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Abstract 

The objective of the research was to evaluate the distribution of stress produced by surgically assisted rapid maxillary 

expansion in the maxillary structures using the bone-supported expander device by the Finite Element Method. 

Material and methods: A three- dimensional model was simulated for surgery with a LeFort I osteotomy with 

pterygomaxillary disjunction using a bone-supported device model for the 1mm aperture. The results showed a greater 

opening of the maxilla in the anterior region and a smaller opening in the posterior region. The tension forces showed 

mainly in all the palatine face and the posterior alveolar bone and tuber, as well as in the epilating zygomatic region 

above the osteotomy. The stress showed little dissipation for the roots of the molar. The forces of compression were 

manifested in the pterygoid process and the zygomatic pillar adjacent to the osteotomies, as well as in the expander 

areas of contact with the palatine bone. The analysis showed that the most stressed part is the rod connecting the 

device module to the support platform. Conclusion: The resulting tension stresses transmitted to the alveolar bone of 

the teeth adjacent to the appliance did not seem to be sufficient to displace the teeth. 

Keywords: Palatal expansion technique; Finite element analysis; Dental stress analysis. 

 

Resumo  

O objetivo desta pesquisa foi avaliar, por meio do Método de Elementos Finitos (MEF), a distribuição das tensões 

produzidas pela Expansão de Maxila Cirurgicamente Assistida (EMCA) nas estruturas maxilares utilizando-se 

aparelho expansor ósseo-suportado. Material e métodos: Foi confeccionado um modelo tridimensional de maxila para 

simulação da EMCA com osteotomia tipo LeFort I descendente sem degrau, com disjunção pterigomaxilar utilizando 

um modelo de aparelho ósseo-suportado para o teste com a simulação de abertura de 1mm. Os resultados mostraram 

maior abertura da maxila na região anterior de incisivos a pré-molar (1 mm) e em menor quantidade (0,6mm) na 

região de molares. A tensão máxima principal (TMXP) mostrou a concentração de tensões principalmente em toda 
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face palatina da maxila de pré-molar ao túber maxilar. Pela face lateral, ficou mais evidente a TMXP nas regiões de 

osso alveolar posterior ao pré-molar, molares e túber, assim como na região de pilar zigomático acima da osteotomia. 

Pelo plano transversal foi possível observar a transmissão de tensões ao longo das estruturas ósseas mostrando pouca 

dissipação para as raízes do molar. Enquanto que as forças de compressão (Tensão Mínima Principal), evidenciadas 

pela tensão mínima principal, se manifestaram nas áreas de pilar zigomático e adjacentes as osteotomias, assim como 

nas áreas de contato do apoio do aparelho com o osso palatino. Tensões de tração e compressão também foram 

evidenciadas na região de processo pterigoide. A análise de tensão de Von Mises mostrou que a parte que mais sofreu 

estresse é a haste que liga o módulo do aparelho com a plataforma de apoio. Conclusão: Houve maior abertura da 

maxila na região anterior e as tensões resultantes de forças transmitidas ao osso alveolar dos dentes adjacentes ao 

aparelho, parecem não ser suficientes para deslocar os dentes.  

Palavras-chave: Técnica de expansão palatina; Análise de elementos finitos; Análise do estresse dentário. 

 

Resumen  

El proposito de este estudio fue evaluar la distribución del estrés producido por la expansión maxilar rápida asistida 

quirúrgicamente en las estructuras maxilares utilizando el dispositivo expansor soportado en hueso por el Método de 

los Elementos Finitos. Material y métodos: Se simuló un modelo tridimensional para cirugía con osteotomía LeFort I 

con disyunción pterigomaxilar utilizando un modelo de dispositivo de soporte óseo para la apertura de 1 mm. Los 

resultados mostraron una mayor apertura del maxilar en la región anterior y una menor apertura en la región posterior. 

