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INTRODUCTION 

Class III skeletal malocclusion, also known as “underbite” can be due to maxillary 

deficiency or mandibular excess or combination of both. Prevalence rate of Class III 

malocclusion ranges from 0-26.7% depending upon the racial group. It affects nearly 

4.8% in Europeans and 15.80% in Southeast Asians (1). It is one of the most common 

facial deformities seen in Asian population (2). Indian population shows relatively low 

prevalence rate compared to other populations- 2.5% in North Indian population (3), 

2.1%- 4.1% in South Indian population (4,5). Maxillary hypoplasia is the primary 

etiological factor in most of the Class III skeletal malocclusion cases (6, 7, 8). 

Conventional treatment options in growing patients with skeletal Class III malocclusion 

involves extraoral devices like facemask to protract maxilla, chin cup to restrain 

mandibular growth, Frankel functional regulator III, reverse twin block depending on 

the skeletal deformity present. Maxillary protraction facemask has shown 4 mm of 

advancement of maxilla within 8-12 months (9). However, such appliances often have 

unwanted dento-alveolar changes which includes proclination of the maxillary incisors, 

lingual tipping of the mandibular incisors, extrusion and mesial tipping of the maxillary 

molars and clockwise rotation of mandible (10,11). Moreover, successful facemask 

therapy has been shown to be limited to the primary or early mixed dentition stage (12). 

Success   through conventional orthopedic treatment approach is more dependent on 

patient compliance. Long term follow-up has shown evidence of 25%-33% relapse of 

negative overjet after growth completion when patients were treated by conventional 

facemask therapy (13, 14, 15). 

With the introduction of temporary anchorage devices (TAD) in orthodontics, different 

approaches have been developed to treat Class III skeletal malocclusion such as 

placement of miniplates on the lateral nasal wall followed by maxillary protraction 

through modified facemask; hybrid hyrax approach and intraoral traction through 

zygomatic miniplates. 

De Clerck et al. (16) proposed innovative treatment option for growing Class III 

patients with maxillary deficiency using miniplates, together with intermaxillary Class 

III elastics for promoting more orthopaedic effects. This technique is referred to as ZAS 

(Zygoma anchorage system) or BAMP (bone anchored maxillary protraction). It 

involves placement of four orthodontic miniplates (two on each side): Upper plates are 
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inserted at first and second molar level (infra-zygomatic crest), while the lower plates 

are inserted between the lateral incisor and canine.150gm, 250gm and 400gm of Class 

III force is applied sequentially.  

Heymann et al. (17) observed significant forward displacement of orbitale, upper lip, 

nasal region and posterior repositioning of mandible after the BAMP procedure. The 

reason for forward displacement is thought to be significant opening of the 

craniomaxillary sutures. Hino et al. (18) found one sixth of BAMP patients shows a 

predominantly vertical maxillary displacement. Clerck et al. (19) found remodelling of 

the glenoid fossa at the anterior eminence and bone resorption at the posterior wall 

during bone anchored maxillary protraction.  

Yan et al. (20) reported significant amount of stress generation around circum-

maxillary sutures during bone anchored maxillary protraction as compared to dental 

anchorage. Lee et al. (21) found that stress distribution pattern depends on the site of 

placement of miniplates. Stress values in frontonasal, fronto-maxillary, 

zygomaticomaxillary and pterygomaxillary sutures are greater when implants are 

placed in the infrazygomatic crest than on the lateral nasal wall in a finite element 

model. But stress pattern generated during this procedure in the mandible and 

temporomandibular joint components was not reported in these studies. (20,21) 

Bhad et al. (22) found more restraining effect of the mandible contributing in the 

skeletal changes rather than forward displacement of maxilla from a finite element 

analysis (FEA). However, biomechanical reaction of soft tissue of temporomandibular 

joint (TMJ) was not studied and anchor plates were not assembled in the computed 

tomography (CT) scan mesh model. Tanaka et al. (23) studied the stress distribution 

pattern in the temporomandibular joint of a normal subject on a finite element model 

constructed from magnetic resonance imaging (MRI) slices and indicated that during 

jaw opening relatively high stresses are produced in the anterior and posterior regions 

of articular disc. However, there is no study evaluating the effects of BAMP protocol 

on soft tissue and hard tissue structures of TMJ. Therefore, the aim of the present study 

was to evaluate stress distribution among various circum-maxillary sutures, condyle 

and articular disc during bone anchored maxillary protraction. 
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AIMS AND OBJECTIVES 

Aims: 

To analyze stress distribution pattern in the circum-maxillary sutures, 

mandibular condyle and articular disc and displacement of various surface landmarks 

during bone anchored maxillary protraction procedure. 

