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ABSTRACT OF THE THESIS 

 

A Three-dimensional Analysis to Investigate the Midface Changes with MSE 

 

By 

 

Luca Sfogliano 

Master of Science in Oral Biology 

University of California, Los Angeles, 2019 

Professor Won Moon, Co-chair 

and  

Professor Sanjay M. Mallya, Co-chair 

 

 
 
 

Maxillary width deficiencies are a common occurrence in orthodontic patients 

being one of the most pervasive skeletal problems in the craniofacial region. An early 

orthodontic treatment can improve a transverse as well as an anteroposterior maxillary 

discrepancy and it consists of a true skeletal expansion or of an arch development 

obtained through the orthodontic wire. A pure skeletal expansion can be achieved with 

conventional appliances when the palatal suture is not completely fused. The introduction 

of TAD’s in common orthodontic practice has found several implications in the treatment 

of maxillary transverse deficiency. Using a micro-implants anchorage, the MSE has been 

proved to be a powerful tool to achieve a pure skeletal expansion even in adult subjects 

whose midpalatine maxillary suture is already fused. 



   iii 

Studies analyzing 2D measurements conducted on CBCT reported generalized 

changes in the skeletal structure of patients successfully treated with MSE, evidencing a 

more parallel expansion compared to the conventional expanders. These findings gave 

rise to the desire of closely studying the impact of MSE on the entire midface skeletal 

structure utilizing a pure three-dimensional approach.  

Describing the three-dimensional movement that each bone undergoes during 

MSE is the major purpose of this study. No studies have previously used a pure 

tridimensional analysis to investigate the impact of MSE on the skeletal structures of the 

midface.  

An innovative method for pure 3D analysis has been developed utilizing modern 

imaging software proving that Micro-Implant Assisted Maxillary Skeletal Expander (MSE) 

has a significant impact in the mid-facial bone structures.  

The new analysis confirmed the previous finding obtained with 2D measurements 

and gave a better understanding of effect of MSE on the midfacial structures. 
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INTRODUCTION 

 

Maxillary width deficiencies are a common occurrence in orthodontic patients, 

being in fact one of the most common skeletal problems in the craniofacial region1,2,3. A 

typical clinical finding in a patient with a constricted maxilla is a posterior crossbite4. This 

results in dark spaces at the corners of the mouth during smiling, commonly called buccal 

corridors. Another severe problem associated with a skeletally narrow upper arch is 

crowding, which can lead to an abnormal eruption pattern and consequently to teeth 

impaction. Relevant etiopathogenetic factors of the lack of transversal maxilla 

development are genetics, specifically through a polygenic multifactorial regulation and 

gene-environment interaction5, and environmental influences as a result of abnormal 

function. The effects of breathing anomalies on maxillary growth are nowadays 

scientifically proven, reporting that patients with airway problems, like severe allergies or 

other respiratory issues, present with a narrow, V-shaped maxillary arch and a high 

palatal vault6. Digit habits that continue into the mixed dentition have also been linked to 

the development of posterior cross bite due to the increased amount of pressure from 

buccal musculature7. 

Traditionally, maxillary expansion can be divided into pure dental expansion, 

dental/skeletal expansion and a pure skeletal expansion. A satisfactory dental expansion 

can be achieved thanks to arch wire development or springs (quad-helix, bi-helix, Crozat). 

With screws like Hyrax, Haas or removable appliances, a combination of dental and 

skeletal expansion can be obtained8,9. Early orthodontic treatment can improve a 

transverse as well as an anteroposterior maxillary discrepancy and can consist of a true 
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skeletal expansion or arch development obtained through the orthodontic wire. Skeletal 

expansion can be achieved with the conventional appliance like Hyrax and Haas when 

the palatal suture is not completely fused affecting different sutures of the mid 

face10,11,12,13. Literature agrees that the successful rate of a maxillary skeletal expansion 

decreases getting further from the peak of growth but can be still achieved in young adults 

who still have a soft midpalatal suture14. 

However, both the Hyrax, as a tooth-anchored device, and the Haas, as a tooth- 

and tissue-anchored expander, inevitably produce buccal tipping of the teeth and bending 

of the bone on which they push on15. In adult patients with fused midpalatal sutures, the 

use of a traditional expander would result in dental tipping of the teeth used as anchorage. 