Las fuerzas de tensión se manifestaron principalmente en toda la superficie palatina y el hueso alveolar posterior y 

tubérculo, así como en la región de pilar cigomático por encima de la osteotomía. El estrés mostró poca disipación 

para las raíces del molar. Las fuerzas de compresión se manifestaron en el proceso pterigoideo y el pilar cigomático 

adyacentes a las osteotomías, así como en las áreas de contacto del expansor con el hueso palatino. El análisis de 

tensión de Von Mises mostró que la parte que sufrió más tensión es la varilla que conecta el módulo del dispositivo 

con la plataforma de soporte. Conclusión: Los esfuerzos de tensión resultantes transmitidos al hueso alveolar de los 

dientes adyacentes al aparato no parecen ser suficientes para desplazar los dientes. 

Palabras clave: Técnica de expansión Palatina; Análisis de elementos finitos; Análisis del estrés dental. 

 

1. Introduction  

Surgically Assisted Rapid Maxillary Expansion (SARME) is an alternative for the treatment of transverse maxillary 

deficiency. In this modality, after surgery, the main points of maxillary reinforcement are removed, the expansive movement is 

performed gradually by dento-supported, dento-muco-supported, implanto-supported or osseo-supported with effects on the 

craniofacial skeleton that go beyond the simple uncrossing of the arches (Bishara et al., 1987; Bays et al., 1992; Babacan et al., 

2006; Gonçales et al., 2007; de Assis et al., 2011; Assis et al., 2013). 

Changes in the configuration of osteotomies, the type of expander device and the rate of activation have a great 

impact on the success and morbidity of the treatment. Some complications include: root resorptions, inclinations of the 

supporting teeth of the expanders, dental extrusions, inadequate expansion, undesirable bone fractures, gingival recessions, loss 

of bone between the incisors and even failure to expand (Bell et al., 1976; Schwarz et al., 1985; Bays et al., 1992; Basdra et al., 

1995; Gerlach et al., 2005; Babacan et al., 2006; Williams et al., 2012). 

Some studies have evaluated the effects of SARPE by comparing models of studies of individuals submitted to 

SARPE in the pre and postoperative period and its effects on inclination, rotation and movement of teeth in the maxillary arch 

(Chung et al., 2003; Seeberger et al., 2010; Kilic et al., 2013). 

Because of its characteristics and properties, the finite element method (FEM) has been one of the tools used by some 

authors to assist in the analysis of the behavior of craniofacial structures of individuals with skeletal facial deformities when 

submitted to surgically assisted rapid maxillary expansion, especially with respect to the comparison between different surgical 

techniques and the types of expanders (Jafari et al., 2003; Shetty et al., 2009; Boryor et al., 2010;  Gonçales, 2011; de Assis et 

al., 2014). 

Even though the FEM is part of a well-established study model in assessing the behavior of bone and dental structures 

versus dento-supported and dento-supported devices, standardized clinical trials regarding the use of palatine distractors are 

rarely found. 
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The aim of the present study was to evaluate, through the finite element method, the stress distribution pattern of 

SARME on maxillary structures using a bone-supported device. 

 

2. Methodology  

For the present research, a hemi-maxilla model was constructed considering a hypothesis of symmetry, so loading and 

results for the left and right side were identical. The simulated materials were considered isotropic, elastic, linear and 

homogeneous, that is, they are materials that have the same properties when subjected to the application of forces in all 

directions. The model was composed of cortical bone, teeth, mucosa and steel. The main  properties of the simulated materials are 

described in Table 1. 

 

Table 1: Isotropic mechanical properties of the simulated materials. 

Structures Young's Modulus / Elasticity (E) Poisson coefficient 

Cortical bone 17,5 GPa 0,3 

Tooth 20 GPa 0,3 

Mucosa 0,2 GPa 0,45 

Steel 210 GPa 0,3 

Source: Unit of measurement: GPa (Giga-Pascal). Adapted from  de Assis et al., (2014). 

 

After the importation of the geometry of the anatomical model of the simplified and deformed maxilla, a finite 

element mesh was generated with 279,419 tetrahedral elements and 432,828 nodes. 

 

Characteristics of the expander device 

The device considered was a bone-supported distractor, anchored in the maxilla through two screws. Because it is a 

simplified simulation, in which the program itself stipulates the contacts between the parts, the construction of the geometry of 

the screws did not consider the representation of the turns and the thread steps that compose them. 

