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a b s t r a c t 

The orientation of the head during the acquisition of cone beam computed tomography (CBCT) is 

crucial for accurate cephalometric measurements. However, involuntary head movements during 

the scan can result in misaligned images. This study presents a method to correct the natural 

head position (NHP) in CBCT skull images after acquisition. Initially, slices were reorganized, and 

volumes were oriented in RAI coordinates. Next, the Yaw angle in the axial plane was estimated 

using the fronto-zygomatic sutures (FZS). The Roll angle in the coronal plane was estimated using 

the centroids of the ocular cavities. Finally, the Pitch angle in the sagittal plane was measured 

(by the Sella Turcica (S) and Nasion (N) as reference points) and adjusted to reference values of 

3.8° for males and 4.1° for females. These calculated angles are used to adjust the CBCT volumes, 

aligning the images with the NHP. 

• The method corrects misalignment in CBCT skull images due to involuntary head movements, 

ensuring accurate cephalometric measurements. 

• Reference points like fronto-zygomatic sutures, ocular cavity centroids, and the Sella-Nasion 

line were used to adjust head position in all anatomical planes. 

• The approach aligns CBCT volumes to the NHP after capture, reducing errors in cephalometric 

analysis and enhancing diagnostic accuracy. 
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Specifications table 

Subject area: Engineering 

More specific subject area: Health and Medical Sciences: Medical Imaging; Cephalometric Analysis; Craniofacial Morphology . 

Name of your method: Method for Correcting Natural Head Position in CBCT Volumes Using RAI Orientation, YOLOv8, and VGG19 (M-CNHP-RYV): A 

Sella-Nasion-Based Approach (SN-CM-NHP) 

Name and reference of 

original method: 

Key References: 

• Lumbstrong Methodology for Sagittal Plane Correction: 

○ F. Lundström and A. Lundström, “Natural head position as a basis for cephalometric analysis, ” American Journal of 

Orthodontics and Dentofacial Orthopedics, vol. 101, no. 3, pp. 244–247, Mar. 1992, 

doi:10.1016/0889-5406(92)70093-p . 

• VGG19-Based Technique for Cephalometric Point Detection: 

○ R. Chen, Y. Ma, N. Chen, D. Lee, and W. Wang, “Cephalometric Landmark Detection by Attentive Feature Pyramid 

Fusion and Regression-Voting, ” in Lecture notes in computer science, 2019, pp. 873–881. 

doi:10.1007/978-3-030-32248-9_97 . 

This study trained a VGG19 network on lateral radiographs, adapted for sagittal projections from CBCT volumes.The 

corrections proposed in the axial and coronal planes, including the use of YOLOv8 for segmenting ocular cavities, are novel 

contributions developed specifically for this study and are not based on previously published methods. 

Resource availability: None 

Background 

The natural head position (NHP) is essential in cephalometric studies to obtain accurate measurements from lateral radiographic 
images, which are crucial in dental specialties such as orthodontics and maxillofacial surgery. Incorrect head orientation during 
image acquisition can distort parameters such as jaw length, anterior facial height, and mandibular body alignment [ 1 –3 ]. This
has a direct impact on the decisions made regarding the diagnosis and treatment of a patient [ 2 , 4 , 5 ]. Therefore, it is crucial to
correct any misalignment caused by the patient’s head rotation and tilt during image acquisition to minimize errors in cephalometric
measurements, which are used to define appropriate treatment. 

Cephalometric analyses that support specialists’ decision-making are typically performed on lateral head radiographs, which only 
allow for correction in the sagittal plane. However, the use of CBCT images is becoming increasingly common, as they provide the
specialist with more information for diagnosis and subsequent therapeutic decision-making. Additionally, these studies are becoming 
more accessible to patients [ 6 ]. Since CBCT scans contain volumetric information, they allow for the correction of the natural head
position in all three anatomical planes (axial, coronal, and sagittal). 