Thus, dental expansion in adults has anatomical limitations that can generate periodontal 

problems like dehiscence and fenestrations when expansion is not carefully planned and 

monitored. Relapse also represents a common concern when dental expansion is 

executed in adult patients.16  

The only successful alternatives for a pure skeletal expansion are the conventional 

maxillary orthognathic surgery or the Surgical Assisted Rapid Palatal Expansion 

(SARPE), in which lateral maxillary wall corticotomy and midpalatal osteotomy are 

performed before activation of a conventional expander17,18. A satisfactory pure skeletal 

expansion can be achieved but costs and morbidity associated with a surgical procedure 

pose a significant concern. Moreover, the SARPE localizes its bony effects strictly to the 

lower maxilla, not reporting any important impact on the upper and middle 1/3rd of the 

midfacial region.  
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The introduction of Temporary Anchorage Devices (TADs) in common orthodontic 

practice has found several implications in the treatment of maxillary transverse 

deficiency19. Several orthodontists from all over the world have been in parallel 

developing Micro-implant assisted rapid palatal expanders (MARPE). Dr. Won Moon’s 

Maxillary Skeletal Expander (MSE) belongs to this category and it is currently used as a 

valid alternative to SARPE in adult Patients20,21 at the UCLA Orthodontics Clinic (Fig.1).  

  
 

Fig. 1. MSE device (Biomaterials Korea Inc. Company). Bands on the upper molars stabilize the 

appliance. The four TADs, placed perpendicular to the maxilla obtaining bi-cortical engagement, transmit 

the force to the entire maxillary complex. The two arms are made of soft metal to avoid dental tipping during 

the first phase of activation.  

 

The MSE appliance consists of two molar bands attached to the maxillary first 

molars and a central body containing an expansion jackscrew with 4 welded tubes 

(1.8mm diameter, 2mm length) attached. Four implants of 1.8mm in diameter and 11-13 

mm in length are placed into the hard palate through the tubes. The key for a successful 

expansion, together with the mini-screw parallelism, is their bi-cortical engagement22: the 

proper length of the screw has to be selected carefully by analyzing the preliminary Cone 

Beam Computed Tomography (CBCT). The MSE skeletal anchorage following an ideal 
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TAD’s placement leads to a parallel skeletal expansion with minimal dental tipping in 

patients whose midpalatal suture has already fused. 
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PRELIMINARY STUDIES 

 

Many studies been conducted have been conducted on the MSE appliance and 

are currently proceeding in Dr. Won Moon’s lab: case reports20,21, impact of MSE on 

airway and inspiratory flow23, 2D measurements on specific sutures24,25,26 and molar 

tipping27. Some three-dimensional studies on the soft tissue changes related to MSE28and 

finite element models for skeletal effects with or without the use of protraction facemask 

have been produced29,30.  

Previous studies reported generalized changes in the skeletal structure of patients 

successfully treated with MSE, 

evidencing a more parallel expansion 

compared to the conventional 

expanders22. A coronal view of a two-

dimensional superimposition on the 

cranial base, considered the most stable 

during growth and expansion,31,32,33 

shows the important changes that the 

midface undergoes after MSE (Fig.2). 

 

 

Fig. 2. On-Demand 3D cranial base superimposition performed on the same Patient before and after MSE 

showing a generalized expansion of the entire maxillary complex. An asymmetrical expansion can be 

noticed. 

 

These findings gave rise to the desire of closely studying the impact of MSE on the 

entire midfacial skeletal structure. A series of recent studies conducted by Dr. Won 
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Moon’s Lab described the skeletal changes that the face undergoes with MSE using 

CBCT data and setting different planes as reference24,25,26. However, this study 

performed entirely two-dimensional measurements, not taking full advantage of the three-

dimensional data obtained with CBCT (Fig. 3). 

Fig. 3. Coronal zygomatic section (CZS) in a MSE patient. A: pre-expansion. B: post-expansion. Linear 

measurements: upper inter-zygomatic distance and lower inter-zygomatic distance. (Dr. D. Cantarella, 

Master of Science in Oral Biology Thesis - Skeletal effects induced by Maxillary Skeletal Expander (MSE) 

and Hyrax appliance in the midface19).  