The fixing screws of the device in the maxillary bone were positioned in the most neutral position possible, with the 

main role of stabilizing the device, thus leaving the distribution of the tensions to the rest of the device. 

The device was positioned over the medial palatine suture, fixed in the palatal region of the maxilla bones between the 

1st premolar and the 1st molar (Figure 1). They were the only posterior teeth kept in the model so as not to overload 

mathematical information in the software, and kept as fixed abutments in the maxilla without the presence of periodontal 

ligament in the condition of ankylosis. 
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Figure 1 – Anchorage location of the bone-supported device. 

 

Source: Authors. 

 

Expansion simulation 

The osteotomy was the Le Fort I subtotal straight, descending, with separation of the medial palatine suture and 

rupture of the pterygoid process. 

Friction between the contacts of the surfaces in the osteotomies was not considered, which were limited to a distance 

that simulated a cut “gap” equivalent to 1 mm. 

The distance set for the activation of the expander device was 0.5 mm, that is, 1 mm of expansion considering the 

movement of the two segments of the maxilla. At this distance, the maximum Von Mises stress of the metal of the expander 

device would be in a value close to the conventional flow limit of the steel. 

A nonlinear model was adopted for the analysis to contemplate large displacements in more advanced contact models. 

 

Finite element analysis 

The interpretation criteria for the present study followed established criteria, being the von Mises stress analysis 

(applied for static strength of ductile materials) and Maximum Principal Stress (MPS) (applied to friable materials such as 

bone structures). 

The results obtained from the load distributions (minimum principal stress, maximum principal stress and Von Mises 

stress) and displacement were analyzed in a descriptive way by means of a color scale map representing the value in 

MegaPascal (MPa) of the stresses exercised. 

 

3. Results 

Displacement pattern 

The amount of displacement of the model in the X, Y and Z axes is represented by color distribution fields, with the 

red color being the largest displacement and the dark blue color being the non-displacement. This color / displacement ratio 

can be seen on the graduation scale next to the images. 

The greater degree of displacement of the model can be observed in Figures 2 and 3, showing that the anterior part of 

the maxilla in the region of the canine incisors was the segment that most suffered movement during the simulation. The color 

map shows the regions in red that have suffered maximum displacement, corresponding to approximately 0.5 mm. 
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Figure 2: Occlusal view of displacement analysis on the X axis (mm). Proposed displacement of 1mm. 

 

Source: Authors. 

 

Figure 3: Front view of the X-axis displacement analysis model (mm). Scale from 0 to 0.58mm. 

 

Source: Authors. 

 

Tension distribution pattern 

Maximum Principal Stress - MPS 

The evaluation of MPS is used to evaluate and evidence the regions corresponding to tensile stresses. For the 

evaluation of the MPS, a color map graduation was used, in which positive values correspond to the tensile stress and negative 

values to the compression stress. 

The MPS showed higher tensile stresses in the vestibular alveolar bone, in the region of the premolar and molar 

borders, corresponding to the region of support of the expander device. Concentration in the small regions adjacent to the 

osteotomy was also evidenced in the areas near bone reinforcements such as the canine pillar, zygomatic pillar and 

pterygomaxillary suture. (Figure 4) 

There is a distribution of stresses distributed throughout the alveolar bone and palatine process in the palatal region, 

from the region of the premolars to the posterior region, except in the region that corresponds to the support of the expander 

device, in which there was a higher concentration of compressive stresses. (Figure 5) 

According to the negative values of the color map scale, it was possible to observe a higher concentration of 

http://dx.doi.org/10.33448/rsd-v11i2.25845


Research, Society and Development, v. 11, n. 2, e49811225845, 2022 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i2.25845 
 

 

6 

compression in the regions above the alveolar bone, especially in the zygomatic pillar region in the mobile segment of the 

maxilla, also affecting the area of the osteotomy (Figure 5). 

