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Abstract 

Background/Objectives: Mini-Screw-Assisted Rapid Skeletal Expansion (MARPE) appliances have 

been widely used to provide maxillary skeletal expansion in non-growing subjects and adolescents 

with a fused midpalatal suture. The current case report describes the immediate 3D cephalometric 

changes in the skeletal and soft tissue parameters, along with upper airway volume, shape, and 

dimensions, in a patient with Skeletal Class I anterior underbite. Methods: The pre- and post-

expansion full-face Cone-Beam Computed Tomograms (CBCTs) of the 19-year-old patient who 

underwent 3D-guided midpalatal piezocorticotomy-assisted MARPE were compared and analyzed 

with 3D cephalometric software. Both CBCT volumes were re-oriented relative to the Frankfurt 

Horizontal Plane (FHP) to accommodate the postural changes. Results: The total upper airway 

volume and upper airway minimum cross-section increased after expansion. The nasal base plane 

(ANS–PNS) rotated in all three spatial planes, including the sagittal plane (anterior downward and 

posterior upward rotation, with the center of rotation around the maxillary center of rotation) and 

the vertical plane (rotated upward on the left side). The maxillary canine and molar cant planes 

rotated around the center of rotation in the midface, with left upward and right downward rotation. 

The orientation of the ANS–PNS plane changed due to the leftward rotation of the ANS, with the 

center of rotation approaching the PNS. Cervical curvature improved from kyphotic to lordotic 

immediately following expansion. Conclusions: Three-dimensional-guided midpalatal 

piezocorticotomy-assisted MARPE has been shown to produce midfacial changes in all three spatial 

planes when evaluated via 3D cephalometric analysis. Comprehensive observational studies are 

necessary to analyze these changes and their effects on different skeletal classifications. 

Keywords: MARPE; guided midpalatal piezocorticotomy; adults; 3D analysis; cephalometrics; upper 

airway 

 

1. Introduction 

   Mini-Screw-Assisted Rapid Skeletal Expansion (MARPE) appliances have been widely used 

to provide maxillary skeletal expansion in non-growing subjects and adolescents with a fused 

midpalatal suture [1], [2], [3]. Auxiliary techniques have been suggested to augment the midpalatal 

suture separation procedure in adult patients [4], [5]. 

   Nasal cavity measurements of MARPE are typically performed in the area of the ANS, the 

PNS, the nasal septum deviation angle [6], and pharyngeal volumes. Nasal respiratory parameters 

were systematically reviewed by Arqub and coauthors [7], who did not find any correlation between 

nasal airflow and the transverse anatomical measurements of the upper airway produced by MARPE. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 October 2025 doi:10.20944/preprints202509.2612.v1

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

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2612.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 14 

 

Cantarella and colleagues showed a statistically significant increase in nasal cavity volume and 

nasopharyngeal dimensions following MARPE [8].  

  Most authors agree on the correlation between the upper airway shape and skeletal 

classification [9], [10]. For example, Skeletal Class II patients show a lower position of the hyoid bone, 

with a smaller oropharyngeal airway minimum cross-section; while those with Skeletal Class III have 

smaller dimensions of the nasopharyngeal airway and a higher position of the hyoid bone.  

  One study attributed forward head posture to compensation for the decreased upper airway 

dimensions in the context of the prevalence of anterior TMJ disc displacement [11]. The authors of 

this study referred to Skeletal Class II as a prerequisite for anterior cervical extension as part of an 

effort to achieve upper airway size compensation. 

  Paredes and colleagues [12] suggested novel angular measurements to assess the forward–

outward rotation of the maxillary complex with Maxillary Skeletal Expander (MSE) treatment in the 

coronal plane. A study by Cantarella [13] and colleagues supported the idea of clockwise mandibular 

rotation with MSE treatment. 

  The current case report describes immediate 3D cephalometric changes in the skeletal and soft 

tissue parameters, along with upper airway volume, shape, and dimensions, in a patient with a 

Skeletal Class I anterior underbite.  

2. Materials and Methods 

A 19-year-old male patient with an underdeveloped midface and underbite presented for 

treatment with 3D-guided midpalatal piezocorticotomy with custom MARPE [5]. Further 

orthodontic treatment with a direct printed aligner is to be rendered after the initial expansion and 

will not be discussed in this case report.  

