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INTRODUCTION 

  

 Transverse maxillary deficiency is a challenging situation, which 

affects the maxilla in all the three dimensions. It has been reported that 30% of 

the adult orthodontic patients and nearly 9.4% of the whole population have 

true maxillary deficiency presented with posterior crossbite.
13 

The intraoral 

clinical features include crowding, reverse over jet, posterior cross bite or even 

scissors bite in case of severe maxillary constriction.
60 

 In these patients dentoalveolar compensation might occur resulting in, 

proclination of anteriors, buccal tipping of upper posteriors and lingual rolling 

of lower posteriors. When the upper posteriors tip bucally, the overhanging 

palatal cusp might cause clockwise rotation of the mandible resulting in an 

increased lower anterior facial height.
78

 

         Maxillary transverse expansion (ME) is the treatment of choice for 

these patients. It was first introduced by E. C. Angell in 1860
5
 and later 

developed by T. M. Graber in 1940. It was then popularized by Hass
39, 40, 41

 

in 1960s and has been extensively used over the past century. These 

appliances uses jackscrew like device to apply orthopedic force to split the 

MPS, separating the two maxillary halves to produce lateral displacement. 

This procedure was termed as Rapid Maxillary Expansion (RME).    

 The Haas or Hyrax type appliance uses teeth as anchor unit to apply 

laterally directed forces. They were called tooth-borne or tissue-borne 

appliances. In adults with heavily interdigitated and fused mid palatal suture 
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(MPS), the splitting becomes difficult or almost impossible, so prior to placing 

RME appliance the suture was split using Surgically Assisted Rapid Palatal 

Expansion (SARPE)
 16

. 

 The effects of RME treatment were extensively studied using CBCT, 

FEM, Photo-elastic model and Laser hologram
92

. The results showed 

1. The opening of MPS is not parallel but in triangle fashion. In axial 

view the split is more in the incisal region compared to molars. In the 

coronal view the base of the triangle it is in the incisal region and the 

apex towards the nasal area. The reason being, high resistance provided 

by the pterygoid bone and the zygomatic buttress. 

2. Dentoalveolar expansion due to buccal tipping of the posterior teeth 

contributed to 50% of the total expansion. This was because the teeth 

were used as the anchor unit to direct the force. 

 To overcome these problems, Mini-screws were added to these RME 

appliances to apply the force directly to the underlying basal bone. They were 

called as bone-borne appliance or Miniscrew Assisted Rapid Palatal 

Expansion.
23, 90

 

       Many such appliances with different designs have been developed and 

studied extensively. However, the results showed that the separation of the 

MPS still followed a triangular fashion, but to a lesser extent than that of the 

traditional RME and Significant amount of the buccal tipping of the molars 

were still seen
60, 26

.  
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 Authors like Won Moon, Chuck Carlson, Jay Sung and others
22

, 

have made certain modifications to Miniscrew Assisted Rapid Palatal 

Expander and called them as Maxillary Skeletal Expanders. They claimed that 

their design produced more of parallel expansion of maxillary bone and 

negligible dental tipping. The changes which are suggested are, Bi-cortical 

anchorage of the mini-screws implants, posterior placement of the 

implants and reduction in the rigidity of the connecting wire
71

.       

In the literature, many analysis were conducted to study the stress 

distribution of these type of Miniscrew Assisted Rapid Palatal Expansion 

appliances and its effect on the craniofacial complex. But the FE model was 

obtained mostly from dry skull or only pretreatment CT images. Only 

Ludwig
70

 had generated a FE model from a Patient’s CT and superimposed 

the simulated image with that of the actual post treatment Sterolithographic 

image of the patient. 

The aim of the study was to do a Finite Element Analysis (FEA) for the 

evaluation of stress distribution and displacement of skull with Miniscrew 

Assisted Rapid Palatal Expander. The Finite Element model was obtained 

from the CT images of a patient who had undergone maxillary expansion 

using such a device which followed all the above criteria.  

Objectives are: - 

1. To compare the simulated results of the FEM to the actual post 

expansion results of the patient by the means of superimposition 
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2. To evaluate the magnitude and pattern of displacement of the Cranio-

facial complex 

3. To evaluate Von Mises stress distribution of the craniofacial bones 

namely Maxilla, Nasal, Temporal, Sphenoid, Zygoma and the 

Mandible. 

4. To evaluate Von Mises stress distribution in and around (a) Implants, 

(B) Expander device, (c) upper permanent first Molar. 
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REVIEW OF THE LITERATURE 

 

Pre and postnatal growth of maxilla: 

           The maxilla starts to develop as a maxillary process from the the first 

brachial arch (mandibular arch). Maxilla develops by intra membranous 

ossification and grows by the secondary displacement brought about by the 

growth of cranium till 6 – 7 years of age, followed by primary displacement 

and drift. 

           The circumaxillary sutures are arranged in such a way, that the growth 

of cranial base will push the maxilla downward and forward.
37,12

. The soft 

tissues present translate the maxillary complex downward and forward and 

simultaniously bone fills in the space that are opened at the posterior and 

superior sutures. This downward as well as forward growth of the maxilla is 

accompanied along with the resorption of the anterior surfaces of the maxilla 

by the process of surface remodeling. 

Studies done by Bjork and Skieller
11

 with implants showed that the 

two maxillary halves rotate in relation to each other along the tranverse plane 

during the stages of development. At the same time the maxilla gets displaced 

forward in the sagittal plane as well as rotates forward or backward along the 

vertical plane. They also found that, from age of 10 to adulthood, the width 

between the implants present bilaterally increased up to 9mm in the anterior 
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region and 3mm in the posterior region, which indicated a greater amount of 

increase in the transverse growth in the posterior region compared to anterior 

region. 

Midpalatal suture maturation: 

         R. A. LATHAM
61

 1971 did his study on the development, structure and 

growth of the mid-palatal suture in humans with 28 specimens which ranged 

from 6 weeks of embryonic life to 15 years of age. He found that the 

interpremaxillary suture started to form at about 45 days and the 

intermaxillary part around 12 weeks. There were three main patterns of 

growth:  

(1) In the Initial time there was purely a sutural type of growth seen until 

16 weeks of fetal life; 

(2) Then the sutural growth combined with inferior surface remodeling of 

the entire palate, which was from 16 weeks until about 1-2 years of age 

which takes place when the growth of suture gets ceased. 

(3) Continuous inferior palatal remodeling which happens (including the 

sutural area) without the growth of the suture. The change of the 

endosteal side of suture’s bony plate, from a resorptive to a depository 

surface gives a criterion for the sutural growth to cease.  

 Melsen. B
75

 1975 said that the transverse growth of the midpalatal 

suture continued up to the age of 16 in girls and 18 in boys. On the basis of 



Review of Literature 

 

7 
 

morphology, the development of the median suture was divided into three 

stages.  

1. In the first stage the suture was short, broad, and Y shaped;  

2. In the second stage the suture was more sinuous;  

3. In the third stage interdigitation was so heavy that a separation of the 

two halves of the maxilla would not be possible without fracturing the 

interdigital processes
30

.  

 The transverse dimension is the first to finish its growth, followed by 

sagittal and vertical. Due to this the truth about the suture’s timing of fusion, 

and the timing of growth completion becomes the important information in 

treatment planning. It is a known fact that the midpalatal suture does not fuse 

fully until the ages of 15-18 years on an average and even in older individuals 

in some cases. Bjork
11

 found that the mid palatal stuture fused at an age of 17 

years. 

         Heinrich wehrbien et al
96

 2001 studied 30 occlusal radiograph from 10 

subjects ranging from 18 to 38 years and compared with the suture 

morphology, mean sutural width and the degree of suture closure on stained 

sections and said that even if the suture is not visible in the radiograph the 

word suture obliteration and fusion should be avoided because he found that, 

even if suture was not seen in radiograph morphometrically it was not 

obliterated.   
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Britta Knaup
55

 and Heiner Wehrbein et al
96

 did a 

histomorphometric analysis of 22 human palate specimens from subjects of 

different ages (18–63 years) and concluded that the earliest ossification was 

registered in a 21-year-old man. The oldest subject without ossification was a 

54-year-old man and concluded that the ossification of the midpalatal suture is 

not a valid reason for the increased transversal resistance encountered during 

rapid palatal expansion in younger subjects (≤ 25 years) as well as in many 

older individuals.  

         RME therapy with the Haas expander induces clinically significant and 

reproducible transverse changes at the dentoalveolar level in patients treated 

before or after the peak in skeletal growth velocity. Patients treated before the 

pubertal peak exhibit significant and more effective long-term changes at the 

skeletal level in both maxillary and circummaxillary structures. When RME 

treatment is performed after the pubertal growth spurt, maxillary adaptations 

to expansion therapy shift from the skeletal to the level of dentoalveolar 

region
39,40,41

. 

            Fernanda Angelieri et al
4
   studied the Cone-beam computed 

tomography (CBCT) images of 140 subjects (ages, 5.6-58.4 years) and defined 

the stages of midpalatal suture maturation in radiograph. He gave five 

maturational stage of the midpalatal suture which were identified and defined 

as follows; stage A which is a straight high-density line in the suture, with no 

or little interdigitation. Stage B is a scalloped appearance of the high density 
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sutural line. Stage C is seen as two parallel, scalloped, high-density lines that 

are close to each other, separated in some areas by small low-density spaces. 

Stage D is were fusion is completed in the palatine bone, with no evidence of 

a suture. Stage E is fusion present anteriorly in the maxilla. 

Etiology of Maxillary Constriction 

 The maxillary deficiency in the transverse plane is called maxillary 

constriction. The main etiologic factors of this deficiency are mouth breathing, 

harmful habits, like thumb sucking and/or pacifiers, and atypical phonation 

and swallowing. The passage of air through the nostrils, purified and warmed 

by the nasal hair, and the contact of the dorsum of the tongue at rest with the 

palate are the major stimuli of transverse growth of the maxilla during the 

craniofacial developmental period. The poor positioning of the tongue, the 

imbalance of perioral muscles, the lack of lip seal, together with the labial 

hypo tonicity, contribute to maxillary constriction 
39,40,41

. 

 There were no statistically significant difference in the prevalence of 

maxillary constriction between gender and ethnicity. Transverse deficiencies 

in maxillary width could be caused by genetic factors, environmental factors 

or a combination of both. It can also be because of craniofacial syndromes 

present with maxillary constriction like cleft palate
85,84

. Harvold, Chierici 

and Vargervik
47 

did studies with rhesus monkeys and showed that blocking 

the nasal airways had forced them to convert to obligatory mouth breathers. 
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This change in the pattern of respiration led to lowering of tongue posture, 

rotation of the mandible, extrusion of molars and reduced transverse 

development of the maxilla. 

History of Rapid Maxillary Expansion:   

 The use of rapid palatal expansion dates back to the year 1860, E. C. 

Angell
5
 published in dental cosmos, a case where he had expanded the maxilla 

of a fourteen-and-a-half-year-old girl with a completely blocked out canine 

using thread, nut and two contra rotating screws. He claimed that maxillary 

expansion was achieved along with the separation of the mid palatal suture in 

2 weeks’ time. However, his work was criticized and countered by J.H. 

mcquillin who stated that if the maxilla was to be separated it would become 

loose
6
. 

 ANDREW J. HAAS
39.40,41

 in 1965 was a staunch believed of RME 

and he stated that those who remained indifferent to the RME procedure, 

notably were Angle, Case, Ketcham, and Dewey, and belived were responsible 

for its discontinuance in the country. He stated that “These very influential 

men believed they could gain all the benefits inherent to palatal expansion by 

conventional expansion of the buccal teeth without the possible risks involved 

in such a seemingly drastic procedure”
7
. 

  Korkhaus is probably the one responsible for reintroducing the 

procedure when he visited the Department of Orthodontics at the University of 
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Illinois in 1956. He had a remarkable cephalometric records of cases treated 

with palatal expansion which aroused the curiosity of Allan G. Brodie and 

Haas. 

Haas
39,40,41

 experimented on pigs, and the salient findings of this study 

were that, (1) the procedure did not create pain. (2) The resistance offered by 

the mid palatal suture was minimum. Suture openings of 15 mm in two weeks 

could be achieved. (3) The mandibular teeth, up righted or expanded probably 

in response to altered forces of occlusion and change in muscle balance even 

without treatment. (4) Inter nasal width increased and changes up to 7 mm 

were recorded. 

  Haas
39,40,41

, in 1961, carried out the procedure in pigs and proved the 

existence of the microscopic events, implicating that 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 cross bite. Thereafter, other 

appliance designs were proposed with the same purpose as an alternative to 

correct malocclusions associated with transverse maxillary deficiency. 

          This concept of splitting the suture by the use of Rapid maxillary 

expansion protocol in order to expand the maxilla flourished during the early 

1900s. These years were referred as the “maxillary expansion years” by both 

orthodontists and rhinologists. It was during this time that rhinologist Brown 
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and many others, promoted maxillary expansion in order to increase the nasal 

permeability and to obtain more amount of nasal width
12

. 

 Issacson et al (1964)
50,51

 described the design, construction and 

calibration of force measuring system which was developed to accurately 

measure the force produced by rapid expansion techniques. Single activation 

of expansion appliance produced 3 to 10 pounds of force. Total expansion 

became physiologically stable in a shorter treatment time with expansion 

procedures carried out at lower forces with slower activation. The resistance to 

the expansion is not mainly from the mid palatal suture but the remaining 

articulation of the maxilla with the surrounding bone 

            Zimring et al (1965)
50

 investigated the force present during the 

retention phase of treatment and the duration it has to be maintained. The rate 

of activation in young patients were twice daily for first four to five days 

followed by once a day and for older individuals two activation per day for first 

two days, one activation daily for next five to seven days and one activation 

every day to complete the treatment. The retention of the rapid maxillary 

expansion is not depend on the presence of bone in the mid palatal suture 

which was split but rather on the creation of a stable relationship at the 

articulation of maxilla and the other bones of the facial skeleton. 