A concentration of compression stresses was observed at the support site of the distractor device, between the 

perforations of the screws, more specifically towards the posterior perforation. These forces seem to dissipate as they move 

away from the insertion site of the device (Figure 5). 

Still by palatal view, a concentration of these stresses was observed in the fixed part of the model, along the line of the 

osteotomy, evidencing the possible points of contact between the parts (Figure 5). 

In a transverse view, observing the relationship of the alveolar bone with the roots of the teeth of the model, we can 

observe a higher concentration of tensile stresses dissipating from the palatine side to the vestibular side through the alveolar 

ridge, transmitted mainly to the 1st molar palatine root and for a small portion of the cervical region of the teeth (Figure 5). 

 

Figure 4: Side view of the model of the Maximum Principal Stress observed in the alveolar bone region and around the 

zygomatic process, highlighted. Scale from -20 to 20 MPa. 

 

Source: Authors. 

 

Figure 5: Anteroposterior palatine view of the Maximum Principal Stress model observed in the palatal process region at 

10PM. Scale from -20 to 20 MPa. 

 

Source: Authors. 
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Minimum Primary Stress - MnPS 

The minimum primary stress (stress that evidences the areas of compression) is characterized by the bluer color, 

according to the negative values of the color map scale. It was possible to observe a higher concentration in the regions above 

the alveolar bone, especially in the zygomatic pillar region, both in the mobile segment of the maxilla and in the fixed segment, 

tangentiating the area of the osteotomy (Figure 6). 

 

Figure 6: Side view of the model of the Minimal Principal Stress observed in the upper region of the alveolar bone adjacent to 

the zygomatic process. Scale from -150 to 131 MPa 

 

Source: Authors. 

 

In the palatal region, a concentration of MnPS was observed at the distal device support site, between the perforations 

of the screws, more specifically toward the posterior perforation. These forces seem to dissipate as they move away from the 

insertion site of the     device (Figure 7). 

Still by palatal view, a concentration of these forces was observed in the fixed part of the model, along the line of the 

osteotomy, evidencing the possible points of contact between the parts (Figure 7). 

 

Figure 7: Palatal view of the Minimal Principal Stress observed in the region of support of the distractor and along the bone 

structures adjacent to the osteotomy. Scale from -150 to 131 MPa. 

 

Source: Authors. 

 

Von mises stress 

Static strength of ductile materials was applied. In general, greater stress is observed in the rod of the expander device 

that makes the connection of the body with the joint part of the extremity (Figure 8). With less intensity, stress was evident on 
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the surface of the device that is in contact with the maxilla, more specifically in the central region (Figure 9). 

 

Figure 8: Von Mises stress observed on the expander device stem. Scale from 0 to 2000 MPa. 

 

Source: Authors. 

 

Figure 9: Von Mises stress observed on the expander device. Scale from 0 to 2000 MPa. 

 

Source: Authors. 

 

4. Discussion  

According to Haas (1961), the dissipation of the forces generated when using a dento- muco-supported device is 

done in a more uniform way, distributed by the alveolar bone, fibers of the periodontal ligament and palate. Thus, it is a 

maximum anchoring device which generates less damage to the supporting teeth than when compared to the dento-supported  

device in the maxillary expansion process. 

The literature shows that the undesirable effects related to SARME are directly related to the pattern of 

distribution of tensile forces exerted through the different types of distractors for the maxillofacial structures. This 

transmission of forces generated by the expansion, when dissipated through devices with dental support, can generate 

undesired movements of the same (Koudstaal et al., 2009; Verstraaten et al., 2010). 

It is understood that the greater the distribution of stresses to the teeth, the greater the displacement and inclination 

of the teeth and consequently, the greater the probability of relapse of the obtained expansion, considering this as a dental 

recurrence, not a skeletal recurrence. Therefore, it is important to emphasize that the choice of the type of device used has a 

great influence on such effects of the SARME (Gonçales, 2011; de Assis et al., 2014). A tooth borne distractor may cause 
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orthodontic movement and with could lead to fenestration of the teeth, periodontal problems, gingival recession, resorption 

of roots, and dental tipping. Still, the bone borne distractor can cause rotation of the segments and asymmetrical widening 

(Aziz & Tanchyk, 2008; de Gijt et al., 2017). 