Initial records included the CBCT of the head and neck. The full face CBCT was taken with a 

Planmeca Viso G7 (Planmeca, Helsinki, Finland) at 30 Sv-6, 100 kV, and a 600 Voxel Ultra Low Dose 

(ULD) setting slice with a 19’’x19’’ sensor area with the patient in an upright position with natural 

head posture and occipital head support. A pre-treatment lateral cephalometric radiograph was 

rendered from the CBCT, traced, and evaluated via Roth–Jarabak analysis (Table 1, Fig. 1.). 

Table 1. Lateral cephalometric measurements and their values before treatment (Roth–Jarabak analysis, 

modified). 

Measurement Value, degrees 

SNA 82 

SNB 83 

ANB -1  

U1 to Palatal Plane  121 

IMPA 98 

Gonial Angle (Ar-Go-Me) 120 

Articular Angle (S-Ar-Go) 123 

Saddle Angle (N-S-Ar) 146 
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Figure 1. Lateral cephalometric tracing before treatment indicating Skeletal Class I according to the ANB angle. 

Brachyfacial facial pattern with increased buccal inclination of maxillary and mandibular incisors and anterior 

crossbite. 

Consent for this study was obtained before treatment. 

 The 3D guide for the midpalatal piezocorticotomy was three-dimensionally designed and 

printed based on the patient’s initial CBCT and intraoral scan imaging. The precise positions of the 

incision notches and the depth of incision were calculated.  

The 3D-guided midpalatal piezocorticotomy procedure and the custom MARPE positioning was 

undergone under topical anesthesia—20% Benzocaine topical anesthesia and 0.5% 1:200k epi 

Marcaine infiltration anesthesia. The piezocorticitomy cuts were performed immediately after 

anesthesia onset with the Mectron piezotome (Mectron, Hilliard, USA) and individually designed 

based on the 3D-printed piezocorticotomy guide. The ULD CBCT of the maxillary area was taken to 

confirm the depth and the location of the piezocorticotomy along with the custom MARPE screw 

positioning (Fig. 2). 
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Figure 2. Coronal view of the nasal base floor at the level of maxillary first molars depicting the location and 

depth of the piezocorticotomy incision and its relationship to the nasal septum position (white arrow). The 3d 

guided piezocorticotomy is aimed and planned to locate the incision directly under the septum to ensure 

symmetrical disarticulation of the midpalatal suture. 

The custom MARPE design included a 12 mm power screw (TigerDenatl, Horbranz, Austria) 

with 2 turns/day activation until the initial split, 1 turn/day activation for the next 3 weeks, and 1 

turn/3 days activation for 3 more weeks. (Fig. 3) 

 

Figure 3. Pre- (A) and post-expansion (B) view of the custom MARPE appliance with the power screw and 

framework arms removed after the completion of the expansion, with additional composite bonding on the 

mesial surfaces of ##8 and 9 for esthetic purposes (B). 

Post-expansion records included CBCT taken with identical parameters to those initially 

employed (19’’x19’’ sensor area, Planmeca Viso G7, NHP). 

Pre- and post-expansion CBCTs were processed with NemoFab software (Nemotec, Madrid, 

Spain), re-orienting the head position to the Frankfurt horizontal plane, and then evaluated relative 

to the true horizontal and true vertical planes [14], [15] and compared. 

3. Results 

Both CBCT scans were digitally analyzed in all spatial planes to determine any changes 

applicable to 3D-guided midpalatal piezocorticotomy-assisted MARPE.  
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The midpalatal disarticulation resulted in parallel separation of the midpalatal suture at all 

points, including the ANS and PNS (Fig. 4). 

 

Figure 4. Disarticulation of the midpalatal suture with parallel separation at the level of the ANS and PNS. 

The 3D cephalometric measurements were grouped into the following: 

i. Sagittal: ANS to TVL; Mx incisor R to TVL; Mx incisor L to TVL; upper right canine to TVL; 

upper left canine to TVL; upper right molar to TVL; upper left molar to TVL; pogonion to TVL; 

B-point to TVL; PNS to TVL (Table 1). 

ii. Canting: Mx33 cant. 

iii. Width difference: width difference, Mx molar; width difference, Zyg Arch; width difference, 

Lat Orb Rim. 

iv. Transverse: Mx molar R width; Mx molar L width; Zyg Arch R width; Zyg Arch L width; Lat 

Orb Rim R width; Lat Orb Rim L width. 

v. Vertical: Mx incisor height; Mx canine R height; Mx canine L height; Mx molar R height; Mx 

molar L height; pogonion height; PNS height, menton height.    

vi. Soft tissue: RChkbone; LChkbone; Rnasalbase; Lnasalabase. 

vii. Airway measurements (Table 3): upper airway total volume; upper airway min cross-section 

(as described by Echarri and co-authors [16]). 

