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ABSTRACT OF THE THESIS 

 

Morphometric Analysis of Maxillary Skeletal Expansion Effects on the Nasal Cavity 

 

by 

 

Christoph Erich Moschik 

 

Master of Science in Oral Biology  

University of California, Los Angeles, 2018 

Professor Sotirios Tetradis, Chair 

 

Introduction: The shape, size and volume of the bony nasal cavity is highly influenced 

by the width of the nasal floor, which is formed by the palatine bone and the palatal 

processes of the maxilla and can be orthodontically manipulated with the MSE 

(Maxillary Skeletal Expansion) technique. Current evaluation of changes in this area 

before and after expansion relay on cross-sectional areas and airflow measurements. 

However, these techniques are not able to truly point out the extend of bone changes 

and volume changes of this important structure.  

 

Materials and Method: This retrospective study had a sample of 22 patients distributed 

in two groups. Group 1 was treated with Hyrax and consisted of 6 growing patients (3 

females and 3 males, mean age 12y2mo), group 2 was treated with MSE and consisted 
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of 16 non-growing patients (10 females and 6 males, mean age 20y7mo) who met 

inclusion criteria. Analysis of CBCT scans before and after expansion treatment was 

conducted in OnDemand3D software, with automated superimposition on the cranial 

base. Three reference planes were established, based on reliably identifiable 

anatomical landmarks, anterior nasal spine (ANS), posterior nasal spine (PNS) and 

nasion (N). The distance between ANS and PNS in the AP plane was divided into 4 

sections, and the distance between ANS and N was divided into 5 sections, excluding 

the most superior one. Transverse linear measurements at the resulting cross-points 

between the vertical and horizontal sections resulted in a total of 32 measurement 

points along the lateral walls of the nasal cavity. 

 

Results: The MSE group showed overall statistically significant larger movements of the 

lateral walls of the nasal cavity (p < 0.05). The bony structures followed the overall 

expansion pattern of the maxilla, though bending at the orbital rims and areas of higher 

bone density occurred.  

 

Conclusion: MSE produces not only larger maxillary skeletal transverse movements, but 

also shows more expansion effects on the lateral walls of the nasal cavity compared to 

tooth-borne expansion.  
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INTRODUCTION 
 

Rapid palatal expansion describes the idea of widening a narrow upper jaw with a fixed 

appliance and was first described in 1860 by Angell(1). The technique was seen 

controversial at first, but eventually treatment protocols were established by Goddard 

and the use of this appliance in children increased(2). In 1956 Andrew Haas 

reintroduced the appliance in the US and published on the effects of lowering the 

mandible, widening of the nasal cavity, increase in arch-width, and bite opening(3).  

Haas reported about the effects of RPE on the maxillary complex and stated that it is 

indicated in cases with real and relative maxillary transverse deficiency, nasal stenosis 

with mouth breathing and the mature cleft patient (4).  

 

Until today, commonly a Hyrax appliance is used in maxillary constricted cases which 

consists of two metal plates, connected by a jack-screw and stabilization rods. The 

appliance is mounted to the dentition and the jackscrew is then turned by the patient. 

Ideally the midpalatal suture separates and a diastema between the maxillary central 

incisors appears. Expansion success is strongly correlated to the patient’s age and 

maturity, as the midpalatal suture progressively undergoes remodeling and becomes 

more inter-digitated, serpentine and rigid (5) the more the patient matures. One study by 

Melson et. al. reports that three stages of suture maturation can be distinguished. 

Initially the suture is broad and Y-shaped during the infantile period. Then it becomes 

longer in the vertical aspect and multiple S-curves develop during the juvenile period. 

The third stage is during the adolescent period and is represented by a very tortuous, 
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interdigitated suture (6). In 2013 Angelieri and McNamara reported 5 maturation stages 

of the suture, which can be determined by means of CBCTs. They distinguished if the 

suture was visible in the maxillary or palatine bones and if it was of high-density or 

scalloped.  

Maxillary expansion is not a pure separation of two plates, but rather a complex 

rotational movement of the two halves of the maxilla after the midpalatal suture 

separates. In the literature(7-10) it has been described that the maxillary halves rotate 

laterally during the expansion, with the center of rotation being closer to the dorsal part 

and at the height of the fronto-zygomatic sutures. This results in a V-shaped expansion 

pattern of the midpalatal suture with more opening in the anterior region and less in the 

posterior region. Lione estimated that the relationship between the anterior and the 

posterior opening was 60% (10). 

 

Although expansion is attempted in adult patients with conventional tooth born 

expanders, the effects are more and more dento-alveolar and less skeletal, with more 

buccal tipping of the teeth, and thus the less effective skeletal expansion (11). Once 

skeletal maturity is reached, a tooth-borne appliance is not able to deliver high-enough 

forces to reliably split the suture anymore, producing higher relapse rates, as well as 

significant dental side effects, high relapse rates or periodontal problems(12). This 

means specifically buccal tipping of the dentition, gingival recession, periodontal defects 

of anchor teeth, buccal root resorption as they get pushed through the buccal cortical 

plate, fenestration of the buccal cortex by tooth roots, bone bending and asymmetric 

expansion patterns (12-14).  
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Studies on the effectiveness of Hyrax expansion by Mohan showed that there is a 

consistent rate of relapse after the expansion, but no difference in the amount of relapse 

between mixed and permanent dentition(15). Other studies state that the relapse rate 

can be anywhere from 33-50% (8). 

 

The complications can be reduced or avoided by surgically releasing the osseous 

structures that resist the expansion forces(16). Historically it was thought that the 

midpalatal suture was the area of most resistance to expansion on the craniofacial 

complex. However, Isaacson & Ingram found that the remaining maxillary articulations 

become the major sites of resistance and this resistance increases with age (17). In 

1976 Bell & Epker demonstrated that major resistance to expansion was not the 

midpalatal suture, but the zygomaticofrontal, zygomaticotemporal and 

zygomaticomaxillary sutures(18). 

