dentoalveolar treatment
Tooth 46

Dentoalveolar treatment
Tooth 36

[ ]

LRMA (DEGREES)

CLINICAL TRANSVERSE DISCREPANCY

[]

]

LLMA. (DEGREES)

Value  Norm Goal

C =]

Value  Norm Goal

C =]

Y

UPPER OCCLUSAL GOAL |:|

LOWER OCCLUSAL GOAL |:|

TRANSVERSE SKELETAL DISCREPANCY EI

Figure 4. Diagnosis diagram of the transverse analysis.

Conceptually, this system is identical to the one we use for diagnosing anteroposterior
problems. Once the lateral cephalometry tracing is obtained, we position the upper incisor
according to the norm relative to its maxillary bone base. We position the lower incisor
relative to the mandibular bone base. With both in their correct position, if there is an
altered anteroposterior relationship between the two, it can only be of skeletal origin.

We have simply sought a standard of normality, as is done for other pathologies.
Only if we know the norm can we diagnose the pathology, either by excess or by defect,
and then apply the appropriate treatment. Since the beginning, we have felt the need to
differentiate between transverse maxillary deficiencies that are dentoalveolar or skeletal,
as dentoalveolar compression requires dentoalveolar treatment and a skeletal problem
requires skeletal treatment. Lorente (2002) [25] classified and divided crossbites into skeletal
and dentoalveolar types, clearly defining the need for such a differential diagnosis to apply
the appropriate treatment in each case. Despite his enormous contribution, it was only
a conceptual and descriptive classification, without associated measurements or defined
normative patterns.

The fundamental advantage of our method is that it accurately locates the problem. But
once the analysis is completed, no radiological follow-up is necessary, since our reference
is occlusal. We can measure the interfossa distance of the lower molars and the distance
between the palatal cusps of the upper molars at each appointment and regulate our
treatments until the objective set in the initial analysis and treatment plan is achieved
(Figure 4).
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The study sample may seem small, but this study began in 2009, a time when the
indication for CBCT was ethically debated due to radiation concerns. However, our results
correlate with the angulations defined by Andrews in his studies to design the Straight
Wire Appliance [4,23-25] and with Okeson’s studies [26] on the functional anatomy of
occlusion, which define the ideal angulation of the molars for the cusps and main fossae
to occlude correctly and allow the proper functioning of mandibular kinematics in the
three axes of space. Likewise, the work of Tong et al. [24], previously mentioned, defines
normality within an angulation range that is superimposable on ours.

Currently, the dilemma of whether CBCT is the imaging technique of choice for
orthodontic diagnosis has been resolved. Larson B E [27] states that, although we still have
much to learn about the best way to use CBCT, we know enough to consider it the imaging
of choice for orthodontic treatment. The American Academy of Oral and Maxillofacial
Radiology supports the safe use of CBCT in dentistry [28]. Although it is not a routine
technique in children [29], its use is not contraindicated. The clinical evaluation of the
patient will allow for individualized indication in each case. The most common indications
for CBCT in children and adolescents are the location of impacted teeth in the premaxilla
and the detection of root resorption [30]. From our perspective, the suspicion of a transverse
problem should be included in the list of indications.

9. Conclusions

1.  Cone-Beam Computed Tomography (CBCT) allows the precise assessment of the buc-
colingual inclination of the first molars, making it a fundamental tool for differential
diagnosis between dentoalveolar transverse deficiency and the skeletal deficit (basal
defect) of the maxilla.

2. CBCT s an increasingly safe technique that, following a rigorous clinical examination
and judgment, can and should be indicated for patients.

3. Transverse problems should be included among the criteria for patient inclusion when
recommending a CBCT.

4. Although studies with larger samples may refine the normative angular values, the
reasoning process and conceptual validity of the proposed method remain unaltered,
offering a precise protocol for treatment planning.

Author Contributions: Conceptualization: D.D.-R. and A.-].L.-].; Methodology: D.D.-R. and E.B.-M.;
Literature search and data curation: D.D.-R. and E.B.-M.; Formal analysis: D.D.-R. and A.-].L.-].;
Writing—original draft preparation: D.D.-R.; Writing—review and editing: E.B.-M. and A.-J.L.-].;
Supervision: A.-J.L.-J. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (Ethics Committee) of Universidad
Complutense de Madrid. The initial ethical approval was obtained in June 2025. Due to the loss of
the previous ethics approval documentation. A new ethics approval was obtained (protocol code
607_CE_20260212_14_SAL and date of approval 12 February 2026).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study
for the performance of the CBCT examination, which was indicated for diagnostic purposes and
orthodontic treatment planning.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The authors would like to thank the institutions involved for their academic support.

Conflicts of Interest: The authors declare no conflicts of interest.

https://doi.org/10.3390/diagnostics16071034


https://doi.org/10.3390/diagnostics16071034

Diagnostics 2026, 16, 1034 10 of 11

References

1. Major, P; Johnson, D.; Hesse, K.; Glover, K. Landmark identification error in posterior anterior cephalometrics. Angle Orthod.
1994, 64, 447-454.