To mitigate potential errors in cephalometric measurements, two strategies have been addressed: one before acquisition [ 7 ] 
and others after acquisition [ 8 , 9 ]. The pre-acquisition strategies consist of protocols applied during the acquisition process. These
protocols are implicit in the capture procedures, most of them using alignment laser guides that help ensure the head is in the correct
position before acquisition. However, this does not guarantee that the patient will maintain the correct position during the capture.
Therefore, it is possible that pre-acquisition methods may still require post-capture adjustment. In [ 7 ], the patient is first instructed
on the required position in the sagittal and coronal planes, showing them their reflection in a mirror alongside the alignment laser
projection of the equipment. Subsequently, the orientation of the Z-axis is adjusted by comparing the acquired images to a reference
CBCT. In [ 8 ], the technique proposed in [ 4 ] was applied to 160 images, initially aligning the head in a reproducible position with
the Frankfort horizontal plane parallel to the X-ray equipment, and finally adjusting the inclination of the plane between the Sella
(S) and Nasion (N) points to 5.6° In [ 9 ] principal component analysis (PCA) was used to identify the orientations of the three axes,
reorienting them to anatomical reference points in the naso-orbital region, this strategy was validated with 29 CBCT images. The
present study proposes a post-capture strategy to correct the NHP in the anatomical planes, using stable anatomical references for
the estimation of rotation angles, and was validated on 200 CBCT images [ 10 ]. 

Method details 

Materials 

In the present study, craniofacial images were acquired using two different cone beam computed tomography (CBCT) devices: the 
17/19 model from Imaging Science International and the NNT/NTVGiMK4 model. 

Methods 

Despite the existence of protocols prior to taking a CBCT, the head position may differ from the desired one due to involuntary
head movements by patients during acquisition, which can affect cephalometric measurements. Therefore, this study presents a 
methodology that allows for the correction of the natural head position in CBCT skull images by performing three processes: (1)
standardization of the RAI orientation in the CBCT images, (2) estimation of rotation angles in the anatomical planes, and (3)
correction of the CBCT volume to NHP. 
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Fig. 1. Rotations in the three anatomical planes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each of these processes is described below: 

1. RAI orientation standardization in CBCT images 

The slices associated with the CBCT volume are often disordered, and if used in this state, they would result in an incorrect 3D
volume reconstruction [ 1 , 11 ]. Although the “InstanceNumber ” information is included in the metadata [ 12 ], it is often unreliable,
requiring alternative sorting strategies. Additionally, CBCT images can use either the RAI (Right, Anterior, Inferior) or LPS (Left,
Posterior, Superior) coordinate reference system, so it is necessary to normalize the volume orientation to one of the two. In this
work, the RAI system was chosen because it is commonly used for radiographic image visualization and is simply the inverse of LPS.

The process begins by reorganizing the location of the slices, using the metadata information IOP (Image Orientation Patient) and
IPP (Image Position Patient) [ 11 ], to estimate the slice’s position index within the volume (𝐷𝑝 ) . The Dp is established by summing
the projections of the orientation vector ( ⃖⃖⃖⃖⃖⃖⃖⃖⃗𝐼𝑃 𝑃 ) onto the normal vector ( ⃗𝑛 ) of each slice [ 11 ]. In other words, the index corresponds
to the value obtained from the dot product between these two vectors, as shown in Eq. (1) . 

𝐷𝑝 = ⃖⃖⃖⃖⃗𝑛𝑋 ⋅
⇀

𝐼𝑃𝑃𝑋 + ⃖⃖⃖⃖⃗𝑛𝑌 ⋅
⇀

𝐼𝑃𝑃𝑌 + 1⃗ ⋅
⇀

𝐼𝑃𝑃𝑍 (1) 

Where the information from 

⇀

𝐼𝑃𝑃𝑋 , 
⇀

𝐼𝑃𝑃𝑌 , e 
⇀

𝐼𝑃𝑃𝑍 comes from the IPP metadata, while the normal vector ( ⃗𝑛 ) is calculated
according to Eq. (2) . 

⇀
𝑛 =

⇀

𝐼𝑂𝑃𝑋 ×
⇀

𝐼𝑂𝑃𝑌 (2) 

Where 
⇀

𝐼𝑂𝑃𝑋 is the vector corresponding to the column information contained in 𝐼𝑂𝑃1 within the IOP metadata, and 
⇀

𝐼𝑂𝑃𝑌 is 
the vector for the rows contained in 𝐼𝑂𝑃2 within the IOP metadata. 

The result of the previous process is that the slices will always be oriented in LPS, and to change them to RAI, it is sufficient to
rotate all axes by 180° [ 13 ]. 

2. Estimation of rotation angles in the anatomical planes 

The estimation of the Yaw rotation angle was performed in the axial plane, followed by the Roll angle in the coronal plane, and
finally the Pitch angle in the sagittal plane. However, the NHP is not affected by the order in which these angles are estimated. 
Fig. 1 shows the direction of the mentioned rotations: Yaw (blue axis), Roll (green axis), and Pitch (red axis). 