Identification of these areas led to the improvement of surgical assisted rapid palatal 

expansion (SARPE), which was first reported in 1938 by Brown and consisted of a 

midpalatal osteotomy followed by tooth-borne expansion treatment(19). This procedure 

resulted in substantial widening of the apical base of the maxilla and the palatal vault, 

leaving more space for the tongue and swallowing thus reducing relapse. Additional 

cuts along the areas of resistance at the piriform aperture (anterior), the zygomatic 

buttress (lateral), and the pterygoid junction (posterior) were emphasized to decrease 

osseous resistance to the expansion and thus allow a successful expansion(18). More 
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recently, a paradigm shift to decrease postsurgical morbidity and to allow ambulatory 

surgery, resulted in osteotomies only in the anterior, lateral and median areas (20).  

Several authors described a successful surgical expansion with a tooth-borne expander 

without palatal surgery after a lateral osteotomy from the piriform rim to the pterygoid 

plate was done (21,22). Glassman further stated that uniform palatal expansion can be 

achieved without osteotomy of the palate or pterygomaxillary fissure(22). 

 

With the advent of orthodontic mini-implants conventional expander were modified to 

increase their connection to the bone and to decrease dental side effects (23). Several 

designs of this mini-implant assisted rapid palatal expanders (MARPE) have been 

proposed in the literature including one so called Maxillary Skeletal Expander (MSE). 

The MSE differs from the other MARPE expanders in its placement position which is far 

more posterior and in the emphasis on bi-cortical engagement of the screws, which 

leads to more stability and a better force delivery to the palate and the maxillary 

circumferential sutures(24). This is an advantage, because the posterior palate is 

considered to be more resistant to expansion forces due to the locking effect of the 

pyramidal processes of the palatal bones into the pterygoid plates of the sphenoid (25).  

Another difference of this expander compared to other MARPEs is the strength of the 

mini-implant used, since they have to be inserted into two cortical layers and regular 7 

mm sized mini-implants could lead to screw fracture. Wilmes investigated the factors 

contributing to fracture resistance of mini-implants in-vitro. In this study fourty-one 

different mini-implants of various manufacturers with a diameter from 1.3 – 2.0 mm were 

inserted into an acrylic block and torqued by a robot. The torquing moments until 
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fracture of the screws were measured and WiImes concluded that mini-implant diameter 

highly influences the torquing strength that it withstands. It is therefore recommended to 

use mini-implants of a higher diameter. Furthermore if a dense bone is anticipated, pilot 

holes should be drilled (26). 

It is well known that bone density not only varies between individuals, but also along the 

maxillary bone itself. Ludwig evaluated anatomical guidelines for mini-implant 

placement on the palate by establishing a grid with 16 points and measuring the bone 

thickness at each position on CBCT scans (27). This proved to be accurate and he 

concluded that regions of most stable mini-implant placement are the anterior palate 

and the area 3 mm paramedian to the midpalatal suture(27). Additionally a thin palatal 

gingiva is considered advantageous for a successful insertion and stability of the 

screws, as it allows for the abutment head to be closer to the cortical plate and reduces 

the lever for any force exerted on the screw-head(28).  

Current research by Cantarella et. al. demonstrated that skeletally anchored expansion 

leads to increased widening of the naso-maxillary complex. He showed that the two 

maxillary halves rotate outwards around a center of rotation slightly above the fronto-

zygomatic suture. At the same time this very same rotation results in a slight downward 

movement of both maxillary palatine processes(29). Furthermore, while the expansion 

pattern of the midpalatal suture is mostly V-shaped in Hyrax expansions (8,10), it is 

more parallel with the MSE expander with the same amount of expansion at ANS and 

PNS. In general, the amount of bone movement is larger with MSE when compared to 

the Hyrax literature(29). 
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Considering the anatomy of the nasal cavity, it becomes apparent that the lateral walls 

are part of the maxilla and will move with it as it expands. One can therefore expect 

significant changes of the nasal cavity walls result from maxillary expansion. This was 

described by Ribeiro et al., who investigated changes of the nasal cavity after Hyrax 

expansion on CBCT. He concluded that there is a significant transverse increase in the 

lower third, in the anterior, medium and posterior regions. Nevertheless, the expansion 

pattern of the nasal cavity did not completely follow the V-shaped pattern of the 

midpalatal suture and the largest increase in transverse width was found in the 

transverse middle region (30). A more detailed evaluation of the effects of rapid 

maxillary expansion on the nasal cavity by Palaisa et. al. established three cross-

sections with 4mm distance between them and outlines the area change in each of 

these sections before and after expansion. An average of 25% area increase is reported 

after a retention period of 3-month post expansion (31). However, this paper does not 

describe how each of the sections was affected by the expansion nor does it give 

insight in the pattern of how the nasal cavity changes.  

The finding of an increase in nasal cavity size after expansion has been confirmed by 

Garrett who stated that the lower third of the nasal cavity increases significantly in 

transverse dimension after rapid maxillary expansion with a Hyrax expander (9). Similar 

results were reported by Garib, who conducted a study on the effects of maxillary 

expansion on the maxillary complex and the nasal cavity by means of CT scans. She 

confirmed the high efficacy of this appliance expanding the palate in the transverse 

dimension and the reduced expansion effect on the structures of the nasal cavity. 

Besides measuring the dental arch, he found the smallest transverse increase at the 
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level of the nasal floor, where the orthopedic effect was one third of the appliance 

activation(32). No publication on the pattern of expansion of the nasal cavity itself was 

found in the literature. 

 

Besides the method of measuring the changes of transverse landmarks within the nasal 

cavity, changes of volumetric measurements on CBCTs are also available in the 

literature. The nature of these volumetric measurements demonstrates the overall 

increase in air-volume within the nasal cavity, rather than showing the pattern of 

expansion in the bony structures. Haralambidis investigated the CBCTs of 24 patients 

with a mean age of 14.5 years pre- and post- rapid maxillary expansion and calculated 

the change in volume with Mimics software. He found an average increase of 11.3% in 

nasal volume, independent from age and sex of the participants (33). This is consistent 

with other studies, which reported 10.13%(34), 13.8%(35), 17.5%(36), 13.28%(37) of 

nasal cavity volume increase after expansion with a Hyrax-type expander.  
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Material & Methods 
 

This study was approved by the Institutional Review Board of UCLA. All subjects 

included in this study were treated at the UCLA School of Dentistry, section of 

orthodontics and underwent maxillary expansion as part of their orthodontic treatment. 

