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ABSTRACT 

Comparison of Skeletal and Dentoalveolar Changes between Two Bone-Borne Maxillary 

Expanders 

 

Mohamad Sarraj, D.D.S. 

Introduction: Bone-borne maxillary expander (BBME) are designed to provide additional 

anchorage to widen the maxillary arch for patients who exhibit maxillary transverse deficiency. 

One form of BBME is the hybrid BBME which uses mini-implants (bone-borne) and posterior 

teeth (tooth-borne) as anchorage for maxillary expansion.  The other form of BBME is absolute 

BBME which only uses mini-implants as anchorage. It is not clear in the literature if there is a 

difference in skeletal and dental changes with these two types of expanders. The objective of this 

study was to compare the skeletal, dentoalveolar, and periodontal changes between the hybrid 

and the absolute BBME using cone-beam computed tomography (CBCT). 

Materials and Methods: Thirty four adolescent patients with transverse maxillary deficiency 

were divided into two groups; the first group (16 patients) was treated with the hybrid BBME, 

and the second group (18 patients) was treated with absolute BBME. CBCT scans were taken 

pre-treatment (T1); and immediately post-expansion (T2) to measure the changes in midpalatal 

suture opening, total expansion (TE), alveolar bone bending (ABB), dental tipping (DT), and 

buccal bone thickness (BBT) at the first molar (M1) and first premolar (PM1) levels. Data were 

analyzed using paired t-test and sample t-test. 

Results: Midpalatal suture separation was found in 100% of the patients and the pattern of 

midpalatal suture opening was parallel in both groups. The total expansion at M1 level was 5.9 

mm in the hybrid, and 4.7 mm in the absolute BBME group. The skeletal contributions were 

56% and 83% of the TE in hybrid and absolute BBME groups at the M1 level, respectively. 

Subjects in the absolute BBME group experienced significantly less dental buccal tipping (0.5◦ 

for M1, and -1◦ for PM1), and BBT loss (0.2 mm for M1, and 0.4 mm for PM1) than the hybrid 

BBME group, (P <.05).  

Conclusion: The use of absolute BBME in adolescent patients increased the skeletal effects, and 

decreased the dental tipping and buccal bone reduction compared to the use of hybrid BBME. 

Both types of BBME can be clinically acceptable nonsurgical treatment option for correcting 

mild to moderate maxillary transverse discrepancies in growing patients.
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CHAPTER 1: INTRODUCTION 

Background 

     Maxillary transverse deficiency is a common orthodontic finding that is reported in 21% of 

children and 10% of the adult population.1 Orthopedic maxillary expansion is used to correct 

skeletal maxillary transverse deficiency, posterior dental crossbites, or increase the arch 

perimeter.2,3 The primary goal of maxillary expansion is to maximize the orthopedic effect, while 

minimizing the movement of teeth. In tooth-borne expanders, the expansion forces are transmitted 

through the teeth and into the skeletal structures; which may decrease the amount of force 

transferred to the skeletal structures and result in undesirable tooth movement.4 This led to the 

introduction of the first bone-borne appliance (distractor) in 1999. Bone-anchored palatal 

expanders transmitted the expansion forces directly to the skeletal components, resulting in more 

skeletal movement.5,6,7,8,9,10 Subsequently, there are variety of bone-borne expander designs 

available in the market. One form of bone-borne maxillary expander (MARPE) is the MSE which 

uses mini-implants (bone-borne) and posterior teeth (tooth-borne) for orthodontic anchorage.  The 

other form of MARPE is the BAME, which uses only mini-implants as bone-borne anchorage. It 

is not clear in the literature if there is a difference in skeletal and dental changes with these two 

types of expanders.11 

 

Purpose and Significance of Study 

     The purpose of this study is to compare the skeletal, dentoalveolar, and periodontal changes 

between the MSE and the BAME using cone-beam computed tomography (CBCT). 
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Null Hypotheses (H0) 

 H1 There is no midpalatal suture opening in patients treated with expander appliance 

among the two types of expanders 

 H2 There is no significant difference in midpalatal suture opening in the axial plane at the 

canine (C), first premolar (PM1), second premolar (PM2), and first molar (M1) between 

the two types of expanders at palatal floor 

 H3 There is no significant differences in midpalatal suture expansion pattern in the axial 

plane between the two types of expanders  

 H4 There is no significant difference in the amount of total expansion (TE) between T1 and 

T2 measured at PM1 and M1 between the two types of expanders 

 H5 There is no significant difference in the alveolar bone bending (ABB) angle between 

T1 and T2 measured at PM1 and M1 between the two types of expanders 

 H6 There is no significant difference in the dental tipping (DT) angle between T1 and T2 

measured at PM1 and M1 between the two types of expanders 

 H7 There is no significant difference in the buccal bone thickness (BBT) between T1 and 

T2 measured at PM1 and mesiobuccal root of the M1 between the two types of expanders. 

Assumptions 

1. The CBCT scan resolution was adequate to detect skeletal, dental and periodontal 

landmarks, without patient movement contributing to the introduction of radiographic 

artifacts 

2. The CBCT scans were 1:1 without the need for calibration 
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3. The operator in this study had working knowledge of the technology utilized in the 

analysis 

4. Pre-treatment CBCT scans were taken prior to any orthodontic or orthopedic intervention 

and post-expansion scans were taken immediately at the end of the appliance activation 

5. CBCT with Dolphin three-dimensional (3D) Imaging software allows for accurate 

landmark identification and quantification of linear and angular measurements.  

 

Limitations 

1. Limited sample size of subjects in the database from the Departments of Orthodontics at 

Tufts University School of Dentistry and Wuhan School of Stomatology 

2. Lack of long-term follow up of the treatment effects 

3. There is patient-related variability e.g. medical history, age, gender, ethnicity, skeletal 

maturity, craniofacial anatomy, and bone anatomy and physiology among the subjects 

4. There is treatment-related variability e.g.  

a. The amount of appliance activation needed to resolve transverse jaw disharmony 

b. Anteroposterior positioning of the appliance along the palate 

c. The number of teeth selected for appliance anchorage 

d. The number of bi-cortically engaged microimplants 

5. CBCT scans were taken from two different 3D units, may have different setting 
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6. CBCT scans may have artifacts from subject movements, amalgam fillings, metal crowns, 

mini screws, expanders, and machine specifications 

7. Investigator’s ability to manipulate 3D imaging software to accurately orient T1 and T2 

CBCT scans, determine landmarks, and obtain linear and angular measurements for 

reliable comparison 

8. Resolution of CBCT in Dolphin imaging software and noises and scatter produced by 

expander and micro-implants made it difficult to precisely identify particular landmarks in 

some patients (i.e. buccal cortical plate and palatal shelf, midpalatal suture). 