  

Converting a tridimensional image in two dimension and conducting 

measurements on each single CBCT slice will inevitably produce a loss of the data that 

is carried in the patient radiograph. The major purpose of this study is to describe three-

dimensionally the movements that each bone undergoes during expansion. No studies 

have previously used a pure tridimensional analysis to investigate the impact of MSE on 

the skeletal structures of the midface.  

However, 3D change quantification and averaging represent, to this date, one of 

the biggest challenges in 3D analysis. To be able to quantify these changes, surfaces of 

the skull pre- and post-expansion need to be extracted from the Digital Imaging and  
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communications in Medicine (DICOM) files and a 3D quantification has to be run on those 

files.  One of the first steps to obtain accurate results between pre- and post-expansion 

data is performing an accurate registration among different timepoints (T0 and T1). Two 

major 3D registration methods are being currently used: volume/voxel-based and surface-

based.  

The voxel-based registration (VBR) is conducted directly on the DICOM file 

measuring the similarity of all geometrically corresponding voxel pairs. The surface-based 

registration (SBR) requires separate identification of corresponding surfaces in each of 

the images and is less straightforward than VBR34. 

Weissheimer et al.35 tested the validity of the volume-based superimposition on 

OnDemand3D (Cybermed, Seoul, Korea) by measuring the differences when the same 

CBCTs were superimposed at the anterior cranial base and reported that the 

superimposition error was less than 0.5 mm. However, OnDemand3D (Cybermed, Seoul, 

Korea) does not perform segmentation after the registration and the registered DICOM 

files cannot be exported with the new orientation. 

Ghoneima et al.36 proved no statistical significance between volume-based and 

surface-based superimposition. Several segmentation programs are available (ITK-

snap37,38, 3D Slicer, Amira) and they all provide accurate and reliable surfaces (Fig.4) 

with some limitations attached to the quality of the DICOM that needs to be in balance 

with the patients’ radiation exposure. 
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Fig. 4. Segmentation of .obj files obtained with ITK-snap, 3D slicer and Amira 

 

3D surface mapping and quantification of the displacement between two different 

surfaces requires that the two objects are linked by a point-to-point correspondence. The 

same number of points have to be present on all the surfaces that need to be compared. 

The creation of a true point-to-point correspondence should be established but that 

represents one of the biggest challenges in morphometrics39,40,41,42,43. The closest point 

correspondence is easier to obtain but presents a lower degree of accuracy. When a 

surface moves from T0 to T1 not in a linear move, the closest point does not correspond 

to the true point and the most logical assumption is that the midfacial bone do not moves 

along a straight-line during expansion. A true point-to-point correspondence would 

increase the quality of the results (Fig 5). 

ITK SNAP    3D slicer          Amira 3D 
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Fig 5. Difference between true point-to-point correspondence and closest point correspondence.  

Fig. 6. Attempt of point plotting on pre- and post- segmented skulls to create a true point-to-point 
correspondence between the two skulls.  
 

A way to obtain a more accurate point-to-point correspondence is to provide some 

reference and guidance to the software44,45,46,47. The use of manually positioned stable 

and well-defined landmarks added to the surfaces can be used to guide the creation of 

an accurate correspondence as showed in Figure 6.  
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OBJECTIVES AND SPECIFIC AIMS 

 

 

The major purpose of this study is to provide a 3D model showing the skeletal 

midface changes related to Maxillary Skeletal Expander (MSE) treatment. This would lead 

to a complete understanding and prognosis of the movement that each bone undergoes 

during treatment with MSE: the development of an MSE expansion prediction-model that 

can be applied on clinical decision will be the final outcome of this research project.  

The findings previously obtained via bi-dimensional analysis will be confirmed or 

confuted. 
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DESIGN AND METHODOLOGY 

The aim of this project is to quantify the average change that happens to the skull 

and facial bone structure as a result of MSE. Such quantification is not a trivial task 

considering the complexity of the skull shape as well as the varying response to 

expansion that happens across different individuals. The process of quantification 

involves finding an average change in the skull shape in response to MSE. Computing 

this average change can be approached in two different ways: 

1. Averaging all the pre-expansion samples to get an A(i) Skull. Averaging all 

the post-expansion sample an A(f) Skull. Compute the point to point 

correspondence between A(i) and A(f). Calculate the displacement vectors 

between A(i) and A(f). The problem with this method is the error in 

registration for all the pre-expansion samples.  The post-expansion samples 

also exhibit the same error in registration because of the varied anatomical 

morphology between samples. Another error is introduced when registering 

the two averages together to calculate the average change. 

