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ABSTRACT 

Evaluating the Utility and Usability of Palatal Plane in 2D and 3D 

Stephan S. Yoon, DMD 

 

Background and Objective: The purpose of the study is to evaluate the utility of the palatal 

plane in both 2D and 3D.  The first aim is to study and compare the correlation between the sella 

nasion-to-mandibular plane angle (SN-MP), to the palatal plane-to-mandibular plane angle (PP-

MP), and open bite tendency.   The second aim is to develop a method of identifying the palatal 

plane, mandibular plane, and associated landmarks in 3D on CBCT.  The third aim is to test and 

compare the reliability of landmarks identification involved in palatal plane, mandibular plane, 

and associated measurements in 3D and 2D.  The last aim is to evaluate the difference between 

the palatal and mandibular plane associated measurements identified from the 3D CBCT analysis 

and 2D lateral cephalographs. 

Materials and Methods: Aim 1: 50 subjects in permanent dentition were randomly chosen at 

UCSF.  Their lateral cephalographs were collected to measure and compare the correlation 

between SN-MP, PP-MP, and overbite.  Aim 2: A protocol was developed to use a hybrid 

between volumetric rendering and multi-planar reconstruction to trace palatal plane, mandibular 

plane, and associated measurements in 3D using Anatomage Invivo5. Aim 3: Precision of the 

landmarks were compared between 3D tracing on CBCT and 2D lateral cephalographs, both 

overall as well as per individual axis. Aim 4: associated measurements, PP-MP, U1-PP, and L1-

MP, were measured and compared between 3D and 2D tracings.  

Results:  There was a strong correlation between SN-MP and PP-MP (R= 0.859) and no 

significant difference between SN-MP to open bite and PP-MP to open bite. Generally, landmark 
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identification was significantly more precise in 3D tracing than 2D tracing (0.549mm vs 

1.440mm).   In 3D, tracing was more precise in Y-axis than X-axis (0.168mm vs 0.367mm), 

whereas in 2D, it was more precise in X-axis than in Y-axis (0.640mm vs 0.823mm).  Incisor 

crown tips ranked high on precision ranking in both 3D and 2D. and PNS ranked low in both 3D 

and 2D, while root apices ranked higher on 3D than in 2D.   U1-PP measurements in 3D were 

significantly lower than that of 2D (-3.73 degrees), L1-MP measurements in 3D were 

significantly higher than that of 2D (+2.35 degrees), but PP-MP measurements did not 

significantly differ between 3D and 2D.  

Conclusions: PP-MP, similar to SN-MP, is valuable in evaluating vertical jaw relationship and 

open bite tendencies.  Overall, landmark identification in 3D is significantly more reliable and 

precise than in 2D.  However, the patterns of precision differ between different landmarks and 

different axes.  Measurements such as U1-PP and L1-MP significantly differ when measured in 

3D compared to 2D. 

 

Key words: CBCT, lateral cephalographs, landmark tracing, reliability, precision, consistency, 

palatal plane, and mandibular plane. 
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INTRODUCTION 

The invention of computed tomography (CT) was a break through in radiographic 

imaging for it allowed clinicians to evaluate the depths of the human anatomy, slice by slice, 

through computer reformation of radiographic images. (1) While introducing computed 

tomography to head and neck anatomy opened opportunities to be more creative, comprehensive, 

and precise in evaluating craniofacial structures, these were not realistically obtainable due to 

high cost and biological burden on the patient resulting from high radiation exposure.  This 

problem was greatly addressed by the rather recent introduction of cone-beam computed 

tomography (CBCT), which due to its single rotation of the x-ray tube, both decreases the 

radiation exposure and reduces blurring of the image from patient movement during image 

capturing. (2, 3, 4)   

Since being first introduced in 1990’s, both the technology of capturing CBCT and the 

ability and knowledge to manipulate and interpret CBCT have advanced exponentially. (2) 

Currently, scan time can be as low as 9 seconds and radiation exposure as low as 40-50mSv, 

which is comparable to full mouth series of dental x-rays. (5) As CBCT technology advances, 

companies are developing ultra low dose scans with radiation of under 15mSv.  

 

Generating 2D images from CBCT 

From CBCT, an operator can obtain the familiar 2D images more accurately and 

efficiently.  Bilateral structures are often overlapped in 2D cephalometric images, blurring the 

final image when there is asymmetry in the patient or patient’s head was tilted at the time of 

capturing the image.  Commonly found example of this is gonial angles and mandibular planes 

determined by selected gonial angles.  When right and left gonial angles are not clearly 
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superimposed, clinicians will often select an arbitrary middle point to address this, introducing 

more variability to the associate measurements. (6, 7) With CBCT, if a patient’s head position is 

unintentionally tilted, it can be corrected by simply reorienting the image, which allows more 

accurate superimposition of bilateral structures. (8) In the presence of true asymmetry, the right 

and left sides of the craniofacial structures can be evaluated individually and compared to each 

other. (9) Other various types of routinely acquired 2D radiographs can be obtained from CBCT 

such as panographs or PA cephalographs.  Similarly to lateral cephalographs, panographs and 

PA cephalographs can be generated from correct head orientation of CBCT.   