            Starnbach et al (1966)
89

 determined the tipping or bodily movement 

of the buccal segments, rotational movement of palatal processes and reactions 
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at the facial sutures by rapid palatal expansion appliance. The tooth movement 

was predominantly a bodily rather than tipping movement. The facial sutures 

like nasal, maxillary-zygomatic and zygomaticotemporal showed evidence of 

cellular activity. 

Moss et al (1968)
77

 the other indications of rapid expansion of the 

maxilla are bilateral or severe unilateral crossbite in class I cases with 

narrowness of the maxillary arch and nasal stenosis. There is an immediate 

improvement of the nasal airway and correction of the crossbite with rapid 

expansion. It has been suggested by Derichsweiler (1953) and Krebs (1958) 

that the forces applied to the maxillary arch cause disruption of the suture and a 

tilting of the maxillary fragments outward with a resultant downward 

movement of the palatal shelves. 

Donald J. Timms (1980)
95

 examined the effects of R.M.E. on the 

basal bone posterior to the application of the force, showed that not only the 

maxilla but also the palatine bones moved apart along with the pterygoid 

processes of the sphenoid bone and splayed outward. At least as far as their 

inferior portions are concerned. The relationship of the basal movement to the 

dental expansion was not close, and increasing age may be a factor in 

progressively reducing basal movement. 

Melson et al (1982)
75,74

 studied the change in morphology of the 

palatomaxillary region that takes place during the postnatal period which 
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indicated that the area responding to a heavy functional demand for a mutual 

displacement of the bones involved were the maxilla, the palatine bone, and the 

sphenoid bone. A heavy interdigitation could be expected to exhibit a 

pronounced resistance to vertical and horizontal displacement of the maxilla, 

except in the early stages of postnatal development. Finally, it is suggested that 

the area may serve as a “hinge” around which a posterior rotation often occurs 

due to treatment with inter maxillary appliances or during the application of 

extra oral forces. 

Samir E. Bishara et al (1987)
10

 reviewed the effects of expansion on 

facial structures, dentition, and periodontium. Patients who had lateral 

unilateral or bilateral posterior cross bites were selected. The constriction was 

either skeletal, dental, or a combination of both. The magnitude of the 

discrepancy between the maxillary and mandibular first molar and premolar 

widths is 4 mm or more, the severity of the crossbite, and the initial angulation 

of the molars and premolars should be considered prior to RME. In buccally 

inclined maxillary molars conventional expansion tips them further into the 

buccal musculature; and in case of the lingually inclined mandibular molars, 

the buccal movement increases the need to widen the upper arch. The pressure 

applied acts as an orthopedic force that opens the mid-palatal suture. 
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Estimate the need of expansion 

Samir E Bishara
10

 in 1987 said to estimate the need for expansion in 

which the distance between the mesiobuccal cusp tips of the maxillary molars 

and the buccal grooves at the middle of the buccal surfaces of the mandibular 

first molars were measured. The difference between the mandibular value 

from maxilla for a normal occlusion had to be +1.6 mm (males) and + 1.2 mm 

(females). 

 Raweya et al
78

 2017 conducted a retrospective cohort research study 

on a randomly selected sample of 100 subjects. They gave an analysis called 

Case Western Reserve University analysis (CWRU’s) to evaluate dental and 

skeletal constriction using Cone beam computer tomography. In this they gave 

the norms as 104 +/- 5 and 100 +/- 4 degree in the angle formed between the 

Maxillary canine and maxillary first molar respectively to a line tangent to the 

floor of the nasal cavity. For the mandible 97+/- 3 and 77 +/- 5 degree in the 

angle formed between the canine and first molar respectively to the line 

tangent to the lower border of the mandible. They concluded that when this 

angle increases it’s a dental compensation for a skeletal constriction. Whereas 

when in reduces it indicates a dental compensation for a wide arch. 

 Yun-Jin Koo et al in 2017
57

 evaluated the Dental casts and computed 

tomography (CT) data from 30 Individuals with normal occlusion and 30 with 

skeletal Class III malocclusions. Using the casts, dental arch widths were 
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measured from the cusp tips, and basal arch widths were measured as the 

distance between the points at the mucogingival junction adjacent to the 

respective cusp tips. The Basal arch width’s determined from Computed 

Tomography images were measured from the estimated Centre of resistance of 

the teeth. Suggesting a combined evaluation of both maxillomandibular BAW-

CT difference (−0.39 +/- 1.87 mm) and BAW-cast difference (5.15 +/- 2.56 

mm) of the first molar, as the Yonsei Transverse Index for the diagnosis of 

transverse deficiency. 

Effects of RME on the maxilla 

Maxillary Halves:- Krebs
58,59

 showed the two halves of the maxilla to rotate 

in both the antero-posterior and frontal planes. Haas
39,40,41

 and Wertz
97

 found 

the maxilla was most frequently displaced downward and forward. After 

completion of expansion, the final position of the maxilla, was unpredictable 

and it was reported that the maxilla returned, partially or completely to its 

original position, In the frontal plane, the fulcrum of rotation for each of the 

maxillae was said to be approximately near the frontomaxillary suture. With 

the help of implants, the tipping of the maxilla was found to be between – 1
0
 

and + 8
o
 relative to each other. This tipping also is the reason for expansion 

between molar and sutural expansions. Tipping of the two maxilla results in 

less increase in the width at the level of suture rather than the dental arch.  
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Palatal vault:-  Fried31 and Haas
39,40,41

 reported that due to the result of the 

outward tilting of maxillary halves the palatine processes of the maxilla were 

lowered. Whereas, Davis and Kronman
28

 reported that the palatal vault 

remained at its original height. 

Alveolar process:- Lateral bending of the alveolar processes occurs early 

during RME due to the resiliency of the bone. Most of the forces applied 

usually tend to dissipate within 5 to 6 weeks. Rebound happens after 

stabilization is terminated, if any residual forces in the displaced tissues is 

allowed to act on the alveolar processes. Therefore, overcorrection of the 

constricted dental arches to compensate for the subsequent up righting of the 

buccal segment must be appreciated.
39, 40, 98 

Maxillary anterior teeth:- During active opening of the sutures, the incisors 

separate approximately half the distance the expansion screw has been 

opened
39,40,41

, but the incisors separation cannot be used to determine the 

amount of suture separation
98

. Because following this separation, the incisor 

crowns tend to converge and establish contact. If a diastema is present before 

treatment, the space present originally is either maintained or reduced slightly. 

Elastic recoiling of the trans-septal fibers was thought to be the cause of the 

mesial tipping of the crowns. The continued pull of the fibers caused the roots 

to converge toward their original axial inclinations, once the crowns come into 

contact. This generally takes about 4 months. The maxillary central incisors 

seemed to be extruded relative to the S-N plane and in 76% of the cases they 
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were upright or tipped lingually. This movement helped to shorten the arch 

length and to close the diastema. Whereas, The lingual tipping of the incisors 

might be caused by the stretching of the circumoral musculature.
39,40,41,98

. 

Relation between amount of sutural separation and extent of molar 

expansion:-  

  Krebs
58,59

 placed implants in the alveolar process lingual to the upper 

canines and along the infrazygomatic ridge and buccal to the upper first 

molars, then studied the maxillary expansion with metallic implants.. He 

found the mean increase in intermolar distance measured on casts to be around 

6 mm, while the average increase in infrazygomatic ridge implants was 3.7 

mm. In 20 out of 23 patients examined, the distance of suture opening was 

equal to or lesser than one half the amount of dental expansion. And he also 

found that sutural opening was on average twice as large between the incisors 

compared to the molars. 

Maxillary posterior teeth:-  

 Because of the alveolar bending and compression of the periodontal 

ligament that took place initially, it results in a definite change in the long axis 

of the posterior teeth. Hicks
48

 found that the angulation between the right and 

left molars increased at the range of 1
0
 to 24

0
 at the time of expansion. Not all 

of the above changes are caused due to alveolar bending, but was also partly 
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due to the dental tipping which wass usually accompanied by some amount of 

extrusion. 

Skeletal and Dental Effects of Rapid Maxillary Expansion:- 

W. Morgan Davis and Joseph H. Kronman
28

 said that after RME 

“A” point moves forward as a result of splitting the palatal suture. The angle 

formed by SN and the palatal plane increased in approximately one half of the 

cases with a resultant lowering of “A” point. The mandibular plane angle 

tends to increase, thus opening the bite. In some cases, however, the 

mandibular plane decreased. No statistically significant changes were 

observed on the P.A. cephalograms. The intermolar width increases to a 

greater degree than does the intercuspid width. The mandibular molars have a 

tendency to follow the expanding maxillary molars. The roof of the vault does 

not lower as the result of midsutural expansion, but tends to remain at the 

same height. 

R. E. BROSSMA et al
14

 their finding indicated extensive remodeling 

to have occurred in the nasal cavity, lateral alveolar processes, inferior surface 

of the palate, and the floor, lateral as well as medial walls of the orbits. Lateral                           

orbital changes terminated at the zygomatico-frontal suture 

anteriorly, and fronto-sphenoidal suture posteriorly. Medially, changes were 

limited to the structures below the fronto-ethmoidal and fronto-nasal sutures. 

Thus, the roof of the orbits formed by the frontal bone was unaffected by the 
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procedure of maxillary expansion, indicating that all changes in the facial 

skeleton were restricted to the appendymal structures of the neurocranium. 

The cranial base remained unchanged.  

  Donald J. Timms,
95

 Not only the maxillae but the palatine bones also 

moved apart, the pterygoid processes of the sphenoid bone splaying outward 

as far as their inferior portions are concerned. 

Chun-Hsi Chung and Blanca Font
27

 found that there was a slight 

forward and downward movement of the maxilla, induced by RPE treatment. 

The amount of forward displacement was small and might not be clinically 

significant. The mandible moved downward and backward and the anterior 

facial height increased significantly. Rapid palatal expansion treatment 

increased the interorbital, maxillary, and nasal widths significantly  

History of MARPE 

          Woods M et al 1997
99

 from the available literature, rapid maxillary 

expansion (RME) appears to be the treatment of choice for growing 

adolescents. This technique had however been shown to have a limited effect 

on mature teenagers and adult patients. 

          Persson M, Thilander B in 1977
83

 explained that the progressive 

closure of the midpalatal suture increases the resistance of the maxilla to 

expansion in the late teen years.  
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 Asscherickx K et al 2005
6
 stated that in adult patients, the median 

palatal suture zone is the area of choice for the placement of palatal implants. 

In adolescents, however, the paramedian region is preferred I order to avoid 

possible growth impairment of the maxilla in a transverse direction by placing 

an implant in the median palatal suture. 

 Garib DG et al 2006
33

 stated, 1. Orthodontic effect of RME reduces 

the buccal bone plate thickness of maxillary posteriors and increases the 

lingual bone plate thickness. 2. The tooth and tissue-borne expander caused 

minimal increase to the lingual bone plate thickness of the maxillary posterior 

teeth than the Hyrax expander. 3. RME induces bone dehiscence in anchor 

teeth in its buccal aspect, especially in those with thinner buccal bone plates. 

4. The hyrax expander produced more reduction of first premolar buccal bone 

thickness than did the tooth-tissue borne expander. 

 Handelman CS
42,43,44

 in 1997 stated that when RME was not feasible, 

surgically assisted rapid maxillary expansion (SARME) became the choice of 

treatment in both non-growing adolescents and adult patients. SARME allows 

for the midpalatal suture to be split and widening of the maxilla possible. 

SARME was reported to be successful in achieving a clinically significant 

expansion in non-growing patients. 

             M. Y. Mommaerts
76

 1999 stated that Dental fixation in SARPE 

entails a number of possible drawbacks such as loss of anchorage and skeletal 
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relapse which could happen during and after the expansion period, cortical 

fenestration and buccal root resorption. A bone-borne titanium device which 

had interchangeable expansion modules was used with a callous distraction. 

The main drawback of this appliance was that they required flap elevation for 

placement and also increased the risk of infection and root injury. 

In 2010, Lee
64

 et al treated a 20-year old patient with severe transverse 

maxillary deficiency and mandibular prognathism prior to orthognathic 

surgery, He used miniscrews to secure the expansion appliance to the palate 

which was termed as MARPE (Mini Screw Assisted Rapid Palatal Expander) 

         Based on Lee’s studies, Moon and MacGinnis
71

 et al, developed the 

maxillary skeletal expander with four miniscrews which were placed parallel 

to the midpalatal suture and to the device.  

          Lee et al 2014
63

 stated that the body of the expander should be placed 

posteriorly as close as possible to the junction of hard and soft palate. Since 

the greatest resistance against sutural opening is the pterygomaxillary 

complex. The forces ha to be applied more posteriorly in order to overcome 

the initial resistance and to bring about parallel opening the MPS. When forces 

are applied nearer to the center of resistance of the maxilla by means of MSI’s, 

and not to teeth the force system is more favorable because of the 

homogeneous force dissipation. Which prevents buccal tipping and brings 

about a more parallel suture opening.  
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Finite element analysis:- 

Tanne et al (1987)
92

 investigated the stress levels induced in the 

periodontal tissue by orthodontic forces using three dimensional finite 

element method. Principal fibers were determined at the root, alveolar bone 

and periodontal ligament. In all loading cases for bucco-lingually directed 

forces, three principal stresses in the PDL were very similar. At the surface of 

root and alveolar bone, large bending stresses acting almost parallel to the 

root were generally observed. The pattern & magnitude of stresses in 

periodontium from a given magnitude of force were markedly different, 

depending on the center of rotation of tooth. 