 

Delimitations 

1. Subjects selected based on treatment with particular type of MARPE appliance 

2. Subjects selected if there is no history of previous orthodontic or orthopedic treatment 

3. No presence of Craniofacial syndrome or deformities due to abnormal development or 

trauma. 
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CHAPTER 2: REVIEW OF THE LITERATURE 

 

Transverse Growth and Development of the Maxilla 

     The palate develops from the 6th to the 12th week of embryonic life. The primary palate is the 

secondary ossification center of the maxilla, arising from the medial nasal processes in the 

intermaxillary segment. During the 8th week of intrauterine development, ossification centers 

merge to form the maxilla.12  The primary palate establishes a palatine view of the suture between 

the premaxilla and the maxilla with the secondary palate, without leaving any signs or marks in 

the adult individual. The same process does not apply to the palatal bone with which the suture is 

well established.13 

     The osteogenic process in the midpalatal suture is similar to the growth and bone remodeling 

provided by the periosteum in other bone surfaces, and fulfills the requirements of adjacent tissues 

by means of external stimuli also known as functional demands.14 The midpalatal suture is not a 

center of maxillary bone growth, but it responds to osteogenic stimuli. 15,16 

     The midpalatal suture has bone margins with thick connective tissue interposed between them, 

and it does not represent the fusion of maxillary palatal processes only, but also the fusion of 

palatal processes of the jaws and horizontal osseous laminae of palatal bones It has got three 

segments: the anterior segment (before the incisive foramen, or intermaxillary segment), the 

middle segment (from the incisive foramen to the suture transversal to the palatal bone ) and the 

posterior segment after the suturetransversal to the palatal bone.13 

     Both the macroscopic and microscopic morphologies of the midpalatal suture were described 

by Ennes13 and, Ennes et al,17 including its morphological changes in terms of the chronological 

evolution of humans, primates, rabbits and rats. 
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Maxillary Transverse Deficiency: Description, Prevalence, and Etiology 

    Maxillary transverse deficiency is a common orthodontic finding that is reported in 21% of 

children and 10% of the adult population.1 Previous research has indicated that approximately 18% 

of mixed-dentition patients have a transverse maxillary constriction. Traditionally, they are treated 

with rapid palatal expansion techniques that rely on a combination of orthopedic and dental 

expansion to correct the skeletal disharmony.18  

     Multiple etiological factors have been described for maxillary transverse deficiency. Causes of 

the condition may include developmental disturbances, such as clefts in the lip and palate, mouth 

breathing, parafunctional habits like thumb sucking, atypical phonation and swallowing.19 

 

History of Rapid Palatal Expansion (RPE) 

     The use of maxillary expansion appliance (Figure 1) could date back to 1860s, when Angell 

came up with the concept “maxillary expansion”, which opened the mid-palatal suture laterally by 

a palatal expansion appliance.20 European orthodontists, Maxillary Orthopedics enthusiasts, 

brought the technique back based on the works by Derischsweiler (1953) and Korkhaus (1960).21 

American Orthodontics became interested in when Haas (1961), carried out the procedure in pigs 

and proved the existence of the microscopic events implicated. The technique employed in patients 

with atrophic maxilla achieve positive outcomes and the procedure was considered safe and as an 

alternative for more complicated cases, such as Class II malocclusion associated with posterior 

crossbite.13  

     Many types of RPE appliances have been developed with different rates of expansion, but the 

principles are essentially the same. By exerting a rapid transverse force on the maxillary dentition, 
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the midpalatal suture is disrupted and separated, leading to increased cellular activity in that area 

that induces bone remodeling along the sutural areas. 18,22 If the patient performs between 2 and 4 

turns every day, expansion will occur within one to two weeks. The desired extension is achieved, 

including overcorrection and relapse. The latter often occurs as a result of lack of balance or 

tensegrity among the pieces that form the midface.13,14  

 

Figure 1. RPE applaince.13 

Indications and Contraindications of RPE 

     The aim of maxillary expansion was to optimize the dentofacial orthopedics effect while 

minimizing the dentoalveolar side effects, thus the total expansion obtained through the usage of 

RPE, can be categorized into skeletal expansion, alveolar expansion, and bending or tipping of the 

teeth (Figure 2).3,4 Patients who have moderate upper arch crowding or unilateral or bilateral 

posterior crossbites as a result of maxillary constriction may particularly benefit from RPE 

treatment. Individuals with anteroposterior discrepancies with a narrow upper jaw such as skeletal 

Class II, Division 1 or Class III malocclusion with borderline skeletal and pseudo Class III 

problems are also suitable candidates for treatment with an expander device. Cleft lip and palate 

patients with collapsed maxillae are also RPE candidates.19 
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Skeletal and Dentoalveolar Effects of Conventional RPE 

     Although opening of the midpalatal suture is the main goal of RPE, the expansion force acting 

on the palatal aspect of the tooth crowns causes undesired dental effects, such as buccal tipping, 

decrease in buccal bone thickness and marginal bone levels,23–28 and volume loss and thinning of 

the anchor teeth.29,30 Changes related to the buccal bone thickness and root morphology are mostly 

reversible. 30,31 The reduction of cortical bone was even more pronounced on the teeth that served 

as direct anchorage to the expander, which was attributed to the tipping movement of the teeth. 

Moreover, this comes with several disadvantages, such as age limitation, dentoalveolar tipping, 

root resorption, and bone dehiscence, and the lack of long-term stability.3,23,32  It was reported that 

skeletal expansion only accounts for about 38% of total expansion,33 and the recurrence rate was 

35% to 50%.34 However, these side effects may be prevented from occurring in the first place by 

using miniscrews as anchorage units in bone-borne RPE applications.35 

 

Figure 2. The three components of total expansion 1. Skeletal expansion; 2. Alveolar bending,  

3. Dental tipping.34 

Surgically Assisted Rapid Palatal Expansion (SARPE) 

      Brown introduced the concept of surgically assisted rapid palatal expansion (SARPE) in 

193836. SARPE procedure (Figure 3) gradually became the main treatment modality for adult 

patients with maxillary transverse discrepancy.37,38 In adults, additional surgical weakening of 

certain anatomic structures of the midface is required to allow maxillary expansion and opening 
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up of the midpalatal suture.39 With skeletal maturity, there is increased ossification in the 

circummaxillary sutures, increased thickness of the bony structures, reduction in the elasticity, and 

increased interdigitation of the median palatal suture. All these factors provide resistance to 

opening of the midpalatal suture and stable widening of the maxilla.40,41 

     Advantages of treatment with SARPE were predictable skeletal and dental changes, and a low 

rate of relapse (5% to 25%).38,42 resulting in stable maxillary expansion in adults.40 

However, many adult patients were discouraged from choosing this treatment due to its the 

invasive nature, risks, complications and cost of the surgical procedure.43 

 

Figure 3. SARPE procedure.44  

Micro-implant Assisted Maxillary Expansion (MARPE) 