Advantage of acquiring familiar 2D images is that one can utilize the findings and 

evidences from years of research to interpret the images. (10)  

 

Utilization of CBCT 

 Benefits of CBCT extend well beyond the advantage of generating more accurate 2D 

images from it.  More magnified and higher resolution incremental slices can be generated in an 

area of interest such as impacted canines or concern for pathology or abnormality.  Additionally, 

ability to maneuver around volumetric rendering of CBCT allows the operator to evaluate root 

position in multi-dimensions simultaneously.  For example, severely proclined incisors that may 

be misinterpreted on conventional 2D panographs for having shortened roots, will be correctly 

evaluated when examined in 3D volumetric rendering. (8, 9) 

Furthermore, CBCT can be used for 3D visual treatment objectives development, 

superimposition, and 3D analyses.  Good CBCT analyses should continue to utilize measurement 

norms established from previous 2D lateral ceph studies, but also incorporate truly 3D 

measurements. (8) Such analyses and measurements have been in active development in past 



	

3	

years and are being tested for their usefulness  

In order to achieve quantitative assessment using CBCT, reliable landmarks and analyses 

using associated measurements need to be established.  Good analyses should continue to utilize 

measurement norms established from previous 2D lateral ceph studies, but also include new 

measurements that take advantage of the third dimension in CBCT. (8, 9) However, while there 

have been several studies that evaluated the reliability of landmark identification and 

measurements in lateral headfilms, similar studies on 3D are few, especially ones that directly 

compare reliability of the two imaging options on same subjects. (6, 7, 11)  

 

Reliability of Landmark Identification 

A landmark, anatomical or artificial, cannot be a good candidate if different individuals 

cannot reliably trace it repeatedly.  For this reason, the reliability of landmark identification has 

been studied since the beginning of 2D lateral cephalograph tracing. (12) Baumrind et al.,’s 

study from University of California, San Francisco, was one of the first studies that evaluated the 

reliability of commonly used landmarks in 2D lateral cephalograph tracing. (6, 7) Several studies 

list errors in landmark identification as one of the main causes for error in cephalograph analyses 

along with others such as projection error, mechanical error in drawing lines between points on 

tracing, and error in measuring the angles or distances (10). While computer softwares eliminate 

the latter reasons for error, the errors in tracing landmarks still exist despite best efforts to 

automate the tracing by computers.  Baumrind’s study as well as several that followed showed 

that landmark tracing error varies between different landmarks and in different axes (x-axis vs y-

axis). (13) These findings are important in the transitioning from 2D cephalograph to 3D CBCT 

in order to identify landmarks that are more difficult to reliably identify in 3D.  Such landmarks 
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would result in errors measurements, both angular and linear, and, therefore, should be 

considered to be excluded in the list of landmarks to be used for 3D analyses.  Equally as 

important as the landmarks to be traced is the method by which 3D tracing is executed. Two 

major methods are using volumetric rendering and multiplanar reconstruction (MPR).  Tracing a 

point on volumetric rendering is faster for gross tracing but may not be precise, whereas, using 

MPR allows more precise tracing but is more time consuming.  

 

Palatal Plane  

 The palatal plane is a reference plane often used in different ceph analyses measurements 

such as upper incisor inclination-to-palatal plane (U1-PP).  As a reference plane, palatal plane 

has an advantage over others such as the sella-nasion line and Frankfort horizontal lines in that it 

is closer to the maxillomandibular complex.  The closer proximity to maxillomandibular 

complex makes it a useful reference plane in CBCT with limited field of view such as a reset or 

progress radiograph. In non-growing patients, the palatal plane can even be used to for 

superimpositions.  

When evaluating skeletal vertical jaw relationship and open bite tendency, SN-MP is 

most commonly used.  However, the literature to compare the usefulness of SN-MP and PP-MP 

in evaluating vertical jaw relationship is lacking.  It is possible that PP-MP is similarly as 

effective as SN-MP in assessing open bite tendency, if not more, and such finding will raise the 

value of palatal plane.   

The palatal plane, despite its name, has traditionally been used as a line on 2D 

cephalometric analysis.  In 3D CBCT, however, the palatal plane should be identified as a 3D 

structure, which increases the utility of it but also creates a new challenge of tracing a 3D palatal 
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plane. The advantage is that all the previously used measurements using the palatal plane can be 

measured more accurately using the anatomically accurate CBCT material.  In asymmetric 

patients, the operator no longer needs to guess the palatal plane but can accurately depict it.    

Precise identification of both palatal and mandibular planes in 3D will provide more 

anatomically accurate measurements.   Additionally, the palatal plane can also be used from the 

anteroposterior (AP) assess transverse jaw relationship and determine maxillary cant in relation 

to cranial base as well as the occlusal plane and mandibular plane. The challenge will be with 

assigning additional landmarks in addition to ANS and PNS to create a plane in 3D.  As 

discussed, these landmarks need to be reliably traceable.    



	

6	

Purpose of the Study 

The purpose of the study is to evaluate the utility of the palatal plane in both 2D lateral 

cephalographs and 3D cone beam computed tomography (CBCT). 

 

Specific Aims 

1. To study and compare the correlation between sella nasion-to-mandibular plane angle 

(SN-MP) and the palatal plane-to-mandibular plane angle (PP-MP), and open bite 

tendency. 

2. To develop a method of identifying the palatal plane, mandibular plane, and associated 

landmarks in 3D on CBCT.  

3. To test the reliability of 3D landmarks identification involved in palatal plane, 

mandibular plane, and associated measurements.  

4. To evaluate the difference between the palatal and mandibular plane associated 

measurements identified from the 3D CBCT analysis and 2D lateral cephalographs. 