Two different expansion techniques were considered for this study, a tooth-born Hyrax 

expander and a skeletally fixated MSE (Maxillary Skeletal Expander). This study was 

retrospective in design and all data were routinely collected as part of the orthodontic 

treatment. The UCLA orthodontics patient library was searched for patients who met the 

inclusion criteria of 1) non-growing CVMS IV, 2) maxillary transverse deficiency, 3) 

treated with either Hyrax or MSE appliance, 4) had CBCT imaging done before and 

after expansion, 5) visible split of midpalatal suture on CBCT, 6) received no previous 

orthodontic treatment and 7) had no craniofacial abnormalities. 

The group treated with Hyrax consisted of 6 subjects (3 female and 3 males, mean age 

12y2mo, age range 9-15) and the MSE group consisted of 16 samples (10 female and 6 

males, mean age 20y7mo, age range 17-26).  

The Maxillary Skeletal Expander (Biomaterial Korea Inc.) consists of a hexagonal-screw 

with two attached movable parts with holes for the placement of four mini-screws and is 

attached to two molar bands. Each activation turn of the hex-screw separates the two 

moveable parts by 0.16 mm. The expander is fixated to the palate with four mini-screws 

(Biomaterials Korea Inc.), with a length of 11 mm or 13 mm and a diameter of 1.8 mm 

that fit tight into the guidance holes (Figure 1). 
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Figure 1: MSE appliance by Biomaterials Korea Inc. Company 

 

The necessary length of the screws for bi-cortical engagement was determined by 

measuring the thickness of the palatal hard- and soft-tissue on the CBCT. Each 

appliance was fabricated by sizing molar bands, taking a pick-up impression and 

pouring it in stone, placing the posterior part of the central body of the appliance 1-2 mm 

anterior to the junction of the hard and soft palate flush against the palatal vault, fitting 

the supporting arms to the lateral walls of the palate with 2-3 mm clearance, and 

soldering the arms to the molar bands. The appliances were then cemented intra-orally, 

and four mini-screws were placed chairside under local anesthesia (Figure 2a). Patients 

were instructed to turn the jack-screw four times per day, resulting in 0.6 mm activation.  
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Figure 2: a) MSE appliance in situ b) Hyrax appliance in situ 

 

The Hyrax appliance used in this study consisted of a central expansion screw attached 

to two molar bands on maxillary first molars and lingual bar extensions (Figure 2b). 

These appliances were fabricated in a similar manner as the MSE appliances and were 

cemented intra-orally. Patients were instructed to complete one full turn of the 

expansion screw each day until the WALA ridges lined up and expansion was achieved, 

with each turn producing 0.25mm of expansion. 

CBCT scans were taken both before expansion and right after completion of expansion 

on all patients. All CBCT scans were taken by a NewTom 5G machine in an 18x16 Field 

of view with a 14 bit gray scale. Scan times were 18 seconds (3.6 seconds emission 

time), 110 kV, and utilized an automatic exposure control that adjusted the milliampere 

based upon the patient’s anatomic density. The NewTom 5G Safebeam control reduces 

the radiation the patient is exposed to, based on the patient’s size. Data from the CBCT 

was reconstructed to produce 0.3mm slices. 

a) b) 
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Creating CBCT volumes with different spatial orientations  
The DICOM files corresponding to the pretreatment CBCT scans of 22 patients (gold 

standard) were imported into OnDemand3D software (version 1.0.10.5385; Cybermed, 

Seoul, Korea) and organized in the database management module. Each CBCT volume 

was opened and saved in the programs library. This procedure was performed for all 22 

pre-treatment and post-treatment CBCT volumes, creating 44 CBCT volumes in the 

program library.  

CBCT volume superimposition  
For the fully automatic voxel-based rigid registration, the fusion module in 

OnDemand3D was used. Axial, sagittal, and coronal slice views of the volumes were 

used to select the anatomical structures of the anterior cranial base in the CBCT 

volumes. Next, OnDemand3D automated registration tool was used to perform rigid 

registration (translation and rotation) that optimally aligned the post-treatment CBCT 

volume to the pre-treatment CBCT volume, using the intensity of the grey levels for 

each voxel in the anterior cranial base of the two CBCT volumes. The same voxel-

based superimposition procedure was used to align pre-treatment and post-treatment 

CBCT volumes of growing patients subjected to RPE, using the anterior cranial base as 

reference. 

 

Reference planes and validation 
Three reference planes (Figure 3) were constructed which then allowed to measure 

changes in all three dimensions of space. As a plane is constructed by the means of 
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three points, it was necessary to use three distinct anatomical landmarks for each 

plane.  

The first points were the anterior nasal spine (ANS), posterior nasal spine (PNS) and 

the middle of the fronto-nasal suture (Nasion). The resulting plane was called Maxillary-

Sagittal-Plane (MSP).  

For the second plane only two landmarks were needed. It was constructed through the 

points ANS-PNS and being perpendicular to the MSP. This plane was called the 

Horizontal plane. 

Like the second plane, the third plane was constructed through two points and being 

perpendicular to the MSP. The points used were ANS and the middle of the fronto-nasal 

suture and the resulting plane was called the Coronal Plane. 

The planes were constructed on the pre-expansion CBCT volumes and kept for the 

post-expansion CBCT volumes. This allowed to maintain the same reference plane for 

the pre- and post- treatment measurements. 

Validation of the reproducibility of the planes was calculated following Woller’s protocol 

by repeatedly measuring the distance from the planes to basion, the most outer point of 

the right anterior clinoid process and the mid-point of the posterior border of sella turcica 

on 25% of the sample (7). This demonstrated high accuracy with an intra-class 

correlation coefficient of 95.5% and Cronbach’s alpha of 98% respectively. 
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Figure 3: Demonstration of reference planes 

 

 

ANP / MNP / PNP / TNP 

The distance between nasion and PNS was divided by four equally distributed cuts 

parallel to the coronal plane and perpendicular to the horizontal plane. The planes were 

then named after the section they describe as 1) Anterior Nasal Plane (ANP), 2) Middle 

Nasal Plane (MNP), 3) Posterior Nasal Plane (PNP) and 4) Terminal Nasal Plane 

(TNP), which can be seen in Figure 4. The average distance between these planes was 

9.48 mm with a range from 7.70 mm to 11.27 mm. 
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Figure 4: ANP, MNP, PNP and TNP; This figure shows the four cuts between nasion 
and PNS and their description as ANP, MNP, PNP, and TNP. 