     With the innovation of miniscrews, it is now possible to reinforce the anchorage system of RPE 

without the support of tooth structure because miniscrews serve as the orthodontic absolute 

anchorage. Bone anchored RPE was reported to transmit a direct expansion force to the palatal 

bone, which contribute in a more skeletal opening of the suture, instead of bending of the maxillary 

alveolar bone as the force vector located near the bone.4,45 

     With increasing skeletal maturity, heavy interdigitation of the suture makes the separation of 

the two halves of the maxilla unfeasible using conventional tooth-borne RPE appliances. 
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Therefore, MARPE appliances were originally developed for patients in whom conventional RPE 

was contraindicated.46 

     Wehrbein et, al, (1996) firstly introduce the use of miniscrews in the palatal area because the 

palate is covered with keratinized gingival and gave good flexibility.47 Wilmes et al. introduced 

the tooth-bone-anchored maxillary skeletal expander to any device that is used for expanding 

maxilla that is skeletally and dentally anchored. 48 These devices are reported to produce greater 

skeletal expansion ensuring minimal alveolar/dental tipping and at the same time offer greater 

stability. Maximization of the skeletal expansion through skeletal anchorage enhancement is by 

recruiting both palatal and nasal cortices. At the same time, a support wire connecting the expander 

to the teeth enhances the stability. This is a recent concept and such expanders are referred to as 

maxillary skeletal expander (MSE) (Figure 4).49,50  The routine and safe use of orthodontic mini-

implants in the anterior palate has encouraged the use of the so-called hybrid expanders, which are 

partially bone-borne and partially tooth-borne.39 

     The other type of MARPE is the bone-anchored maxillary expanders (BAME) (Figure 5). This 

bone-borne maxillary expander enables purely skeletal expansion without any dental side effects. 

Due to its rigid construction and its reliable anchorage maxillary expansion without surgical 

assistance, it appears to be effective in more adult patients.51  BAME do not demonstrate any 

translational dental movements or buccal tipping because no teeth are involved. After the 

expansion, they exhibit minor spontaneous palatal tipping of the buccal teeth, as Carlson et al 

described for the maxillary canines only.49 

     Although MARPE are capable of producing greater skeletal expansion, there are concerns 

regarding its stability. The interlocked suture in mature patients undergoes significant torsion in 

three dimensions. As it splits, the two halves of the maxilla twist away from each other, and the 
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implants used to anchor the RPE will experience additional strain and may tip. This will 

subsequently result in either loosening or breakage of the implant, thereby rendering the expansion 

device unstable.49 

     The introduction of MARPE appliances provided a new alternative treatment modality for 

clinicians and adolescent patients with maxillary transverse deficiency. A thre dimensional finite 

element analysis showed that these devices had greater skeletal and less dental side effects than 

traditional RPE.52,53 

 

Figure 4. MSE.  

 

Figure 5. BAME.35 

Skeletal and Dentoalveolar Effects of MARPE 

     In adults, due to the maturation of the midpalatal sutures and resistance from the zygomatic 

buttress, the response to palatal expansion with RPE is less successful. The resulting widening of 

the maxillary width is more due to alveolar bone bending and dental tipping in adults.54 
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     Lagravere et al, reported the effects of RPE with bone anchorage indicating there was less 

dental tipping than the usage of RPE alone. The usage of miniscrew assisted RPE was effective in 

preventing the negative side effects that were commonly seen with the usage of RPE alone. 

Therefore, many clinicians opted to use miniscrews as a noninvasive expansion alternative 

method.10,55 Mosleh et, al, stated that the expansion force on palatal bone will produce a more 

parallel opening, without causing unwanted tooth movement.56 Lin et, al, conducted a study that 

compares tooth-borne and bone-borne RPE in late adolescence using CBCT, reported both 

expanders produced expansion, but the maxillary skeletal expander produced greater orthopedic 

effects and a more parallel opening of the suture. Subjects in the MSE group showed less change 

of alveolar inclination and tooth axis compared to subjects in RPE group. The change of teeth 

angulation was a combination of bone bending and tipping of the teeth. As teeth were surrounded 

by alveolar bone and undergoing remodeling process, it was hard to objectively separate bone 

bending and tipping of the teeth. The lesser tipping found in MSE can be explained with the use 

of skeletal anchorage.57 

     A portion of the change in inclination is also likely due to the bodily rotation of the maxillary 

structure on each side. Buccal rotation or bending of the segments occurs throughout the arch, but 

the amount is greater from posterior to anterior. This is most likely the reason for dental tipping in 

expansion patients even without tooth anchorage and may also explain the angulation changes of 

the molars and premolars.18    

 

Cone Beam Computed Tomography 

     CBCT scanners (Figure 6) have been available for craniofacial imaging since 2001 in the 

United Sates. Their compact size and relatively low radiation dosage make the CBCT scan an 
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imaging modality that helps address the previously stated challenges effectively and efficiently.58 

CBCT has made it possible to acquire 3D image volumes of all structures in the maxillofacial 

complex. With the use of specific software and acquisition protocols based on individual needs, 

these digital volumetric scans can be turned into multiple planar view images (axial, coronal and 

sagittal). Software tools also allow bone structure measurements to be obtained as well as 3D 

assessment of soft tissues, and the shapes, volumes and features of the face.59 

 

 

 

 

 

Figure 6. CBCT scanning technology.60 

CBCT Image Accuracy  

     CBCT scans allow the orthodontist to assess the patient’s hard and soft tissue in three 

dimensions. The accuracy and reliability of such images have been tested and were found to be 

adequate for implant planning, periodontal disease quantification, and assessment of tumor/lesion 

volumes. Today, existing software permits us to take full advantage of CT scans in performing 3D 

measurements and developing 3D craniofacial analyses. These 3D measurements, made on CT 

images, can be more accurate and reproducible and have the potential to aid in the craniofacial 

diagnosis of facial asymmetries, functional shifts, and canted occlusal planes. CBCT craniometric 

measurements are accurate to a subvoxel size and potentially can be used as a quantitative 
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orthodontic diagnostic tool.61 Presence of soft tissue, as well as different voxel size, affect the 

precision of the data. A customized resolution protocol must be chosen according to the accuracy 

needed.62 When CBCT is employed, the accuracy and reliability of craniofacial measurements is 

shown to be better, compared to the 2D cephalogram.63 
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CHAPTER 3: EXPERIMENTAL MATERIALS AND METHODS 

IRB Approval  

     Protocol #1909722030 was reviewed and exempted by the Institutional Review board at West 

Virginia University (See Appendix A).  Permission to use patient data was obtained from Wuhan 

School of Stomatology and Tufts University School of Dentistry (See Appendix B, C).   

Sample Description 

     A total of 36 patients were examined for this retrospective study. Sixteen patients (10 female, 

and 6 male), with and average age of 14.9 years, from the archive of the Department of 

Orthodontics at Wuhan University treated with the MSE were compared to 20 patients (17 female, 

and 3 male), with average age of 13.8 years, from the archive of Department of Orthodontics at 

Tufts University treated with the BAME. Two patients were excluded from the study due to an 

insufficient field of view. 