Seeberger et al., 2010 observed a "V" -like movement of the segments, with a greater expansion in the anterior 

region of the maxilla studying individuals submitted to SARME without the disjunction of the pterygomaxillary suture. 

Although our study model simulated the pterygomaxillary disjunctions, we also observed a similar initial opening pattern, 

with a greater transverse movement in the anterior region (approximately 1 mm) when compared to the molar region 

(approximately 0.6 mm). Corroborating with the systematic review by Verstraaten et al., 2010 who observed a tendency of 

the maxilla to suffer greater expansion in the anterior part with a "v" opening occurring when the device was anchored in the 

region of the second premolars, and without the surgical disjunction of the pterygoid process. 

Möhlhenrich et al., 2021 studied the influence of distractor position on surgically assisted rapid palatal expansion with 

or without pterygomaxillary disjunction, and they concluded that the disjunction of the pterygomaxillary suture appears to 

play a more important role in achieving a uniform and parallel transverse expansion of the maxilla than the position of the   

distractor, provided it is placed at the same level on both sides of the palate. 

The studies conducted by Shetty et al., 1994 and Shetty et al., 2009 using the FEM showed that the concentration 

of maximum principal stress distributed on the bone tissue is in the palatal region of the central incisors. Such data may 

justify the openness pattern observed in the present study. As a result of this stress in the incisor region,  Holzinger et al., 

2021 suggest that stress should not be applied to the incisors within 6 months of surgery, regardless of the protocol used, as 

bone density between the incisors decreases with progressive distraction. 

Comparing our results with those of de Assis et al., 2014, considering the displacement analysis, we found that in 

both models, where there was a separation between the maxilla and the pterygoid process, there is a sudden change in the 

color tone, characterizing a greater freedom of posterior movement of the maxilla when the pterygomaxillary disjunction 

was performed. 

The present study evaluated the same stress dissipation in a model adapted from de Assis et al., 2014, who 

evaluated dento-muco-supported devices, relating the bone-supported device to straight osteotomy, descending and 

disjunction of the pterygomaxillary suture. Differently from these authors, the model used demonstrated a higher 

concentration of stresses in the alveolar bone region, especially in the posterior region of the premolar to the tuberosity 

region, however, with a lower distribution of stresses to the adjacent teeth. 

Thus, the advantage in the choice of the bone-supported device is suggested since the stresses that dissipate in the 

bones tend to affect the teeth near the anchorage region of the device, which can clinically mean less tooth movement. 

Since the dissipation of stresses in the periodontal ligament caused by dental anchors decreases, the stress transmitted to 

the alveolar process and consequently, the inclination of the teeth also decreases (Bishara & Staley, 1987; Gauthier et al., 

2011). 

Such a pattern of stress dissipation may also be related to the inclination tendency of the maxillary bone segments 

with greater transverse opening in the border region compared to the floor region of the nasal cavity, as reported by Zandi et 

al., 2016 and Asscherickx et al., 2016. 

With a study model quite similar to the present study, de Assis et al., 2013 were able to show, in one of their models 

(M5), the distribution of stress and compressive stress dissipating from the dento-muco-supported device to the supporting 

teeth and consequently to the facial skeleton. With these results it has been proven that such stresses can cause dental 

movements of the supporting teeth, thus increasing the risk of dental complications. In contrast, the present study using the 

http://dx.doi.org/10.33448/rsd-v11i2.25845
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same FEM model, with the preparation of the palatine bone distractor, proved that the dissipation of the stresses and 

compression stresses are distributed with greater intensity of the device to the alveolar bones and, more comfortably, by the 

teeth adjacent to the device supports. Therefore, when  reducing stresses distributed to the teeth, the bone-supported device 

may be more useful in reducing the dental complications of the SARME, as well as in the rate of dental recurrence. 

Associated with this, the combination of the Le Fort I subtotal osteotomy with the intermaxillary suture osteotomy and with 

the disjunction of the pterygomaxillary process should be the osteotomy of choice aiming at the same purpose. 