2.1. Estimation of the Yaw rotation angle 

The analysis of the rotation angle in the axial plane (Yaw) requires the identification of two anatomical references with a low
index of asymmetry or low variability between individuals. For this process, the two frontozygomatic sutures (FZS) were used as
anatomical references due to their minimal variation between individuals, as well as their easy location and segmentation in the axial
plane [ 14–16 ]. The Xs within the boxes in the left and right images in Fig. 2 correspond to an example of the location of the FZS. 

To locate the FZS, the search is limited to slices containing information from the frontal process of the zygomatic bone to the
zygomatic process of the frontal bone. Through a study of a subset of 100 images (half of the available ones), it was established that
3
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Fig. 2. Example of FZS location. Left - Right FZS located on the left half of the axial projection. Center - Reconstruction of the CBCT volume using 

the RAI reference system. Right - Left FZS located on the right half of the axial projection. 

Fig. 3. Calculation of the Yaw angle in the axial MIP projection. 

Tabla 1 

Description of the subvolume location depending on the number of slices in the CBCT. 

Volume size in cuts. Location of the slices 

≤= 350 290:310 

≤= 450 350:370 

≤= 510 370:390 

≥= 540 450:490 

 

 

 

 

 

 

 

 

 

 

 

it is sufficient to preserve a subvolume with 20 slices, whose location depends on the number of slices in the CBCT. Table 1 presents
the location of the 20 slices according to the number of slices in the CBCT. The location is given in terms of the previously established
slice position indices (𝐷𝑝 ) . 

As shown in Fig. 3 , the FZS corresponds to the pixels with maximum intensity at the edges of the axial projection. The axial
projection corresponds to the maximum intensity projection (MIP) of the subvolume in the axial plane, which highlights the difference
between bone and soft tissues. However, it is necessary to enhance the contrast of the MIPs due to differences in capture devices and
their configurations, which vary by laboratory. To enhance contrast, the CLAHE (Contrast Limited Adaptive Histogram Equalization) 
algorithm [ 17–19 ] was used, ensuring that the output image histogram corresponds to a uniform distribution. The separation of the
bone regions containing the FZS from the rest of the image (soft tissues and background) can be done automatically by defining
a threshold based on the histogram of the contrast-enhanced image. The threshold corresponds to the mean value of the centroids
of the two groups identified by the K-means clustering technique [ 20 ]. The coordinates of the right FZS (𝐹 𝑍𝑆𝑋− 𝑟𝑖𝑔ℎ𝑡 , 𝐹 𝑍𝑆𝑌 − 𝑟𝑖𝑔ℎ𝑡 )
will correspond to the minimum values of the X and Y coordinates in the bone region of the left half of the projection, while the
coordinates of the left FZS (𝐹 𝑍𝑆𝑋− 𝑙𝑒𝑓 𝑡 , 𝐹 𝑍𝑆𝑌 − 𝑙𝑒𝑓 𝑡 ) correspond to the minimum value of the Y coordinates and the maximum value
of the X coordinates. 
4
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Table 2 

Hyperparameters and Increase parameters used that training Yolov8n seg. 

Parameter Value 

Train epoch 70 

Batch size 16 

Learning rate 0.001 

Momentum 0.937 

Adjust image hue in a fraction (Hsv_h) 0.015 

Alteration of image saturation in a fraction (Hsv_s) 0.7 

Modify the brightness of the image in a fraction (Hsv_v) 0.4 

Moving the image horizontally and vertically into a fraction of the image size (Translate) 0.1 

Scaling the image to a given factor (Scale) 0.5 

Turn the image left or right with a specified probability (Fliplr) 0.5 

Fig. 4. Calculation of the roll angle in the coronal STDIP projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 shows how the Yaw rotation angle corresponds to the inclination angle of the slope of the line generated between the right
and left reference points of the FZS (green line). This angle is obtained using Eq. (3) . 