Table 2. Three-dimensional cephalometric measurements and their descriptions used for the analysis. 

Measurement Description 

ANS to TVL 
Distance from ANS to True Vertical Plane (TVL) through Sn 

(Subnasal) 

Mx Incisor R to TVL Distance from Maxillary Right Central Incisor Tip to TVL (Sn) 

Mx Incisor L to TVL Distance from Maxillary Left Central Incisor Tip to TVL (Sn) 

Upper Right Canine to TVL Distance from Maxillary Right Canine Tip to TVL (Sn) 

Upper Left Canine to TVL Distance from Maxillary Left Canine Tip to TVL (Sn) 
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Upper Right Molar to TVL 
Distance from Maxillary Right first Molar Mesiofacial Cusp Tip to 

TVL (Sn) 

Upper Left Molar to TVL 
Distance from Maxillary Left first Molar Mesiofacial Cusp Tip to 

TVL (Sn) 

Pogonion to TVL Distance from Pogonion to TVL (Sn) 

B-Point to TVL Distance from Point B to TVL (Sn) 

PNS to TVL Distance from PNS to TVL (Sn) 

Mx33 cant  
Cant of the Maxillary Canine Plane (Positive—Right Side Down; 

Negative—Left Side Down) 

Width difference Mx molar 
Width Difference between the Right and Left Measurements of the 

Maxillary Molar Width 

Width difference Zyg Arch 
Width Difference between the Right and Left Measurements of the 

Zygomatic Arch Width 

Width Difference Lat Orb Rim 
Width Difference between the Right and Left Measurements of the 

Lateral Orbital Rim Width 

Mx Molar R Width 
Distance Between the Distofacial Cusp of the Maxillary Right First 

Molar and Midfacial Plane 

Mx Molar L Width 
Distance Between the Distofacial Cusp of the Maxillary Left First 

Molar and Midfacial Plane 

Zyg Arch R Width Distance Between Right Zygomatic Arch and Midfacial Plane 

Zyg Arch L Width Distance Between Left Zygomatic Arch and Midfacial Plane 

Lat Orb Rim R Width 
Distance Between Right Frontozygomatic Suture and Midfacial 

Plane 

Lat Orb Rim L Width Distance Between Left Frontozygomatic Suture and Midfacial Plane 

Mx Incisor Height Distance Between the THP (Na) and Maxillary Central Incisor Tip 

Max Canine R Height Distance Between the THP (Na) and Maxillary Right Canine Tip 

Mx Canine L Height Distance Between the THP (Na) and Maxillary Left Canine Tip 

Mx Molar R Height 
Distance Between the THP (Na) and Maxillary Right First Molar 

Mesiofacial Cusp Tip 

Mx Molar L Height 
Distance Between the THP (Na) and Maxillary Left First Molar 

Mesiofacial Cusp Tip 

Pogonion Height Distance Between Pogonion and THP (Na) 

PNS Height Distance Between PNS and THP (Na) 

Menton Height Distance Between Menton and THP (Na) 

RChkbone Soft Tissue Distance from the Right Cheekbone to TVP (Sn) 

LChkbone Soft Tissue Distance from the Left Cheekbone to TVP (Sn) 

Rnasalbase Soft Tissue Distance from the Right Nasal Base to TVP (Sn) 

Lnasalabase Soft Tissue Distance from the Left Nasal Base to TVP (Sn) 

The midpalatal suture disarticulation was measured at three points: the ANS, the middle third 

of the suture, and the PNA. The mean disarticulation was 11.33 mm (Fig. 4). 

   The direction and amount of landmark translation in three spatial 

planes are outlined in Table 3. The overall vector of landmark 

displacement in the sagittal plane was towards the TVL (forward), 

decreasing the distance between the landmark and the TVL (depicted 

as negative values).  
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   The canting value remained negative but decreased by 1.1 degrees 

(showing that the left side was lower than the right side). 

   Width difference values: Positive values denote a predominance 

of the right side, while negative values denote a predominance of the 

left side. 

   The width values showed an increase in the width on the left side 

for the molar width from the midfacial midline and for the zygomatic 

arch from the midfacial midline, while a lateral orbital rim width 

increase was noted on the right side. 

   The height values showed a similar vector towards downward 

translation by increasing the distance from the THP and the points 

on the surface of the anterior and posterior teeth. A right side 

downward translation occurred, while on the left side, both canine 

and molar translation occurred in the opposite direction. Mandibular 

landmarks followed a similar pattern of downward translation, but 

to a lesser extent. 