Kazuo tanne et al (1989)
91

 investigated the biomechanical effect of 

protractive maxillary orthopaedic forces on the craniofacial complex by use 

of the three-dimensional finite element method. The pattern of displacements, 

in a parallel protraction of the nasomaxillary bones experienced a forward 

repositioning, while the posterior region of the craniofacial complex slightly 

displaced in a backward direction. A downward protraction force produced a 

forward displacement of the entire complex in almost an equal fashion. In 

both loading cases, high stress levels were observed at the nasomaxillary 

complex and its surrounding structures. 

Haluk lseri et al (1998)
52

 evaluated the biomechanical effect of rapid 

maxillary expansion on the craniofacial complex by using a three-



Review of Literature 

 

24 
 

dimensional finite element model of the craniofacial skeleton. The rapid 

maxillary expansion produces an expansion force near the intermaxillary 

suture which also produced high forces on various structures in the 

craniofacial complex. Rapid displacement or deformation of the facial bones 

results in a marked amount of relapse in the long term, while relatively slower 

expansion of the maxilla would probably produce less tissue resistance in the 

nasomaxillary structures, hence slow maxillary expansion followed by RME, 

immediately after the separation of the mid-palatal suture, would stimulate 

the adaptation processes in the nasomaxillary structures, and also would result 

in reduction of relapse in the post retention period.  

Jafari et al (2003)
54

 evaluated the stress distribution and 

displacement of various craniofacial structure in his FEM study with RME. In 

which a V shaped displacement of maxilla was evident from the frontal view. 

The base of the pyramid was located towards the oral side and the apex facing 

the nasal bone. In the Occlusal view the two maxillary halve, dentoalveolar 

complex, base of maxilla, and the lateral walls of the nasal cavity separated 

more widely in the anterior region. 

Hansen et al (2007)
45

 analyzed the 3-dimensional changes seen in the 

dental, alveolar, and skeletal structures caused by a bone-borne implant-

supported rapid maxillary expansion device. In transverse dimension, a V-

shaped opening of the suture and the dentition was shown, with the greatest 

amount of opening anteriorly directed. Expansion caused tipping of teeth and 
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alveolar processes. There was no significant transverse increase in the posterior 

nasal spine. Changes at the zygomaticomaxillary point were also insignificant. 

The amount of dental tipping was less in comparison with studies using 

traditional tooth-borne RME. Screw expansion was transmitted to the alveolar 

bone at a higher rate in comparison with transmission to teeth. 

Hyung et al (2007)
100

 To clarify the effect of mid-palatal suture 

opening and the displacement and stress of the craniofacial bones following 

maxillary protraction for the treatment of skeletal Class III malocclusions, a 3D 

FEM was made to reassemble the craniofacial bone at the sutures. When a 

protraction force of 500 g was applied 20 degrees inferior to the occlusal plane 

passing through the first premolar with RPE, the amount of displacement and 

stress at the maxilla, zygomatic arch, and circumaxillary sutures were 

compared based on whether the mid-palatal suture was open or not and 

analyzed. 

The results were as follows: 

1. There was lesser amount of compressive and greater amount 

of tensile stress on the circumaxillary suture area of the 

maxilla and zygomatic arch during the splitting of the MPS. 

The greatest stress was seen around the 

zygomaticomaxillary suture area of the. 
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2. The upward – forward rotation of the maxilla and zygomatic 

arch was decreased and also a greater amount of 

displacement was seen in all frontal, vertical, and lateral 

view during the opening of the mid-palatal suture,  

3. During expansion, the frontal and lateral displacement 

increased gradually from upper to lower and from posterior 

to the anterior part of the maxilla, parallel to the 

zygomaticomaxillary suture line. 

4. When directing the protraction force inferiorly from the 

occlusal plane along with RPE, passing through the center of 

resistance of the maxilla and also through the apical portion 

of the first premolar. maxillary protraction that is similar to 

normal downward and forward growth of the maxilla can be 

effectively achieved. 

 Pawan gautam et al (2007)
35,36

 did a FEM study on stress 

distribution along craniofacial sutures and displacement of various 

craniofacial structures with rapid RME therapy. He found that the distant 

structures of the craniofacial skeleton-zygomatic bone, temporal bone, and 

frontal bone-were affected by transverse orthopedic expansion forces. RME 

brings about expansion of the maxilla in both the molar and the canine 

regions and also causes a downward and forward displacement of the maxilla. 
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              Provatidis. C. G.(2008)
86

 systematically investigated RME by 

means of a FEM. The role of the sutural network of the craniofacial complex 

and the degree of its ossification on the maxillary segment separation during 

RME were studied and the results of the finite element analysis (FEA) were 

compared with the clinical findings of a previous study and an experimental 

in vitro application of the same method. Moreover, the way that the maxillary 

halves move away from each other (orthopedic effect) as well as the stress – 

strain field within the PDL and anchor teeth (orthodontic effect) were 

analyzed. 

1. The pyramidal shape of expansion is a result of the different degrees 

of resistance that the mid-palatal suture of the maxilla encounters 

along its length. An important role is the frontal part of the mid-

palatal suture, especially at the level of the trans-septal fibers. 

2. FEA of models that consider the mid-palatal suture as unossified and 

the in-vitro experiment of the dry human skull both suggested that 

the maxillary halves in reaction to the expansion forces of the 

jackscrew device of RME appliance separate in a pyramidal manner 

with the base being at the incisor area and the apex being in the 

posterior region of the maxillae. In the vertical dimension, maximum 

opening occured at the level of the dentition and decreases in an 

upward direction. 
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3. The frontomaxillary, nasomaxillary, the transverse palatal 

sutures, and the pterygomaxillary suture of the sphenoid bone 

does not influence the outcome of RME. On the contrary, the 

zygomatico-maxillary sutures at the level of the zygomatic 

arch influence the response of the craniofacial complex to the 

expansion forces. The sutures that separate the maxillary 

halves from each other must be un-ossified for maxillary 

expansion to occur. 

4. The results showed that the maximum displacements were 

observed in the area of the maxillae below the hard palate and 

from the central incisors to the second premolars. 

5. The most significant positive contribution of the FEM is the 

ability to predict events at sites at which measurements are 

impossible in living humans. In future studies, larger FE 

meshes and more measuring points for detailed comparison 

with clinical findings would be even more beneficial. 

 Haofu lee et al (2009)
62

 developed a method and developed a 3-

dimensional finite-element model of the maxilla to yield an anatomically 

accurate model of the maxilla and its surrounding structures. From this model, 

three models were generated: solid, fused and patent. The fused model 

expressed a stress pattern similar to that of the solid model, except for the 

decreased first principal stress concentration in the incisive foramen area. The 
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anterior nasal spine and the central incisors had a downward and backward in 

both the solid and fused models but moved primarily downward with a slight 

backward movement of the anterior nasal spine in the patent model. 

Pawan Gautam et al (2009)
35,34,36, 

compared the stress distribution 

along the various craniofacial sutures during the protraction of maxilla with 

and without expansion. The overall stresses dissipated after maxillary 

protraction with maxillary expansion were significantly greater than the 

protraction with facemask alone. After maxillary protraction the sutures 

associated with maximum von-mises stress were the sphenozygomatic 

followed by zygomaticomaxillary and zygomaticotemporal sutures. Great 

amount of stresses generated along the various craniofacial sutures after 

maxillary protraction with expansion are responsible for the disruption of the 

circumaxillary sutural system and probably facilitates the orthopedic effect of 

the facemask. 

Pawan Gautam et al (2009)
35,34,36

 evaluated two treatment 

modalities, maxillary protraction alone and maxillary protraction in 

combination with maxillary expansion and evaluated the displacement of 

various craniofacial structures. He found Forward displacement of the 

nasomaxillary complex with upward and forward rotation with maxillary 

protraction. A tendency for the anterior maxilla to constrict after maxillary 

protraction was evident. The amounts of displacement in the frontal, vertical, 

and lateral directions with MPS splitting were greater compared with no 
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splitting of the MPS. Maxillary protraction combined with maxillary 

expansion appears to be a superior treatment modality for the treatment of 

maxillary retrognathism than maxillary protraction alone. 

Ludwig et al (2013)
70

 compared of a new viscoelastic finite element 

model with conventional FE model to accurately simulate rapid palatal 

expansion with a miniscrew-supported hybrid hyrax appliance. The newly 

developed visco-elastic model provided a suitable simulation of the clinical 

effects of the hybrid hyrax appliance. 

Lee et al (2014)
63

 analyzed stress distribution and displacement of 

the craniofacial structures between bone-borne rapid maxillary expanders 

with and without surgical assistance using finite element analysis. Alveolar 

bone at the posterior region in the nonsurgical bone-borne type showed more 

transverse displacement than movement in the anterior area. However, the 

surgical types demonstrated slightly more expansion at the anterior portion 

than at posterior portion. High stresses was seen along the mid-palatal suture 

and the maxillofacial landmarks in the nonsurgical bone-borne type. Were as 

lesser in bone-borne rapid maxillary expanders with surgical type. The three 

surgical models showed similar amounts of stress and displacement along the 

teeth, the mid-palatal suture, and the craniofacial sutures. Therefore, when 

using a bone-borne rapid maxillary expander in adults surgical assistance is 

required. 
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MacGinnis et al (2014)
84,85  

they use finite element method (FEM) 

to determine the stress distribution and displacement within the craniofacial 

complex in miniscrew implant-assisted rapid palatal expansion (MARPE).  

They concluded that: 

1. Compared to the conventional expansion, stress distribution of 

MARPE showed less propagation to the buttresses as well as 

adjacent locations in the maxillary complex. 

2. By exerting the expansion forces closer to the maxilla's center of 

resistance, less tipping occurs with a more lateral translation of the 

complex. MARPE can be beneficial in patients were sutures are 

fused. MARPE is also beneficial in young dolichofacial patients by 

preventing bone bending and dental tipping which can further 

increase the facial height. 
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MATERIALS AND METHODS 

 The sample for this study was selected from the patients, who reported 

to the Department of Orthodontics at Ragas Dental College and Hospital for 

routine orthodontic treatment. Ethical approval was obtained from the 

Institutional Review Board, and informed written consent was obtained from 

the participant. 

 The inclusion criteria for this study were 1. Patient above 18 years of 

age, 2. Constricted maxillary arch. Exclusion criteria were 1. Patients with 

previous orthodontic treatment 2.Presence of systemic diseases, 3. Patients 

with syndrome, cleft lip and palate, etc. 4. Severe anterior-posterior 

discrepancy 5. Grossly decayed or missing teeth.   

A 19 year old female patient with a chief complaint of forwardly 

placed upper front teeth was selected for this study. The patient had a skeletal 

class II and Angle’s class II malocclusion. The pretreatment records included 

study models, CT, OPG, Lateral cephalogram and posterior-anterior view 

(which were generated from the CT).  

     The cephalometric analysis showed a skeletal class II with SNA- 88
0
,     

SNB- 82
0
, ANB- 6

0
, MP-24

0
, Upper 1 to NA-32

0 
and NB-26

0
 (Fig:- 7,10. 

Table- 1) 
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(Fig: - 1-6). The model analysis done were as follows:- 

1. McNamara analysis
76

 of inter molar width showed 29.1mm 

(Average 30mm). (Fig:- 12) 

2. Andrew’s
90

 upper molar basal arch width (52.2mm) to lower molar 

basal arch width(54.3mm) difference showed -2.3mm, (Fig:- 13) 

Both McNamara and Andrew’s showed a constriction of the maxillary arch.  

        The CT showed, a Midpalatal suture stage corresponding to the D stage, 

according to the classification of Angelieri
46

. The analysis that was done with 

CT were:- 

1. Yonsei’s index
77

 BAW-cast difference was 11mm (average 15 +/- 2.56 

mm),     BAW- CT difference was 2.9 mm (−0.39 –/+ 1.87 mm),              

(Fig:- 14,15,17,18) 

2. Case Western Reserve university analysis
78

 for the upper right molar 

angle was 101.3
o 

and upper left molar was 106.5 (100 +/- 4
o
). Lower 

molar angle was 75.7
o 
in the right and 72.3

o 
(77+/- 5

o
) in the left. (fig:-

19,20) 

 Both Yonsei’s index and Case Western Reserve university analysis 

showed a maxillary arch constriction and dental compensation which had 

taken place. Therefore the patient was diagnosed with true maxillary 

transverse deficiency which indicated the need for expansion. 
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Treatment progress:- 

       The patient was decided to be treated with Miniscrew Assisted Rapid 

Palatal Expander. The time taken to start the treatment from the day that the 

patient reported took was over 5 months. The Miniscrew Assisted Rapid 

Palatal Expansion appliance consisted of four MSI’s placed in line with the 

maxillary first molar. The dimensions of the MSI’s were 1.8mm in diameter 

and 11mm in length which was sufficient enough to have a bi-cortical bone 

engagement. The connecting arms were of diameter 1.2mm which were 

soldered to the band of the first molar.  