θ𝑌 𝑎𝑤 = atan 

( 

−

( 

𝐹 𝑍𝑆𝑌𝑙𝑒𝑓𝑡 
− 𝐹 𝑍𝑆𝑌𝑟𝑖𝑔ℎ𝑡 

𝐹 𝑍𝑆𝑋𝑙𝑒𝑓𝑡 
− 𝐹 𝑍𝑆𝑋𝑟𝑖𝑔ℎ𝑡 

) ) 

(3) 

2.2. Estimation of the roll rotation angle 

The estimation of the rotation angle in the coronal plane, known as Roll, provides detailed information about the lateral inclination
of the head. To correct the NHP in this plane, the angle between the ocular cavities was calculated. Although several anatomical
references with low variability can be used, in [ 15 , 16 ] mention that the ocular cavities are one of them, with the advantage of
being a large area and having a marked difference between the tissues that compose them and the bony part, making them easily
distinguishable. he location of the anatomical reference points of the ocular cavities corresponds to the centroid coordinates of the
regions representing them: (𝑂 𝐶𝑅𝑋 , 𝑂 𝐶𝑅𝑌 ) for the right ocular cavity, and (𝑂 𝐶𝐿𝑋 , 𝑂 𝐶𝐿𝑌 ) p for the left one. To segment the ocular
cavities from CBCT volumes, a deep learning model from the YOLO family, known for its good results in segmenting various objects
[ 21 , 22 ], was used. Specifically, YOLOv8n-seg [ 23 , 24 ] was trained using 50 % of the available CBCT volume cases. Two projections
were generated from each volume: the Maximum Intensity Projection (MIP), created from the subvolume containing information 
from the most anterior part of the face to the middle of the volume, and the Standard Deviation Projection (STDIP) extracted from the
entire cranial CBCT volume [ 25 ]. Additionally, data augmentation was performed by applying random Roll rotations between − 10°
and 10° to these projections. The same data augmentation procedure was applied to the remaining user cases to test the segmentation
performance of the model. 

MIP images are obtained from the maximum intensity value of the coronal projection of the CBCT volume, while STDIP images
correspond to the sum of the standard deviations of the coronal projection. 

The ground truth for the segmentation of the ocular cavities corresponds to an irregular polygon generated using the Labelbox tool
[ 26 ];thus, the model is provided with the coordinates of the vertices that compose the polygon as the desired output. Once trained,
the model produces a binary image with the two regions associated with the ocular cavities. Table 2 contains the parameters used
for training the model. 

The Fig. 4 presents an example of estimating head inclination, given by the slope of the line connecting the anatomical references
of the ocular cavities (green line). Left – STDIP projection, Center – result of the ocular cavity segmentation process by the model,
Right – Estimated lateral inclination. 

The correction angle in the coronal plane ( θ𝑅𝑜𝑙𝑙 ) is given by the angle formed between the head’s lateral inclination (green line in
Fig. 4 right) and a horizontal line (blue line), as shown in Eq. (4) . 

θ𝑅𝑜𝑙𝑙 = atan 
( 

−
( 

𝑂 𝐶𝐿𝑌 − 𝑂 𝐶𝑅𝑌 

𝑂 𝐶𝐿𝑋 − 𝑂 𝐶𝑅𝑋 

) ) 

(4) 
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Table 3 

Training parameters Fusionvgg19. 

Parameter Value 

Train epoch 150 

Optimizer Lion [ 29 ] 

Batch size 1 

Learning rate 0.0001 

Weight decay 0.01 

Dropout 0.3 

Fig. 5. Estimation of the Pitch rotation angle in sagittal SUMIP projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Estimation of the pitch rotation angle 

The measurement of the rotation angle in the sagittal plane, known as Pitch, corresponds to the vertical inclination of the head
( θ𝑃 𝑖𝑡𝑐ℎ ). This angle is adjusted to a reference value θ𝑅𝑒𝑓𝑝𝑖𝑡𝑐ℎ of 3.8° for men and 4.1° for women, to correct the NHP in this plane [ 4 ]. To
establish the vertical inclination in the CBCT volume, the anatomical reference is the line formed between the cephalometric points
Sella (S) and Nasion (N). Although other anatomical references exist for estimating vertical inclination [ 9 , 27 ], the cephalometric
points S and N are the most commonly used for this purpose due to their low variability [ 4 , 8 ]. 