Objectives: 

1. To measure maximum Von Mises stress values at circum-maxillary sutures, 

condylar head and articular disc during application of intermaxillary Class III 

protraction force of 150, 250, and 400 gm force at an angle of 10°,20°, and 30° 

to the occlusal plane. 

2. To measure the displacement of anterior nasal spine (ANS), posterior nasal 

spine (PNS), pogonion and condylion in anteroposterior and vertical dimension 

during application of intermaxillary Class III protraction force of 150, 250, and 

400 gm at an angle of 10°,20° and 30° to the occlusal plane. 

 

Research Question: 

1. How are the stresses distributed in the circummaxillary sutures, mandibular 

condyle and articular disc of the temporomandibular joint during application of 

Class III protraction force of 150, 250, and 400 gm force at an angle of 10°, 20°, 

and 30° to the occlusal plane? 

2. How does anterior nasal spine (ANS), posterior nasal spine (PNS), pogonion 

and condylion displace in anteroposterior and vertical dimension during 

application of Class III protraction force of 150, 250, and 400 gm at an angle of 

10°,20°, and 30° to the occlusal plane? 
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                                    REVIEW OF LITERATURE 

• Tanne et al. (24) in 1989, investigated the biomechanical effect of protractive 

maxillary orthopedic forces on the craniofacial complex using three-dimensional 

finite element method (FEM). The three-dimensional FEM model of dry skull was 

developed on the of a young human being. Eighteen cranial and facial sutural 

systems were integrated in the model. An anteriorly directed 1-kg force was applied 

on the buccal surfaces of the maxillary first molars in both a horizontal direction and 

a 30° downward direction to the functional occlusal plane.  

The nasomaxillary complex showed a forward displacement with upward and 

forward rotation in a horizontal protraction case, whereas a downward force 

produced almost translatory repositioning of the complex in an anterior direction. 

High stress levels were observed in the nasomaxillary complex and its surrounding 

structures. However, the pattern of stress distributions within the complex was 

different in two force systems. A downward protraction force produced relatively 

uniform stress distributions, indicating the importance of the force direction in 

determining the stress distributions from various orthopedic forces. 

• Gautam et al. (25) in 2009, evaluated biomechanical effect of two treatment 

modalities: maxillary protraction alone and in combination with maxillary 

expansion, by comparing the displacement of various craniofacial structures using 

finite element method. Two three-dimensional analytical models were developed 

from sequential computed tomography scan images taken at 2.5-mm intervals of a 

dry young skull. AutoCAD and ANSYS software were used to generate the mesh 

model and solution of problem. In the first model, maxillary protraction forces were 

simulated by applying one kg of anterior force 30° downward to the palatal plane. 

In the second model, a 4-mm midpalatal suture opening and maxillary protraction 

were simulated. 

Forward displacement of the nasomaxillary complex with upward and forward 

rotation was observed with maxillary protraction alone. No rotational tendency was 

noted when protraction was carried out with 4 mm of transverse expansion. The 

amounts of displacement in the frontal, vertical, and lateral directions with 

midpalatal suture opening were greater compared with no opening of the midpalatal 
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suture. The forward and downward displacements of the nasomaxillary complex 

with maxillary protraction and maxillary expansion more closely approximated the 

natural growth direction of the maxilla. Displacements of craniofacial structures 

were more favourable for the treatment of skeletal Class III maxillary retrognathia 

when maxillary protraction was used with maxillary expansion. 

• De Clerck et al. (16) in 2009, treated three girls of 10-11 years age having skeletal 

Class III malocclusion with retrognathic maxilla, by placing four bollard type 

titanium miniplates at the infrazygomatic region of the upper jaw and between lower 

lateral incisor and canine bilaterally. 100 gm of Class III intermaxillary force was 

applied twenty hours a day for one year. lateral cephalograms were taken at the pre-

treatment stage, end of orthopaedic correction and at follow up period. 

Cephalometric evaluation showed a marked increase of ANB angle, Wits, and facial 

convexity values in all three cases. No rotation of the mandible was observed in two 

cases, whereas a slight clockwise rotation was seen in one case; there was a slight 

counter-clockwise rotation of the maxilla in all patients. No major changes were 

found in the upper incisor inclination, whereas the lower incisors were proclined. 

During the follow-up period (from end of treatment to 11 to 38 months later), the 

Class III correction was maintained. Cone-beam computed tomography scans from 

one case were superimposed on the anterior cranial base. Significant forward 

movement of the maxilla and the infraorbital border was observed, whereas the 

horizontal growth of the mandible was restricted. 

• De Clerck et al. (26) in 2010, analyzed the treatment effects of bone-anchored 

maxillary protraction (BAMP) with miniplates in the maxilla and mandible in a 

treated sample consisted of twenty-one Class III patients. Records were taken before 

the pubertal growth spurt (mean age, 11.10 ± 1.8 years) and re-evaluated one year 

after BAMP therapy. The treated group was compared with a matched control group 

of eighteen untreated Class III subjects.  