         The appliance was activated 2 turns per day till the appearance of 

midline diastema clinically, followed by one turn per day till the required 

expansion was achieved. The total active treatment for expansion was 2 

weeks’. The immediate post expansion impression and CBCT (Fig- 21, 22) 

which was taken, showed an expansion of 5.4mm in the ANS and 5mm in the 

PNS.  

       There was a near parallel expansion which could be appreciated in the 

CBCT. 

Generation of FE model: - 

             A three dimensional FE model of the cranium, face, maxilla and 

mandible was generated using volumetric data from the pretreatment 
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computed tomography Scan images of the patient. The computed tomography 

images were taken in slices of 1mm thickness from the vertex to the chin.  

            (Fig:- 23 - 28), 11 The DICOM CT images was converted to .STEP 

FORMAT using CREO parametric version 2.0. The .STEP format was 

imported to CREO parametric version 2.0, for geometrical clean-up of 

cranium, facial bone, maxilla and mandible, along with geometrical modelling 

of the implants, appliance and band. The assembly of all the objects was done 

using the same software. 

            The final assembled CAD model, were then imported to 

HYPERMESH software, for the conversion of Finite element model of the 

cranium, Facial bone, Maxilla, mandible and the appliance as a whole.  

           (Fig:-29),  The finite element model was imported to ABACUS 6.13 

software were the model was prepared for analysis set up, which includes 

steps like assigning the material properties (Table -2), applying the contact, 

interaction, loading and boundary conditions. The tight contacts are given in 

between the areas like, the band and teeth, as well as band and arm. The same 

way Surface contact were given between the sliding rod and the appliance, and 

also between implants and the appliance.  

        (Fig:- 30, 31) The interaction between the condyle and glenoid fossa 

were given a coupling form of interaction, which will make the mandible to 

behave like a hinge along the glenoid fossa. 
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 (Fig:- 33) The loading arm was given in the region of the four screws. 

All the degree of freedom was arrested for the center rod of the appliance and 

the Foramen Magnum. The FE model was obtained 

      (Fig:- 34, 35) The MARPE appliance in the FE model was loaded with 

5mm of displacement in the loading arms, which was 2.5 mm on each side. 

After this, the post expansion FE Model was obtained. To further validate the 

results, it was superimposed with the post expansion CBCT generated STL 

model. Since the post CBCT image had lot of noise due to the presence of the 

metal and also was taken in occlusion, the occlusal one third of the scanned 

post expansion digital model was used to create the occlusal surface of the 

post expansion STL image.   

           After validating the post expansion FE model the amount of 

displacement and stress distribution were seen in individual bones, in and 

around implants, maxillary permanent molars, Miniscrew Assisted Rapid 

Palatal Expander appliance and mandible.            
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FIGURES 

 

Fig: - 1. Pretreatment digital model of the maxillary arch - occlusal view 

 

Fig: - 2. Pretreatment digital model of the mandibular arch - occlusal view 
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Fig: - 3. Pretreatment digital model in occlusion- right side 

 

 

 

Fig: - 4. Pretreatment digital model in occlusion- left side 
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Fig: -5. Pretreatment digital model in occlusion- frontal view 

 

 

 

Fig: -6. Pretreatment digital model in occlusion- lingual view 
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Fig: - 7. Pretreatment lateral cephalogram 

 

 

 

Fig: - 8. Pretreatment OPG 
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Fig: - 9. Pretreatment posterior-anterior view. 
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Fig: - 10. Lateral cephalogram analysis and measurements – Steiner’s  
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Fig: - 11. Posterior – anterior view analysis and measurements – Grummons 
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MODEL ANALYSIS 

Fig: -12. McNamara’s model analysis for transverse discrepancy- maxilla. 

(inter molar width) 

 

 

Fig: -13. Andrews’s model analysis for maxillary and mandibular base 

width. 
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Fig: - 14. Yonsei’s analysis – maxillary arch (inter canine, inter premolar and 

inter molar width). 

 

 

Fig: -15. Yonsei’s analysis – maxillary arch (inter canine, inter premolar and 

inter molar width). 
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Fig: -16. Pretreatment CT image- frontal view 
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CT ANALYSIS 

 

Fig: -17. Yonsei’s analysis – maxillary arch (axial view at the level of molar 

root bifurcation). 

 

 

Fig: - 18. Yonsei’s analysis – mandibular arch (axial view at the level of 

molar root bifurcation). 
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Fig: - 19. CWRU’s analysis- maxillary molar angulation in relation 

 to nasal floor 

 

Fig: -20. CWRU’s analysis- mandibular molar angulation in relation 

to lower border of mandible. 

 



Figures 

 

Fig: -21 (a). Post treatment scanned model – Occlusal view 

 

 

Fig: -21(b). Post treatment scanned model – frontal view 
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Fig: -21(c). Post treatment CBCT- frontal view 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: -22. Post treatment CBCT- occlusal view 
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STEP BY STEP GENERATION OF THE FINAL FE MODEL 

Fig: - 23. Pretreatment CT- frontal view 
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Fig: - 24. Complete solid model of the skull- frontal view 
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Fig: - 25. Solid model of the cranium- frontal view 

 

 

Fig: -26. Solid model of the mandible - frontal view 
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Fig: -27. Generated solid model of the expander device with  

implants- frontal view 

 

 

Fig: -28. Generated solid model of the expander device with 

molar bands- occlusal view 
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Fig: -29. Assembly and assignment of the material property 
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Fig: - 30. The interaction of contact surfaces of FE model- occlusal view 

 

 

 

Fig: -31. Interaction of the condyle to the glenoid fossa – sagittal view 
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Fig:- 32. Constrain of all degree of freedom in foramen magnum                                  

- occlusal view 

 

 

Fig: - 33. Point of load application- occlusal view 
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Fig: -34. Completely generated FE model prior to loading- Frontal view 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: - 35. Simulated FE model after loading- Frontal view 
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Fig: - 36. Superimposition of the post expansion STL model generated from 

the patient’s CBCT with simulated FE model- frontal view 
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Fig: - 37. Superimposition of the post expansion STL model generated from 

the patient’s CBCT with simulated FE model- right sagittal view 

 
 

 

Fig: - 38. Superimposition of the post expansion STL model generated from 

the patient’s CBCT with simulated FE model- left sagittal view 
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Fig: -39. Superimposition of the post expansion STL model generated from 

the patient’s CBCT with simulated FE model- occlusal view 
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DISPLACEMENT 
 

Fig: - 40. Magnitude and pattern of displacement- frontal view 
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Fig: -41. Reference points- frontal view 

 

 

Fig: -42. Landmarks and reference points- frontal view 

 



Figures 

 

 

Fig: -43. Magnitude and pattern of displacement- sagittal view 
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Fig: -44. Reference points- sagittal view 

 

Fig: -45. Landmarks and reference points- sagittal view 
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Fig: - 46. Magnitude and pattern of displacement- occlusal view 
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Fig: -47. Reference points- occlusal view 

 

Fig: -48. Landmarks and reference points- occlusal view 
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Sphenoid bone 
 

Fig: -49. Sphenoid bone (axial view) 

 

Fig: -50. Magnitude and displacement pattern in sphenoid bone (axial view) 
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Fig: -51. Reference points- sphenoid bone (axial view) 

 

 

Fig: -52. Landmarks and reference points- sphenoid bone (axial view) 
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ZYGOMATIC BONE 

 

Fig: -53. Zygomatic bone – sagittal view       Fig: -54. Zygomatic bone – frontal view 

 

Fig: -55.Magnitude of displacement in the zygomatic bone – sagittal view 
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 Fig: -56. Displacement pattern in zygomatic bone (frontal view) 

 

Fig: -57. Displacement pattern in zygomatic bone (sagittal view) 
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Fig: -58. Reference points- zygomatic bone (sagittal view) 

 

 

Fig: -59. Landmarks and reference points- zygomatic bone 
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TEMPORAL BONE 
 

Fig: -60. Temporal bone- axial view 

 
Fig: -61. Temporal bone- sagittal view 
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Fig: -62. Reference points- temporal bone (axial view) 

  

 

 

Fig: -63. Landmarks and reference points- temporal (frontal view) 
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NASAL BONE 
 

Fig: -64. Nasal bone – frontal view 

 

Fig: -65. Magnitude and displacement pattern in nasal bone (frontal view) 
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Fig: -66. Reference points- nasal bone (frontal view) 

 

Fig: -67. Landmarks and reference points- nasal (frontal view) 
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PERMANENT UPPER FIRST MOLAR 
 

Fig: -68. Right and left permanent first molar- frontal view 

 

 

Fig: -69. Magnitude and displacement pattern in upper first molar bone 

(frontal view) 
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Fig: -70. Reference points- right and left upper first permanent molar 

(frontal view) 

 

 

 

 

 

Fig: -71. Landmarks and reference points- permanent upper first molars 

(frontal view) 
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MANDIBLE 

Fig: -72. Magnitude and pattern of displacement in mandible- frontal view 

 

Fig: -73. Magnitude and pattern of displacement in mandible- 

sagittal view 

 



Figures 

 

 

Fig: -74(a).  Reference points- mandible (frontal view) 

 

Fig: -74(b). Landmarks and reference points- mandible (frontal view) 
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STRESS DISTRIBUTION 
 

Fig: -75(a). Stress distribution of the skull – frontal view 

 

Fig: -75(b) Stress distribution of the skull –right sagittal view 
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Fig: -76(a). Stress distribution of the skull –left sagittal view 

 

Fig: -76(b). Stress distribution of the skull –occlusal view 
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Fig: -77. Stress distribution of maxilla – frontal view 

 

Fig: -78. Stress distribution of maxilla – occlusal view 
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Fig: -79. Stress distribution of sphenoid bone – axial view 

 

 

 

 

 

 

 

 

 

 

Fig: -80. Stress distribution of zygomatic bone – sagittal view 
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Fig: -81. Stress distribution of nasal bone – frontal view 

 

 

 

 

 

 

 

 

 

 

 

Fig: -82. Stress distribution of permanent upper first molars – frontal view 
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Fig: -83. Stress distribution of mandible – frontal view 

 

 

 

 

 

 

 

 

 

 

 

Fig: -84. Stress distribution of mandible – sagittal view 
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Fig: 85. Stress distribution in implants –frontal view (a) right, (b), left 

 

 

Fig: -86. Stress distribution in appliance – occlusal view 
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Table:-1 STEINER’S ANALYSIS 

 

Measurement Mean Actual Inference 

SNA 82° 88° 
Orthognathic 

maxilla 

SNB 80° 82° 
Retrognathic 

mandible 

ANB 2° 6° 
Cl II skeletal 

pattern 

MPA 32° 24° 
Low mandibular 

plane angle 

Pog-NB 0° 0.9° Orthognathic chin 

Upper 1-

NA/mm 
22°/4mm 32°/8mm 

Proclined & 

forwardly placed 

upper incisors 

Lower 1-

NB/mm 
25°/4mm 29°/6mm 

Proclined & 

forwardly placed 

lower incisors 

 

Table:- 2 MATERIAL PROPERTY OF THE FE MODEL 

 

STRUCTURES 
ELEMENTS 

AND NODES 

YOUNG’S 

MODULUS 

(MPA) 

POISSON’S 

RATIO 

Cortical Bone Tetrahedral 13 700 0.30 

Cancellous Bone Tetrahedral 1370 0.30 

Applaince Tetrahedral 193.00 0.33 

Tooth Tetrahedral 20.700 0.30 

Suture Tetrahedral 10 0.49 

Stainless steel Tetrahedral 210,000 0.33 

Periodontal 

ligament 
Tetrahedral 0.7 0.49 
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Table:- 3  DISPLACEMENT IN MAXILLA- FRONTAL VIEW 

Landmarks 

Transverse 

Right 

(mm) 

Transverse 

Left (mm) 

Sagittal 

Right 

(mm) 

Sagittal 

Left 

(mm) 

vertical 

Right 

(mm) 

vertical 

Left 

(mm) 

Superior to 

fronto-zygomatic 

suture 

0.2 0.1 0 0 0 0 

Inferior to fronto-

zygomatic suture 
0.9 0.3 -0.2 -0.2 -0.3 -0.32 

Fronto-maxillary 

suture 
0.9 0.2 -0.2 -0.3 -0.4 -0.43 

Frontal process of 

Maxilla 
1 0.5 -0.3 -0.3 -0.3 -0.3 

Maxilla in line 

with inferior 

orbital rim 

1.5 1 -0.2 -0.2 -0.4 -0.4 

Nasal Notch 2.1 1.8 -0.2 -0.2 -0.4 -0.41 

ANS 2.5 2.2 -0.2 -0.2 -0.3 -0.35 

Incisal edge 2.8 3.2 -0.3 -0.2 -0.3 -0.4 

 

Table:- 4  DISPLACEMENT IN MAXILLA- SAGITTAL VIEW 

Landmarks 

Transverse 

Right 

(mm) 

Transverse   

Left (mm) 

Sagittal 

Right  

(mm) 

Sagittal 

Left  

(mm) 

Vertical 

Right  

(mm) 

Vertical 

Left  

(mm) 

Superior point 

of lateral 

pterygoid plate 

1.1 0.8 0 0 0.2 0.3 

Inferior point 

of lateral 

pterygoid plate 

1.8 2.2 0 0.1 0.3 0.5 

Infra 

zygomatic 

crest 

2.4 2.3 -0.3 -0.4 -0.3 -0.35 

canine 

eminence 
2.4 2.8 -0.3 -0.4 -0.32 -0.4 
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Table: -5 DISPLACEMENT IN MAXILLA- OCCLUSAL VIEW 

 

Landmarks 

Transverse 

Right 

(mm) 