 

ENS, UNS, MNS, LNS 

Additional horizontal cross-sections through the nasal cavity where then needed to 

further divide the nasal cavity into small partitions. Five cuts parallel to the horizontal 

section where made and equally distributed between nasion and ANS. The most upper 

section was repeatedly outside of the nasal cavity and therefore excluded from this 

study. The remaining four sections were 1) Ethmoidal-Nasal-Section (ENS), 2) Upper 

Nasal Section (UNS), 3) Middle Nasal Section (MNS), 4) Lower Nasal Section (LNS). 

See Figure 5 for details about these sections. 
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Figure 5: ENS, UNS, MNS and LNS; This Figure shows the cuts between Nasion and 
ANS and their description as ENS, UNS, MNS, LNS. 

 

The average distance between the planes was 9.16 mm with a range from 8.15 mm to 

9.95 mm. 

 

The cross-points between the four horizontal and four vertical cuts resulted in a grid of 

16 points on each side of the nasal cavity (Figure 6). On Figure 7 the measurement 

from those points from the left and right lateral walls of the nasal cavity to the MSP are 

displayed in the TNP. Overall a total of 32 measurements were done on each the pre-

treatment and the post-treatment CBCT volume. A perfectly parallel expansion would 

demonstrate the same amount of change in the anterior and posterior region. A 

gradually decrease in the amount of expansion could be expected from the LNS to the 

ENS. All measurements were taken by the same examiner and an intra-rater evaluation 



 16	

was carried out. A total of 25% of the sample was re-measured and the intra-class-

correlation coefficient was calculated to be 96 %.  

The results for each point were then averaged and an independent T-test was used to 

compare the increase in distance between the MSE and the Hyrax group. Statistical 

analysis showed that all 32 positions were highly significant with a p-value < 0.05. 

 

 

 

Figure 6: a) Measurement points; distribution of the measurement points on the lateral 

wall of the nasal cavity on the left side. The same points were also measured on the 

right side but are not displayed in the graphic. b) View of the nasal cavity from the top 

with the measurement points P1, P5, P9 and P13 labeled. This view will be used to 
display the results on 3D maps in the results section. 

 

b) a) 
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Figure 7: Cut through the TNP; displayed is a cut through the TNP and the 

measurements from the MSP to the corresponding points on the lateral walls of the 
nasal cavity on the ENS, UNS, MNS and LNS. 

Figure 8: Coronal sections and measurements; these four pictures demonstrate the 

coronal sections in the different positions and the transverse measurements to the 
constructed points on the lateral nasal cavity walls. 
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Comparing the amount of change at each measurement point allowed then to establish 

the overall pattern of changes of the lateral walls of the nasal cavity. The results of 

changes for each patient are listed in Table 1 and Table 2.  

 

Volumetric analysis of the air-filled spaces in the nasal cavity 
In a second step the volumetric changes of the air-filled spaces in the nasal cavity were 

evaluated. These spaces are surrounded by mucosa and can vary greatly, depending 

on the mucosal swelling and de-swelling. The same CBCT scans used for the linear 

measurements were imported into ITK-SNAP Software (ITK) to execute the volumetric 

analysis by active contour measurement (38). Region of interest was set to be through 

Nasion, parallel to the maxillary plane in the horizontal and through anterior nasal spine 

and posterior nasal spine in the coronal plane. Laterally, the region of interest extended 

into the nasal sinus, enclosing the whole walls of the nasal cavity. 

Segmentation was then carried out with Edge-attraction-settings and multiple seed 

points were distributed along the nasal cavity. The resulting volume included all air-filled 

spaces within the region of interest. In a next step, segmentations of the maxillary 

sinuses were removed manually by scrolling through the horizontal planes and using 

the eraser tool in each voxel-layer. This resulted in the final volume of the nasal cavity 

and the connected airspaces. Before and after treatment segmentation values were 

then entered in an excel spread sheet and the values analysed and compared.  
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Results 
 

Measurement data 
A total of 6 Hyrax patients and 16 MSE patient were found in the UCLA orthodontic 

clinic library that met the inclusion criteria. All the measurements were conducted as 

described above and the results are displayed in Table 1 and Table 2. Given are the 

pre-and post-expansion mean values for each point, as well as the standard deviations 

and the effective changes at each measurement point. The effective changes are also 

displayed in percentage in relation to the total transverse width in Table 3 and Table 4. 



	 20	

 

Position Pre-mean Pre-SD Post-

mean 

Post-SD Changes 

mean 

Changes 

SD 

1 9,97 7,20 10,08 7,24 0,11 0,23 

2 22,83 3,58 23,28 4,03 0,45 0,53 

3 24,29 4,11 25,47 4,10 1,19 0,51 

4 27,55 4,04 29,19 4,83 1,64 1,07 

5 17,07 8,74 17,57 9,09 0,51 0,71 

6 26,17 5,09 27,06 5,02 0,89 0,64 

7 26,32 2,73 27,51 2,76 1,19 1,07 

8 28,62 1,34 30,63 1,59 2,01 1,45 

9 16,09 5,35 16,23 5,34 0,14 0,16 

10 25,43 3,17 26,33 3,10 0,90 0,58 

11 27,80 2,39 28,95 2,10 1,15 0,60 

12 30,91 1,78 32,83 2,02 1,93 1,13 

13 13,17 5,14 13,36 5,01 0,19 0,22 

14 20,87 2,86 21,67 3,08 0,79 0,69 

15 23,19 3,61 25,32 4,69 2,13 1,30 

16 24,06 3,21 26,28 4,39 2,22 2,13 

Table 1: Hyrax measurements: This table displays the total transverse distance of the 

nasal cavity at each measurement point before and after, as well as the effective 
change in transverse width that occurred due to expansion therapy. 
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Position Pre mean Pre SD Post mean Post SD Change 