 

2. The other method is to calculate the displacement vector between pre and 

post expansion for each individual sample (V). Register all the displacement 

vectors of all the samples together and get the point correspondence. Then 

average all the displacement vectors to calculate the average change. This 

method is more accurate than the earlier method because for each 
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individual sample, an accurate registration between the pre-expansion and 

post-expansion skull based on the cranial base.  

 

Data collection 

Pre- and post-CBCTs of 40 patients meeting the inclusion criteria (female or male, 

initial and post-expansion CBCTs available, successful expansion and no craniofacial 

anomalies) and treated with MSE at the Graduate Orthodontic Clinic of the UCLA School 

of Dentistry have been taken in the Oral Radiology department of the UCLA School of 

Dentistry. The CBCT scans were taken with a NewTom 5G (Verona, Italy) with an 18x16 

field of view and 14-bit gray scale. Scan times were 18 seconds (3.6 seconds emission 

time), with 110 kV, utilizing an automatic exposure control that adjusts the milliampere 

according to the patient’s bone density. Radiation exposure is controlled by the NewTom 

5G Safebeam based on the patient’s size. The CBCT data was rendered to produce .3mm 

slices. 

IRB#17-000567 - “Analysis of mini-implant assisted rapid palatal expansion 

(MARPE) or maxillary skeletal expansion (MSE) treatment pre- and post- expansion via 

cone beam computed tomography” was used for this retrospective study. 

The group of patients treated with MSE used for this study was composed of 40 

subjects (14 males and 26 females) with a mean age of 18.2 +/- 4.2 years and an age 

range between 13.3 and 27.3 years. 
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Considering that the transverse dimension is already determined around 7 years 

of age for both males and females, growing patients have also been used. Moreover, 

post-expansion CBCTs were taken right after the completion of the required activation of 

the MSE appliance, when a satisfying transverse correction had been achieved. 

Consequently, the time frame between the two CBCT exams was insufficient for growth 

to have a significant impact on the midface.  

 

 

Registration of DICOM data and segmentation into .obj with Amira  

 

 A voxel-based registration (VBR) has been performed using Amira 6.5.0 (Thermo 

Fisher Scientific, USA). After loading the DICOM data on Amira, the “Register Images” 

computation has been used to perform an automatic registration on the cranial base 

(Fig.7).  

 
Fig. 7. Voxel-based registration (VBR) between pre- and post- DICOM file 
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After the registration, the DICOM have been segmented using the “Isosurface” 

command. Automatic segmentation has been obtained using a threshold between 450 

and 700 according to the best quality segmentation. The same threshold has been 

maintained between T0 and T1 on the same subject (Fig.8). 

 

 

Fig. 8. Segmentation of T0 and T1 after registration 

 

The generated surfaces have been exported as an “.obj” file while maintaining the same 

registration coordinate system. To be able to do so the “Resample Transformed Image” 

was used to reorient the T0-Dicom into the new coordinates (Fig. 9). 
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Fig. 9. Amira Pipeline used   

HOUDINI 

Houdini 17.5 (Side Effects Software Inc., Toronto, Canada), a 3D computer graphics 

software has been used to quantify and average the changes pre- and post- expansion. 

 

 

 

 

 

 

 

 

Fig.10. Vectors showing changes between Pre- (T0) and Post- (T1) expansion for one subject  
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Comparison and quantification 

 

Comparison and quantification of the changes between pre-expansion and post-

expansion surfaces for individual samples.  

To create a point-to-point correspondence between pre-expansion and post-

expansion skull, the following steps have been implemented in Houdini: 

1. scatter one million points on each surface according to the surface area 

2. For each point on the pre-expansion surface, the closest point on the post-

expansion surface has been ray-traced 

3. Compute the vector between the two corresponding points for each point 

on the surface.  

The deformation or displacement vector V is defined as the vector between every 

point on the pre-expansion surface and its corresponding point on the post expansion 

surface. The vector V has three components (X,Y,Z) which are stored for each point.  