The inclusion criteria were as follows: 

1. Young adolescent patients with transverse discrepancy treated with expanders, 

particularly with the use of one of two types of MARPE appliance 

2. CBCT scans of diagnostic quality, including all pertinent anatomy, captured 

before and immediately after expansion treatment 

The exclusion criteria were as follows: 

1. Patients with previous history of orthodontic, orthopedic treatment or 

orthognathic surgery 
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2. Patients with craniofacial abnormalities, facial asymmetry or deformities due to 

abnormal development or trauma 

3. Patients with no suture opening after expansion 

4. Lack of full field of view (did not include landmarks needed) 

CBCT Assessments: 

A. Imaging Protocol 

     The DICOM (digital imaging and communications in medicine) files of the subjects 

participating in this study were de-identified and coded by numbers to protect patient 

privacy.  

      The CBCT scans in Wuhan University School of Stomatology were obtained with the 

NewTom VGi9 3D CBCT unit (Imola, Italy) while in Tufts University School of Dentistry 

were obtained with the Kodak CS 9000 3D CBCT unit (CareStream Health, Inc, Rochester, 

NY, USA). The images were calibrated using the same parameters that included exposure 

of 10 mA for 32.5 seconds, power of 70 kVp, and 76-μm voxel size with volume 

dimensions of 8 cm × 8 cm.  

B. Image Acquisition 

     CBCT were taken for each patient at T1, pre-treatment; and at T2, immediately post-

expansion. Patients were instructed to set up keeping the Frankfort plane paralleled to the 

floor and clenching on intercuspal position during scanning. 

C. Image Analysis 

CBCT Image Volume Reorientation 
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     For purposes of standardizing the image analysis procedure and setting an identical 

reference plane for the T1 and T2 stages, all CBCT volumes were adjusted in three planes 

of space (sagittal, axial, and coronal) (Figure 7). The image volume reorientation 

performed within the Dolphin imaging software (version 11.95, Dolphin Imaging & 

Management Solutions, Chatsworth, Calif.) (Figure 7). The image volume reorientation 

was process and CBCT analysis were adopted from the method by Ngan et al,.64 

A. The sagittal view was reoriented parallel to the software’s horizontal indicator line that 

transverse the middle of the palatal plane (ANS-PNS) 

B. The axial view was oriented parallel to the software’s horizontal line that connected the 

left and right lingual cusps of the upper first premolars 

C. The coronal view was oriented parallel to software’s horizontal position indicator line 

that connected the left and right intersection of lateral contour of the maxillary alveolar 

process and the lower contour of the maxillozygomatic process of the maxilla. 

 

 

 

 

Figure 7. CBCT head orientation in three planes of space; A. Sagittal, B. Axial, and C. Coronal. 

Measurements Analysis  

     The DICOM images were assessed by Dolphin imaging software; using the dolphin distance 

measuring tool. 

A 

B C A 
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1. Total Expansion (TE) 

     Total expansion achieved with MARPE appliances includes the direct separation of 

the maxillary halves at the midpalatal suture (skeletal expansion) along with alveolar 

bone bending and dental tipping (dentoalveolar expansion). The following equation 

shows the components of total expansion: 

 TE at the first molars (M1) level was defined as the change between (T2-T1) in the 

intermolar width (IMW), the distance between the palatal cusp tip of the right and 

left first molars measured in a coronal cross-sectional slice through the center of 

M1 (Figure 8). 

  

 

 

 

Figure 8. Measurement of intermolar width (IMW) on a coronal cross-sectional slice. 

 TE at the first premolars (PM1) level was defined as the change between (T2-T1) 

in the interpremolar width (IPMW), the distance between the palatal cusp tip of the 

right and left first premolars measured in a coronal cross-sectional slice through the 

center of PM1 (Figure 9). 
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Figure 9. Measurement of interpremolar width (IPMW) on a coronal cross-sectional slice. 

2. Alveolar Bone Bending (ABB) Angle 

     ABB was defined as the degree difference (T2-T1) between the palatal alveolar bone 

angles measured for the anchored teeth PM1, M1 or both, on a coronal cross sectional slice 

through the midportion of the teeth. Figure 10 shows the ABB angle value obtained for M1 

by measuring the intersecting angle formed by a best fit line through the palatal cortical 

plate and the software’s horizontal indicator line that transverse the middle of the palate. 

A positive change in ABB indicates alveolar bone bending toward the buccal direction, 

while a negative change in ABB indicates alveolar bone bending in the palatal direction.  

 

Figure 10. Measurement of alveolar bone bending (ABB) angle for M1 on a coronal cross-

sectional slice through the midportion of the tooth. 
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3. Dental Tipping (DT) Angel 

      Dental tipping was defined as the degree difference (T2-T1) between the dental tipping 

angle measured for the anchored teeth, PM1, M1 or both, on a coronal cross-sectional slice 

through the midportion of the teeth. Figure 11 shows the DT angle value obtained for M1 

by measuring the intersecting angle formed by a best fit line through the long axis of the 

tooth and the software’s horizontal indicator line that transverse the middle of the palate. 

 

Figure 11. Measurement of dental tipping (DT) angle for M1 on a coronal cross-sectional 

slice through the midportion of the tooth. 

4. Buccal Bone Thickness (BBT) 

     Buccal bone thickness was measured for PM1, and the mesiobuccal root of M1 

when PM1, M1 or both was used for appliance anchorage on an axial cross-sectional 

slice through the furcation of M1 (Figure 12). BBT was defined as the perpendicular 

distance between the most facial surface of the tested tooth and the external aspect of 

the maxillary buccal cortical plate. 
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Figure 12. Measurement of buccal bone thickness (BTT) for PM1 and mesiobuccal root of 

M1 on an axial cross-sectional slice. 

5. Midpalatal Suture Opening 

     Measurements were made at the canine (C), first premolar (PM1), second premolar 

(PM2), and first molar (M1) levels. Suture width opening was measured between the right 

and left external edges of the suture on an axial cross-sectional slice through the center of 

the palate (Figure 13).  

 

 

 

 

 

Figure 13. Measurement of sutural expansion on an axial cross-sectional slice through the 

midpalate at C, PM1, PM2, and M1 levels. 
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6.  Midpalatal Suture Expansion Pattern 

     Successful midpalatal suture separation was defined as complete opening of the suture 

anteroposteriorly. Measurements were made at C, PM1, PM2, and M1 levels. Suture width 

opening was measured between the right and left external edges of the suture on an axial 

cross-sectional slice through the center of the palate (Figure 13). 

7. Measurement Error Analysis 

     The reliability of the measurements is tested by investigating the error in locating and 

measuring the changes of all landmarks. Ten (29.4%) randomly selected subjects are 

analyzed a second time by the same examiner two weeks after the initial measurements. 