Transverse 

Left  (mm) 

Sagittal 

Right  

(mm) 

Sagittal 

Left  

(mm) 

Vertical 

Right  

(mm) 

Vertical 

Left  

(mm) 

MPS- incisal 

level 
2.8 3 -0.3 -0.3 -0.2 -0.3 

MPS-Canine 

level 
2.6 2.7 -0.2 -0.2 0 -0.2 

MPS-Molar 

level 
2.5 2.4 0 0 0 0 

MPS-PNS 2.5 2.4 -0.1 -0.2 -0.3 -0.3 

Basal bone-

premolar 
2.6 2.8 -0.1 -0.2 -0.2 -0.3 

Basal Bone-

Molar 
2.5 2.7 -0.1 -0.2 -0.2 -0.3 

Basal Bone-

2
nd

 Molar 
2.4 2.6 0 0 -0.1 -0.1 
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Table: -6 DISPLACEMENT IN SPHENOID BONE 

Landmarks 
Transverse 

Right (mm) 

Transverse 

Left  (mm) 

Sagittal 

Right  

(mm) 

Sagittal 

Left  

(mm) 

Vertical 

Right  

(mm) 

Vertical 

Left  

(mm) 

Lateral most point 

of lateral 

pterygoid plate  

1.9 2.1 0.1 0.1 0 0.4 

Intermediate point 

of lateral 

pterygoid plate 

1.3 1.4 0 0.1 0.2 0.3 

Superior point of 

lateral pterygoid 

plate 

1 1 0 0 0.2 0.2 

Hamulus of 

medial pterygoid 

plate  

2 2.2 0.1 0 0.1 0.1 

Intermediate point 

of medial 

pterygoid plate 

1.2 1.4 0.1 0 0 0.1 

Superior point of 

medial pterygoid 

plate 

0.9 0.9 0.1 0 0.1 0.1 

Medial surface of 

medial pterygoid 

plate 

0.8 0.8 0.2 0 0.15 0.2 

pterygoid fossa  
0.6 0.5 0 0 0 0.1 

Infra temporal 

surface  
0.7 0.5 0.2 0.1 0.1 0.1 
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Table:-7  DISPLACEMENT IN ZYGOMATIC BONE 

 

 

Table:- 8 DISPLACEMENT IN TEMPORAL BONE 

Landmarks 

 

Transverse 

Right 

(mm) 

Transverse 

Left  (mm) 

 

Sagittal 

Right  

(mm) 

Sagittal 

Left  

(mm) 

Vertical 

Right  

(mm) 

Vertical 

Left  

(mm) 

Squamous part of 

the temporal bone 

(SPT) 

0.2 0.1 -0.1 -0.05 0.1 0.15 

Zygomatic 

process of 

temporal 

bone(ZTB) 

1 1.4 -0.1 -0.2 1 1.1 

Infra temporal 

surface temporal 

bone (ITTB) 

0.1 0.15 0 0 0.1 0 

 

 

Landmarks 
Transverse 

Right (mm) 

Transverse 

Left  (mm) 

Sagittal 

Right  

(mm) 

Sagittal 

Left  

(mm) 

Vertical 

Right  

(mm) 

Vertical 

Left  

(mm) 

Inferior point 

of Fronto-

zygomatic 

suture 

0.9 0.7 -0.2 -0.2 0.3 0.4 

Zygomatico- 

maxillary 

suture 

1.8 1.6 -0.2 -0.2 0.5 0.6 

Facial surface 1.5 1.3 -0.1 -0.2 0.6 0.7 

Temporal 

process of 

zygomatic 

arch 

1.2 1.3 0 0 1 1.1 
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Table:-9  DISPLACEMENT IN NASAL BONE 

 

 

Table:-10 DISPLACEMENT IN PERMANENT UPPER FIRST MOLAR 

 

 

 

 

 

Landmarks 
X Axis- Transverse 

(mm) 

Y Axis- Sagittal 

(mm) 

Z Axis- vertical  

(mmm) 

Inferior  0 -0.4 -0.25 

Right lateral  0.1 -0.3 -0.3 

Left lateral  0.3 -0.3 -0.3 

Superior  0.6 -0.35 -0.35 

Landmarks 

Transverse 

Right (mm) 

Transverse 

Left  (mm) 

Sagittal 

Right  

(mm) 

Sagittal 

Left  

(mm) 

Vertical 

Right  

(mm) 

Vertical 

Left  

(mm) 

Buccal  cusp 2.8 3.2 -0.4 -0.4 -0.4 -0.6 

Lingual cusp 2.9 3.3 -0.4 -0.4 -0.3 -0.5 

Buccal root 2.4 2.5 -0.2 -0.2 -0.4 -0.6 

Lingual root 2.5 2.6 -0.2 -0.2 -0.3 -0.5 
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Table: -11 DISPLACEMENT IN MANDIBLE 

 

Landmarks 

Transverse 

Right 

(mm) 

Transverse 

Left  (mm) 

Sagittal 

Right  

(mm) 

Sagittal 

Left  

(mm) 

Vertical 

Right  

(mm) 

Vertical 

Left  

(mm) 

Condyle -0.1 0 0 0 0.4 0.4 

Gonial 

Angle 

-0.1 0 -0.5 -0.7 0.4 0.4 

Symphysis -0.1 -0.1 -0.6 -0.6 0.8 0.8 
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Graph 1:-  Displacement in maxilla- frontal view, transverse - x axis, Sagittal y- axis, vertical z – axis                             

(measurement in mm) 
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Graph 2:- Displacement in sagittal view of maxilla, transverse - x axis, Sagittal y- axis, vertical z – axis                               

(measurement in mm) 
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Graph 3:- Displacement in occlusal view of maxilla, transverse - x axis, Sagittal y- axis, vertical z – axis                  

(measurement in mm) 
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Graph 4:-  Displacement in sphenoid bone, transverse - x axis, Sagittal y- axis, vertical z – axis (measurement in mm) 
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Graph 5:- Displacement in zygomatic bone, transverse - x axis, Sagittal y- axis, vertical z – axis (measurement in mm) 
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Graph 6:- Displacement in temporal bone, transverse - x axis, Sagittal y- axis, vertical z – axis (measurement in mm) 
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Graph 7:- Displacement in nasal bone, transverse - x axis, Sagittal y- axis, vertical z – axis (measurement in mm) 
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Graph 8:-  Displacement in upper permenet first molars, transverse - x axis, Sagittal y- axis, vertical z –axis                    

(measurement in mm) 
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Graph 9:-  Displacement in mandible, transverse - x axis, Sagittal y- axis, vertical z – axis. (measurement in mm) 
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Graph 10:-  Stress distribution in frontal, sagittal and occlusal view of cranium.(measurement in MPa) 
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Graph 11:- Stress distribution in the frontal view of maxilla (measurement in MPa) 
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             Graph 12:- Stress distribution in occlusal view of maxilla (measurement in MPa) 
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                           Graph 13:- Stress distribution in sphenoid bone (measurement in MPa) 
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                     Graph 14:- Stress distribution in the zygomatic bone (measurement in MPa) 
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                   Graph 15:- Stress distribution in the nasal bone (measurement in MPa) 
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Graph 16:- Stress distribution in the upper permanent first molars (measurement in MPa) 
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Graph 17:- Stress distribution in the mandible (measurement in MPa) 
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Graph 18:- Stress distribution in the implants (measurement in MPa) 
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Graph 19:- Stress distribution in the appliance (measurement in MPa) 
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RESULTS 

 

Superimposition (Fig 36-39) 

The superimposition of the simulated FE model with the immediate 

post expansion CBCT image (STL) showed more than 95% correlation. The 

FE model showed a slight exaggeration than the actual model in all three 

planes of space.  

Displacement 

    The magnitude, pattern of displacement and stress distribution were 

analyzed both visually and numerically in the region of interest, which were as 

follows; maxilla, sphenoid bone, frontal bone, zygomatic bone, temporal bone, 

mandible, maxillary molars and mini-implants. 

Frontal view: (Fig 40-42, Table-3, Graph -1)    

          Maximum amount of expansion was seen in the incisal edge (6mm) 

region followed by nasal aperture (1.7mm on each side) and the least in the 

fronto-nasal suture (1mm), with negligible amount of displacement above the 

fronto zygomatic suture (0.1m). The expansion had a ‘v’ shaped pattern with 

the apex towards the fronto-nasal suture and base towards the dentition.  
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Sagittal view (Fig 43-45, Table-4, Graph -2)    

The maxilla had a downward (0.3mm) and forward (0.4mm) 

movement. The pterygoid plates showed no movement in the sagittal view. 

Occlusal view (Fig 46-48, Table-5, Graph -3)    

       The maximum amount of displacement was seen in the incisal edge 

(5.8mm), followed by the canine and premolar (5.3mm) region and the least 

amount was seen in the PNS (4.9mm) in the transverse direction. The 

Midpalatal suture had a near parallel expansion with the difference of 1mm 

more in the anterior incisal region when compared to the most posterior point 

near PNS. 

Sphenoid bone (Fig 49-52, Table-6, Graph -4)    

      Maximum displacement in transvers direction was seen in the free ends of 

the pterygoid plates (2mm) and the least amount was seen near the infra 

temporal fossa. The pterygoid plate had a lateral bend. 

Zygomatic bone (Fig 53-59, Table-7, Graph -5)    

The zygomatic bone overall had a forward (0.2mm) and lateral 

displacement (0.5mm). It had a rotational pattern with the center of rotation 

above the FZS.  
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Temporal bone (Fig 60-63, Table-8, Graph -6)    

 Maximum displacement was seen in the zygomatic process of temporal 

bone 1.2mm seen in the lateral direction and 1mm in the downward direction. 

Nasal bone (Fig 64-67, Table-9, Graph -7)    

The nasal bone had an overall forward (0.3mm), downward (0.3mm) 

and lateral displacement towards the left (0.1 to 0.6mm). 

Upper permanent first Molars (Fig 68-71, Table-10, Graph -8)    

   Maximum amount displacement was seen in the buccal cusp (3mm) and the 

least amount seen in the root region (2.5mm) in the transverse axis. 

Mandible (Fig 72-74a&b, Table-11, Graph -9)    

       The maximum displacement was seen in the symphysis (0.6mm forward, 

0.8mm upward) and the least in the condyle region (0.6mm upward). The 

mandible was displaced in a forward and upward movement. It had a slight 

displacement towards the right of negligible amount (0.1mm).                                       
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STRESS DISTRIBUTION 

Maxilla overall view (Fig 75 a&b, Graph -10)    

Frontal: - The maximum amount of stress of 35 MPa was seen in the Naso-

maxillary suture and the least of 2 MPa is seen in the Zygomatico-maxillary 

suture. 

Sagittal: - Maximum of 15 MPa stress was seen in the Pterygo-Maxillary and 

inter-Maxillary sutures and the least amount of 3 MPa was seen in the 

Zygomatic Arch.  

Occlusal: - The maximum stress of 40 MPa was seen in the Circum-Implant 

area and the least in the Dento-alveolar region of stress 3 MPa and gradually 

reducing as it reaches the teeth.        

Maxilla Frontal view (Fig 76 a&b, Graph -11)    

 The right side Nasomaxillary complex, nasal notch, coronal 1/3rd 

region of the root had 10MPa, followed by 8MPa in lower 1/3rd and mid root 

region of root. 6MPa in apical 1/3rd portion of the root region. 4MPa in ANS, 

2MPa in body of maxilla and 1MPa in zygomatic process of the maxilla. 

Maxilla occlusal view (Fig 77 a&b, 78, Graph -12)    

 35MPa stress was seen the circum-implant region, followed by 

24MPa in Basal bone area, 20MPa in dentoalveolar process, 17MPa near the 

right premolar CEJ region, 13MPa in dentoalveolar process of molars and 

2MPa in cusp tips.   
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Sphenoid bone (Fig 79, Graph -13)    

5MPa stress was seen in the junction between pterygoid and infra 

temporal surface, followed 2.5MPa in peripheral region of infra temporal 

surface, 1.8MPa in pterygoid fossa and 0.2Mpa in the pterygoid hamulus. 

Zygomatic bone (Fig 80, Graph -14)    

0.6MPa was seen in the fronto-zygomatic suture area followed by 

0.5MPa in the superior portion of frontal process, 0.35MPA in the inferior 

portion of frontal process, and 0.2mm in the temporal process of zygoma 

along with the zygomaticomaxillary suture area.  

Nasal Bone (Fig 81, Graph -15)    

25MPa stress was seen in the left nasomaxillary suture area followed 

by 20MPa above the left nasomaxillary suture, 15MPa in the lower 1/4th of the 

left side of nasal bone, 10MPa in the right nasomaxillary suture, 4MPa in the 

midpoint of nasal bone and 2MPa above the midpoint of the nasal bone. 

Upper permanent first molars (Fig 82, Graph -16)    

The maximum stress of 40 MPa was seen in the left lingual surface and 

CEJ, followed by 22MPa in the right and left lingual surface along with right 

buccal CEJ, 20MPa in the right and left lingual surface and eight buccal CEJ, 

8MPa in the left half of the lingual surface, 3MPa in the mesial contact point 

and the lest in the cusp tips with 2MPa.  
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Mandible (Fig 83, 84, Graph -17)    

 4.25MPa of stress was seen in the right CEJ region of the dentition 

followed by 3.5MPa in the CEJ of all the dentition, 2.25MPa in the cervical 

1/3rd’s and sigmoid notch, 0.8MPa in the alveolar crest, symphysis and 

condylar fossa and the lest in the basal bone region with stress of 0.6MPa. 