The difficulty in carrying out a study with all the characteristics suitable for a thorough evaluation of the effects of 

the SARME comparing surgical techniques and the types of devices used, make FEM a viable simulation tool accessible to 

the dentist who becomes reliable with time. Therefore, it is possible to emphasize the difficulty in understanding the 

changes produced by the SARME without the aid of an associated technological evaluation (Verstraaten et al., 2010). 

Another component evaluated in the present research was the distribution of stresses along the bone-supported 

apparatus, through the Von Mises stress. The results showed a high concentration of stress in the rod of the stress, between 

the body and the end, showing the site of greater fragility of this system. Because the anchor screws of the device are 

positioned to remain more neutral, no stresses transmitted to this structure were observed. Since the positioning of these 

screws in a real clinical situation happens differently, these screws do not act in a neutral way as seen in the present study. 

This may explain the intercurrences related to the devices seen by Ramieri et al., 2005, represented by the losses of the 

fastening screws or the device module. The authors also describe complications such as ulcers in the palatal mucosa. In the 

present work we observe, when evaluating the images of the minimum principal stress, compression areas concentrated in the 

region of support of the platform of the device. This compression may justify the occurrence of these complications. 

They could also show that for the use of the bone-supported devices, it is necessary to perform the osteotomies 

since they promote a dissipation of efforts for the infraorbital regions, all extension between the ENA and ENP and skull 

base. Some of these findings could be observed in the present research, mainly related to tensile dissipation in the palatal 

region and posterior region. Even the model containing only parts of the craniofacial structures modeled the comparison 

between different osteotomies made by de Assis et al., 2013, demonstrating the behavior of the stresses described by the 

authors. 

These findings may explain the occurrence of complications described in the literature such as skull base fractures 

resulting in a carotid-cavernous fistula and also fractures in the sphenoid sinus roof, resulting in partial paralysis of the 

oculomotor nerve (Lanigan & Mintz, 2002; Carneiro et al., 2013). 

Although clinical studies have provided useful results, accurate and long-term evaluation of the biomechanical 

effects of orthopedic forces on internal bone structures, including craniofacial complex sutures, has been limited (Lee et 

al., 2014). 

However, further studies are needed to evaluate how the behavior of maxillary bone displaced by the constant 

stress generated at the points of greatest tensile and compressive stress concentration could be considered, since the model 

simulates the reaction of these structures only in their initial movement. There are technical difficulties in creating 

more complex models that can contemplate their effects in the long term. Thus, it is clear the need to create models that can 

simulate the effects of SARME. 

In general, when analyzing the results found in the literature of SARME with the effects of dental anchoring 

devices, we can say that the advantages with respect to the use of bone-supported devices could be observed and highlighted 

by the results of the present research. However, it is important to point out that these data come from the analysis of a 

virtual model simulation, so they should not be faithfully transported to actual clinical conditions. Since these results also 
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refer only to the initial behavior of the effects of SARME, studies like these do not make very clear how the behavior of the 

displaced maxillary bones could be when exposed to the constant effort generated in the points of greater concentration of 

traction and compression stresses. 

Despite the limitations of the method, due to the simplification of the models, such as the fact that in the present 

model only a part of the pterygoid process was modeled, the presented results showed coherence with the findings in the 

literature in the analyzed aspects, showing a tendency of lower transmission of stress to the teeth of the alveolar ridge, 

consequently leading to a lower risk of complications. We believe although that the effects on dental inclinations shown in 

the present study are not yet completely ruled out by the use of bone-supported devices, as pointed out by Koudstaal et al., 

2006 and Koudstaal et al., 2009. 

5. Conclusion 

We can conclude that the transmission of stresses resulting from the use of the bone- supported expander device does 

not appear to be sufficient to cause significant tooth dislocation. The use of the bone-supported expander can be considered 

as a viable option in extreme cases where the dental movement caused by the expansion is more critical. Taking into 

account the optimal positioning of the device’s anchor screws, the most fragile and most susceptible part of the system 

failure is related to the rod connecting the body to the distractor end. 
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