For all variables, differences between the measurements recorded at the first analysis and 

measurements recorded at the second analysis were compared for each of the 10 

individuals. Intra-class correlation coefficients were calculated to evaluate the reliability 

of the repeated measurements. All statistical tests were two-sided and p-value <.05 was 

considered statistically significant. 

Appliance Description 

The patients included in this study were treated with one of the two types of MARPE. 

1. MSE  

The first appliance consists of a central expansion jackscrew and four attached arms 

soldered to orthodontic bands, pre-fitted around anchored teeth to facilitate the placement 

of the appliance along the palate. Welded to the central expansion screw are four tubes that 
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serve as guides for the placement of the microimplants (Figure 14). The patients treated 

with this appliance were obtained from Wuhan University School of Stomatology. 

 

Figure 14. Example of MSE appliance. 

2. BAME 

The second appliance consists of a central expansion jackscrew. Welded to the 

central expansion screw are four tubes that serve as guides for the placement of the 

microimplants (Figure 15). The patients treated with this appliance were obtained from 

Tufts University School of Dentistry. 

 

Figure 15. Example of BAME appliance. 
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The microimplants allow for fixation of the expander flushed to the palate and are 1.5-1.8 

mm in diameter and 11 mm in length. The microimplant length allows for bi-cortical engagement 

of the palatal and nasal floor (Figure 16), while the diameter allows for a secure fit within the 

tubes, reducing the magnitude of lateral force transfer to anchored teeth during appliance 

activation. 

 

Figure 16. Bi-cortical engagement of the palatal and nasal floor. 

Although the same expander appliance was used for all patients in each study sample, there 

were variations relating to the following: 

1. Number of teeth selected for appliance anchorage in Wuhan University School of 

Stomatology sample. The expander was either banded to four teeth (first premolars 

and first molars) or two teeth (first molars only).  

2. Appliance position. The expander appliance was placed in one of three locations along 

the palate:  

a. On the inclines of the anterior palate distal to the second or third rugae (anterior 

position) 
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b. On the flat surface of the palate around the level of the permanent second 

premolar (middle position) 

c. On the flat surface of the palate 1 mm anterior to the soft palate around the level 

of the permanent first molar (posterior position) 

3. Appliance activation. The amount of appliance activation each patient received varied 

with the magnitude of transverse discrepancy between the maxilla and mandible. 

 MSE group 

Age of patients Initial expansion 

rate 

Expansion rate after 

opening the diastema 

Early teens (<13 ) 2 turns/week 2 turns/week 

Late teens (13-15) 2-3 turns/week 2 turns/week 

 

 BAME group 

Two turns a day. The average activation time was 19.7 ± 3.8 days. 

Statistical Analysis 

     All statistical analyses were conducted using SAS (version 9.4, 2013, SAS institute Inc., Cary, 

NC). Paired t-test was utilized to evaluate skeletal, dentoalveolar and periodontal changes after 

maxillary expansion using both types of MARPE appliances. To compare the difference between 

the MSE and the BAME groups in skeletal, dentoalveolar and periodontal changes, two 

independent sample t-test were conducted. Intra-class correlation coefficients were calculated to 

evaluate the reliability of the measurements. All statistical tests were two-sided and p-value <.05 

was considered statistically significant. 
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CHPTER 4: RESULTS 

Patients Characteristics 

     A total of 36 patients who were diagnosed with maxillary transverse deficiency and treated with 

one of two types of MARPE werevincluded in the study. Sixteen of these patients treated with 

MSE, and the other 20 patients were treated with BAME. The age range of the two samples was 

between 12 and 15 years. Two patients from the second group were excluded from the study due 

to an insufficient field of view. 

Method Error Result 

     The reliability coefficient was found to determine the repeatability of the measures made for 

the variables in this study. lntra-class correlation coefficients of all measurements except two 

(>0.80) were higher than 0.90, indicating a high level of agreements between the two 

measurements, and evidence to support the repeatability of measurements (Table 1).  

Table 1: Reliability coefficients for measurements 

Variables

  

Intra-class correlation coefficient 

IMW pre 0.994 

IMW post 0.994 

IPMW pre 0.997 

IPMW post 0.991 

ABB  Right pre (M1) 0.979 

ABB  Right post (M1) 0.987 



27 
 

ABB Left pre (M1) 0.897 

ABB Left post (M1) 0.969 

ABB  Right pre (PM1) 0.987 

ABB  Right post (PM1) 0.992 

ABB Left pre (PM1) 0.941 

ABB Left post (PM1) 0.993 

DT Right pre (M1) 0.959 

DT Right post (M1) 0.984 

DT Left pre (M1) 0.948 

DT Left post (M1) 0.980 

DT Right pre (PM1) 0.981 

DT Right post (PM1) 0.997 

DT Left pre (PM1) 0.989 

DT Left post (PM1) 0.996 

BBT Right pre (M1) 0.985 

BBT Right post (M1) 0.988 

BBT Left pre (M1) 0.975 

BBT Left post (M1) 0.960 

BBT Right pre (PM1) 0.933 

BBT Right post (PM1) 0.811 

BBT Left pre (PM1) 0.973 

BBT Left post (PM1) 0.954 

Midpalatal Suture post (C) 0.996 

Midpalatal Suture post (PM1) 0.997 
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Midpalatal Suture post (PM2 ) 0.997 

Midpalatal Suture post (M1) 0.919 

 

Skeletal, Dentoalveolar and Periodontal Changes in MSE Patients: 

1. Total Expansion 

     There was a significant increase in IMW between T1 (M=40.9, SD=3.6) and T2 

(M=46.8, SD=3.4); t(15)=14.7, p<.0001. The total expansion achieved with MSE treatment 

was 5.9± 1.6 mm at the M1 level.  The percentage of skeletal expansion was 56% 

determined by the mean midpalatal suture expansion of 3.3 ± 1.4 mm at the level of M1. 

The remaining 44% was attributed to dentoalveolar expansion. The mean of IPMW was 

increased to 34.3 mm in the patients assessed. Total expansion in PM1 level increased by 

a mean of 4.1 mm after using MSE. 

2. Alveolar Bone Bending Angle 

     There was a significant increase in ABB angle in M1 and PM1 levels in both right and 

left sides between T2-T1 by mean of 6.4◦, 4.1◦, 4.8◦, and 5.5◦, respectively. 

3. Dental Tipping Angle 

    There was a significant increase in DT angle toward the buccal in M1 in both left 

(M=2.8◦) and right (M=4◦) sides, and also in PM1 in the right side (M=1.5◦) only. However, 

there was a statistically insignificant increase in DT angle toward the buccal in PM1 in the 

left side (2.2◦). 
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4. Buccal Bone Thickness 

     There was a significant decrease in BBT for M1 and PM1 levels in both right and left 

sides by mean of -0.7 mm, -0.5 mm, -0.4 mm and -0.4 mm, respectively. 