Sagittal measurements of the maxilla showed significant improvements during 

active treatment (about 4 mm more than the untreated controls), with protraction 

effects at orbitale and pterygomaxillare. Significant improvements of overjet and 

molar relationship were recorded, as well as in the mandibular skeletal measures at 

Point B and pogonion. Vertical skeletal changes and modifications in incisor 
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inclination were negligible, except for a significant proclination of the mandibular 

incisors in the treated group. Significant soft-tissue changes also reflected the 

underlying skeletal modifications.    

• Cevidanes et al. (27) in 2010, compared two protocols for maxillary protraction- 

bone anchors versus face mask with rapid maxillary expansion. Changes in 

dentoskeletal cephalometric variables from start of treatment (T1) to end of active 

treatment (T2) with an average T1–T2 interval of about 1 year were contrasted in a 

BAMP sample of twenty-one subjects with RME/FM (rapid maxillary expander with 

facemask) sample of thirty-four patients. They observed that the BAMP protocol 

produced significantly larger maxillary advancement than the RME/ FM therapy 

(with a difference of 2 mm to 3 mm). Mandibular sagittal changes were similar, 

while vertical changes were better controlled with BAMP. The sagittal 

intermaxillary relationships improved 2.5 mm more in the BAMP patients. 

Additional favourable outcomes of BAMP treatment were the lack of clockwise 

rotation of the mandible as well as a lack of retroclination of the lower incisors. The 

BAMP protocol produced significantly larger maxillary advancement than the 

RME/FM therapy. 

• Heymann et al. (17) in 2010, analyzed three dimensional effects of maxillary 

protraction with intermaxillary elastics to miniplates. Six patients with Class III 

occlusion and maxillary deficiency were treated by using intermaxillary elastics to 

titanium miniplates. Cone-beam computed tomography scans taken before and after 

treatment were used to create 3-dimensional volumetric models that were 

superimposed on nongrowing structures in the anterior cranial base to determine 

anatomic changes during treatment. They found that the effect of the intermaxillary 

elastic forces was throughout the nasomaxillary structures. All six patients showed 

improvements in the skeletal relationship, primarily through maxillary advancement 

with little effect on the dentoalveolar units or change in mandibular position. The 

changes in the anterior mandibular region were more variable in both magnitude and 

direction. There were small individual differences in surface distances between the 

left and right condyles, but all patients showed a positive change on the posterior 

surfaces and a negative (inward) change on the anterior surfaces. 
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• Nguyen et al. (28) in 2011, assessed three-dimensional changes associated with bone 

anchored maxillary protraction in the maxilla, the surrounding hard and soft tissues, 

and the circum-maxillary sutures. Twenty-five consecutive skeletal Class III patients 

between the ages of nine and thirteen years (mean, 11.10±1.1 years) were treated 

with Class III intermaxillary elastics and bilateral miniplates (two in the infra-

zygomatic crests of the maxilla and two in the anterior mandible). Cone-beam 

computed tomographs were taken before initial loading and 1 year out. Three-

dimensional models were generated from the tomographs, registered on the anterior 

cranial base, superimposed, and analyzed by using colour maps. The maxilla showed 

a mean forward displacement of 3.7 mm, and the zygomas and the maxillary incisors 

came forward 3.7 and 4.3 mm, respectively. This treatment approach produced 

significant orthopedic changes in the maxilla and the zygomas in growing Class III 

patients. 

• Lee and Beak (21) in 2012, in a finite element analysis, compared the pattern and 

amount of stress and displacement between maxillary protraction with miniplates 

placed at the infra-zygomatic crest and the lateral nasal wall from two separate finite 

element model. After a protraction force (500 g/side) was applied to the distal end 

of the miniplate with a forward and 30° downward vector to the maxillary occlusal 

plane, stress distributions in the circum-maxillary sutures and displacements of the 

surface landmarks were analyzed. They found difference in the maximum stress 

distribution area according to the site of the miniplate: infra-zygomatic crest and 

middle part of the maxilla in the infra-zygomatic crest and paranasal area adjacent 

to the pyriform aperture in the lateral nasal wall. Stress values of the frontonasal, 

frontomaxillary, zygomaticomaxillary, and pterygomaxillary sutures were greater in 

the infra-zygomatic crest than in the lateral nasal wall. The lateral nasal wall 

exhibited forward, downward, and outward displacements of ANS, Point A, and 

prosthion. However, the infra-zygomatic crest showed forward and upward 

displacements of ANS, Point A, and prosthion, and outward displacement of the 

zygomatic process of the maxilla and the maxillary process of the zygomatic bone. 