 

HYPOTHESES 

1. There is no significant difference between correlation between SN-MP and over bite and 

correlation between PP-MP and over bite.  

2. There is no significant difference between reliability of same landmarks identification 3D 

CBCT and 2D lateral cephalographs. 

3. There is no significant difference between palatal and mandibular plane associated 

measurements between 3D CBCT and cephalograph tracing. 
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METHODS AND MATERIALS 

Aim 1: To study and compare correlation between sella nasion-to-mandibular plane angle 

(SN-MP), palatal plane-to-mandibular plane angle (PP-MP), and open bite tendency. 

Inclusion criteria  

50 subjects were chosen at random from patients who came to UCSF orthodontic clinic 

for beginning record between the dates of July 2013 to July 2015.  All permanent teeth except 

second molars must have erupted into oral cavity.  

Exclusion criteria 

Subjects were excluded if they have history of previous orthodontic treatment or a 

diagnosis of craniofacial anomaly. 

 

Lateral cephalographs were taken on Carestream 9300 (Atlanta, GA).  Images were 

imported to and traced on Dolphin Imaging (Chatsworth, CA) (Figure 1).  The landmarks traced 

and measurements collected were as follow: 

Landmarks: sella, nasion, anterior nasal spine (ANS), posterior nasal spine (PNS), 

menton, gonion, upper incisor tip, upper incisor root, lower incisor tip, and lower incisor 

root. 

Measurements: SN-MP angle, PP-MP angle, and over bite. 

Three correlation studies were conducted between the measurements: SN-MP vs PP-MP, SN-MP 

vs overbite, and PP-MP vs overbite. 
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Figure 1: Lateral cephalograph traced with sella, nasion, ANS, PNS, upper incisor tip/apex, and 
lower incisor tip/apex. 
 

Aim 2: To develop method of identifying the palatal plane, mandibular plane, and 

associated landmarks in 3D on CBCT.  

CBCT 

All of the images were captured by a single dental radiology technician at UCSF using 

Carestream 9300.    Patients were standing upright during the capture of CBCT.  Images were 

captured and exported as DICOM files.  

Tracing 

DICOM files were imported to and traced on Anatomage Invivo5 (San Jose, CA).  An 

hybrid of 3D volumetric rendering and multi-planar reconstruction (MPR) was used as method 

of tracing.   The 3D volumetric rendering mode makes it easier for the operator to visualize and 
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navigate around the image (Figure 2). Multi-planar reconstruction allows more precise tracing 

via displaying the traced landmark in all three planes: sagittal, coronal, and transverse.  However, 

it had the disadvantage of taking longer (Figure 3).  In combining of the two methods, the 

operator is able to perform quick initial gross tracing via volumetric rendering, then fine-tune the 

point by adjusting in MPR mode as needed (Figure 4).  Most landmarks were traced using this 

approach except PNS.  Since it is an internal structure, PNS is difficult to visualize in volumetric 

rendering.  Therefore, initial gross tracing of PNS was placed on sagittal slice generated at 

midline (Figure 5).   The angle of the view in volumetric reconstruction mode was customized 

for each landmark to make initial gross tracing simpler (Figure 4).   

 

Figure 2: 3D volumetric rendering is easier to visualize and navigate through.   
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Figure 3: Multi-planar reconstruction (MPR) allows view in three different planes. 
 

 
Figure 4: Hybrid of volumetric rendering and multi-planar reconstruction allows quick initial 
gross tracing followed by fine-tuning in MPR view. 
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Figure 5: PNS, due to being an internal structure, is easier to perform initial tracing on sagittal 
radiograph than on volumetric rendering.   
 

Landmarks 

15 landmarks were included in the CBCT tracing, 8 bilateral landmarks and 7 non-

bilateral landmarks.   

Table 1: 15 landmarks for CBCT tracing 

Landmark Definition 

J-point R/L The most concave point on the most lateral border of the maxilla 

near maxillary second molars 

ANS The tip of the anterior nasal spine  

PNS The tip of the posterior nasal spine 

Menton The most inferior  point of the symphysis 
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Gonion R/L Most convex point where the posterior inferior curve of the ramus 

meets.  

Antegonial notch 

R/L 

Point at the lateral inferior margin of the antegonial protuberance. 

UR1 crown tip Incisal tip of the upper central incisors 

UR1 root apex Root apex of the upper central incisors 

LR1 crown tip Incisal tip of the lower central incisors 

LR1 root apex Root apex of the lower central incisors 

Orbitale R/L The deepest point of the infraorbital margin  

 

What are referred to as palatal and mandibular planes in traditional 2D lateral cephs are 

actually lines rather than true planes, and, therefore, require only two landmarks each to define 

them.  ANS and PNS define palatal plane and menton and gonion define mandibular plane.  

However, in order to construct a true plane in 3D, more than two points are required.   

Mandibular plane 

 A plane can be defined by three points that are not in a straight line.  Since the gonions 

are bilateral structures, menton, right gonion, and left gonion were selected to form a mandibular 

plane (Figure 6). 
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Figure 6: Mandibular plane in 3D determined by menton and right/left gonion. 

 

Palatal plane  

The palatal plane, similar to the mandibular plane, is not an actual anatomical plane.  