mean 

Change 

SD 

1 14,10 6,19 15,48 7,25 1,38 2,00 

2 24,91 3,35 26,80 3,45 1,88 1,16 

3 24,73 2,75 27,57 2,61 2,84 1,38 

4 29,51 2,28 32,76 2,30 3,25 1,32 

5 13,19 6,95 14,01 6,81 0,82 0,72 

6 26,02 4,25 27,54 3,89 1,52 1,19 

7 25,48 3,17 27,78 2,91 2,31 1,30 

8 31,27 2,02 34,86 2,31 3,59 1,48 

9 14,53 3,24 15,72 3,48 1,19 0,60 

10 25,22 2,99 26,45 3,38 1,23 1,19 

11 30,41 3,59 33,10 3,66 2,69 1,05 

12 31,51 2,19 35,94 2,50 4,43 1,39 

13 12,99 2,77 14,90 3,01 1,91 1,12 

14 21,44 4,67 23,89 4,79 2,45 1,48 

15 22,72 2,90 26,01 3,88 3,28 1,69 

16 24,66 2,37 29,13 2,95 4,47 1,43 

Table 2: MSE measurements: This table displays the total transverse distance of the 

nasal cavity at each measurement point before and after, as well as the effective 
change in transverse width that occurred due to expansion therapy. 
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Position Mean SD SEM 

1 1,4% 2,6% 1,1% 

2 1,8% 2,0% 0,8% 

3 5,0% 2,4% 1,0% 

4 5,8% 3,2% 1,3% 

5 2,7% 3,3% 1,3% 

6 3,6%, 3,3% 1,3% 

7 4,6% 4,4% 1,8% 

8 7,1% 5,2% 2,1% 

9 0,9% 1,2% 0,5% 

10 3,6% 2,6% 1,0% 

11 4,2% 2,4% 1,0% 

12 6,3% 3,7% 1,5% 

13 2,2% 3,2% 1,3% 

14 3,8% 3,2% 1,3% 

15 8,8% 4,4% 1,8% 

16 9,1% 8,3% 3,4% 

Table 3: Hyrax percentage change; All the changes at each measurement point are 

displayed in percentages of the total transverse width at each point. 
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Position Mean SD SE 

1 9,5% 11,8% 3,0% 

2 7,8% 5,4% 1,3% 

3 11,8% 6,5% 1,6% 

4 11,2% 4,9% 1,2% 

5 7,8% 7,2% 1,8% 

6 6,4% 7,0% 1,7% 

7 9,4% 5,6% 1,4% 

8 11,6% 5,0% 1,2% 

9 8,3% 3,7% 0,9% 

10 4,9% 4,6% 1,2% 

11 9,1% 4,0% 1,0% 

12 14,1% 4,6% 1,2% 

13 15,4% 9,8% 2,5% 

14 11,9% 7,4% 1,8% 

15 14,4% 7,5% 1,9% 

16 18,2% 6,0% 1,5% 

Table 4: MSE percentage change; All the changes at each measurement point are 

displayed in percentages of the total transverse width at each point. 
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Hyrax Pre-treatment Volume (mm3) SD +/- 

Left averaged volume 10,674.33 516.7904 186.0376 

Right averaged volume 11,037.00 509.0794 176.6814 

Total averaged volume 21,711.33   

Table 5: Nasal cavity air volume in the Hyrax group pre-treatment 

 

Hyrax Post-treatment Volume (mm3) SD +/- 

Left averaged volume 12,803.83 512.014 189.4956 

Right averaged volume 13,960.33 515.9686 186.8959 

Total averaged volume 26,764.17   

Table 6: Nasal cavity air volume in the Hyrax group post-treatment 

 

MSE Post-treatment Volume (mm3) SD +/- 

Left averaged volume 10,481.00 463.4996 175.7245 

Right averaged volume 9938.06 449.1738 172.2818 

Total averaged volume 20,419.06   

Table 7: Nasal cavity air volume in the MSE group pre-treatment 

 

MSE Post-treatment Volume (mm3) SD +/- 

Left averaged volume 13,695.00 477.159 200.5681 

Right averaged volume 12,730.69 470.5434 191.203 

Total averaged volume 26,425.69   

Table 8: Nasal cavity air volume in the MSE group post-treatment 
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Figure 9: Collage of the post-expansion volume rendering of the air spaces in the nasal 
cavity of the MSE group. 

 
 
Table 5 to Table 8 show the pre- and post-treatment volumetric measurements of the 

nasal cavity in the Hyrax and the MSE group. The mean initial total volume is 21,711.33 

mm3 in the Hyrax group and 20,419.06 mm3 in the MSE group. Post treatment means 

are 26,764.17 mm3 in the Hyrax group and 26,425.69 mm3 in the MSE group. This 
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results in an overall volume increase in the Hyrax group of 5052.83 mm3 or 23.27% and 

6006.68 mm3 or 22.73% in the MSE group.  

 

 

Figure 10: Comparison of all points. 

Figure 10 displays the combined change of left and right at each measurement point. 

P1, P5, P9 and P13 are representing the amount of expansion at the ENS, while P4, 

P8, P12 and P16 represent the expansion at the LNS. 
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Figure 11: Comparison ENS 

Figure 11 displays the changes in the ENS. While the Hyrax expansion had almost no 

effect at this level of the nasal cavity, the MSE appliance was able to achieve significant 

expansion in this area. 
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Figure 12: Comparison UNS 

Figure 12 shows that the Hyrax expansion effect at the UNS was 0.45 mm in the 

posterior, but increased in the anterior to 0.79 mm and led to an almost parallel 

widening of the nasal cavity. The MSE demonstrated an overall larger expansion but 
had less effect in the P10 region. 
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Figure 13: Comparison MNS 

 
Figure 13 shows that the Hyrax appliance resulted in an average expansion of 1.19 mm 

in the posterior P3, and 2.13 mm at the anterior P15. 
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Figure 14: Comparison LNS  

The Hyrax expansion in the LNS displays an overall slight increase from posterior to 

anterior from 1.64 mm to 2.22 mm, with a difference of 0.58 mm (Figure 14). In the MSE 

group the increase ranged from 3.25 mm at P4 to 4.47 mm at P16, with a antero-

posterior difference of 1.22 mm. Most of this change occurred between P8 and P12, 

with a difference of 0.83 mm.  