The magnitude of the vector is stored in the P-Value parameter for each point that 

is a scalar value (i.e one variable) representing the amount of displacement that 

happened between a point on the pre-expansion surface and its corresponding point on 

the post-expansion surface (Fig. 11) 

Compute the mean and standard deviation. The result is saved in the color value 

for each point where blue is 1 standard deviation and red is 2 standard deviations. There 

is a gradient from green to blue to red indicating values in between 0-1-2.  
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Fig.11. Information contained by each of the points on the surfaces   

 

Saving the comparison file 

The comparison file contains the following:  

  1. pre-expansion skull surface. 

  2. post-expansion skull surface. 

  3. Vector Displacement between pre and post surfaces: 

   a. Direction of the vector (V) 

   b. Magnitude of the vector (P-scale)  

   c. Color (Cd) displacing standard deviation gradient 
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Registration of the comparison files 

Registration of the comparison files together in the same coordinate space is an 

essential step before the averaging process.  

Five points are plotted on the anterior cranial base (Fig. 12) of the comparison file 

of each sample: 

  - Anterior horns of sella turcica (2 points) 

  - Fronto-Zygomatico Sutures (Bilateral 2 points) 

  - Nasion (1 point)  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12. Points used to reorient samples into the 3D space  

 

A Procrustes Superimposition of the samples based on the anterior cranial base 

registration is run and the comparison files are saved in the new coordinate system. 

 



 19 

Atlas formation and point to point correspondence between samples 

  

The point to point correspondence between different samples, or comparison files, 

needs to be established before an average is computed. The superimposed samples are 

loaded into Houdini and 1.000.000 points are scattered on each sample based on the 

surface area of the skull. The first sample is used as an atlas geometry that will serve as 

a template geometry against which all the other samples will be  

 

Fig.13. Atlas skull (Left) used to create correspondence with the other 39 samples   

 

 

Mapped (Fig. 13). The basic concept of atlas mapping is to establish a point to point 

correspondence between the atlas geometry and all the other samples.  The mapping 

process starts by running a tracing algorithm for each point on the atlas geometry where 
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the search area is a sphere with the radius 10 mm. The closet 50 points are chosen and 

an average is calculated for all the attributes associated with those 50 points and 

transferred to the point at the atlas geometry. The process is repeated for all the 

1.000.000 points on the atlas surface.The atlas geometry is mapped on all the 40 samples 

and the result is saved to disk as (Atlas1-40).  

 

Averaging the atlas-mapped samples 

 

 The average process of the samples is not as simple as averaging the 

(X,Y,Z) coordinated of the points on each sample. Each points has another set of 

information related to the earlier quantification between pre- and post expansion surfaces 

for each sample. All these embedded data has to be averaged together with the (X,Y,Z) 

coordinates of each point on the surface.  

 For each point on the surface, the following data is embedded in the 

geometry file: 

1. Position [P] 

2. Vector Displacement (V) 

3. Pscale  

Color (Green —> Blue —> Red) Blue = 1 std deviation, Red = 2 std deviations 

All those attributes are averaged for each point on the surface.  
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RESULTS AND CONCLUSIONS 

 

The current study presents an innovative method for 3D analysis and 

quantification. The measurements conducted via three-dimensional analysis show that 

palatal skeletal expansion with MSE is generated with a rotation of the entire maxillary 

complex around a fulcrum localized bilaterally in the frontozygomatic suture. These 

findings support our previous measurements and estimations obtained via bi-dimensional 

investigation.  

 
 

 
Fig. 14. Average changes between 40 patients displayed as vector map (A) and points (B); Green 
(0≤SD≤1), blue (1<SD≤2), red (SD>2) 

 

A B 
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The data can be visualized as vectors (Fig. 14 A), meshes or points (Fig. 14 B): 

the latter displaying not only the magnitude but also the direction of change. 

The colorimetric gradients shown are in green for movements between 0 and 1 

standard deviation (0≤SD≤1), blue between 1 and 2 (1<SD≤2) and red above 2 (SD>2).  

For instance, a bright green point signifies little to no movement (e.g. cranial base, 

posterior wall of the orbit, mastoid processes, etc.), whereas a red point indicates a larger 

movement (e.g. nasal cavity and mid-palatal suture).  