Mini-implants (Fig 85, Graph -18)    

The maximum stress of 70MPa was seen in the neck of the implant 

followed by 32MPa in the apex of the implant, 18MPa in the apex and 

gingival portion of the head, 8MPa in the coronal portion of the implant head 

and the least stress of 1MPa in the coronal most portion of the implant head.  

Appliance (Fig 86, Graph -19)    

The maximum stress of 90MPa was seen in the peri-implant area 

followed by 39MPa in the lateral borders of the connecting arm, 20MPa to 

8MPa in the junction between the lateral borders of the connecting arm and 

lingual portion of the band and the least stress of 2MPa in the buccal half of 

the band and stabilizing Rod.  
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DISCUSSION 

Maxilla is the second largest bone of the face, it is a paired bone. The 

maxilla has a body and four processes namely the frontal, zygomatic, alveolar 

and palatine. Zygomatic process of maxilla articulates with zygomatic bone 

through zygomatico-maxillary suture. The frontal process projects upwards and 

backwards to articulate with the nasal margin of frontal bone and nasal bone by 

fronto-maxillary and naso-maxillary suture. The alveolar process bears the 

socket for the upper teeth, posterior border articulates with the horizontal plate 

of palatine bone and medially with the opposing palatine process of the maxilla. 

Therefore maxilla as a whole articulates superiorly with three bones nasal, 

frontal and lacrimal; medially with five namely ethmoid, inferior nasal concha, 

vomer, palatine and opposing maxilla; laterally with zygomatic bone. 

 Pterygoid process projects downwards from the junction of greater wing 

and body of sphenoid behind the third molar. Inferiorly it divides into medial 

and lateral pterygoid plates which are fused anteriorly to articulate with 

perpendicular plate of palatine bone.75 

        Issacson et al50, 51 had explained, that the resistance of facial skeleton to 

maximum transverse displacement increases with age and maturation. They also 

emphasized that the maximum resistance is not due to the midpalatal suture but 

by the surrounding maxillary articulation. Kokich, Scott and Sicher56 had said 

the circum-maxillary sutures (CMS) remains open till the middle of adulthood 
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whereas some authors said that the CMS begins to close parallel to the cranial 

sutures timing but do not mature to the same extent. 

        The time of closure of some of the circum-maxillary sutures are, fronto 

maxillary at 68 - 71 years, fronto nasal 68 years, nasomaxillary 68 years, fronto 

zygomatic 72 years, zygomatico-maxillary 70 – 72 years and the intermaxillary 

sutures at 20 - 25 years. The transverse growth in the midpalatal suture 

continued up to the age of 16 in girls and 18 in boys,83. The palatine bone acts 

as the borderline area by articulating with sphenoid bone (base of skull) and the 

maxilla (facial skeleton). Melsen88,89 stated, that during postnatal period the 

maxilla, palatine bone and sphenoid respond to heavy functional demand and 

therefore heavy inter-digitation can be expected. This can exhibit high 

resistance to both vertical and horizontal displacement of the maxilla in later 

stages of development.  

 Heinrich wehrbien et al96 2001 studied 30 occlusal radiograph from 10 

subjects ranging from 18 to 38 years and compared with the suture morphology, 

mean sutural width and degree of sutural closure on stained sections and said 

that even if the suture is not visible in radiograph the word suture obliteration 

and fusion should be avoided because they found that even if suture was not 

seen in radiograph morphometrically it was not obliterated. 

            Britta Knaup55 and Heiner Wehrbein96et al, did histomorphometric 

study and found that the earliest ossification was registered in a 21-year-old 

man. The oldest subject without ossification was a 54-year-old man. So they 
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concluded that the ossification of the midpalatal suture is not a valid reason for 

the increased transversal resistance encountered during rapid palatal expansion 

in younger subjects (≤25 years) as well as in many older persons. 

          Fernanda Angelieri et al4 2015, studied the Cone-beam computed 

tomography images of 140 subjects. He divided the MPS into five stages of 

maturation and defined them as  

1. Stage A, straight high-density sutural line, with no or little 

interdigitation 

2. Stage B, scalloped appearance of the high-density sutural line. 

3. Stage C, 2 parallel, scalloped, high-density lines that were close to 

each other, separated in some areas by small low-density spaces. 

4. Stage D, fusion completed in the palatine bone, with no evidence of 

a suture; and 

5. Stage E, fusion anteriorly in the maxilla.  

       He concluded that at stage C, less skeletal response would be expected 

than at stages A and B, since there are many bony bridges along the suture. For 

patients at stages D and E, surgically assisted RME would be necessary, as the 

fusion of the midpalatal suture would have already taken place either partially 

or totally. 

          The most common problem seen in the maxilla is “Transverse Maxillary 

deficiency syndrome” termed by James. A. McNamara72,73. This can be seen 

in class II and Class III skeletal malocclusion. Almost 30% of Class II and 57% 
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of Class III skeletal malocclusion, presents with transverse maxillary 

deficiency. 

        Maxillary transverse deficiency can present itself clinically as cross bite 

or scissors bite, the other two most common features were crowding and 

proclination. All of which are a derivative’s, from discrepancies between the 

size of the teeth and the size of the bony bases. If the position of the maxillary 

dentition reflects the skeletal discrepancy, it results in cross bite. The maxillary 

constriction can be camouflaged by the dentition as buccal tipping of the upper 

and lingual tipping of the lower posterior, this might result in absence of cross 

bite or scissors bite. Another clinical manifestation of transverse deficiency is 

the dark space that might be present in the corner of the lips during smiling, 

which Vanersdall termed as “negative space” 72,73. Some patient might also 

have airway obstruction leading to sleep apnoea. 

        Maxillary transverse deficiency can be diagnosed using various methods 

like smile analysis, model analysis, cephalometric analysis and also transverse 

analysis from CBCT images. 

      Clinically the transverse maxillary deficiency can present itself with 

cross bites, crowding, arch widths measured at the muccogingival junction and 

dental crowns will be reduced, buccolingual inclination of posterior teeth will 

have an amount of compensation, and the shape and height of the palatal vault 

might be deep. There may be minimal soft tissue changes associated with a 
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maxillary transverse deficiency including paranasal hollowing, a narrow nasal 

base, deepened nasolabial folds, and zygomatic hypoplasia.85 

          Model analysis to access maxillary transverse dimension using dental 

casts to assess are McNamara’s72,73 simple rule of thumb which is “maxillary 

arches less than 31 mm will need orthopaedic or surgically assisted expansion”, 

Andrews2 analysis is also another valuable tool in diagnosing transverse 

deficiency in which the maxillary width is represented by the distance between 

the right and left most concave points lying on the maxillary vestibule, at the 

level of the mesiobuccal cusp of the first molars. Mandibular width is defined 

as the distance between the right and left WALA ridges located at the level of 

the mesiobuccal groove of the first molars. To assess transverse deficiency, the 

difference between the mandibular and maxillary widths is calculated, which 

should ideally be equal. It also gives an estimate of the amount of maxillary 

skeletal expansion required. Yonsei’s index45 transverse index accessed the 

maxilla to mandibilar BAW-cast Difference measured from model (5.15 +/- 

2.56 mm). 

           In the 1990s, Posteroanterior cephalograms (PAC’S) became popular 

and most readily available, as well as reliable radiographs for evaluating 

transverse skeletal discrepancies. Some of the PAC’s used were Rickett’s, 

Grummons, Hewitts, Graysons and Ricketts Rocky Mountain Analysis.  

        With the advent of CBCT many measurements could be done 

accurately, which was otherwise difficult using standards cephalometric 

analysis. Some of such CBCT analysis are Case Western Reserve University 
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analysis78 which might reveal the extent of buccal tipping of maxillary molars 

and the degree of dental compensation. Yonsei’s index which suggested that the 

combined evaluation of both maxilla-mandibular BAW-CT difference (−0.39 

+/- 1.87 mm) and BAW-cast difference of the first molars could be used for the 

accurate diagnosis of the underlying maxilla-mandibular transverse 

discrepancy45,78.  

 Rapid maxillary expansion (RME) procedures have been used over the 

past century7, and have been shown to be a valuable aid in the orthodontic 

treatment of young patients exhibiting maxillary collapse, pseudo-class III 

malocclusions, and respiratory ailments10, 40, 41  

          The expansion protocol can be either a slow (SME) or rapid (RME) type. 

Some of the slow maxillary expansion appliance are the W-arch, quad helix, 

coffin spring, etc. and these appliance were activated a rate of 1mm per week. 

In SME there is more of dentoalveolar tipping and suture split can be brought 

about only in a very young individuals and patients with cleft lip and cleft palate. 

          RME appliances like the Minnie expander, Haas, Hyrax, etc. all of 

which contains a Jackscrew anchored to the teeth via a rigid connecting wire. 

The opening of the jackscrew produces the expansion force. These appliances 

are activated at the rate of 0.5 to 1mm per day, and might produce orthopaedic 

forces of about 3 to 10 lbs. which can easily split the midpalatal suture in young 

individuals and force the two maxillary halves laterally.41, 48, 52. This can be well 

appreciated clinically by the appearance of midline diastema between the two 

central incisors. For adults, however, this is not the case due to the increase in 
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interdigitation of midpalatal suture and decreased elasticity of bone, 93 rendering 

the splitting of MPS almost impossible.  

       Bell and Epker9 combined the RME with surgical assistance to bring 

about expansion and to correct the transverse discrepancies in adult. Surgically 

assisted RPE (SARPE) apart from having high rate of morbidity is an invasive 

procedure, can also result in lateral rotation of the two maxillary halves with 

less horizontal translation.113 In addition, may also be detrimental to the 

periodontium and has been shown to result in an increased rate of relapse during 

the post retention period.    

     Therefore Lee64 in the year 2010 used miniscrew implants to anchor the 

expansion device to the palate directly in an adult patient and thus Miniscrew 

Assisted Rapid Palatal Expansion came into play. The use of MARPE 

distributes the stress throughout the palate, and thereby decreases the 

concentration of the stress around the anchor teeth.52 This Miniscrew Assisted 

Rapid Palatal Expansion even though it split the MPS, it was in a triangular 

fashion with more of splitting in the anterior than in the posterior.      

        The results of all these appliances were studied extensively and 

documented using many methods. All the results showed that  

1. The splitting of MPS is not parallel but in triangular fashion with more 

expansion seen in the anterior than in the posterior region.  

2. Dental expansion contributes to almost 50% of total expansion achieved. 
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3. Miniscrew Assisted Rapid Palatal Expander seems to produce better 

expansion and lesser extent of dental tipping when compared to the 

conventional RME’s.  

Recently many modifications were done in Miniscrew Assisted Rapid 

Palatal Expander. To maximize the skeletal expansion and to negate the dental 

tipping. Authors like Won Moon and Matt McGinnis have introduced newly 

modified MARPE device called Maxillary skeletal expander. They claim that 

their design produced an almost perfect parallel split of the MPS when certain 

factors were followed  

The factors that were considered are 

1. Stability of the implant: - To increase the stability the length and width 

of the implant should be sufficient enough to have bi-cortical bone 

engagement (palatine surface and the nasal floor), which can withstand 

the heavy anchorage demand. This will prevent the bending of the 

implant. 

2. Placement of the expander appliance: - The appliance were placed as 

posterior as possible to overcome the resistance offered by the pterygoid 

plates and the zygomatic buttress. 

3. Rigidity of the connecting arms:- reducing the diameter of the wire 

connecting the implant to the molars were beneficial, as they only 

partially translate the force to the molars and undergoes more 

deformation within themselves.26, 46, 70  
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 The treatment results of these appliances were very promising and 

studied either using CBCT of the patients or by FE model which were 

generated from a dry skull and the effect of individual modifications like bi-

cortical anchorage were evaluated separately65. 

      But the literature showed none of the authors have studied the effect of 

such appliance in an actual patient and had evaluated the stress distribution in 

circum-maxillary bones using FE model created from the same patient except 

Ludwig70. But his study emphasized more on the design of FE model. 

       The aim of the study was to do a Finite element analysis (FEA) of the 

stress distribution and displacement of the skull with Miniscrew Assisted 

Rapid Palatal Expansion. The FE model, was obtained from the CBCT image 

of a patient who had undergone maxillary expansion using Miniscrew Assisted 

Rapid Palatal Expander. 

           The finite element analysis is a reliable method, to see the stress 

distribution generated by the use of expansion appliance.59 Finite element 

method (FEM) replaces a complex structure by assembling simple elements 

interconnected at points called nodes. These assembled elements can represent 

any shape or defined model.102 the material properties can be assigned to each 

element according to the clinical model. Load can be applied to that model and 

the distribution of displacements and stresses can be visualised.   

           In this present study a CT model of a 19 year old female, who had 

undergone maxillary transverse expansion with Mini Screw Assisted Rapid 

Maxillary Expansion was used to create the FE model. The subject had a 
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skeletal class II with angles class II div 1 malocclusion and had a constricted 

maxillary arch. The model of the Miniscrew Assisted Rapid Palatal Expansion 

device was constructed to closely resemble the device used in the subject. The 

design has four MSI’s placed in line with the molars taking the first molar as 

the anchor unit, the MSI’s had a bi-cortical bone engagement and the connecting 

arm had a diameter of 1.2mm. A displacement of 5mm was given in the FE 

model since the subject exhibited 5mm of expansion.  