However, while the mandibular plane includes bilateral structures, the palatal plane does not as 

ANS and PNS are both midline structures.  Therefore, bilateral landmarks are needed to be 

selected to determine palatal plane.  The purpose of the bilateral structures is to determine the 

“roll” of the plane that includes ANS and PNS.  An illustration of an airplane depicts this more 

clearly (Figure 7).  After considering several different candidates, J-points were selected as the 

bilateral structures for a few reasons.  First, J-points are closer to the palatal plane in comparison 

to other bilateral landmarks considered, such as the infraorbital foramen.  Secondly, J-points are 

not significantly affected by the eruption status of the posterior teeth, such as the height of 

dentoalveolar bone.   Lastly, J-points can be used to evaluate the transverse discrepancy between 

maxilla and mandible.  J-points have been used in several AP cephalometric analyses, such as in 
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Ricketts analysis, along with antegonial notch-to-antegonial notch line to quantitatively measure 

the transverse discrepancy between maxilla and mandible (Figure 8).   

 

Figure 7: Depiction of palatal plane via airplane model.  ANS and PNS are represented by the 
head and tail of the airplane.  Bilateral structures are needed to determine the “roll” of the palatal 
plane. 
 

 

Figure 8: Ricketts PA cephalograph tracings included J-points. 
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Together, the palatal plane is defined as a plane that passes through ANS and PNS, and 

these landmarks are equidistant from right and left J-points (Figure 9).  J-points were defined as 

the most concave point on the most lateral border of the maxilla near the maxillary second 

molars (Figure 10).   Ricketts has similarly described these points as points on jugal process at 

the intersection of the outline of the tuberosity and zygomatic buttress (Ricketts, 1961). 

 
Figure 9: Palatal plane in 3D determined by ANS, PNS, and right/left J-points. 

 

 
Figure 10: J-point  
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Once the two planes are determined in 3D, the true palatal plane to mandibular plane 

angle can be visualized and measured (Figure 11) 

. 
Figure 11: True palatal plane-to-mandibular plane angle, PP-MP. 
 

Incisor inclination 

In order to evaluate incisor inclination of upper and lower incisors relative to palatal and 

mandibular plane respectively (U1-PP, L1-MP), the long axis of upper right central incisors and 

lower right central incisors were determined by identifying the crown tip and root apex.  Overlap 

of multiple incisors in lateral cephalographs often creates challenge to identify incisor angulation 

accurately.  CBCT tracing eliminates this variability by isolating and selectively tracing an 

individual tooth (Figure 12).  For the purpose of this study, upper right central incisors were 

used, but other incisors can be added or substituted as desired in subsequent models.  
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Figure 12: Long axis of UR1 determined by the tooth’s crown tip and root tip, and its 
relationship to palatal plane (U1-PP). 
 

Frontal evaluation for cant and symmetry 

J-points are used to evaluate symmetry and cant of the maxilla/palatal plane and the 

mandible in relation to each other and to cranial base (Figure 13). The horizontal cant of the 

cranial base is determined by connecting right and left orbitales.   The horizontal cant of the 

mandibular plane is determined by connecting right and left gonion.  The cants of cranial base, 

palatal plane, or mandibular plane are visualized and measured.  Additionally, Ricketts has 

shown that on average, width of antegonial notch-to-antegonial notch is about 10mm greater than 

J-point to J-point.  Deviation from 10mm difference indicates maxillary width excess or 

deficiency.  Difference between antegonial notch-to-antegonial notch and J-point to J-point are 

automatically computed in the analysis. 
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Figure 13: Frontal evaluation for transverse relationship or cants between cranial base, palatal 
plane or mandibular plane. 
 

Overall, the analysis includes 9 measurements: 6 angular and 3 linear (Figure 14). 

Table 2: Measurements from CBCT tracing 
Measurements Description 

PP-MP Angle between true palatal plane and mandibular plane in 3D 

U1-PP Angle between long axis of UR1 and palatal plane 

L1-MP Angle between long axis of LR1 and mandibular plane 

Or-Or to PP Cant between cranial base and palatal plane (degree) 

PP to Go-Go Cant between palatal plane and gonion-to-gonion line (degree) 

Or-Or to Go-Go Cant between cranial base and gonion-to-gonion line (degree) 

Ag-Ag Distance antegonial notches 

J-point to J-point Distance between J-points 

Max trans deficiency J-point to J-point + 10 - Ag-Ag 
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Figure 14: Sample of measurements from the analysis (Anatomage Invivo5). 
  

Aim 3: To test the reliability of identifying 3D landmarks involved in palatal plane, 

mandibular plane, and associated measurements. 

Inclusion criteria  

5 subjects were chosen at random from patients who came to UCSF orthodontic clinic for 

beginning record between the dates of July 2013 to July 2015.  Patients are in permanent 

dentition with all teeth erupted including second molars (DS4M2), Class I molar and canine 

relationship, and OB and OJ of 3mm or less.   

Exclusion criteria 

Subjects were excluded if they are missing any teeth besides third molars, have history of 

previous orthodontic treatment, or a diagnosis of craniofacial anomaly. 

 

CBCT and lateral cephalograph 

CBCTs and lateral cephalographs were taken by the same radiology technician on the same day 

of the visit.  Size of the CBCT was 11x16cm and it did not include the cranial base.   
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Landmark identification 

CBCT DICOM files were traced using the method described in Aim 2. Lateral 

cephalographs were imported and traced using Dolphin Imaging.  Landmarks identified are as 

follow:  

 Menton, gonion, ANS, PNS, U1 tip, U1 root, L1 tip, L1 root, antegonial notch. 