5. Midpalatal Suture Opening 

     There was a significant separation (mm) in midpalatal suture at the level of C, PM1, 

PM2 and M1 ranged from 1.3 to 7, 1.3-6.6, 1.4-6.1, and 1.8-6.1, respectively. This 

indicated parallel expansion along the length of the midpalatal suture. 

     According to the paired t-test results, patients using MSE showed significant changes in all 

skeletal, dentoalveolar and periodontal measurements except dental tipping in the left side for PM1 

after using the MSE expander (Table2). 

Table 2: Comparison of pre and post expansion measurements using MSE (n=16) 

 T1 T2  

T (df=15) 

a 

 

Pb Mean SD Mean SD 

 (IMW) (mm) 40.9 3.6 46.8 3.4 14.7 <.0001 

*** 

 (IPMW) (mm) 30.2 2.7 34.3 3.1 7.6 <.0001 

*** 

Alveolar Bone 

Bending  Right (M1) 

(degree) 

110.4 8.6 116.7 8.8 5.2 .0001  

*** 

Alveolar Bone 

Bending Left (M1) 

(degree) 

108.0 9.3 112.2 9.1 4.2 .0009 

*** 
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Alveolar Bone 

Bending  Right 

(PM1) (degree) 

121.9 11.1 126.7 10.2 3.6 .003** 

Alveolar Bone 

Bending Left (PM1) 

(degree) 

121.3 12.0 126.8 11.2 3.5 .004** 

Dental Tipping Right 

(M1) (degree) 

96.6 4.6 100.7 5.4 6.9 <.0001 

*** 

Dental Tipping Left 

(M1) (degree) 

96.7 5.8 99.5 6.8 4.4 .0005 

*** 

Dental Tipping Right 

(PM1) (degree) 

90.3 13.9 91.9 15.0 2.3 .04* 

Dental Tipping Left 

(PM1) (degree) 

92.4 6.3 94.2 8.0 1.7 .11 

Buccal Bone 

Thickness Right 

(M1) (mm) 

1.8 0.7 1.1 0.6 -6.0 <.0001 

*** 

Buccal Bone 

Thickness Left (M1) 

(mm) 

1.6 0.8 1.1 0.7 -8.1 <.0001 

*** 

Buccal Bone 

Thickness Right 

(PM1) (mm) 

0.9 0.5 0.5 0.5 -4.3 .0009 

*** 

Buccal Bone 

Thickness Left 

(PM1) (mm) 

0.8 0.4 0.4 0.3 -8.3 <.0001 

*** 

Midpalatal Suture 

(C) (mm) 

0 0 4.1 1.8 9.2 <.0001 

*** 

Midpalatal Suture 

(PM1) (mm) 

0 0 3.8 1.8 8.2 <.0001 

*** 

Midpalatal Suture 

(PM1 ) (mm) 

0 0 3.5 1.6 8.5 <.0001 

*** 
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Midpalatal Suture 

(M1) (mm) 

0 0 3.3 1.4 8.7 <.0001 

*** 

a T-value from paired t test. df= degree of freedom 

b P-value from paired t test. *p<.05, **p<.01, ***p<.001 

 

Skeletal, Dentoalveolar and Periodontal Changes in BAME Patients: 

1. Total Expansion 

          The mean of IMW was found to be 41.2 mm in the patients assessed. The total 

expansion achieved with BAME treatment was 4.7± 2.7 mm. The percentage of skeletal 

expansion was 83% and the dentoalveolar expansion was 17%. There was a significant 

increase in IPMW between T1 (M=25.7, SD=2.2) and T2 (M=30.4, SD=2.4); t(15)=14.5, 

p<.0001.  Total expansion for PM1 of patients increased by mean of 4.7 mm after using 

the BAME expander. 

2. Alveolar Bone Bending angle 

     There was a significant increase in ABB angle in M1 and PM1 in both right and left 

sides between T2-T1 by mean of 3.9◦, 5.3◦, 4.4◦ and 4.1◦, respectively. 

3. Dental Tipping Angle 

    There was insignificant increase in DT angle toward the buccal in M1 in both right and 

left sides between T2-T1 by mean of 0.5◦, and 0.5◦, respectively. However, there was a 

significant decrease in DT angle toward the palate in PM1 in the right side (M=-1.4◦), but 

it was insignificant in the left side (M= -0.7◦). 
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4. Buccal Bone Thickness 

     There was a significant decrease in BBT for M1 and PM1 in both right and left sides by 

a mean of -0.2 mm, -0.1 mm and -0.1 mm, respectively. However, there was an 

insignificant decrease in BBT on the left side for M1 (M= -0.1◦). 

5. Midpalatal Suture Opening 

     There was a significant separation (mm) in midpalatal suture at the level of C, PM1, 

PM2 and M1 ranged from 1.3 to 6.7, 1.8-6.5, 2.3-6.1, and 1.6-5.6, respectively. This 

indicated parallel expansion along the length of the midpalatal suture.  

     According to the paired t-test results, patient using BAME expander showed significant 

changes in most of the skeletal, dentoalveolar and periodontal measurements except dental tipping 

right and left for M1, dental tipping left for PM1, buccal bone thickness left for M1 (Table 3).  

Table 3: Comparison of pre and post expansion measurements using BAME (n=18) 

 T1 T2  

T 

(df=17)a 

 

Pb Mean SD Mean SD 

 (IMW) 36.5 2.8 41.2 3.3 14 <.0001*** 

 (IPMW) 25.7 2.2 30.4 2.4 14.5 <.0001*** 

Alveolar Bone 

Bending  Right 

(M1) 

103.6 5.9 107.4 6.6 3.6 .002** 

Alveolar Bone 

Bending Left 

(M1) 

103.6 5.9 108.9 7.3 4.1 .0008*** 
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Alveolar Bone 

Bending  Right 

(PM1) 

120.8 12.6 125.2 11.7 3.8 .002** 

Alveolar Bone 

Bending Left 

(PM1) 

118.6 10.8 123.0 13.2 2.7 .02* 

Dental Tipping 

Right (M1) 

94.3 6.0 94.8 4.3 0.5 .6 

Dental Tipping 

Left (M1) 

96.5 6.9 97.0 5.2 0.7 .5 

Dental Tipping 

Right (PM1) 

91.2 4.2 89.8 4.5 -2.3 .04* 

Dental Tipping 

Left (PM1) 

90.7 3.9 90.0 3.8 -1.2 .27 

Buccal Bone 

Thickness Right 

(M1) 

1.2 0.5 0.9 0.5 -3.6 .002** 

Buccal Bone 

Thickness Left 

(M1) 

1.0 0.5 0.9 0.6 -1.7 .12 

Buccal Bone 

Thickness Right 

(PM1) 