They concluded that, the site of miniplate placement should be considered to obtain 

proper stress and displacement values in different areas with maxillary hypoplasia. 
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• De Clerck et al. (19) in 2012, evaluated three dimensional changes in mandibular 

and glenoid fossa after bone-anchored Class III intermaxillary traction. Twenty-five 

consecutive skeletal Class III patients between the ages of nine and thirteen years 

(mean age,11.10 ± 1.1 year) were treated with Class III intermaxillary elastics and 

bilateral miniplates. The patients had cone-beam computed tomography (CBCT) 

images taken before initial loading and at the end of active treatment. Three-

dimensional models were generated from these images, registered on the anterior 

cranial base, and analyzed by using colour maps. 

Posterior displacement of the mandible at the end of treatment was observed in all 

subjects (posterior ramus: mean, 2.74 ± 1.36 mm; condyles: mean, 2.07 ± 1.16 mm; 

chin: mean, -0.13 ± 2.89 mm). Remodeling of the glenoid fossa at the anterior 

eminence (mean, 1.38 ± 1.03 mm) and bone resorption at the posterior wall (mean, 

-1.34 ± 0.6 mm) were observed in most patients. 

• Fernandez et al. (29) in 2012, in a systematic review compared the effects of bone 

and dento-alveolar dentofacial orthopedics for Class III malocclusion. Thirty studies 

were selected after applying the criteria. Protraction rates differed within a range of 

one- to two-fold between bone-anchored and dentoalveolar therapies. All studies 

noted the effect of clockwise rotation on the mandible and an increase in inferior-

anterior and total facial height; this was more obvious in dentoalveolar therapy than 

in bone-anchored orthopedics. Dental parameters like overjet increased significantly 

with both sets of groups, ranging from 1.7 to 7.9 mm with dentoalveolar therapy and 

from 2.7 to 7.6 mm with bone-anchored orthopedics. 

• Yan et al. (20) in 2013, compared the biomechanical effects in craniomaxillary 

complex during maxillary protraction with bone anchorage vs conventional dental 

anchorage. Two finite element models were developed. One simulated maxillary 

protraction with dental anchorage in the maxillary first molars and the other with 

bone anchorage in the infra-zygomatic buttresses of the maxilla. The magnitude of 

the applied forces was 500 gram per side, and the force directions were 0°, 10°, 20°, 

and 30° forward and downward relative to the occlusal plane. They observed that 

the finite element model of the craniomaxillary complex could displace in an almost 

translatory manner when the force direction was about 20° in the bone anchorage 

model and about 30° in the dental anchorage model. The nodes representing the 
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sutures at the back of the maxilla showed greater stress in the bone anchorage model 

than in the dental anchorage model in the same force direction. It is the opposite at 

the front of the maxilla. 

• Hino et al. (18) in 2013, evaluated the growth and treatment effects on the midface 

and the maxillary dentition produced by facemask therapy in association with rapid 

maxillary expansion (RME/FM) compared with bone-anchored maxillary 

protraction (BAMP). Forty-six patients with Class III malocclusion were treated 

with either RME/FM (n= 21) or BAMP (n =25). Three-dimensional models 

generated from CBCT scans, taken before and after approximately 1 year of 

treatment, their study showed that orthopedic changes could be obtained with both 

RME/FM and BAMP treatments, with protraction of the maxilla and the zygomas. 

Approximately half of the RME/FM patients had greater dental than skeletal 

changes, and a third of the RME/FM compared with 17% of the BAMP patients had 

a predominantly vertical maxillary displacement. 

• Zhang et al. (30) in 2015, evaluated displacements prediction from 3D finite element 

model of maxillary protraction with and without rapid maxillary expansion in a 

patient with unilateral cleft palate and alveolus, deformation of the craniomaxillary 

complex after applied orthopaedic forces in different directions were also assessed. 

A three-dimensional finite element model of 1,277,568 hexahedral elements (C3D8) 

and 1,801,945 nodes was established based upon CT scan of a patient. A force of 

4.9 N per side was directed on the anatomic height of contour on the buccal side of 

the first molar. The angles between the force vector and occlusal plane were −30°, 

−20°, −10°, 0°, 10°, 20°, and 30°. Protraction force alone led the craniomaxillary 

complex moved forward and counter-clockwise, accompanied with lateral constrain 

on the dental arch. Additional rapid maxillary expansion resulted in a more positive 

reaction including both larger sagittal displacement and the width of the dental arch 

increase. 