If there was a discrepancy between right and left side of the bilateral structure, examiner picked a 

point in between the two points (Figure 15).  

 
Figure 15: Discrepancy between right and left mandibular border. 

 

The same examiner traced a set of 5 DICOM and 5 lateral cephalographs in random 

order, and then repeated an additional two rounds of tracing two weeks apart from each other.   

In total, there were 15 tracings of DICOM files and 15 tracings of lateral cephalographs.  

  

Coordinates, centroids, and precision 

For each 3D landmark traced, coordinates in three planes (x, y, z) were recorded.  For 

each 2D landmark traced, coordinates in two planes (x, y) were recorded.  In order to measure 

the reliability of each landmark’s identification, deviation from average of all tracings on each 
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landmark was used.  Centroid was defined as the average of all samples for a particular subject 

and landmark in each axis (Figure 16).   

 

 
Figure 16: Centroid (depicted here in 2D) is the average point of the three points on the triangle. 
 

Precision was defined as an average of deviations of points from centroid for a given 

landmark.  Precision value was calculated in all three axes, then overall precision was then 

calculated by combining all three axis using the Pythagorean Theorem.  Smaller precision value 

indicates less deviation from average mark and, therefore, greater reliability of tracing the 

landmark.   

 

 

Same steps were taken with 2D landmarks.   
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In order to compare the precision of 3D landmarks and 2D landmarks, precision values of 

2D needed to be adjusted for the missing third dimension.  This was accomplished by taking the 

square of 2D precision number, multiple by 1.5, then take a square root it.   

 

Aim 4: To evaluate the difference between the palatal and mandibular plane associated 

measurements identified from the 3D CBCT analysis and 2D lateral cephalograph. 

From both 3D CBCT tracing and 2D lateral cephalographs tracing, following 

measurements were recorded.  

 Palatal plane to mandibular plane angle (PP-MP).   

Upper incisor to palatal angle (U1-PP).  

 Lower incisor to mandibular plane (L1-MP). 
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RESULTS 

Aim 1: To study and compare the correlation between sella nasion-to-mandibular plane 

angle (SN-MP) to the palatal plane-to-mandibular plane angle (PP-MP), and open bite 

tendency. 

 There is a strong positive correlation, R= 0.859, between SN-MP and PP-MP (Figure 17).  

Both SN-MP and PP-MP have a negative correlation with overbite (Figure 17).  However, 

correlation between PP-MP and overbite, R= -0.510, is a stronger one than between SN-MP and 

overbite, R= -0.479 (Figure 18, 19). 

 

 
Figure 17: There is a strong positive correlation of R= 0.859 between SN-MP to PP-MP. 
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Figure 18: There is a negative correlation of R= -0.479 between SN-MP to overbite. 
 

 
Figure 19: There is a negative correlation of R= -0.510 between PP-MP to overbite. 
 

Aim 2: To develop method of identifying the palatal plane, mandibular plane, and 

associated landmarks in 3D on CBCT.  

Aim 3: To test the reliability of 3D landmark identification involved in palatal plane, 

mandibular plane, and associated measurements.  
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 X-axis represents coordinates in anterior-posterior direction, Y-axis represents 

coordinates in superior-inferior direction, and Z-axis represents coordinates in subjects’ right and 

left (Figure 20).  In order to compare precision of 3D and 2D tracing, the overall precision of 2D 

tracing was adjusted for the missing the third plane. 

 

 
Figure 20: Precision of 3D tracing and 2D tracing by axes. 
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Table 5: Precision by landmarks 

 
 

 

 

 

 
Figure 21: Precision of 3D tracing and 2D tracing by landmarks. 

  
The precision of 3D tracing was greater than that of 2D tracing for all of the landmarks 

evaluated (Figure 21).  

Landmark 3D	Precision 3D	SD 2D	Precision 2D	SD Unpaired	T-test	
P-value

LR1	Crown 0.227 0.086 0.877 0.506 <0.0001
UR1	Crown 0.231 0.124 0.971 0.536 <0.0001
UR1	Root 0.250 0.132 1.538 1.200 <0.001
LR1	Root 0.464 0.477 1.652 0.805 <0.0001
Menton 0.486 0.236 1.385 0.646 <0.0001
AnteGn	R 0.504 0.312 1.478 0.714 <0.0001
Gonion	R 0.546 0.421 1.772 0.672 <0.0001
AnteGn	L 0.589 0.435 1.478 0.714 <0.001
Gonion	L 0.647 0.447 1.772 0.672 <0.0001
PNS 0.873 0.508 1.913 1.680 <0.05
ANS 0.919 0.841 1.374 0.706 0.120
Average 0.548 0.351 1.440 0.829 <0.0001
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Table 6:  Overall precision and ranking of landmarks in 3D tracing. 

	
 
 
Table 7: Overall precision and ranking of landmarks in 2D tracing. 