 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

P4 P8 P12 P16

U
ni
ts
	in
	m

m
Comparison	LNS

Hyrax MSE



 31	

 

Figure 15: Diagonal changes (P1, P6, P11, P16) 

In Figure 15 the points were connected from the posterior-superior to the anterior-

inferior. The expansion amount increased from 0.11 mm to 2.22 mm in the hyrax and 

from 1.38 mm to 4.47 mm in the MSE. While the increase in the Hyrax group appears to 

be almost linear, the increase in the MSE group is little between P1 and P6, but then 

almost doubles at P11 and P16. 
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Figure 16: MSE averaged changes in millimeter 

Figure 16 shows the mean changes at the different horizontal sections, indicating a 

gradual increase in expansion effect from 0.24 mm to 1.95 mm in the Hyrax and from 

1.33 mm to 3.94 mm in the MSE group. 
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Figure 17: MSE averaged changes in percent  

In Figure 17 the amount of expansion change is displayed in percentage and one can 

see the increase of expansion effect from the ENS from 1.82% to 7.06% in the LNS in 

the Hyrax group. Meanwhile the expansion effect in the MSE group stayed quite 

consistent between 7.75% in the UNS and13.77% in the LNS. 
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Figure 18: Hyrax pre-treatment averaged 

The map in Figure 18 represents the morphology of the nasal cavity by displaying the 

mean total distances of each corresponding point pre-treatment in the Hyrax group. One 

can see, that the width of the nasal cavity is greater in the lower sections, with the 

largest distance at point P12 (in yellow). The orange area represents the total 

transverse width of the nasal cavity of 10-20 mm, which corresponds with the ENS and 

partially UNS.  
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Figure 19: Hyrax post-treatment averaged 

In Figure 19 the map represents the morphology of the nasal cavity by displaying the 

mean total distances of each corresponding point post-treatment in the Hyrax group. 

One can see that the yellow area stretches from P8 to P12 and half way to P16. The 

orange area, represents the narrowest part of the nasal cavity, which is in the ENS and 

partially UNS.  
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Figure 20: Hyrax total changes 

When the total expansion-changes in the Hyrax group are displayed on a 3D-map in 

Figure 20, one can see that the largest effect is in the LNS, with a value of P16 of 2.22 

mm and P4 with 1.64 mm. The changes in the ENS are minimal and range from P1 0.11 

mm to 0.51 mm at P5.  
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Figure 21: MSE pre-treatment means 

The graphic in Figure 21 presents the pre-treatment transverse distances of the nasal 

cavity at each measurement point. The largest distances are at P11, P12 and P8 at the 

LNS. The smallest distances are at P1, P5, P9 and P13 at the LNS.  
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Figure 22: MSE post-treatment means 

After the expansion, the transverse distances at the measurement points increased, 

visually presented by an enlarged yellow area in the LNS at P4, P8, P12 and P16 in 

Figure 22. The increase in the ENS is only minimal, but still noticeable. 
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Figure 23: MSE total changes 

For Figure 23, the left and right pre-expansion distances were subtracted from the post-

treatment distances. This demonstrates the effective expansion amount at each 

measurement point and it is apparent that most of the expansion happens in the LNS 

and MNS, with the largest effect on P16 in LNS. There is a reduced effect on P5, P6 

and P10.  
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Figure 24: 3D-display of the expansion effects on the nasal cavity. Left side is the 
Hyrax group and right side is the MSE group.  

 

In Figure 24 the expansion effects of the Hyrax and MSE groups are displayed and 

compared. Pre-expansion nasal cavity is displayed in dark blue and dark green, while 

post-expansion is in light blue and light green. One can see that expansion with Hyrax 

appliance affects the lower part of the nasal cavity with small separation of the right and 

left halves. Expansion with MSE has a far larger effect on the lateral walls of the nasal 

cavity and a bigger separation of the right and left halves occurs. 
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Discussion 
 

Several studies on rapid palatal expansion effects on the airway were conducted during 

the last decades. Many of these studies investigated the changes in nasal cavity by 

superimposing 2-dimensional x-rays, being limited by lack of details and structural 

superimpositions which makes it difficult to evaluate precise anatomic boarders and 

landmarks. Quality and resolution of current cone-beam CT imaging techniques is 

reported in the literature to be of sufficient accuracy to measure the nasal cavity(39-41). 

The method of choice to compare treatment changes is to superimpose the pre- and 

post-treatment scans on stable landmarks, such as the cranial base, as described by 

Bjork(42) and Doppel(43). Development of novel computer software algorithms allow 

nowadays to accurately superimpose 3D-CBCT images on these stable structures, with 

a minimal margin of error(44). The superimposition method used in this study is a voxel-

based rigid registration, fully automated and observer independent. This method 

compares the grey-scale of each voxel in the cranial base and computes the best fit, 

reducing the margins of error and resulting in a consistent and reliable comparison of 

the CBCT data(45-47). The OnDemand3D software by Cybermed Inc. then allows to 

graphically overlay the different time points and manually select points of interest, 

establish reference planes, measure distances, or if needed, calculate angles.  

The method used in this study to establish the reference planes was described by 

Cantarella(29) and allows to analyze the movements of skeletal changes induced by 

rapid palatal expansion. Especially important is the midsagittal plane, which is 

established by connecting the most reliable anatomic landmarks that can be found in 

this cut – namely the anterior nasal spine, posterior nasal spine and nasion. Remaining 
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planes were then based on the first one and positioned perpendicular to it. All 

landmarks were tested for inter-rater reliability with Intraclass Correlation Coefficient 

(ICC) and resulted in an ICC of 93.5% for the linear measurements, showing a high 

reliability. Combination of the grey-scale based superimposition technique and 

utilization of the reference planes allows to establish an individualized reference grid to 

accurately represent the expansion effects on the lateral walls of the nasal cavity and 

demonstrate the overall expansion pattern. 

In 2012, Ribeiro tried to overcome the limitations of 2-dimensional x-rays by using cone-

beam CT images of 15 patients in mixed dentition with an average age of 7.5 years. 

The images were manually aligned and the nasal cavity was divided into 3 sections, 

each 15mm apart from each other. Only the width changes in the lower nasal section 

were measured, but demonstrated a significant increase after the expansion(30). One 

significant limitation of this study was that a pre-set distance between the sections of 15 

mm does not allow to adjust the measurements relative to the actual length of the 

patient’s nasal cavity. In the present study, it is attempted to overcome this limitation by 

dividing the distance between ANS and PNS into 4 equal sections, allowing for a 

relative adjustment to each patient’s individual length between ANS and PNS. Besides 

this, the method further resulted in each section being better comparable to the full 

sample and enabling transverse measurements in these sections to be more 

comparable. A vertical grid was added following the same method, only dividing the 

distance from Nasion to the palatal plane, a line connecting anterior nasal spine and 

posterior nasal spine. In this way, the grid is adjusted to each individual patient and 
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reference points more likely represent similar areas when patients are compared to 

each other. 