0.6 0.3 0.5 0.3 -2.9 .01* 

Buccal Bone 

Thickness Left 

(PM1) 

0.7 0.3 0.5 0.3 -2.9 .009** 

Midpalatal 

Suture (C) 

0 0 4.8 1.3 15.8 <.0001*** 

Midpalatal 

Suture (PM1) 

0 0 4.4 1.2 15.5 <.0001 

Midpalatal 

Suture (PM2 ) 

0 0 4.2 2.3 15.0 <.0001*** 
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Midpalatal 

Suture (M1) 

0 0 3.9 1.2 12.9 <.0001*** 

a T-value from paired t test. df= degree of freedom 

bP-value from paired t test. *p<.05, **p<.01, ***p<.001 

 

Comparison between the Hybrid and BAME study groups: 

     Both study groups showed decreases in BBT at the level of M1 and PM1. However, the BAME 

group experienced significantly less buccal bone loss than the MSE group for both the M1 and 

PM1 (P < .05). Molar root inclination measurements from the MSE group demonstrated a mean 

buccal crown tipping of 3.5◦, whereas the BAME group produced 0.5◦ of buccal crown tipping. 

Premolar root angulation changes revealed 1.7◦ buccal and 1◦ of lingual crown tipping in the hybrid 

and BAME groups, respectively. The differences between the two groups were significant (P 

<.05). 

    Results of two-sample t-test showed there were significant difference between the MSE and the 

BAME between (T2-T1) in dental tipping and buccal bone thickness for M1 and PM1 in both right 

and left sides (Table 4). 
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Table 4: Comparison of difference (T2-T1) measurements between MSE and BAME 

 MSE 

(n=16) 

BAME 

(n=18) 

 

T 

(df=32)a 

 

Pb 

Mean SD Mean SD 

TE (M1) 5.9 1.6 4.7 2.7 1.38 .19 

TE (PM1) 4.1 2.1 4.7 1.4 -1.08 .29 

ABB Right (M1) 6.4 4.9 3.9 4.5 1.54 .13 

ABB Left (M1) 4.1 4.0 5.3 5.5 -0.70 .49 

ABB Right (PM1) 4.8 5.0 4.4 4.9 0.26 .80 

ABB Left (PM1) 5.5 6.0 4.1 6.1 0.65 .52 

DT Right (M1) 4.0 2.3 0.4 3.5 3.45 .002** 

DT Left (M1) 2.8 2.5 0.5 3.0 2.42 .02* 

DT Right (PM1) 1.5 2.5 -1.4 2.6 3.20 .003** 

DT Left (PM1) 2.2 4.7 -0.7 2.4 2.04 .06 

BBT Right (M1) -0.7 0.4 -0.2 0.3 -3.44 .002** 

BBT Left (M1) -0.5 0.2 -0.1 0.3 -4.37 .0001*** 

BBT Right (PM1) -0.4 0.3 -0.1 0.1 -3.21 .003** 

BBT Left (PM1) -0.3 0.2 -0.1 0.2 -2.95 .007** 

Midpalatal Suture (C) 4.1 1.8 4.8 1.3 -1.3 .20 

Midpalatal Suture (PM1) 3.8 1.8 4.4 1.3 -1.18 .25 

Midpalatal Suture (PM1 ) 3.5 1.6 4.2 1.2 -1.41 .17 

Midpalatal Suture (M1) 3.3 1.4 3.9 1.2 -1.17 .25 

a T-value from two independent sample t test. df= degree of freedom 

b P-value from two sample t test. *p<.05, **p<.01, ***p<.00 
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CHPTER 5: DISCUSSION 

 

      The results of this study show that both types of MARPE appliances are effective in achieving 

separation of the midpalatal suture and correcting maxillary transverse discrepancies in young 

patients. This finding agrees with the results published by previous studies.50,35,65,66 Most of the 

subjects demonstrated successful maxillary expansion, evident by the opening of the midpalatal 

suture. The total amount of expansion varied from study to study due to the type of appliance, 

duration of treatment, and the rate of screw activations. In the literature, the range of expansion 

varied from 4.2 mm to 8 mm.66  

      In this study, total expansion at the M1 level was 2.9 mm to 7.9 mm in the MSE group, and 

1.8 mm to 8.6 mm in the BAME group. This study showed that the skeletal contribution was 56% 

in the MSE group, and 83% in the BAME group. This is in agreement with those reported by Oh 

et el. which showed 73% in the MSE group, and 81% in the BAME group.67  The skeletal gain in 

the BAME sample of this study was higher than the 50%  reported by Profitt; 40% by Kartalian,68 

and  55% reported by Garrett.34 However, in these studies, the authors used conventional instead 

of bone-anchored appliances to expand the maxilla in younger patients. In other studies using the 

MSE and BAME appliances, the percentage skeletal contribution increased to 59% reported by 

Zong et al, with MSE,11 and 68% reported by Celenk-koca et al,35 with  BAME. The most probable 

reason could be due to the nature of the design of MARPE. The MSE appliance uses bi-cortical 

engagement with longer implants offering greater skeletal anchorage.50 

     The pattern of midpalatal suture separation observed with both types of MARPE appliances in 

this study was found to be parallel in the axial view. The amount of suture opening at the C, PM1, 
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PM2 and M1 levels differed from each other by no more than 0.5 ± 0.2 mm. This indicated that 

sutural expansion at the level of the palate was rather uniform anteroposteriorly, which agrees with 

the findings of other previous authors.64,18,67 However, Lin et al.69 demonstrated that midpalatal 

suture opening occurred in a triangular pattern super inferiorly, with the least increase at the nasal 

floor and the greatest increase at the hard palate. These contrasting findings may be due to the 

different amounts of appliance activation performed in each study, anteroposterior position of 

miniscrews placement in the maxilla, or ineffective expansion near zygomaxillary and 

nasomaxillary sutures.11 

     Buccal rotation or bending of the segments occurs throughout the arch, but the amount is greater 

from posterior to anterior.34 This is most likely the reason for dental tipping in expansion patients 

even without tooth anchorage (e.g. BAME) and may also explain the angulation changes of the 

M1 and PM1.10 This buccal rolling phenomenon had been expressed by the decrease of the external 

inclination angle of the M1 and PM1.4  There was insignificant different in the alveolar bone 

bending between both MARPE groups. These findings coincided with those of Garib et al,70 and 

Mosleh et al,.4 

     Despite the fact that both types of MARPE appliances were skeletally anchored, there was 

evidence of buccal dental tipping at the levels of M1 and PM1 in both groups. The crown tipping 

can be due to the play between the miniscrew and the insertion slot of the miniscrew as reported 

by Carlson et al.18 In other words, this might be related to the force application away from the 

center of resistance of the anchoring units and to the outward rotational movement of the two 

palatal shelves.4 In the current study, tipping of posterior teeth in BAME group (0.5◦ for M1, and 