 
 

Ranking Landmark Overall	Precision X-axis Y-axis Z-axis SD
1 LR1	Crown 0.227 0.080 0.089 0.164 0.086
2 UR1	Crown 0.231 0.080 0.071 0.182 0.124
3 UR1	Root 0.250 0.116 0.151 0.111 0.132
4 Orbital	L 0.435 0.200 0.120 0.302 0.276
5 LR1	Root 0.464 0.347 0.169 0.116 0.477
6 Menton 0.486 0.284 0.178 0.253 0.236
7 AnteGn	R 0.504 0.396 0.120 0.249 0.312
8 Gonion	R 0.546 0.418 0.178 0.200 0.421
9 AnteGn	L 0.589 0.347 0.102 0.378 0.435
10 Orbital	R 0.601 0.307 0.102 0.480 0.332
11 Gonion	L 0.647 0.556 0.151 0.258 0.447
12 J-point	R 0.708 0.351 0.387 0.382 0.233
13 J-point	L 0.736 0.502 0.347 0.253 0.400
14 PNS 0.873 0.769 0.200 0.133 0.508
15 ANS 0.919 0.756 0.149 0.347 0.841
- Average 0.548 0.367 0.168 0.254 0.351

Ranking Landmark Overall	Precision X-axis Y-axis SD
1 LR1	Crown 0.877 0.187 0.662 0.506
2 UR1	Crown 0.971 0.173 0.760 0.536
3 ANS 1.374 0.649 0.760 0.706
4 Menton 1.385 0.502 0.942 0.646
5 AnteGn 1.478 0.827 0.724 0.714
6 UR1	Root 1.538 0.400 1.076 1.200
7 LR1	Root 1.652 0.751 1.031 0.805
8 Gonion 1.772 0.978 0.880 0.672
9 PNS 1.913 1.289 0.569 1.680
- Average 1.440 0.640 0.823 0.829

Ranking Landmark Overall	Precision Avg	dX Avg	dY Avg	dZ SD
1 LR1	Crown 0.230 0.160 0.080 0.090 0.090
2 UR1	Crown 0.230 0.180 0.080 0.070 0.120
3 UR1	Root 0.250 0.110 0.120 0.150 0.130
4 Orbital	L 0.430 0.300 0.200 0.120 0.280
5 LR1	Root 0.460 0.120 0.350 0.170 0.480
6 Menton 0.490 0.250 0.280 0.180 0.240
7 AnteGn	R 0.500 0.250 0.400 0.120 0.310
8 Gonion	R 0.550 0.200 0.420 0.180 0.420
9 AnteGn	L 0.590 0.380 0.350 0.100 0.440
10 Orbital	R 0.600 0.480 0.310 0.100 0.330
11 Gonion	L 0.650 0.260 0.560 0.150 0.450
12 J-point	R 0.710 0.380 0.350 0.390 0.230
13 J-point	L 0.740 0.250 0.500 0.350 0.400
14 PNS 0.870 0.130 0.770 0.200 0.510
15 ANS 0.920 0.350 0.760 0.150 0.840
- Average 0.550 0.250 0.370 0.170 0.350

Ranking Landmark Overall	Precision Avg	dX Avg	dY SD
1 LR1	Crown 0.877 0.187 0.662 0.506
2 UR1	Crown 0.971 0.173 0.760 0.536
3 ANS 1.374 0.649 0.760 0.706
4 Menton 1.385 0.502 0.942 0.646
5 AnteGn 1.478 0.827 0.724 0.714
6 UR1	Root 1.538 0.400 1.076 1.200
7 LR1	Root 1.652 0.751 1.031 0.805
8 Gonion 1.772 0.978 0.880 0.672
9 PNS 1.913 1.289 0.569 1.680
- Average 1.440 0.640 0.823 0.829
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Figure 22: Precision of 3D landmarks tracing by axes. 

 
 

 
Figure 23: Precision of 2D landmarks tracing by axes. 
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Aim 4: To evaluate the difference between the palatal and mandibular planes’ associated 

measurements identified from the 3D CBCT analysis and 2D lateral cephalograph. 

 
Figure 24: Comparison of U1-palatal plane angle between 3D and 2D tracing. 

 

 
Figure 25: Comparison of L1-mandibular plane angle between 3D and 2D tracing. 
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Figure 26: Comparison of palatal plane-to-mandibular angle between 3D and 2D tracing. 

 

 

Table 8: Wilcoxon signed rank test to compare three measurements, U1-PP, L1-MP, PP-MP, 
between 3D and 2D tracing of given subjects. 

 

  

Subject	-	Tracing U1-PP	(3D) U1-PP	(2D) L1-MP	(3D) L1-MP	(2D) PP-MP	(3D) PP-MP	(2D)
1-1 106.66 112.60 102.55 101.60 19.84 24.40
1-2 106.21 109.70 103.01 103.20 20.64 26.40
1-3 105.03 111.40 102.46 99.40 21.16 25.00
2-1 121.10 122.60 103.30 95.30 21.51 21.80
2-2 119.78 122.10 104.14 98.80 21.93 21.20
2-3 120.14 123.40 104.49 96.90 21.99 22.20
3-1 109.77 114.10 93.10 87.40 27.43 26.60
3-2 111.01 108.70 93.83 90.40 26.59 28.50
3-3 111.06 112.90 87.25 89.70 28.32 27.40
4-1 104.49 114.80 92.43 90.90 21.54 23.50
4-2 104.01 112.50 92.99 89.30 21.66 22.00
4-3 104.09 112.50 87.71 92.10 21.14 21.10
5-1 115.26 113.70 103.79 102.40 26.52 28.50
5-2 116.60 117.00 103.47 103.90 26.19 26.90
5-3 112.72 115.90 103.61 101.60 28.51 26.40

Avg	difference	(3D-2D)
Wilcoxon's	W

P-value
34

-1.13

0.10	<	P	<	0.20

-3.73
8

2.35
21

0.001	<	P	<	0.005 0.02	<	P	<	0.05
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DISCUSSION 

Aim 1 

 The strong correlation, R=0.859, between sella nasion-to-mandibular plane angle (SN-

MP) and the palatal plane-to-mandibular plane angle (PP-MP) shows that PP-MP can be used to 

predict trend of SN-MP and vertical jaw relationship when SN-MP is not available.  A 

commonly used reset or progress CBCT, 10x10, and beginning or final record CBCT with 

limited field of view, 11x17, are examples of this type of scan used to do this analysis.  In these 

radiographs, the cranial base is excluded in order to minimize the field of view and lower the 

patient’s exposure to radiation.   