2. Thurow, R. Cephalometric methods in research and private practice. Angle Orthod. 1951, 21, 104-116.

3. Ross, V.; Alexander, C.; Gorman, ]. Influence of vertical growth pattern on faciolingual inclinations and treatment mechanics. Am.
J. Orthod. Dentofac. Orthop. 1990, 98, 422-429. [CrossRef]

4. Andrews, L.E The six keys to normal occlusion. Am. J. Orthod. 1972, 62, 296-309. [CrossRef]

5. Andrews, L.F. Straight Wire: The Concept and Appliance; K-W Publications: San Diego, CA, USA, 1989.

6.  Andrews, L.F; Andrews, W.A. The six elements of orofacial harmony. Andrews J. 2000, 1, 13-22.

7. Ronay, V.; Miner, RM.; Will, L.A.; Arai, K. Mandibular arch form: The relationship between dental and basal anatomy. Am. J.
Orthod. Dentofac. Orthop. 2008, 134, 430-438. [CrossRef] [PubMed]

8.  Grauer, D.; Cevidanes, L.; Proffit, W. Accuracy and landmark error calculation using cone beam computed tomography generated
cephalograms. Angle Orthod. 2010, 80, 286-294. [CrossRef] [PubMed]

9. Lee, K; Kang, K; Kim, S.; Park, Y. Comparison of transverse analysis between posteroanterior cephalogram and cone-beam
computed tomography. Angle Orthod. 2014, 84, 715-719. [CrossRef] [PubMed]

10. Balachandran, R.; Kharbanda, O.P.; Sennimalai , K.; Neelapu, B.C. Orientation of Cone-Beam Computed Tomography Image:
Pursuit of Perfect Orientation Plane in Three Dimensions—A Retrospective Cross-Sectional Study. Ann. Maxillofac. Surg. 2019, 55,
202-209. [CrossRef]

11. McNamara, J.A,, Jr.; Brudon, W.L. Orthodontic and Orthopedic Treatment in the Mixed Dentition; Neeedham Press: Ann Arbor, MI,
USA, 1993.

12.  Schwarz, A.M.; Gratzinger, M. Removable Orthodontic Appliances; WB Saunders: Philadelphia, PA, USA, 1966.

13. Tai, K,; Park, ].H.; Mishima, K.; Shin, J.W. 3-Dimensional cone-beam computed tomography analysis of transverse changes with
Schwarz appliances on both jaws. Angle Orthod. 2011, 81, 670-677. [CrossRef]

14. Tai, K.; Hotokezaka, H.; Park, ].H.; Tai, H.; Miyajima, K.; Choi, M.; Kai, L.M.; Mishima, K. Preliminary cone-beam computed
tomography study evaluating dental and skeletal changes after treatment with a mandibular Schwarz appliance. Am. J. Orthod.
Dentofac. Orthop. 2010, 138, 262.e1-262.e11. [CrossRef]

15.  Guerrero, C.A.; Bell, W.H.; Contasti, G.I.; Rodriguez, A.M. Intraoral mandibular distraction osteogénesis. Semin. Orthod. 1999, 5,
35-40. [CrossRef]

16. Suri, L.; Taneja, P. Surgically assisted rapid palatal expansion: A literature review. Am. J. Orthod. Dentofac. Orthop. 2008, 133,
290-302. [CrossRef]

17. Baratieri, C.; Nojima, L.I; Alves, M., Jr.; Souza, M.M.; Nojima, M.G. Transverse effects of rapid maxillary expansién in class II
malocclusion patients: A Cone-Beam Computed Tomography study. Dental Press. ]. Orthod. 2010, 15, 89-97. [CrossRef]

18. Miner, RM.; Al Qabandi, S.; Rigali, P.H.; Will, L.A. Cone Beam computed tomography transverse analysis. Part 1: Normative
data. Am. J. Orthod. Dentofac. Orthop. 2012, 142, 300-307. [CrossRef]

19.  Woller, J.L.; Kim, K.B.; Behrents, R.G.; Buschang, P.H. An assessment of the maxilla after rapid maxillary expansién using cone
beam computed tomography in growing children. Dental Press. ]. Orthod. 2014, 19, 26-35. [CrossRef]

20. Baka, Z.M.; Akin, M.; Ucar, EL; Ileri, Z. Cone Beam computed tomography evaluation of dentoeskeletal changes after asymmetric
rapid maxillary expansién. Am. J. Orthod. Dentofac. Orthop. 2015, 147, 61-71. [CrossRef]

21. Tsunori, M.; Mashita, M.; Kasai, K. Relationship between facial types and tooth and bone characteristics of the mandible obtained
by CT scanning. Angle Orthod. 1998, 68, 557-562. [PubMed]