• Eid et al. (31) in 2016, evaluated the effect of bone-anchored maxillary protraction 

in treatment of growing patients with Class III malocclusion. The sample of this 

study consisted of ten subjects. Each treated patient had four miniplates that were 

inserted between the lower left and right lateral incisor and canine and on the left 

and right infrazygomatic crest of the maxillary buttress. Class III elastics were 
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applied between the miniplates on each side for twenty- four hours a day. The initial 

force was 300 g per side increased to 350 after one month and increased to 450 g per 

side two months later. Lateral cephalograms of each patient were evaluated at the 

beginning of treatment (T1), at the end of active treatment (T2). The effect of 

treatment was compared to the effect of growth changes in a matched untreated 

control group of the same malocclusion. The bone-anchored maxillary protraction 

approach induced a significant orthopedic maxillary advancement, and retarded the 

mandibular growth with improvement of facial profile. Maxillomandibular 

divergency was increased mainly due a counter-clockwise rotation of the maxilla. 

• Yatabe et al. (32) in 2017, evaluated the mandibular and glenoid fossa (GF) changes 

after bone-anchored maxillary protraction (BAMP) therapy in patients with 

unilateral complete cleft lip and palate (UCLP). The cleft group (CG) comprised of 

19 patients with mean age of 11.8 years. The noncleft group (NCG) comprised 24 

patients without clefts with mean initial age of 11.7 years. Both groups had Class III 

malocclusion and were treated with BAMP therapy for 18 and 12 months, 

respectively. Cone-beam computed tomography (CBCT) scans were performed 

before and after treatment and superimposed on the anterior cranial fossa (ACF). 

Mandibular rotations and three-dimensional linear displacements of the mandible 

and GF were quantified.  

Immediately after active treatment, the GF was displaced posteriorly and laterally in 

both groups relative to the ACF. The overall GF changes in the CG were 

significantly smaller than in the NCG. Condylar displacement was similar in both 

groups, following a posterior and lateral direction. The gonial angle was displaced 

posteriorly, laterally, and inferiorly in both groups. The intercondylar line rotated in 

opposite directions in the CG and NCG groups. In the CG, most changes of the GF 

and mandible were symmetrical. Overall, GF and mandibular changes after BAMP 

therapy were similar in patients with and without clefts. The exception was the 

posterior remodeling of the GF that was slightly smaller in patients with UCLP. 

• Ozdemir et al. (33) in 2018, studied the different skeletal advancement methods used 

in the treatment of maxillary retrusion patients. Computed tomography images of a 

young adolescent patient with maxillary retrusion were processed using three-

dimensional medical image processing software to obtain a patient-specific model. 
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Three different treatment scenarios were envisaged for the finite element analysis. 

In the first scenario, rapid maxillary expansion (RME) and face mask (FM); in the 

second, bone-assisted maxillary advancement and RME, and in the third, hybrid 

hyrax and mentoplate combination methods were used. The hyrax screw was 

activated by 0.25mm in each model, with a force of 500g in the first scenario and 

250g in the second and third scenario for each side. Von Mises stresses and the initial 

displacements were evaluated when different maxillary protraction methods were 

applied. They found that similar stress distributions were observed in the skull where 

the methods of RME/FM model and bone-assisted maxillary advancement were 

used. Stresses were higher than the hybrid hyrax and mentoplate combination 

method. When the displacement values were compared, anterior movement was 

found in the maxilla in the bone-supported model to include the middle face, while 

anterior movement of maxilla was detected on the Le Fort 1 level with the hybrid 

hyrax and mentoplate combination method. Dentoalveolar anterior movement was 

detected in the RME/FM model. It was observed that the bone-assisted maxillary 

advancement method provides more skeletal efficiency than the RME/FM and the 

hybrid hyrax and mentoplate combination methods. 

• Hevele et al. (34) in 2018, evaluated the failure rate and associated factors through 

a retrospective study of 218 patients. A total of 218 patients (112 males and 106 

females) with average 11.4 years, treated by 38 orthodontists, received four 

miniplates (total 872 miniplates) from 2008 to 2016 at three maxillofacial centers in 

two countries. Factors affecting the success and failure of the miniplates were 

retrospectively examined and skeletal changes on cephalometric radiographs 

examined for 52 patients. Elastic traction was performed for 22.9 months, on 

average. The miniplate survival rate was 93.6%. 25.7% of the patients suffered 

failure of one of the miniplates. Postoperative antibiotics and placement of the neck 

of the miniplate in the attached gingiva significantly improved the success rate. 