 PP-MP and overbite have very similar relationship to SN-MP and overbite.  The R value 

is actually stronger between PP-MP and overbite (R= -0.510) than between SN-MP and overbite 

(R= -0.479), although it was not a statistically significant difference.  This finding adds to the 

argument that PP-MP is a valuable measurement to be considered when evaluating vertical jaw 

relationship and open bite tendencies.  Traditionally, PP-MP is under-valued and utilized, and, 

therefore, the findings of this study should encourage providers to evaluate patients’ vertical jaw 

relationship and open bite tendencies using PP-MP, especially when radiographs without the 

cranial base are available. 

 

Aim 3 

 The overall precision of 3D landmark tracing in CBCT was significantly smaller than the 

overall precision of 2D landmark tracing, 0.550-mm and 1.440-mm, respectively.  This finding 

supports the argument that 3D landmark tracing is more reliable and consistent.    
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The pattern of inconsistency, however, is different between 2D and 3D.  For 2D tracing, a 

greater portion of the error is observed in the Y-axis, superior to inferior direction than X-axis, 

anterior to posterior direction.  However, this trend is reversed in 3D, where the most significant 

portion of the tracing inconsistency is observed in X-axis.   

Greater inconsistency in Y-axis in 2D may be due to variability that is introduced when 

the patient either has an asymmetry or had their head in tilted position, which is a known 

challenge with a 2D lateral ceph.  When the subject’s head is tilted, it creates superimpositions of 

bilateral structures in different vertical levels, higher and lower.  As the operator tries to 

determine the middle point of such bilateral structures, variability is likely introduced in vertical 

axis.  On the contrary, 3D tracing’s precision in Y-axis is the lowest out of all three axes and is 

significantly smaller than its counterpart in 2D tracing, at less than 1/5th of its precision value 

(0.168 vs 0.823 mm). 

Evaluation of precision was further dissected by looking into each landmark separately.  

General ranking of landmarks in the order of overall precision was similar between 3D and 2D as 

expected.  When the unpaired t-test was performed for every landmark evaluated except ANS, 

the precision value of 3D was significantly lower than 2D.  In fact, the ANS ranked last out of all 

3D landmarks in precision ranking while ranking third place in the 2D landmarks in precision 

ranking.  The reason why there is no significant difference of ANS precision in 3D and 2D can 

be directly attributed to precision in X-axis, 0.756-mm and 0.649-mm, respectively.  This shows 

that the sagittal location of ANS is difficult to identify regardless of whether in 3D or 2D. This 

finding is likely due to the fact that the anatomy of ANS becomes very thin as it approaches the 

tip of its spine.  However, the variability in the sagittal direction does not cause a major concern, 

as its vertical component is more critical in determining the position of the palatal plane.   
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Root positions of both upper and lower incisors are one of the landmarks that deviate 

from the trend of ranking similarly in both 3D and 2D.  In 3D, upper incisor root ranks at 3/15 

with 0.250-mm precision compared to 6/9 ranking and 1.538-mm precision in 2D.  Lower incisor 

root ranks at 5/15 with 0.464-mm in 3D compared to 7/9 rank and 1.562-mm precision in 2D.  

Root apices are often challenging structure to identify in lateral cephalographs because there are 

several structures superimposed on top of each other.  Not only are they bilateral structures, but 

often the root apices of lateral incisors and even canines are superimposed together, making it 

difficult for the operator to identify them consistently.  The improvement in precision of 

identifying root apices in 3D tracing is because the operator can eliminate the superimposition 

factor by tracing one apex at a time.    

Even further breakdown of each landmark in different axes is useful to understand where 

the inconsistency is found and to determine if the inconsistency is one that will contribute to 

measurements or not.  As discussed above, ANS’s variability in sagittal direction does not alter 

the position of the palatal plane significantly enough to influence related measurements such as 

PP-MP or PP-U1 angles.   

Crown tips of both incisors ranked near the top in both 3D and 2D.  However, closer 

evaluation of each axis reveals that while most of the inconsistency was found in Y-axis in 2D, 

the precision value in Y-axis improves greatly in 3D, even becoming smaller than X-axis 

precision value in upper central incisors.  The inconsistency in 3D was mostly due to 

inconsistency in the Z-axis, likely due to the challenge of finding a midpoint on incisor edge.   

Although its overall precision improves to 0.873-mm in 3D from 1.913-mm in 2D, PNS 

ranked near the bottom in both 3D and 2D .  Closer look at each axis reveals that most of the 
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inconsistency is found in X-axis.   Similarly to ANS, the inconsistency in X-axis is not as critical 

since it has the least influence on determining the position of the palatal plane.   

Gonions and the antegonial notch are two structures that showed greater inconsistency in 

X-axis more than Y-axis in 2D.  This is likely due to the fact that both structures are well-

rounded structures without sharp borders or edges, especially along the lower border of the 

mandible.  In 3D, eliminating superimposition via isolating left and right structures improves 

precision in Y-axis greatly, but not as much improvement is noted in X-axis . 