When the maxilla is subjected to expansion in the Hyrax group, the midpalatal suture 

separates in a v-shaped pattern with greatest separation in the anterior and least 

separation in the posterior (4). Lione described that expansion at PNS was 65% of ANS 

and the transverse width of the lower nasal cavity increased in a similar fashion(10). 

Wertz stated, that this is due to the interlocking pyramidal processes of the palatine 

bone with the immovable medial and lateral pterygoid plates of the sphenoid bone when 

expansion is attempted with a tooth-borne expander(48). However, this changes 

throughout the nasal cavity and Ribeiro reported, that the expansion pattern of the lower 

nasal cavity was greatest in the middle section, followed by the anterior and the 

posterior(30). Interestingly a different pattern of expansion was seen in this study. 

Looking at the individual sections, one can see that almost no expansion happened in 

the most upper ENS. As a tooth-borne appliance was used and this section is 

surrounded by the walls of the orbits, the orbital rims and in proximity to the cranial 

base, no changes were expected. At the other sections, namely the UNS, MNS and 

LNS the largest amount of expansion occurred close to the anterior nasal spine at P16. 

The absolute amount of expansion reduced gradually further up and backward (P15, 

P12, P11). This can be clearly seen in Figure 10.  

During the expansion procedure with MSE, peri-maxillary sutures disarticulate allowing 

a larger rotational movement of the maxillary halves and an almost parallel split of the 

midpalatal suture (29). Again, even though the pattern of expansion at the palatal level 
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is far more parallel compared to the Hyrax group, the expansion of the lateral walls of 

the nasal cavity does not follow this pattern.  

Figure 11 displays the ENS and it can be seen, that there is a varying but significant 

amount of increase in transverse width with MSE expansion. It is less in the posterior 

and increases in the anterior. Disarticulation of the nasomaxillary sutures as a result of 

this type of expansion was reported before by MacGinnis (49), who stated that the 

maxillary halves rotate laterally and downward around a center of rotation in the midline 

between the orbits(29), close to the cranial base. P1 is the measurement point closest 

to the cranial base and thus the center of rotation and should show the least changes. 

While this is true in the Hyrax group, it is not for the MSE group. Here P5 is the point 

with the least amount of change. A possible explanation could be that the actual center 

of rotation for the maxillary halves during the expansion is not close to the cranial base, 

but further lateral at the frontozygomatic sutures. The largest movement occured as 

expected furthest away from the center of rotation at P16, closest to the nasomaxillary 

suture.  

At the next section, UNS, in Figure 12, there is an almost parallel, minimal effect from 

the Hyrax appliance, while expansion with the MSE was overall 230% larger, with the 

least amount of expansion at P10 (1.23 mm) and increased effects posterior at P2 (1.88 

mm) and anterior at P14 (2.45 mm). This can be explained by the different densities of 

the bones in the different planes, with only thin lateral walls of the nasal cavity in the 

posterior and the thicker and stronger orbital rims in the P10 area. Different amount of 

expansion, although only 1.22 mm (P13 minus P10), means that the lateral walls bend 

under the force load and did not follow a linear pattern as would have been expected in 
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a uniform plane. In 2007, Palaisa analyzed the cross-sectional areas of the nasal cavity 

in three cuts and observed that the increase in transversal areas of the anterior, middle, 

and posterior nasal cavity was larger than in the middle (8.77 cm2) and posterior areas 

(9.13 cm2) in relation to the anterior area (7.31 cm2) of the nasal cavity. This confirmed 

that expansion of the nasal cavity with a Hyrax appliance does not necessary follow the 

standard triangular opening of the midpalatal suture (31).  

The next section is the MNS (Figure 13) where the same pattern as in the UNS repeats 

in a decreased manner. The effective, averaged amount of Hyrax expansion almost 

doubled compared to the UNS and the expansion pattern is overall more parallel in both 

groups. The expansion effect of MSE is with a mean of 2.78 mm, 196% larger than the 

Hyrax group. Still the largest changes happened in the anterior area at P15.  

The LNS (Figure 14) is closest to the palate and the expansion device and therefore 

displays the largest amount of transverse change compared to the other sections. 

Averaged Hyrax expansion was 1.95 mm, while MSE achieved 3.94 mm, again 202% 

the amount. Only a mild gradual increase from posterior P4 to anterior P16 was seen in 

the Hyrax group, while the MSE group showed a significant transverse increase 

happened between posterior P4 and the more anterior P12, and no change P12 and 

P16.  

Overall, the MSE group had double the amount of expansion compared to the Hyrax 

group. Generally, the expansion pattern was similar, with little effects in the posterior, 

superior regions close to the cranial base and near the higher density bones at the 

orbital rims. The walls of the nasal cavity do not expand in a linear pattern, but rather 
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bend under the pressure and distort to follow the rotational movements of the maxillary 

halves. If one compares the expansion pattern in a diagonal fashion (Figure 15) from 

posterior superior to anterior inferior, P1, P6, P11, P16, the Hyrax appliance displays a 

linear increase in its expansion effects from 0.11 mm to 2.22 mm, while the MSE 

appliance demonstrates an almost exponential effect from 1.38 mm to 4.47 mm.  

Besides, the fact that the absolute amount of expansion decreases the further away 

from the expander and the closer to the center of rotation one gets, it is interesting to 

look at the percentile changes of the transverse width before and after expansion in 

Figure 17. In the Hyrax group, the largest increase is 7.06% in the LNS, with a gradual 

decreased effect to 1.82% in the ENS. The MSE group displays a far more consistent 

increase of transverse size, with a maximum of 13.77 % in the LNS and a minimum of 

7.75% in the UNS and 10.27% in the ENS. It becomes obvious that Hyrax expansion 

mostly affects the lower part of the nasal cavity and less so the upper regions. Due to 

the mini-screw supported anchorage and better force delivery system of the MSE, the 

center of rotation of the maxillary halves is more coronal (29). This allows for larger 

effects on the lateral walls of the nasal cavity. Changes of 10.27% in the ENS might be 

partially due to the overall small amount of transverse effects in this area, and small 

measurement errors might get magnified in this type of presentation of the data.  