22. Barrera, ].M.; Llamas, ].M.; Espinar, E.; Sdenz-Ramirez, C.; Paredes, V.; Pérez-Varela, ].C. Wilson’s maxillary curve was analyzed
by CBCT. A study on normocclusion and malocclusion individuals. Med. Oral Patol. Oral Cir. Bucal 2013, 18, e547-e552. [CrossRef]
[PubMed]

23. Gamble, J.; Lagravere, M.O.; Major, PW.; Heo, G. New statistical Method to analyze three-dimensional landmark configurations
obtained with CBCT: Basic features and clinical applications for Rapid maxillary expansién. Korean J. Radiol. 2012, 13, 126-135.
[CrossRef] [PubMed]

24. Tong, H.; Kwon, D.; Shi, J.; Sakai, N.; Enciso, R.; Sameshima, G.T. Mesiodistal angulations and faciolingual inclinations of each
whole tooth in 3-dimensional space in patients with near-normal occlusion. Am. J. Orthod. Dentofac. Orthop. 2012, 141, 604—617.
[CrossRef]

25. Lorente, P. Classification and Treatment of transversal maloccusions. Orthod. Esp. 2002, 42, 179-210.

26. Okeson, ].P. Leveling and dental occlusion. In Management of Temporomandibular Disorders and Occlusion; Mosby: Clay County,
MO, USA, 2013.

27. Larson, B.E. Cone Beam computed tomography is the imaging technique of choice for comprehensive orthodontic assessment.

Am. J. Orthod. Dentofac. Orthop. 2012, 141, 402—411. [CrossRef]

https:/ /doi.org/10.3390/diagnostics16071034


https://doi.org/10.1016/S0889-5406(05)81651-8
https://doi.org/10.1016/S0002-9416(72)90268-0
https://doi.org/10.1016/j.ajodo.2006.10.040
https://www.ncbi.nlm.nih.gov/pubmed/18774089
https://doi.org/10.2319/030909-135.1
https://www.ncbi.nlm.nih.gov/pubmed/19905853
https://doi.org/10.2319/072613-555.1
https://www.ncbi.nlm.nih.gov/pubmed/24325622
https://doi.org/10.1055/s-0040-1701144
https://doi.org/10.2319/110910-655.1
https://doi.org/10.1016/j.ajodo.2010.02.023
https://doi.org/10.1016/S1073-8746(99)80040-1
https://doi.org/10.1016/j.ajodo.2007.01.021
https://doi.org/10.1590/S2176-94512010000500011
https://doi.org/10.1016/j.ajodo.2012.04.014
https://doi.org/10.1590/2176-9451.19.1.026-035.oar
https://doi.org/10.1016/j.ajodo.2014.09.014
https://www.ncbi.nlm.nih.gov/pubmed/9851354
https://doi.org/10.4317/medoral.18291
https://www.ncbi.nlm.nih.gov/pubmed/23385502
https://doi.org/10.3348/kjr.2012.13.2.126
https://www.ncbi.nlm.nih.gov/pubmed/22438679
https://doi.org/10.1016/j.ajodo.2011.12.018
https://doi.org/10.1016/j.ajodo.2012.02.009
https://doi.org/10.3390/diagnostics16071034

Diagnostics 2026, 16, 1034 11 of 11

28. American Academy of Oral and Maxillofacial Radiology. Clinical recommendations regarding use of cone beam computed
tomography in orthodontics. [corrected]. Position statement by the American Academy of Oral and Maxillofacial Radiology. Oral Surg.
Oral Med. Oral Pathol. Oral Radiol. 2013, 116, 238-257. [CrossRef] [PubMed]

29. Aps, ] K.M. European Archives of Paediatric Dentistry. Eur. Arch. Paediatr. Dent. 2013, 14, 131-140. [CrossRef] [PubMed]

30. Hidalgo-Rivas, J.A.; Theodorakou, C.; Carmichael, F.; Murray, B.; Payne, M.; Horner, K. Use of cone beam CT in children and
young people in three United Kingdom dental hospitals. Int. J. Paediatr. Dent. 2014, 24, 336-348. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/diagnostics16071034


https://doi.org/10.1016/j.oooo.2013.06.002
https://www.ncbi.nlm.nih.gov/pubmed/23849378
https://doi.org/10.1007/s40368-013-0029-4
https://www.ncbi.nlm.nih.gov/pubmed/23564647
https://doi.org/10.1111/ipd.12076
https://www.ncbi.nlm.nih.gov/pubmed/25247224
https://doi.org/10.3390/diagnostics16071034

	Introduction 
	Materials and Methods 
	Sample Determination 
	Eligibility Criteria 
	Ethical Considerations 
	CBCT Orientation and Measurement 

	Statistical Analysis 
	Evaluation of Reliability (Measurement Error) 
	Descriptive and Comparative Analysis 
	Correlation 

	Results 
	Parametric Analysis 
	Non-Parametric Analysis 
	Discussion 
	Clinical Application 
	Conclusions 
	References