   ANS–PNS plane rotation occurred in a downward direction in the 

area of the ANS, with an equal and opposite direction in the area of 

the PNS. While the PNS underwent upward translation, the occlusal 

surface of only the left first molar  and canine followed this pattern.  

  Soft tissue landmarks did not undergo significant changes, with no 

changes related to the base of the nose, and with opposite changes in 

the area of the soft tissue outlines of the zygomatic arches. 

   Upper airway changes: Both the upper airway total volume and 

the upper airway min cross-section increased (Table 4).  

 

Table 3. Three-dimensional cephalometric measurements with values before and after expansion and their 

changes. 

Measurement Before After Difference 

ANS to TVL -15.1 mm -10.7 mm -4.4mm 

Mx Incisor R to TVL -16.5 mm -16.0 mm -0.5 mm 

Mx Incisor L to TVL -19.6 mm -15.7 mm -3.9 mm 

Upper Right Canine to TVL -21.0mm -18.5 mm -2.5 mm 

Upper Left Canine to TVL -26.2 mm -21.7 mm -4.5 mm 

Upper Right Molar to TVL -36.8 mm -36.2mm -0.4 mm 

Upper Left Molar to TVL -41.3 mm -41.4 mm 0.1 mm 

Pogonion to TVL -14.7 mm -16.8 mm 2.1 mm 

B-Point to TVL -14.7 mm -17.0 mm 2.3 mm 

PNS to TVL 70.6 mm 68.1 mm - 2.5mm 

Mx33 cant  -3.2 degrees 1.1 degrees -2.1 degrees 

Width Difference, Mx Molar 3.2 mm -3.7 mm -0.5 mm 

Width Difference, Zyg Arch 3.5 mm -2.6mm 0.9 mm 

Width Difference, Lat Orb 

Rim 
        -1.4mm -1.7 mm 

0.3 mm 

Mx Molar R Width 30.8 mm 32.4 mm 1.6 mm 

Mx Molar L Width 27.7 mm 36.1 mm 8.4 mm 

Zyg Arch R Width 67.6 mm 67.7 mm 0.1 mm 

Zyg Arch L Width 67.5 mm 68.3 mm 0.8 mm 
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Lat Orb Rim R Width 45.6 mm 52.0 mm 6.4 mm 

Lat Orb Rim L Width 46.9 mm 53.6 mm 6.7 mm 

Mx Incisor Height 71.0 mm 74.2 mm 3.2 mm 

Max Canine R Height 70.9 mm 73.0 mm 2.1 mm 

Mx Canine L Height 74.1 mm 72.0 mm -1.9 mm 

Mx Molar R Height 72.7mm 73.9 mm 1.2 mm 

Mx Molar L Height 73.8mm 73.1 mm -0.7 mm 

Pogonion Height 115.5 mm 117.6 mm 2.1 mm 

PNS Height 55.5 mm 55.3 mm -0.2 mm 

Menton Height 121.8 mm 124.2 mm 2.4 mm 

RChkbone 41.1 mm 35.4 mm -5.7 mm 

LChkbone 39.0 mm 37.3 mm -1.7 mm 

Rnasalbase 0 0 0 

Lnasalabase 0 0 0 

Table 4. Upper airway measurements before and after expansion. 

Measurement Before After 

Upper Airway Total Volume, cc 19.5 21.7 

Upper Airway Min Cross-section, 

mm2 
253 307 

The position of the ANS–PNS plane is sagittal (see Fig. 5.). 

 

Figure 5. Inclination of the ANS–PNS plane before (A) and after (B) midfacial expansion, with both volumes 

oriented relative to the FHP. Inclination of the ANS–PNS is measured relative to the THP. 

The total vectors of the 3D changes introduced via 3D-guided midpalatal piezocorticotomy-

assisted MARPE are described in Fig. 6. 
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Figure 6. Total vectors of the 3D movements of the facial skeletal structures with 3D-guided midpalatal 

piezocorticotomy-assisted MARPE. 

Post-expansion changes and total vectors in the axial plane are seen in Fig. 7 and Fig. 8.  

 

Figure 7. Before (A) and after (B) expansion orientation of the ANS–PNS plane and maxillary cant plane, 

showing the distinct rotation of both. Orientation of the ANS–PNS plane revealed the left-side rotation of the 

plane, with the center of rotation at the PNS; while the maxillary canine plane rotated left side up, with the center 

of rotation at the midface. 
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Figure 8. Total vectors of rotation in the axial plane, with superimposition at the true horizontal plane (THP at 

Na) and midfacial plane showing the migration of the nasal septum and expansion toward the left lateral nasal 

wall, the rotation of the maxillary canine plane around the center of rotation at the midface, and the rotation of 

the ANS–PNS, favoring the left side, with the center of rotation at the PNS. 