Orbitales were the only landmarks in 3D, which displayed the greater inconsistency in Z-

axis than in X- and Y-axes.  This can be explained by the anatomy of the orbitale, which extends 

long in Z-axis.  The lack of precision in Z-axis is relatively less critical than other axes because 

the orbitale-to-orbitale line runs along the Z-axis.   

 

AIM 4 

 The pattern between 3D and 2D measurements differed between the three measurements: 

upper incisor to palatal plane (U1-PP), lower incisor to mandibular plane (L1-MP), and palatal 

plane to mandibular plane (PP-MP).  Across 5 subjects, U1-PP angles were consistently smaller 

in 3D tracing compared to 2D tracing.  The average difference was -3.73 degrees, which was 

statistically significant by Wilcoxon signed rank test.   L1-MP angles were consistently greater in 

the 3D tracing than 2D tracing.  The average difference was 2.35 degrees, which was statistically 

significant by Wilcoxon signed rank test.  Lastly, PP-MP, although was smaller in 3D, was not 

significantly different by the Wilcoxon signed rank test.  Given the findings from Aim 3 of the 

study, which showed greater precision with 3D landmarks compared to 2D landmarks, especially 

with incisor root apex position, the current findings of significant difference in these angular 
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measurement should encourage providers to consider the advantage of 3D tracing and 

measurements.  
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CONCLUSION 

• PP-MP is similarly as valuable is SN-MP is in studying vertical jaw relationships and 

open bite tendencies.  

• Hybrid of volumetric rendering and multi-planar reconstruction view for 3D tracing of 

CBCT is an efficient and effective approach.   

• Tracing in 3D was significantly more precise in 3D tracing of CBCT than 2D tracing of 

lateral cephalographs in all landmarks tested except ANS.   

• Incisor crown tips ranked at top in precision in both 3D and 2D, while PNS ranked at the 

bottom in both 3D and 2D.   

• Precision of structures with a lot of superimpositions, such as root apices, improved the 

most significantly, especially in Y-axis (vertical).  

• It is important to understand the precision of tracing in an individual axis for different 

landmarks because some have greater impact on measurements than the other.   

• U1-PP measurements from 3D tracing was significantly smaller than that of 2D tracing 

and L1-MP measurements from 3D tracing was significantly greater than that of 2D 

tracing.   

• In light of present findings, clinicians should utilize palatal plane as a reference plane to 

evaluate vertical relationship, especially when radiograph with limited field of view is 

available.  Additionally, they should expect to learn and utilize 3D tracing and analyses in 

the future.  

• Future studies can use the 3D tracing protocol developed in the present study to compare 

and evaluate frontal measurements between CBCT and anterior-posterior cephalographs. 

  



	

42	

REFERENCES 

1. Hounsfield GN. Computerized transverse axial scanning (tomography). Part I. Description of 

system. Br J Radiol 1995;68:H166-72.  

2. Mah JK, Danforth RA, Bumann A, Hatcher D. Radiation absorbed in maxillofacial imaging 

with a new dental computed tomography device. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod 2003;96:508-13. 

3. Carlsson CA. Imaging modalities in x-ray computerized tomography and in selected volume 

tomography. Phys Med Biol 1999;44:R23-56. 

4. Mozzo P, Procacci C, Tacconi A, Martini PT, Andreis IA. A new volumetric CT machine for 

dental imaging based on the cone- beam technique: preliminary results. Eur Radiol 

1998;8:1558-64.   

5. Ludlow JB, Davies-Ludlow LE, Brooks SL. Dosimetry of two extraoral direct digital 

imaging devices: NewTom cone beam CT and Orthophos Plus DS panoramic unit. 

Dentomaxillofac Radiol 2003;32:229-34.  

6. Baumrind S, Frantz RC. The reliability of head film measurements 1. Landmark 

identification. Am J Orthod 1971a;60:111-27.  

7. Baumrind S, Frantz RC. The reliability of headfilm measurements. 2. Conventional angular 

and linear measures. Am J Orthodont 1971b; 60: 505–517.  

8. de Oliveira A E, Cevidanes L H, Phillips C, Motta A, Burke B, Tyndall D.  Observer 

reliability of three-dimensional cephalometric landmark identification on cone-beam 

computerized tomography. Oral Surg Oral Med Oral Pathol Oral Radiol Endod  2009; 107: 

256–65.  

9. Lou L, Lagravere MO, Compton S, Major PW, Flores-Mir. Accuracy of measurements and 



	

43	

reliability of landmark identification with computed tomography (CT) techniques in the 

maxillofacial area: a systematic review. Oral Surg Oral Med Oral Pathol Oral Radiol Endod  

2007; 104: 402–11.  

10. Houston WJB. The analysis of errors in orthodontic measurements. Am J Orthod 

1983;83:382-90.  

11. Major PW, Johnson DE, Hesse KL, Glover KE. Landmark identification error in posterior 

anterior cephalometrics. Angle Orthod 1994;64:447-54.  

12. Broadbent B. A new x-ray technique and its application in orthodontia. Angle Orthodontist 

1931; 51: 93–114. 

13. Trpkova B, Major P, Prasad N, Nebbe B.  Cephalometric landmarks identication and 

reproducibility: a meta analysis. Am J Orthodont Dentofac Orthoped 1997; 112: 165–170.  

  



	

44	

 