 

Each of the 1 million vertices presents (Fig. 15): 

- Position [P] of the initial skull in the 3 different coordinates (x, y, z) 

- Color (Green, Blue, Red) expressed as a gradient with its different shades 

- Vector Displacement V (=N. N is a value for visualization reasons only on Houdini, it 

helps in switching vectors to points). V and N display the direction of the movement that 

each point underwent during expansion in the three different axes (x, y, z). The coordinate 

of the post-MSE points can be detected through these values. 

- P-scale (average of the change) = magnitude of the vector 
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Fig. 15. Example of 3D data display for 21 points  

 

 

To obtain a p-value map, each corresponding point in the different skulls will be 

incapsulated into a sphere that will represent the variance of that point equal to the 

dispersion of that point in the space in the separate samples. The smaller the radius of 

the sphere, the smaller the variance of that point. If a smaller variance is accompanied by 

high average change, high significance is showed (= high p-value) and vice versa: a 

bigger sphere and small average change show low significance and low p-value. 
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P-scale divided by variance for each point will give us the significance ratio. We map this 

ratio to percent and set our cutoff to the top 5% of significance (p-value >0.05). The 

remaining points have 

been hidden from the 

skull (Fig.16). 

Alternatively, a gradient 

or simplified colored p-

value  

map could be created. A 

certain degree of 

asymmetry is noted with 

higher significance on 

the left midface in this 

group of patients.  

 

In conclusion, 

Micro-Implant Assisted Maxillary Skeletal Expander (MSE) demonstrates significant 

changes in the midfacial bone structures and the analysis conducted provides a much 

deeper understanding of the effects of MSE on the midface.  

The Maxillary Skeletal Expander or MSE, designed by Prof. Won Moon, could rightfully 

be called Midfacial Skeletal Expander because of the generalized effect that it produces 

not only on the maxilla but also on the entire midface.  

 

Fig.16. P-value map of 1,000,000 vertices presented on the skull surface with p-value >0.05 
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LIMITATIONS 

 

This new methodology is highly promising but there are some limitations to 

consider. The quality of the CBCT is not accurate enough to capture high level details 

due the large field of view used in order to reduce patient exposure to radiation. 

Consequently, the segmented data present some noise related to the quality of the CBCT 

that could create some error in the quantification.  

In addition, morphing all the skulls to an atlas and decreasing the number of 

vertices to 1,000,000 inevitably simplifies the surface, eliminating some of the data 

present in the segmented files and reducing the amount of information carried by the 3D 

files. However, 1 million points is a really high number compared to our initial expectations 

and a lot of data can still be extrapolated from them. 

 
 

 
Fig. 17. Analysis conducted on the same CBCT shows zero changes proving that, if we exclude the error 
from segmentation and registration, the program has a perfect sensitivity. 
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Since the methodology used in this study is novel, an accurate pipeline validation 

is required. Some data to prove the validity of this system have been obtained using the 

same CBCT for one patient (Fig.17) and two different CBCTs taken on the same patient 

before and after treatment (Fig. 18). Using the same CBCT showed a perfect value of 

sensitivity, eliminating the errors that can be generated from segmentation and  

 

 
Fig. 18. Analysis conducted on a patient treated with Motion appliance: no significant skeletal changes in 
the upper and middle face are shown except some noise in areas that the automated segmentation tends 
to produce some distortion. The most significant changes are detected on the dentition level as a 
consequence of orthodontic treatment.  

 

registration of the CBCT. The method proved to be absolutely valid showing no variation 

or movement at all for all of the 1 million points (Fig. ). When using the CBCT taken on a 

patient treated with Motion Distalizer (Henry Schein Dental, Melville, New York, U.S.), no 

significant changes had been shown on the upper and middle face except in some of the 

areas where the segmentation always carried some noise. The effect on the dentition is 



 27 

otherwise clear, with the lower incisors having the highest movement due to the use of 

Class II elastics and resolution of the anterior lower crowding that the patient presented 

at the beginning of treatment showing a good specificity. We determined the P-scale as 

the average of the movements that the 1,000,000 points underwent. Thus, including the 

points located on the dentition, the average displacement was 0.22 mm. However, this 

cannot be considered the mean error because it has been done on one patient due to the 

difficulty of finding controls. To calculate the actual error, the displacement in the dentition 

area should be subtracted from the overall average displacement since such 

displacement at the dentition level is expected due to the patient’s orthodontic treatment. 