Most of the authors, who had used FEM analysis to evaluate the stress 

induced on the craniofacial complex during expansion, have generated their FE 

model from CT scans images52, 54, 70, 87. Moreover when compared to CBCT, an 

FE model from CT image will have very less noise which is mandatory to get a 

clear and precise replication of the original structures. Since the whole skull 

along with individual bones and sutures were considered for evaluation in this 

present study, a patient with pre-treatment CT was selected. 

SUPERIMPOSITION: - (Fig 36-39) 

          To further validate the results, the simulated FEM model was 

superimposed on the immediate post CBCT generated STL model. The post 

expansion CBCT reduces the amount of radiation exposure when compared to 

CT. The superimposition was done by taking the external reference points like 

natural head position, Mastoid process, foramen magnum and vault of the skull. 

The other areas had undergone deformation and therefore could not be taken as 

the reliable reference point.  
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The superimposed result showed more than 95% of correlation between 

the two models. The slight exaggeration of the results from FE model might be 

because the MPS was given complete patency whereas the patient had 

interdigitation of MPS to a significant level as revealed by the pre-treatment 

CBCT.  

THE DISPLACEMENT: -  

The displacement of each bone is seen in all three dimensions                       

x-transverse (+ve is towards left side, -ve is towards right side), y- antero-

posterior (+ve is backward, -ve is forward) and Z- is vertical (+ve is upward,               

-ve is downward).                      

Frontal view (Fig 40-42, Table-3, Graph -1)    

The maxilla in the frontal view shows a triangular V-shaped pattern of 

separation with the apex towards the nasal cavity and base towards the central 

incisor.  There was almost no displacement noted in the area above the frontal 

zygomatic suture in all the three planes of space.  Least amount of displacement 

was seen in the region closer to the fronto-Zygomatic suture. The areas far from 

the fronto-zygomatic suture towards the occlusal surface had the greatest 

amount of displacement.  

Iseri52, Jafari54, Ludwig70 and Provatidis86 all in their FEM study with 

both RME and MARPE have found a V-shaped expansion which is similar to 

this present study. 
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 Some authors had suggested that the fronto-zygomatic, zygomatico-

maxillary and zygomatico-temporal sutures as the main centres of resistance to 

rapid maxillary expansion.  There has always been a debate on the location of 

centre of rotation.  Some authors have established the centre of rotation at the 

fronto-maxillary suture, whereas others believed to it be closer to superior 

orbital fissure. Canterella et al 18,19,20 2018 had found this centre of rotation for 

the zygomatico-maxillary complex to be slightly above the superior aspect of 

the fronto-Zygomatic suture.  

     The present study is in accordance to the finding of Canterella et 

al18,19,20 since there was almost no displacement that could be seen above the 

fronto-zygomatic suture.  Further, more amount of expansion is seen overall in 

the right side when compared to the left side which was also suggested by 

Canterella et al18,19,20.  He had given a hypothesis, that it could be associated 

with circum-maxillary suture which may not become loose in the same 

proportion on the both side.  Therefore during expansion this might result in 

more displacement on one side compare to the other leading to asymmetrical 

expansion. The other reason being the density and the morphology of the bones 

especially the zygomatic buttress and pyramidal process which may not be 

identical on both side. 
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Sagittal View: - (Fig 43-45, Table-4, Graph -2)    

The zygomatico-maxillary complex as a whole showed a downward and 

forward displacement whereas the pterygoid plates did not show any forward 

movement. 

This cannot happen unless there is a disjunction in the pterygo-palatine suture. 

 Iseri et al52 1998 in his FEM model analysed the outcome of tissue-

borne RME appliance and found the central incisors and molars to have a 

downward (extrusive) movement. 

 Jafari et al54 2003 applied a transverse force in maxillary first premolar 

and first molar crown region of an FEM model. He noted that the maxilla, 

central incisors and molars where displaced downward and forward.  Both of 

the above study correlate with the present study. 

 Lee et al62 2009 applied an expansion force of 100gms on the first 

premolar and molar crown surface of FE model.  He observed that the maxilla 

moved downward and backward, which does not correlate to our study. He 

explained that the reason for this could be the boundary condition set for the 

model.  In his study the elements in the most superior position where fully 

constrained whereas in Iseri, Jafari and our study the constrained where given 

in the foramen magnum.  

 H.K.Lee et al63 2014 in his FEM study compared four appliance, two 

appliance where bone-borne appliance, one hyrax appliance supported with 
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miniscrew and the other was a conventional hyrax with surgical assistance. He 

found that the maxilla moved downward and forward in both the hyrax screw 

but in the bone-borne appliance the maxilla moved downward and backward.  

He has explained that in his study that the reason for this difference in results 

could be the inclusion of premolar and molars in the hyrax appliance. 

 Ludwig et al70 2013 did a finite element analysis on a FE model with 

Wilmes appliance. In this study he compared the conventional finite model with 

a viscoelastic model. He found that in both the models the maxilla moved 

downward and forward which is consistent with the result of this study. 

 Melsen75,74 studied the pterygo-palatine area and stated that 

disarticulation of these bones where possible only in infantile and earlier 

adolescent period whereas in the later juvenile and earlier adolescent it was 

always accompanied by fracture of the heavy interdigitation.  

 Canterella18,19,20 et al 2018 as shown the disjunction of the pterygo-

palatine suture in 9 out of 15 subjects.  He suggested that the fulcrum of rotation 

of the maxilla to be more posterior and lateral in MARPE when compared to 

tooth-borne appliance. Since the maxilla is located medially and anteriorly to 

this fulcrum of rotation, during expansion the maxilla tends to move laterally 

and anteriorly.  This movement further helps in disarticulation of the pterygo-

palatine suture. 
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OCCULSAL VIEW (Fig 46-48, Table-5, Graph -3)    

 The FEM simulation showed a near parallel split of the midpalatal 

suture. Only a 1mm more of expansion was seen in the anterior ANS region 

when compared to the posterior. The expansion that had taken place in the PNS 

area is 94% to that of the ANS area. 

 In the FEM study done by Iseri52, Provitidis85, Jafari54, Lee62 in there 

RME model and Ludwig70 in his MARPE model all showed a v-shaped 

expansion, with the base in incisor area and the apex towards the PNS.  

 H.K. LEE et al63 in his bone-borne FE model found more amount of 

expansion taking place near PNS when compared to ANS region.  In the hyrax 

group they found more expansion in the premolar region.  This studies is in 

Contrast to the result of our study. 

 H.K. LEE et al63 in his study explains that the difference in his study 

could be because the mid-palatal suture area of the FE model was filled with 

cortical and cancellous bone.  Moreover, the force was given in the posterior 

part of the palate which had thinner cortical bone when compared to the anterior. 

However, one of his bone-borne appliance which had the mini-screws placed in 

the palatal slope showed a parallel splitting of the mid-palatal suture which 

coincides with our study. 
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Won Moon65 in his FEM study on monocortical and bicortical 

anchorage stated that, more amount of transverse expansion had taken place in 

the bicortical anchorage. 

Park et al81 showed the mid-palatal suture to split more in the posterior 

region compared to the anterior this also differs from our study. He explained 

that this disagreement could be due to the specification and structure of the FE 

model, the other reason was the activation protocol.  An activation of only 

0.25mm was given, therefore the deformation might have been limited to the 

suture alone, with no participation of the resistance which would have been 

offered by the zygomatic buttress.  

 Several clinical as well as FEM analysis have reported a v-shaped split 

in the MPS with more in the anterior region and progressively reducing towards 

the PNS region. This is due to the heavy interdigitation of the pterygo-palatine 

suture and the zygomatic buttress and this resistance the resistance proved to be 

difficult to overcome. 

 Gautam et al34,35,36 in his finite element study on conventional RME 

had reported the centre of rotation to be located in between the lateral and medial 

pterygoid plates. Therefore, during conventional RME the pterygoid plates acts 

as a hinge around which the maxilla rotates results in a v-shaped expansion.  

 Canteralla et al34,35,36 in there clinical trial with MARPE showed an 

almost perfectly parallel split of the MPS, which is similar to our study.  This 

indicates that more amount of expansion taken place in the posterior part of the 
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maxilla, along with disarticulation of the pterygoid sutures displacing the 

fulcrum of rotation slightly behind the pterygoid plates   

 In RME the v-shaped expansion where reported to have greater benefit 

where the nasal stenosis was primarily in the anterior-inferior region, while the 

stenosis in posterior-superior part of the nasal airway did not benefit much. 

When parallel expansion is achieved the nasal airway stenosis in the posterior 

region might also be benefitted. 

SPHENOID BONE (Fig 49-52, Table-6, Graph -4)    

 The lateral pterygoid and the medial pterygoid had a lateral bending 

movement with more of bending seen in the free ends, which gradually 

decreased as it neared the cranial base. The pterygoid fossa and the infra-

temporal surface had almost no displacement. The free ends of the lateral 

pterygoid plates showed almost 2mm of lateral bending.  

 Not much of an emphasis is given for the displacement of sphenoid bone 

in the literature. Only Jafari et al54 as described about the sphenoid bone in his 

FEM analysis. He found that the inferior part (the free ends) of the lateral 

pterygoid plates bent laterally and diminished in the regions which were closer 

to the cranial base. There was no displacement seen in the rest of the sphenoid 

bone, which is similar to our study. 

 Melsen75,74 stated that the pterygoid plates of the sphenoid bone were 

the limiting factor for the ability of the palatine bone to separate along the MPS. 
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 Canteralla et al18,19,20, has shown the width of opening in right and left 

pterygoid process to be 1.35mm and 2.17mm respectively. 

ZYGOMATIC PROCESS (Fig: - 37 - 40, Table: -7) 

Zygomatic bone had a forward and lateral displacement. The forward 

displacement was minimal as a whole, whereas the lateral displacement was 

more near the zygomatico-maxillary suture and gradually decreased towards the 

temporal process of the zygomatic bone (zygomatic arch) and further decreasing 

towards the fronto-zygomatic suture. Overall this zygoma rotated along with the 

zygomatico-maxillary complex with fronto-zygomatic suture as the fulcrum. 

Garib et al33 2005 and Leonardi66, suggested that the sutures which 

directly articulate with the maxilla had greater changes when compared to the 

sutures further away. 

Canteralla et al18,19,20 in his clinical trials, saw a negligible increase in 

the upper inter-zygomatic distance whereas the lower inter-zygomatic distance 

was more which is similar to our study.  They elucidated that the zygomatico-

maxillary complex rotated outward with a centre of rotation located near the 

fronto-zygomatic suture.   

TEMPORAL BONE (Fig 60-63, Table-8, Graph -6)    

 The zygomatic process of the temporal bone (zygomatic arch) showed 

lateral and a superior displacement whereas the other area showed negligible 

amount of displaced. 
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Jafari54, had shown no significant displacement in the temporal, 

parietal, frontal, sphenoid and occipital bone by using RME. In the MARPE 

appliance the expansion force is nearer to the centre of resistance were as, in 

RME the expansion force is given via the anchor tooth. Therefore, the MARPE 

appliance is able to overcome the resistance of most of the circummaxillary 

sutures bringing about changes in sphenoid, zygomatic, temporal and nasal bone 

NASAL BONE (Fig 64-67, Table-9, Graph -7)    

The nasal bone was displaced as a whole slightly to the left with a mild 

downward movement. The literature has not emphasised much on the 

displacement of nasal bone. But some authors have showed the displacement in 

nasal septum in their CBCT studies. 

UPPER PERMENENT FIRST MOLAR (Fig 68-71, Table-10, Graph -8)    

The crown and the root showed lateral displacement of 3mm and 2.5mm 

average respectively. The crown had a slight increase in lateral displacement of 

0.5mm compared to the root suggesting a very negligible amount of tipping with 

more of translation. The molars also showed a mild extrusion and forward 

movement. 

Iseri et al52, also showed a mild extrusion of the molars  

H.K.Lee63, found more amount of buccal rotation of the teeth in the 

miniscrew assisted hyrax and conventional hyrax with surgical assistance when 

compared to bone-borne appliance in the FEM analysis. 
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Lu Lin et al67, compared tooth-borne and bone-borne appliance                      

(C expander) in his clinical trial and found the tooth-borne appliance to have a 

greater buccal tipping of posterior teeth, when compared to the bone-borne 

appliance. 

Chuck Carlson et al22 2016, clinically noticed the dental tipping to be 

less in MARPE, as the force exerted during expansion is designed in such a way 

that, it is dissipated on the bone through mini-implants before the teeth are 

affected. 

Starnbach89, stated that the minimal tipping that was seen could be most 

likely due to the bodily rotation of the zygomatico-maxillary complex on each 

side. 

MANDIBLE (Fig 72-74, Table-10, Graph -8)    

The mandible showed a very slight forward and upward rotation. 

Giampietra Farromato et al29 2011, in his clinical study compared the 

pre-treatment and post retention (6 months) lateral cephalogram of growing 

patients who had undergone expansion. He found that in class I subject, the 

mandible move forward but not in a statistically significant manner. In class II 

subject mandible had a statistically significant forward movement. In class III 

subjects the mandible had a downward and a backward rotation. 

Caralina Baratiera et al8 2011, evaluated the CBCT of 17 children, 

who underwent RME. They found the mandible to have a clockwise rotation 
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immediately post treatment. But during the retention period, the mandible 

moved forward.  

McNamara and Brudon72,73, stated that the over expanded maxillary 

arch may encourage the mandible to have a forward position. The authors 

contend that class II malocclusions have a strong transverse component and that 

the over expanded maxillary arch may encourage the forward positioning of the 

mandible to reduce the tendency of buccal crossbite and provide a more 

comfortable occlusal relationship. Hence, the teeth themselves may act as an 

‘‘Endogenous functional appliance”. 