The location of the anatomical reference points S (𝑆𝑋 , 𝑆𝑌 ) and N (𝑁𝑋 , 𝑁𝑌 ) is established using probability maps generated by
a deep learning model based on the VGG-19 architecture, with modifications proposed by [ 28 ]. The model was trained with 300
images distributed as follows: 100 images of X-ray sum projection (SUMIP) and 100 of standard deviation projection (STDIP) from
100 patients (half of the available dataset), and another 100 randomly selected from the previous set of 200 images, with random
Pitch rotations induced between − 15° and 15°

The SUMIP and STDIP images are obtained as proposed in [ 25 ]. The SUMIP images correspond to the summation of voxel values
in the direction of the sagittal plane, while the STDIP images correspond to the summation of the standard deviations of the sagittal
projection, both derived from the CBCT volume. The ground truth for the anatomical references of S and N were manually defined
by two clinical specialists in both types of images. Table 3 presents the parameters used in the model training process. 

Fig. 5 presents the line formed between the anatomical references of S and N (blue line) and the vertical inclination required to
correct the NHP in the sagittal plane (orange line). The posture correction angle ( θ𝑃 𝑖𝑡𝑐ℎ ) is the angle formed between these two lines,
as shown in Eq. (5) . 

θ𝑃 𝑖𝑡𝑐ℎ = atan 
( 

−
( 

𝑁𝑌 − 𝑆𝑌 

𝑁𝑋 − 𝑆𝑋 

) ) 

− θ𝑅𝑒𝑓𝑝𝑖𝑡𝑐ℎ (5) 
6
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Fig. 6. NHP correction in the three anatomical planes (initial vs. with correction). 

 

 

 

 

 

 

 

 

 

 

 

 

3. Correction of the CBCT volume to NHP 

Once the rotation angles in the axial ( θ𝑌 𝑎𝑤 ), coronal ( θ𝑅𝑜𝑙𝑙 ), and sagittal ( θ𝑃 𝑖𝑡𝑐ℎ ), planes are established, the correction of the CBCT
skull volumes is performed. Fig. 6 shows the initial volume projections in each plane on the left, and the corresponding corrected
projections on the right. 

Method validation 

The validation process began with the calculation of the necessary sample size to ensure that the results would be representative,
using a 95 % confidence level and a 5 % margin of error, as described in Eq. (6) . Through this process, it was determined that the
appropriate population for validating the methodology should consist of 132 subjects, ensuring that the sample is representative and
that the results of the analysis are statistically significant. 

𝑛 =

(
𝑍2 ∙𝑝 ∙( 1− 𝑝 ) 

𝑒2 

)
(1 +

(
𝑍2 ∙𝑝 ∙( 1− 𝑝 ) 

𝑒2 𝑁 

) (6) 

Where n is the sample size, Z is the statistical value for the desired 95 % confidence level (1.96), p is the estimated proportion of the
characteristic of interest in the population (set at 0.5), e is the acceptable 5 % margin of error, and N is the population size (200). 

The next step involved calibration with the two experts to ensure consistency and precision in the measurements. To achieve
this, 20 images were randomly selected, equivalent to 10 % of the original sample, and used in a joint training session. This training
process is crucial in validation studies to minimize inter-observer differences and ensure data reliability [ 30 ]. A practice session was
conducted where the two investigators, referred to as Clinician 1 and Clinician 2, placed the anatomical references FZS right and
left in both the axial and coronal planes, and the S and N points in the sagittal plane, on the same images. The results were then
discussed. A tolerance of 0.5° was established for the measurement of angles, and Cohen’s Kappa coefficient [ 31 ] was calculated
7
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Fig. 7. Validation of subject CoF traced by one of the clinicians: A. Axial view, B. Coronal view, C. Sagittal view. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

using Eq. (7) , resulting in a 95 % agreement between the measurements of the two clinicians. This ensured consistency and proper
calibration before proceeding with the validation in the main sample. 

𝐾 =
𝑝0 − 𝑝𝑒 

1 − 𝑝𝑒 
(7) 

Once the concordance evaluation was completed, 132 subjects were selected from the population of 200 cases through a random
permutation process [ 32 ]. This method ensures an equitable and representative selection of the sample, minimizing potential biases
in the composition of the validation group. 

An individual table was created for each clinical professional. In the first column, labeled "image," the randomly selected subjects
were recorded. The second column contained the data collected by the clinician in the axial view, while the third column was
designated for the coronal view, and the fourth column for the sagittal view. It is important to note that each clinician worked
independently, without access to the other’s information. 