The ideal control to validate the workflow would be to obtain two CBCTs from the 

same patient taken at two different timepoints without any orthodontic intervention. 

However, this proves difficult for ethical reasons and such data did not exist in our 

database. 

The absence of a real point-to-point correspondence represents another limitation 

of this study. Currently, there is no automated algorithm developed to create a Non-Rigid 

Iterative Point-to-Point correspondence. In response, the lab team attempted to utilize 

cephalometric landmarks on the pre- and post-segmented skull surfaces to guide the 

creation of a true point-to-point correspondence. However, the points used as reference 

underwent severe displacement and were difficult to trace accurately between the pre- 

and post- expansion skulls, also suggesting a high level of operator error in point plotting. 

Ultimately, a modified closest point correspondence algorithm was used as an alternative, 

as previously explained, to maximize the accuracy of the results. It must not be 
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discounted, however, that the use of several steps in this analysis might introduce more 

processing errors. 

While the amount of information carried by the program is highly valuable for 

research purposes, it may be difficult to implement it into the clinical setting. This 

information overload must be streamlined for the average orthodontist to be of greater 

practical use.  
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FUTURE DIRECTIONS 

 

The field of medicine is seeing increasing innovation in 3D analysis methodology 

and investment into surface mapping and quantification of 3D data. In relation to this 

study, the goal is to establish a more accurate point-to-point correspondence method. 

Trends in technology are moving toward automation by machine-learn processing and/or 

artificial intelligence (AI), where software systems are able to automatically detect true 

point-to-point correspondence. Until then, a smaller step toward automation could be to 

utilize a smaller number of points that are more stable and easier to identify to guide the 

software into an even more accurate point-to-point correspondence. 

In order to bridge the gap between clinical and translational research, a more user-

friendly interface can be created for orthodontists to better monitor the changes in their 

patients as a result of their treatment. Currently there are various softwares in the market 

that provide solely visual tools to track these changes, but 3D quantification of such data 

is greatly lacking. Introduction of this 3D tool would be of great interest for every 

practitioner seeking to quantify and compare the effect of their intervention using different 

orthodontic mechanics and appliances. Making this tool more user-friendly would entail, 

for instance, the development a simplified vector map, which would reduce the 1 million 

vectors by averaging their displacement and direction according to specific areas of 

interest.  

As discussed previously in the limitations, the ideal control would be represented 

by a series of two consecutive CBCTs from the same subject without any surgical or 
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orthodontic intervention. It is a clear ethical dilemma to unnecessarily expose subjects to 

double radiation. As an alternative, non-growing patients that underwent orthodontic 

treatment could be used as controls. In this scenario, only dental changes should be 

detected with little to no skeletal changes. However, the UCLA Orthodontics database 

does not have sufficient pre- and post-CBCTs of patients treated with conventional 

orthodontic mechanics.  

The patients used in this investigation have also been the subjects for airway 

analysis research, from which inspiratory flow measurements23 and airway volume 

changes have been studied. It would be of great clinical and research interest to 

consolidate and compare our team findings and correlate the data. In doing so, we can 

assess the relationship between the amount of skeletal expansion, increase in airway 

volume and respiratory flow improvement. 

The same program could be used in 3D cephalometric analysis, which has been 

the focus of orthodontic research in the past decade. This can be achieved by creating 

different population norms in the form of an average skull and use it to establish the 

variation of our patients by direct comparison of the individual skull to the established 

norm.  

The data could potentially be divided into subcategories such as the amount of 

expansion, the age or sex of the patient and compared with the skeletal effects achieved, 

helping to improve our clinical understanding of the effect of MSE. 

A direct continuation of this research project involves the implementation of a third 

time point for post-orthodontic treatment (T2) to evaluate stability of skeletal expansion. 
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Some preliminary data demonstrating some minor skeletal relapse in the final timepoint 

compared to the immediate post expansion results are shown in Fig. 19. 

 

 

Fig. 19. Preliminary data showing the registration and segmentation of one sample including the final/post 
treatment timepoint.  
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