Upper airway changes are rendered in Fig. 9. 
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Figure 8. Size and orientation of the upper airway in the coronal plane: (A) before treatment; (B) after midfacial 

expansion. Size and orientation of the upper airway in the sagittal plane: (C) inclination of the upper airway 

with respective cervical lordotic changes; (D) post-expansion cervical curvature improvement with an increase 

in the total upper airway volume and its minimum cross-section and a reduction in the forward upper airway 

inclination. 

3. Discussion 

  Most authors are in agreement in their reporting of the favorable outcomes of MARPE for 

patients exhibiting features of Skeletal Class III malocclusion [17], [18] in combination with a 

facemask and/or alternating expansion and constriction in activating the appliance. 

  The majority of studies evaluating the effects of MARPE refer to cephalometric measurements 

derived from lateral and frontal cephalometric views. Thus, nasal cavity width, molar inclination, 

and intermolar width are the most widely used parameters in the frontal plane [19], [20], [21], while 

sagittal changes are evaluated when assessing the efficiency of MARPE in correcting Skeletal Class 

III discrepancies [17], [18]. 

  To the best of our knowledge, no studies to date have evaluated the 3D changes in the skeletal 

structure following MARPE. Our case report is focused on the 3D analysis of changes following 3D-

guided midpalatal piezocorticotomy-assisted MARPE, which had earlier been shown to preserve the 

nasal septum position while removing its restricting component on midpalatal disarticulation [5]. 

Standardized head orientation is essential in evaluating the effects of MARPE, with cervical curvature 

and postural changes being concomitant with midpalatal disarticulation. In our observations, cervical 
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kyphotic changes are reversed due to an increase in nasopharyngeal airway volume. This had earlier 

been reported in multiple studies, including long-term observational studies on MARPE [21], [22]. 

  Our study has observed rotational changes to the ANS–PNS plane in several spatial planes, 

including the sagittal plane, where anterior downward rotation took place, along with posterior 

upward rotation around the maxilla. The same plane rotated to the left in the coronal plane, with the 

center of rotation approaching the PNS. While the sagittal rotation of the ANS–PNS plane was earlier 

reported by Cantarella and colleagues [23], several studies have confirmed the downward and 

forward displacement of the zygomaticomaxillary complex following midfacial expansion [12], [24]. 

To the best of the authors’ knowledge, the coronal plane orientation of the ANS–PNS plane has not 

yet been described in the literature. 

   Maxillary cant and maxillary canine and molar cant are evaluated for the surgical planning 

of Maxillo-Mandibular Advancement (MMA) procedures, including Le Fort I surgical procedures. In 

this study, Maxillary canine cant was specifically evaluated to compare its vector to the ANS–PNS 

orientation and mandibular rotation. The total vector of the ANS–PNS rotation observed in this study 

was oriented upward and outward, increasing the size of the left nasal passage, the left maxillary 

sinus, and the left maxillary molar width, and rotating all three planes upwards (Table 3). Thus, 

measurements derived from the sagittal CBCT slices alone cannot accurately describe the combined 

changes to the maxillary and midfacial structures. In previous studies, maxillary plane rotational 

changes were primarily derived from midfacial sagittal slices, while transverse changes were 

envaulted from the coronal slices at the level of the first maxillary molars and frontozygomatic or 

zygomaticomaxillary sutures. This case report provides preliminary evidence for the need to further 

evaluate the 3D changes occurring as a consequence of MARPE, and 3D-guided midpalatal 

piezocorticotomy-assisted MARPE in particular. 

3. Conclusions 

Three-dimensional-guided midpalatal piezocorticotomy-assisted MARPE has been shown to 

produce midfacial changes in all three spatial planes when evaluated via 3D cephalometric analysis. 

Comprehensive observational studies are necessary to analyze these changes and their effects on 

different skeletal classifications. 

4. Patents 

US and Canada Patent Pending: Piezocorticotomy guide for midpalatal skeletal expansion 

(Application # 18/919,416). 
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Abbreviations 

The following abbreviations are used in this manuscript: 

MARPE Mini-Screw-Assisted Rapid Palatal Expansion 

ANS Anterior Nasal Spine 

PNS Posterior Nasal Spine 

CBCT Cone-Beam Computed Tomography 

MSE Maxillary Skeletal Expander 
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