Miniplate failure was six times higher in the maxilla and occurred more in younger 

patients. Self-drilling screws were significantly better than self-tapping screws for 

fixing the miniplate. In conclusion, bone-anchored maxillary protraction on four 

miniplates is an effective method for correcting a Class III relationship, but has less 

skeletal effect than previously reported in the literature. 
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• Eom et al. (35) in 2018, analyzed initial displacement and stress distribution of the 

maxillofacial complex during dentoskeletal maxillary protraction with various 

appliance designs placed on the palatal region by using three-dimensional finite 

element analysis. Six models of maxillary protraction were developed: conventional 

facemask (Type A), facemask with dentoskeletal hybrid anchorage (Type B), 

facemask with a palatal plate (Type C), intraoral traction using a Class III palatal 

plate (Type D), facemask with a palatal plate combined with rapid maxillary 

expansion (RME; Type E), and Class III palatal plate intraoral traction with RME 

(Type F). In Types A, B, C, and D, maxillary protraction alone was performed, 

whereas in Types E and F, transverse expansion was performed simultaneously with 

maxillary protraction. Type C displayed the greatest amount of anterior 

dentoskeletal displacement in the sagittal plane. Types A and B resulted in similar 

amounts of anterior displacement of all the maxillofacial landmarks. Type D showed 

little movement, but Type E with expansion and the palatal plate displayed a larger 

range of movement of the maxillofacial landmarks in all directions. The palatal plate 

served as an effective skeletal anchor for use with the facemask in maxillary 

protraction. In contrast, the intraoral use of Class III palatal plates showed minimal 

skeletal and dental effects in maxillary protraction. In addition, palatal expansion 

with the protraction force showed minimal effect on the forward movement of the 

maxillary complex. 

• Jayan et al. (36) in 2019, evaluated displacement and stress distribution in 

maxillofacial complex following maxillary protraction with conventional and 

modified facemask using finite element analysis. Cone beam computerized 

tomography images are used to generate two finite element models. A force of 1500 

gram was applied at 30 degrees in a downward and forward direction to the maxillary 

occlusal plane in the first model and at a distance of 15 mm and parallel to the 

maxillary occlusal plane in the second model. Stress generated in the 

frontomaxillary, pterygomaxillary, zygomaticomaxillary, zygomaticofrontal and 

zygomaticotemporal sutures and the displacement of the frontal process of the 

maxilla, Prosthion, point A and FA point of the first molar were studied in both 

models. In the modified face mask, maximum stresses were generated in the 

zygomaticotemporal suture and frontomaxillary sutures. In the conventional 

facemask, maximum stresses were generated in the pterygomaxillary and 
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zygomaticomaxillary sutures. In the modified facemask, landmarks Prosthion, point 

A and FA point of the first molar showed greater movement in the anterior direction 

and in the transverse direction. In the vertical direction, the magnitude of 

displacement of the frontal process of the maxilla, prosthion, point A and FA point 

of the first molar was more in the conventional facemask. The modified facemask 

demonstrated lesser magnitude of maxillary rotation in a counter-clockwise 

direction and more anteroposterior movement as compared to the conventional 

facemask. 

• Khan et al. (37) in 2020, measured the stress distributions on the temporomandibular 

joint (TMJ) due to the face mask appliance using different levels of forces and 

different angulations using finite element analysis. Three-dimensional finite element 

model of the craniofacial complex was constructed from a cone-beam computed 

tomography (CBCT) scan of a patient, with the help of the Mimics software. The 

forces were applied on the hooks and the anchorage was taken from the chin and the 

forehead. Four different force directions were applied—0, 10, 20, and 30° from the 

occlusal plane with each having three different force levels, 800 g, 1000 g, and 1200 

g (combined force on both sides). The stress distribution of TMJ was analyzed. The 

results indicated that the maxillary protraction appliance had a reactionary force on 

TMJ. Maximum stress was observed with 1200 g load and at the 0° angulation 

condition and the minimum stress was observed for 800 g load and at an angulation 

of 30°. On the articular disk, condylar cartilage, glenoid fossa, and condyle, stresses 

increased with increase in load. However, with an increase in angulation for the 

given load, the stresses reduced gradually. 

• Rai et al. (38) in 2021, evaluated the biomechanical effects on maxillomandibular 

complex of skeletally anchored Class III elastics with varying angulations using the 

3D finite element analysis. Two 3-dimensional analytical models were developed 

using the from sequential computed tomography images taken from a Skeletal Class 

III subject. The models were meshed into 465,091 tetrahedral elements and 101,247 

nodes. Intraoral mechanics for skeletally anchored maxillary protraction (I-SAMP) 

were applied on two models i.e. A and B (without and with maxillary expansion 

respectively) between miniplates on maxilla and mandible on both right and left 

sides with three different angulations of forces—10°, 20° and 30°. Although the 

craniomaxillary complex in both the models (A and B) displaced forward while 
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demonstrating rotations in opposite directions, the displacements and rotations 

decreased gradually with the increase of the angle of load application from 10° to 

30°. The mandible rotated clockwise in both the simulations, but the displacement 

of mandibular surface landmarks was higher in Simulation A. However, the antero-

inferior displacement of the glenoid fossa was higher in Simulation B than in A. 

Significant displacement of maxillofacial sutures and structures was witnessed with 

I-SAMP with maxillary expansion. 