Using BlueSky Plan software version 4.13.31, each clinician obtained validation data through the cephalometric analysis mod- 
ule. The images, automatically corrected for head position, were analyzed in the axial, coronal, and sagittal planes using angular
measurement tools. The measurement process in each plane was carried out as follows: 

1. To validate the axial position, the clinicians measured the angle formed by the slope between the FZS right and FZS left points,
which correspond to the pixels of maximum intensity at the extremes of the axial projection, as shown in Fig. 7 A. From the FZS
left, a second vertical line was drawn upward, forming an angle with the previously traced slope between the FZS points. The
resulting angle was measured, and 270° was subtracted from this value to normalize the measurement with respect to a standard
reference. The resulting value was recorded in the validation table under the axial column. 

2. The validation of the coronal projection involved measuring the angle formed between the outermost regions of the fronto-
zygomatic suture, or the fronto-maxillary suture, and a true vertical line or vertical line drawn upward, as shown in Fig. 7 B. This
resulting angle was reduced by 270°, and the obtained value was recorded in the validation table under the coronal column. 

3. The validation of the correction in the sagittal plane involved measuring the internal angle formed between the S and N points
and a zero-slope line passing through point S, as shown in Fig. 7 C. The results were recorded in the validation table under the
sagittal column. 

In the analysis of the validation of the proposed methodology for the correction of the natural head position (NHP) across the
three anatomical planes, angular measurements performed by clinicians on corrected images were utilized and analyzed using various 
error metrics to determine the precision and reliability of the implemented technique. 

In the sagittal plane, the root mean squared error (RMSE) was 0.029° for women and 0.032° for men, with standard deviations of
± 0.021° and ± 0.027°, respectively. In the axial plane, the RMSE was 0.0189° for women and 0.0377° for men, with corresponding
standard deviations of ± 0.0174° and ± 0.0261° Similarly, in the coronal plane, the RMSE was 0.0240° for women and 0.0238° for men,
with standard deviations of ± 0.0218° and ± 0.0188° These errors are notably lower than those reported in other methodologies and are
minimal, suggesting a potential influence of human error [ 33–35 ]. Furthermore, a Bland-Altman analysis [ 30 ] demonstrated strong
agreement between the two clinicians’ measurements, with most differences falling within pre-established limits and no indication 
of systematic bias. 

Limitations 

Although the methodology has proven to be effective in correcting the natural head position (NHP) in CBCT images using stable
anatomical references, several limitations must be considered: 

1. Absence of a universal ground truth: 

The natural variability of head position among individuals and ethnic groups makes it impossible to create a single ground truth
that can be applied to the entire population without introducing inaccuracies. The NHP varies between patients due to anatomical
and functional factors, which makes a standardized ground truth unsuitable for all individuals. This has been corroborated in
8
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studies showing that cephalometric positioning and references such as the Sella-Nasion line and the Frankfort plane exhibit 
significant variations between different ethnic groups and even within the same groups [ 36–41 ]. Therefore, the use of a synthetic
ground truth could compromise clinical accuracy and generate false positives. 

2. Expert calibration and scalability: 

It is recognized that expert calibration is an effective method for ensuring the accuracy of cephalometric measurements. However,
this process requires significant resources and is not easily scalable to large volumes of data. Despite this, our validation approach
has proven reliable in studies that have used stable anatomical references for corrections in the axial, coronal, and sagittal planes
[ 8 , 9 , 14 , 16 ]. In future studies, we plan to explore automated methods for the identification of cephalometric points to make the
validation process more efficient without compromising the precision of the methodology. 

3. Anatomical variability: 

The anatomical landmarks used in the methodology, such as Sella and Nasion, as well as the frontozygomatic suture in the axial
plane and the centroid of the orbital cavity in the coronal plane, are known to vary among individuals and different ethnic groups.
However, these structures exhibit variability within permissible ranges, allowing them to be considered stable references in clinical 
contexts [ 14 , 16 , 27 ]. Previous studies have demonstrated that both the Sella-Nasion line and the Frankfort horizontal plane show
significant differences between populations, reinforcing our decision to use patient-specific anatomical references rather than a 
standardized ground truth [ 40 , 42–44 ]. 

4. Applicability in diverse populations: 

Although the study focused on a mestizo population, additional research in populations with different craniofacial characteristics 
is necessary to evaluate the generalization of the results. Previous studies have shown that structures such as the orbital cav-
ity and zygomatic sutures vary significantly between populations, which can influence the accuracy of the applied corrections 
[ 14 , 40 , 42 , 43 ]. This suggests the need for broader studies that address population diversity to improve the applicability of our
methodology in various clinical settings. 
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