 

 

 

STRESS DISTRIBUTION 

MAXILLA AND ZYGOMATICO-MAXILLARY COMPLEX 

FRONTAL VIEW (Fig 75 a&b, Graph -10)    

The maximum stress in the frontal view was seen in the nasomaxillary 

suture followed by dissipated stress in the nasal notch (lateral wall of the nose) 

and around the intermaxillary suture (above the central incisor). Stress where 

found near the frontonasal suture and molar region but to a lesser extent. 
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Iseri et al52, in his RME FE model showed the maximum stress to be 

located around the anterior-superior part of the zygomatic bone followed by the 

nasal notch, external wall of the orbit, canine fossa, and molar region and lesser 

amount of force in the frontal bone and the zygomatic arch  

Jafari et al54, did FEM analysis in a RME device model and showed 

increased amount of stress in the nasomaxillary suture followed by frontonasal 

suture and zygomatic process  

  Ludwig et al70, in his MARPE FE model showed maximum stress along 

the infra zygomatic crest, suture of orbits and posterior part of zygoma. 

  Macginnis and Won-moon et al71, applied two sets of expansion forces 

to mimic the conventional hyrax and MARPE. In the MARPE model there was 

a decreased amount of stress around the infra orbital foramen region and the 

other areas, when compared to the hyrax model. The hyrax showed more stress 

around the wall of the orbit and zygoma. 

Larissa et al45, compared a hyrax and bone borne FE model and 

observed that for one activation in the tooth borne appliance the tensile stress 

was seen in the buccal bone of the molars, zygomatic process, nasal floor, and 

inner walls of the nasal cavity. Whereas, compressive stress was seen in the 

median wall of the orbit. In the bone borne device increased tensile stress was 

seen in the lower edge of the orbit and the nasal floor compressive stress was 

seen dissipated around the canine fossa and lateral wall of the nasal cavity. 
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Hartona Ben et al46, compared a FE model of RME and MSE and saw 

increased stress concentration around the nasal and infra orbital region in the 

RME model. In the MSE model the stress where displaced on the maxillary and 

fronto nasal area.  

When evaluating the literature of FEA, the RME group showed 

increased amount of stress in more areas when compared to MARPE. Weather 

it is RME or MARPE kind of expansion procedure, it seems to create stress in 

the maxillary molar, zygomatic process and external wall of the orbit, which 

can bring about dizziness and feeling of heavy pressure around the bridge of 

nose, eyes and mostly throughout the face. Therefore in individuals who have 

very heavy sutural interdigitation and bone density expansion must be done with 

surgically assisted expansion.  

 

 

MAXILLA AND ZYGOMATICO-MAXILLARY COMPLEX  

SAGITTAL VIEW (Fig: - 75 & 76) 

         In the sagittal view Von Misses stress was noted to be more near the 

superior portion of the pterygomaxillary suture, infra zygomatic crest (IZC) and 

pterygoid plates near the cranial base. Evenly distributed around the buccal bone 

of molars and CEJ and a very minimal stress is seen near the zygomatico 

maxillary suture area. 
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Iseri et al52 in their study showed maximum concentration of stress in 

the zygomatic bone, pterygoid plates, canine and molar region. To a lesser 

extent in the zygomatic arch. 

Jafari et al54, maximum stress were seen in the zygomatico maxillary 

suture, frontal process of zygoma, zygomatic arch and zygomatico temporal 

suture. 

In Ludwig’s70 study greatest stress was found to be in the IZC and 

pterygomaxillary complex. 

MacGinnis and Won Moon71, the RME group the maximum stress 

were present in zygomatico maxillary suture, zygomatic buttress and pterygoid 

plates. Whereas, MARPE showed mild stress in the zygomatico maxillary 

suture and buccal bone of molars 

Hartono et al46, RME group showed increased stress level in temporal 

bone, maxilla, pterygomaxillary complex and buccal bone of molars.                   

The maxillary expander group showed equal stress distribution on the maxilla 

and no stress on the buccal bone of molars. 

          On the whole, the RME group showed more amount of overall stress in 

the lateral view. Hartono in his MSE group found almost no stress in the buccal 

bone of molars. Whereas, lesser amount of stress was seen in the buccal bone 

in the present study. The reason could be the amount of activation. The 
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maximum displacement simulated in the previous study is 1.5mm. Whereas, 

5mm of displacement was given in our study. 

Manuel O. Lagrevere60 2010 and Lu Lin 201567 compared tooth borne 

appliance to bone borne appliance in their clinical study, and stated that more 

amount of dental tipping was seen in the tooth borne appliance group. Our study 

reports a lesser amount of stress in the buccal bone adjacent to the molar area. 

This will reduce some of the detrimental effects of expansion, like buccal bone 

and root resorption. 

MAXILLA  

OCCLUSAL VIEW (Fig 77 a & b78, Graph -12)    

The maximum stress was seen in the implant region and it reduced 

towards the dentition to almost no stress on the cusp tips. There was some 

amount of stress seen in the CEJ of dentition which could be due to the opening 

of the MPS and bending of the alveolar bone around the dentition. 

Similar results were seen in the study by Ludwig et al70, H.K.Lee63 in 

their tooth-bone borne and bone-borne model, MacGinnis et al71, in their 

MARPE model, Robert .J.Lee et al65 and Hartono et al46. 

Tanner M. Nassef et al42 in there study of bone-borne appliance with 

acrylic plates showed high stress in the palate with almost no stress 

concentration around the miniscrew. 
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  Iseri et al52, Jafari et al54, H.K.Lee et al63 and MacGinnis et al71 in 

their tooth borne appliance model showed more of stress concentration around 

the dentition rather than near the MPS. 

The MARPE appliance applies the stress closer to the centre of 

resistance as well as fulcrum of rotation and therefore it can bring about 

translatory movement of the maxilla. The peak stress is seen in the palate 

adjacent to the MPS and to a lesser extent in the dentoalveolar region, which 

will reduce the dentoalveolar tipping and enhance more of translatory 

movement of the two halves of the maxilla. 

SPHENOID BONE (Fig 79, Graph -13)  

Maximum stress in the sphenoid bone is seen in the area closer to the 

cranial base (infra temporal surface) that is the area adjacent to the lateral 

pterygoid plate. The pterygoid fossa shows stress to a lesser extent. 

Only one of the studies by Holberg et al49, showed a clear picture of 

stress in the cranial base for different amount of bending of the pterygoid plate. 

In which an increased amount of stress was seen in the sphenoid jugum. 

In his study he said that there is a complex stress that is dissipated in the 

cranial base during the rapid maxillary expansion procedure. In young 

individuals were the bony elasticity is very high this does not create any undue 

effect. Whereas in adults it can result in hyperthesia, transient disorder in eye 

motility, discrete temporary neurologic disorder in the presence of micro 
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fracture. Therefore expansion must be done with caution in older adults with 

increased density of bone. 

ZYGOMATIC AND NASAL BONE (Fig 80, Graph -14)    

There was almost no stress that could be seen in the zygomatic bone. 

When the setting was changed in order to detect minute stresses after which 

minimum stress were seen near the fronto zygomatic suture (FZS) in the frontal 

process. For instance if 35MPa of stress was seen in the peri-implant region then 

only 0.6MPa of stress could be appreciated near the FZS. 25MPa of stress could 

be seen in the nasomaxillary suture area of the nasal bone. 

Iseri et al52 noticed a high stress concentration in the zygomatic bone 

(external surface of zygomatic bone). 

Jafari et al54 saw an increased amount of stress in the frontal process of 

the zygomatic bone and in the fronto nasal suture area. Both Iseri and Jafari in 

their RME model showed more amount of stress when compared to the present 

study.  

  Matt MacGinnis et al71 in his RME model showed moderate amount 

of stress in the lateral nasal suture and zygomatico maxillary suture area. In 

MARPE model very mild stress were seen near the zygomaticomaxillary suture 

area which is consistent with our study. The difference in stress level could be 

due to the fact that more amount of stress is taken up by the midpalatal suture 

and the other reason being the force application near the centre of resistance in 
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MARPE, which overcomes the resistance offered by the circummaxillary 

suture. 

UPPER PERMENENT FIRST MOLARS (Fig 82, Graph -16)    

    More amount of stress was noted in the palatal surface and to a 

lesser extent in the buccal surface.  

  H.K.Lee63 in his bone-borne appliance where the miniscrews were 

placed adjacent to the MPS showed no stress in the roots of the teeth. In the 

bone-borne appliance with miniscrews in the palatal slope region, lesser amount 

of stress were seen in the roots of the premolars. On the other hand, the MARPE 

as well hyrax type appliance showed high amount of stress in the roots of the 

anchor teeth and premolar.  

 Hartono et al46 saw increased stress in the enamel and dentin of 

the palatal surface in the RME. Where as in the dentine and enamel of the 

distopalatal cusp of the molars in the MSE group. The stress level were less 

comparing to this study one reason could be due to the lesser amount of 

displacement(1.5mm) given by Hartono comparing to this study (5mm). Again 

the design of the appliance might have influenced the stress distribution on the 

molars. 

MADNDIBLE (Fig 83, 84, Graph -17)           

The mandible showed minimal of stress of 4MPa in the CEJ, sigmoid 

notch and pterygoid fovea. Further mild stress around the symphysis region. 
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There was no study done to analyse the displacement and stress distribution in 

the mandible during RME. This is the first study to see the displacement and 

stress distribution in the mandible during RME. The mandible to maxilla was 

given a hinge type of relationship, since the movement of the mandible will be 

within the rotatory movement of condyle in the glenoid fossa.   

MINI-IMPLANTS (Fig 85, Graph -18)    

  The mini-implants have increased amount of stress in the mid region of 

the threaded portion, reducing towards the cervical and apical region.  

  Lee, Moon and Hong65 in their FEM analysis compared the mono-

cortical and bi-cortical engagement of the mini implant. The found more stress 

concentration in the mono-cortical when compared to the later. Which is 

consistent with the present study. 

 The bone implant interface is of utmost importance for the success 

of the implants. Reducing the stress around the cervical region of the bone 

implant interface will reduce the risk of implant failure. In this study the overall 

as well cervical region of the implant showed lesser amount of stress, which is 

well below the “pathologic overload window”.  

APPLIANCE (Fig 86, Graph -19)    

 The maximum Von Misses stress was seen in the implant supported 

region and it reduces along the connecting arms, almost disappearing as it 

reaches the outer end of the bands. 



   Discussion 

 

72 
 

 Ludwig et al70 in his study noticed that even though displacement of 

7.8mm was given in the FE- Model as well as in the clinical situation. Some of 

the structures opened only half as much. He stated that the delicate arms of the 

expander could only partly transmit the force. This is because the arms had 

underwent considerable deformation within themselves. 

 This is the first study to compare the clinical post treatment results with 

FEM result and to explain in detail, the displacement and stress on each 

individual bone. The mandible and appliance have also been explained in detail. 

Limitations: - This is the study done in a FE model using CBCT images of a 

single individual, therefore its interpretation for other individuals must be done 

with careful consideration. The whole process is considered to have taken place 

after the split of MPS since the MPS is considered to be patent. 
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SUMMARY AND CONCLUSION 

 The aim of the study is to do a Finite element analysis (FEA) of stress 

distribution and displacement from CT images of a patient who had undergone 

maxillary expansion using Miniscrew Assisted Rapid Palatal Expansion. The 

Miniscrew Assisted Rapid Palatal Expander appliance had 4 mini- implants 

with bi-cortical bone engagement, in line with the first and second molar. The 

diameter of the connecting wires had 1.2mm of diameter, thereby reducing the 

rigidity of the wire. 

1. To compare the simulated results of the FEM to the actual post 

expansion results of the patient by the means of superimposition. 

2. To evaluate the magnitude and pattern of displacement of the Cranio-

facial complex. 

3. To evaluate the Von misses stress distribution of all the bones 

including areas in and around (a) Implants, (B) Expander device, (c) 

Upper Permanent first Molar, (d) Mandible. 

  A near parallel expansion was seen in the occlusal view with a 

deviation of 1mm more in the ANS compared with PNS.  In the frontal view 

v-shaped expansion could be seen with base towards the dentition and apex 

towards the nasal bone.  The zygomatico-maxillary complex had a lateral 

rotation with the fronto-zygomatic suture as the fulcrum of rotation. There was 

very minimal amount of changes that could be noticed in the temporal, nasal 

and sphenoid bone.  A good amount of lateral bending of the pterygoid plates 
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could be noticed with disjunction in the Pterygo-maxillary complex. The 

molar had a very minimal tipping and more of lateral translation. 

When Von misses stress was studied, there was high amount of stress seen 

near the MPS and posterior part of the palate and around peri-implant area. 

The cervical bone implant interface and the anchor teeth had less amount of 

stress.  

Based on this FEM study we conclude that:- 

 Posterior placement and bi-cortical bone engagement of the 

appliance brings about more expansion in the posterior region, by 

exerting more force against the resistance offered by the 

pterygomaxillary complex  

 Bi-cortical bone engagement decreases stress around the cervical 

region of the bone implant interface and thereby increasing the 

success rate of the implant. 

 Decreasing the rigidity of the connecting wires reduces the tipping 

of the anchor teeth since they have a considerable deformation 

within themselves, dissipating the stress before it reaches the 

anchor teeth.                                            

Modified type of Miniscrew Assisted Rapid Palatal Expansion seems 

to be bring about more of skeletal expansion and less of dental tipping in 

adults. However it must be used with caution in individuals with high bone 

density and heavy sutural interdigitation. 
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