• Bhad et al. (22) in 2021, evaluated the stress distribution on maxilla, mandible, and 

glenoid fossa after application of Class III intermaxillary anteroposterior orthopedic 

forces of 150, 250, and 400 gm applied to a three‑dimensional (3D) model of the 

young human dry skull. A 3D finite element model was developed from the 

computed tomography images of a growing boy (age, 13 years). ANSYS software 

used to simulate Class III force of progressively increasing intensity over maxilla, 

mandible, and glenoid fossa to quantify the biomechanical reaction with two 

components, direction and stress. Detailed changes were quantified in the 

maxillofacial sutures, dentition, mandible, and glenoid fossa with bone‑anchored 

maxillary protraction (BAMP) to analyze their effects. As the force increases from 

150, 250 to 400 g, stresses are increased on all structures associated except maxillary 

central incisor which showed a decrease in the stresses. Stress generated at the 

circum-maxillary sutures was minimal. As with any other Class III force, stresses 

were distributed on whole of condyle, capsular ligament, and minimal at glenoid 

fossa. 
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MATERIALS AND METHODS 

 

Setting and Location  

The study was conducted in the Department of Dentistry, All India Institute of Medical 

Sciences Jodhpur in collaboration with Department of Mechanical Engineering, Indian 

Institute of Technology Jodhpur. Ethical approval was obtained from the Institutional 

Ethics Committee, AIIMS Jodhpur (AIIMS/IEC/2021/3303), Rajasthan, India. An 

informed consent was signed by the child’s father to use computed tomography (CT) 

images and magnetic resonance image (MRI) after clarifying the aims and purpose of 

this research. 

Source of Data   

Pre-treatment CT scan of skull and MRI scan image of temporomandibular joint of a 

growing patient presenting with Class III skeletal malocclusion with maxillary 

deficiency was taken. The patient underwent orthodontic treatment. 

Study Design    

This is an in-vitro three-dimensional finite element analysis study evaluating the stress 

distribution pattern on a finite element model (FEM). 

Sample Selection Criteria  

Inclusion Criteria: - 

a. Growing patient with age range between 11 to 13 years 

b. Skeletal Class III malocclusion with: - 

i. ANB angle -4 degree or less;  

ii. wits appraisal -2 mm or less;  

iii. Frankfort mandibular plane angle 25 degree or less. 

Exclusion Criteria: - 

a. Asymmetric skeletal structures 

b. Fracture or discontinuity in maxilla or mandible 

c. Presence of any pathological lesion in maxillofacial region 
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METHODOLOGY   

After taking approval from Institutional Ethics Committee (IEC), pre-treatment 

computed tomography (CT) scan images of skull and magnetic resonance imaging 

(MRI) scan of temporomandibular joint of a patient, presented with Class III 

malocclusion were taken based on the inclusion and exclusion criteria. 

ACQUISITION AND STANDARDIZATION OF SCAN 

Helicoidal, multi-slice CT scan acquisition was performed with a Somaton Definition 

Flash 128-slice Siemens CT scanner (Siemens, Xangai, China) with a voxel size of 

200mm3, slice thickness of 1mm at 120 kV, 230 mA. The scan was obtained with the 

bite in maximum intercuspation. The scanned images were saved in DICOM (Digital 

Imaging and Communications in Medicine) file format. 

MRI scan of temporomandibular joint was performed with high intensity 3-Tesla 

magnet (GE 3T Discovery MR750w, Siemens, Xangai, China) and in a 3-in dual 

surface coil. Slice thickness of the scanned image was 2mm and images were captured 

at 0.5 mm interval. Scanning was done in closed and open mouth position keeping the 

patient in supine position. The scanned images were saved in DICOM file format. 

The analytical three-dimensional FEM model of the cranio-maxillary complex was 

generated from the CT and MRI scan images of the patient by using multiple software. 

SOFTWARE USED FOR PRESENT STUDY 

1. MIMICS (Materialise Interactive Medical Image Control System) 21.0; 

Materialise, Leuven, Belgium 

2. 3-Matic 11.0; Materialise, Leuven, Belgium 

3. SolidWorks 2021 SP2.0; Dassault Systems, Concord, Mass 

4. ANSYS Workbench 2021R1; Canonsburg, Pennsylvania 
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AN OVERVIEW ABOUT FINITE ELEMENT METHOD 

Finite element method is known as the efficient and most accurate method to get the 

solution in the field of engineering industry. In this method, analysis of a complex 

region defining a continuum is discretized into simple geometric shapes called finite 

elements. The material properties and the governing relationship are considered over 

these elements and expressed in terms of unknown values at element corners. An 

assembly process, duly considering the loading and constrains, result in a set of 

equations. Solution of these equations gives us the approximate behavior of the 

continuum.  