-1◦ for PM1) was significantly reduced in comparison with the MSE group (3.4◦ for M1, and 1.9◦ 
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for PM1). The decrease in the amount of buccal dental tipping of M1 is consistent with previous 

MARPE studies.4,50,35,67 Uprighting of the M1 and PM1 could be explained by the absence of a 

buccal force acting on the crowns and increased apical separation of the maxillary suture in the 

BAME group, leading to a more upright crown inclination relative to the nasal floor. Moreover, 

heavy stainless-steel wires used in the final stages of comprehensive orthodontic treatment would 

introduce negative torque to the posterior teeth, restoring the ideal buccolingual inclinations of the 

teeth and possibly decreasing the amount of expansion previously gained by tipping of the 

posterior teeth buccally.26 

     Decreased buccal bone thickness and bony dehiscence are frequently reported in the literature 

as a result of rapid maxillary expansion due to osteoclastic resorption as teeth move through the 

buccal plate.35 Previous studies recorded a reduction in BBT of the anchored teeth ranging from 

0.2 to 0.5 mm71 and from 0.73 to 1.25 mm.72. In this study, the buccal bone reduction was (0.6 mm 

for M1, and 0.4 mm for PM1) in MSE group, while in BAME group BBT was (0.2 mm for M1, 

and 0.1 mm for PM1). Current results indicate that changes in the buccal bone thickness occurred 

significantly less in BAME group compared to MSE group. Lee et al,.73 suggested that BAME 

may be better indicated for growing children whose palatal bones may exhibit less resistance than 

those in adults, technically eliminating the need for banding, and additional laboratory work. To 

prevent these side effects on permanent teeth, miniscrew-supported appliances or appliances 

anchored to deciduous teeth were proposed as valid alternative protocols for rapid maxillary 

expansion.72 However, a 6-month retention period was enough for the recovery of the buccal and 

lingual bone plates thickness.66 
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     In addition, a finite elements analysis study about the differences of stress distribution on 

maxillary expanders, suggested that the potential benefits for a clinician to use MARPE could be 

possible alleviation of stress distribution on the buccal bone, parallel split of the palatine suture, 

and minimized tipping of the teeth.74 Another finite elements study found that the BAME did not 

show any possible side effects on the buccal plate, but the force transduction was very limited even 

within the midpalatal sutural area. By combining the conventional RPE and four miniscrews, in 

view of the displacement pattern, the MSE secured significant expansion of the anchor teeth to the 

buccal side with reduced tipping, compared to the conventional RPE. The teeth displacement was 

not remarkable with BAME. Conclusively, incorporation of four miniscrews was considered 

reasonable for even dissipation of the pressure along the suture and for the reduction of pressure 

on the buccal plate.73 

     The current study has several limitations. The small sample size and the lack of short-term (6 

months), and long-term (5 years) follow-up after expansion limit the ability to draw a definitive 

conclusion between the two appliance designs. In addition, other variables such as the expansion 

appliance design, activation protocol, methods of evaluating expansion effects, and biological 

variability may influence patient response to appliance therapy. 
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CHPTER 6: SUMMARY AND CONCLUSION 

Summary 

     The rationale for this study is to gain a better understanding of the skeletal, dentoalveolar and 

periodontal changes between two types of MARPE, the MSE and the BAME, using CBCT.  

     This study was conducted in collaboration with the Department of Orthodontics at Wuhan and 

Tufts Universities. A total of 34 subjects with pre- and post-expansion CBCT scans were 

evaluated. All DICOM files were analyzed using Dolphin 3D Imaging 11.95 software. CBCT 

images were used to find the amount of midpalatal suture opening, total expansion, alveolar bone 

bending angle, dental tipping angle, and buccal bone thickness at the first molar and first premolar 

levels.  

Based on results discussed in Chapter IV, the following null hypotheses were rejected: 

 There is no midpalatal suture opening in patients treated with expander appliance among 

the two types of expanders 

 There is no significant difference in the dental tipping angle between T1 and T2 measured 

at PM1 and M1 between the two types of expanders 

 There is no significant difference in the buccal bone thickness between T1 and T2 measured 

at PM1 and mesiobuccal root of the M1 between the two types of expanders 

The following null hypotheses were accepted: 

There is no significant differences in midpalatal suture opening in the axial plane at C, PM1, PM2, 

and M1 between the two types of expanders at palatal floor 

 There is no significant differences in midpalatal suture expansion pattern in the axial 

plane between the two types of expanders  
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 There is no significant difference in the amount of total expansion between T1 and T2 

measured at PM1 and M1 between the two types of expanders 

 There is no significant difference in the alveolar bone bending angle between T1 and T2 

measured at PM1 and M1 between the two types of expanders 

Summary: 

1. Midpalatal suture separated in 100% of subjects. 

2. Pattern of midpalatal suture opening was parallel in axial view in both groups.                             

 3. Contribution to total expansion in MSE include 56% skeletal, and 44% dentoalveolar 

expansion, while in BAME include 83% skeletal, and 17% dentoalveolar expansion.                                                                                                                                                                                                   

4. Both types had a significant dental tipping. However, the dental tipping was greater in MSE 

group (3.4◦ for M1, and 1.9◦ for PM1), compared to BAME group (0.5◦ for M1, and -1◦ for PM1) 

which could be decompensated with orthodontic uprighting.  

5. Both types had a significant reduction in buccal bone thickness. However, the bone loss was 

greater in MSE group (0.6 mm for M1, and 0.4 mm for PM1), compared to BAME group (0.2 mm 

for M1, and 0.1 mm for PM1) which may recover overtime with bone apposition. 

 

Conclusions 

1. The use of BAME result in greater skeletal effects and less dentoalveolar side effects including 

less dental tipping and less buccal bone reduction compared to the use of MSE.  

2. Both types of MARPE can be a clinically acceptable, nonsurgical treatment option for 

correcting mild to moderate maxillary transverse discrepancies in growing patients.  

3. BAME is more favorable in cases where dentoalveolar changes are undesirable. 
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CHAPTER 7: RECOMMENDATIONS FOR FUTURE RESEARCH 

     The clinically relevant findings of this study warrant future research in this area. This study 

should be repeated with a larger sample size and standardized for the following, including but not 

limited to:  

1. Appliance placement anterioposteriorly along the palate  

2. Number of teeth selected for appliance anchorage  

3. The amount of appliance activation  

4. CVM stage or midpalatal suture maturation stage or both 

     Additionally, reliable assessment methods should be established for assessment of 

microimplant stability in terms of mobility detection in order to evaluate if skeletal anchorage has 

been compromised during active expansion. Long-term follow-up evaluations of the sample 

should also be conducted to gain an understanding of the stability of the skeletal, dentoalveolar 

and periodontal effects for both types of MARPE, and the relapse potential of this technique in 

growing patients by comparing it to a control group treated with conventional maxillary expander 

appliance. 
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