When one compares the total changes between the Hyrax and the MSE groups in 

Figure 20 and Figure 23, the effects of the Hyrax expansion are overall less: the pattern 

describes the typical V-shaped expansion with little effects in the posterior and the most 

effect in the anterior. Effects decrease rapidly as one moves from the palate towards the 

cranial base and are negligible in the ENS. MSE total changes are different, not only are 
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they in average two times greater than in the Hyrax group, but they also are more 

continuous and extend all the way to the ENS, showing a clear increase the width close 

to Nasion and dorsal of it. Even points close to the cranial base demonstrate 

measureable changes, though probably clinically insignificant.  

 

Increased changes of the nasal cavity in the MSE group can be attributed to the usage 

of four miniscrews with bicortical engagement in the palate. As described by Lee (50) in 

a finite element analysis, bicortical engagement of the screws allows to deliver higher 

forces to the bone while simultaneously reducing stress induced, pathologic fractures 

and bone resorption. This further allows to reduce the stress level at the bone-implant 

interface, leading to reduced chances of screw deformation or fracture. It was also 

found that the transverse displacement of the maxillary halves is significantly increased 

at each activation turn in the model with bicortical engaged miniscrews (50). Based on 

this FEA model and the results from this study, it becomes clear why MSE can affect 

the nasal cavity in such greater magnitude and achieve expansion not, only in the lower 

section like a tooth-borne expander, but also affects the upper sections which otherwise 

cannot be changed. Limitations of this study were the relatively low resolution of the 

CBCT scans. A higher resolution would allow to better identify the lateral walls of the 

nasal cavities or even use of an automated segmentation technique. 

Increasing the transverse width of the nasal cavity is commonly considered to also 

affect the nasal airflow. As the Bernoulli Obstruction Theory states that nasal resistance 

is inversely proportional to the airspace minimal cross-sectional area and it is widely 

accepted that there is a correlation between the minimal cross-sectional area and the 



 48	

airway resistance. However, research though has shown that there only exists a 

moderate(51-53) or no correlation at all(54-56). Hence the question arises, if the 

increased effects of the MSE on the nasal cavity are of actual value for the patient and if 

there is a correlation to breathing. Traditionally, the airway resistance is measured with 

acoustic rhinometry, where the cross-sectional areas are evaluated perpendicular to the 

acoustic path. Garcia suggested an improved model to evaluate the nasal resistance by 

calculating the minimal cross-sectional area perpendicular to the airflow streams with 

computed fluid dynamics. Multiple airstreams were analyzed and the one with the 

smallest cross-sectional area was selected for further processing. In this study, he 

found that a minimal cross-sectional area smaller than 0.37 cm2, must be present to 

dominate nasal resistance, which is not expected to occur in healthy subjects, but can 

occur in severely obstructed cases(57).  

Besides nasal resistance, other parameters determine the nasal airflow pattern and 

Zhao stated that even small anatomical changes can result in significant differences. In 

a study conducted in 2014, he calculated the fluid dynamics of the nasal cavity before 

and after resection of the middle turbinate, resulting in a shift of the airflow towards the 

area of increased volume, decreased airflow speeds and wall shear stress and 

increased local air pressure(56).  

 

In our study the increase in volume of the airspaces in the nasal cavity were 18.9% 

higher in the MSE group compared to the Hyrax group. This can be explained by the 

greater expansion effects on the maxilla and the midface by the miniscrew supported 

skeletal expander. Nonetheless, one must consider that the air volume in the nasal 
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cavity is highly affected by the mucosal swelling and follows a circadian rhythm. 

Additionally, post-expansion edemas might be present and can further reduce the air 

space. A follow up study at the end of orthodontic treatment might be able to more 

realistically represent the expansion effects on the air space in the nasal cavity.  

 

Considering the complexity of the airflow within the nasal cavity, a computed fluid 

dynamics simulation of the treated samples is highly recommended to not only see the 

changes of the lateral walls of the nasal cavity after MSE expansion but also to better 

understand the impact of expansion on the nasal airflow and if this can lead to improved 

breathing. Just increasing the nasal cavity transvers dimensions or increasing the 

volume does not give any information about the actual effects on the airflow itself.  

 

Conclusion 
 

1) This study utilized a new protocol to evaluate the movement pattern of the lateral 

walls of the nasal cavity after expansion treatment. Introduction of automated 

superimposition on the cranial base and reference planes allowed to reliable 

evaluate bone changes before and after expansion treatment. 

2) CBCT images before and immediately after expansion allowed to compare the 

direct effects of the therapy on the nasal cavity minimizing the effect of other 

factors, such as bone remodeling, orthodontic treatment effects or growth. A 

second follow-up time point might be helpful to realistically represent the changes 

of the nasal cavity air space after expansion induced edemas might be resolved. 
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3) The MSE appliance showed to produce a similar movement pattern as the Hyrax 

group in the nasal floor, but did not follow the same pattern at the palatal level. 

The lateral walls of the nasal cavity do not simply rotate with the maxilla, but 

bend around dense bone areas like the orbital rims. In the most upper section, 

the expansion pattern demonstrated to be V-shaped, with little effects close to 

the cranial base and larger effects at the nasal bone. 

4) The expansion effect in the Hyrax group only affected the lower nasal cavity, 

while MSE produced significantly great expansion effects at any measurement 

point. MSE treatment effects were measureable at all measurement points, 

though clinically insignificant at the cranial base level.  

5) Further studies could be designed, to evaluate the effects of mini-implant 

supported expander on the actual airflow in the nasal cavity.  

6) Limitations of this study include the relatively low resolution of the CBCT scans. 

Also, the age groups of the samples should be matched better and even though 

the statistics suggest sufficient sample size, equal sample sizes would be 

desirable. Other limitations include the volume calculation of the airspace in the 

nasal cavity. To reduce the potential side effects of the mucosal swelling 

application of corticosteroid sprays before CBCT acquisition might be useful.   
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Appendix Materials 
 

IRB approved by the University of California, Los Angeles.  
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