The advent of the mini-computers has made the technology to improve drastically and 

has covered a wide area in engineering industries as well. Here in this case the 

computers obtain the solution, as they are faster and accurate. 

The solution of the FEM is an advanced computer technique of structural stress analysis 

was developed in early 1960’s to solve the problems of aerospace industry. The term 

‘finite element’ was coined by Argyris and Clough in 1960. Its use has been extended 

to solve problems in heat transfer, fluid flow, electromagnetic mass transport, in 

medicine and other branches of health sciences. 

The solutions obtained are nearer to actual solution. Nowadays the numerical method 

has made its mark in all engineering industries as it is efficient, economical, reliable 

and faster in providing the solution. Some of the analysis packages in the market are 

ANSYS, NASTRAN, PRO-E, ABACUS, IDEAS, NISA, WECAN, CATIA, etc. 

The Accuracy of the Finite element solution depends on  

i. The discretization, which is characterized by the finite element mesh and the 

choice of elements. 

ii. Type of element (lower order, higher order)  

iii. Shape of the element (triangular, quadrilateral, tetrahedron, hexahedron etc.) 

iv. Geometry (simple, complex)  

v. Refinement of the mesh. 

vi. Application of the load. 

vii. Skill 

viii. Software 



Materials and Methods 

18 
 

FEM is a technique for obtaining a solution to a complex mechanical problem by 

dividing the problem domain into a collection of smaller and simpler domains 

(elements) in which the variables of the field can be interpolated with the use of shape 

and other function. The elements are connected at specific location called nodal points 

or nodes. The boundary conditions and loading configurations are numerically defined 

as displacements and forces, respectively in boundary nodes.  

Every element is assigned one or more parameters that define its material behaviour. 

The computer program calculates the stiffness characteristics of each element and 

assembles the element mesh through mutual forces and displacements in each node. 

The computer time needed depends progressively on the number of elements applied 

and on the element type.  

BASIC STEPS INVOLVED IN THE CONSTRUCTION OF FINITE ELEMENT 

MODELS IN GENERAL 

A. PRE-PROCESSING STAGE 

a) Construction of geometric model 

b) Discretization into finite elements  

c) Assigning material properties 

d) Defining the boundary conditions 

B. PROCESSING OR SOLUTION STAGE 

e) Application of forces  

C. POST PROCESSING STAGE 

f) Analysis and interpretation of results 

1. PRE-PROCESSING STAGE 

a) Construction of a geometric model 

The purpose of the geometric modelling phase is to represent a geometry in terms of 

points (grids), line surfaces (patches) and volume (hyper patches).The first requirement 

for the analysis is the geometric model. These can be drafted or created either in the 

analysis software itself or the model can be drafted from any computer assisted 

designing software and can be imported to the analysis software. 
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The software used for the geometric modelling was MIMICS 21.0, 3-Matic 11.0 and 

SolidWorks 2021 SP 2.0. 

b) Discretization process 

Discretization is a process of dividing the domain/component into number of   elements. 

For this, an assumption is made that the elements are interconnected by nodes. The 

main idea behind the discretization process is to improve the accuracy of the results. 

This is because if the entire component is divided into number of elements, then the 

stress distribution in each element will be nearer to the actual results and thereby we 

get accurate plot of the stress distribution in a component. 

c) Assigning material properties 

Each structure was then assigned a specific material property. The mechanical 

properties --Young’s modulus and Poisson’s ratio are defined to the component. This 

is done to feed the values for calculation of the solution. By using these material 

properties, the solutions are obtained. The material properties used in this study have 

been taken from previous finite element studies. (20,39) 

d) Defining the boundary condition 

The boundary conditions here mean that whether the domain/structure/component 

perform a static or dynamic action. The boundary condition is selected based upon the 

mode of analysis such as structural, dynamic, thermal, fluid, etc. 

2. PROCESSING/ SOLUTION STAGE 

e) Application of load 

The discretized domain is subjected to known loads. The application of loads depends 

upon the geometry of components and the application of the component. The load is 

applied either on the nodes, lines or area. 

Types of Loads are as follows: - 

For Structural Problems:     Forces, Moments, Pressure, Torque, Etc. 

For Thermal Problems:       Gravity, Radiation, Convection, Temperature, Etc. 
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3. POST PROCESSING STAGE 

f) Analysis and interpretation of results 

The sequential application of the above steps leads to a system of algebraic equations 

where the nodal displacements are unknown. These equations are solved by frontal 

solver technique present in the ANSYS software. The results can be obtained 

instantaneously and are most accurate. Stress nephrogram and displacement 

nephrogram can be generated in this software. 

STEPS INVOLVED IN THE CONSTRUCTION OF 3D FEM MODEL IN THE 

PRESENT STUDY 

1. Pre-processing stage 

A. Construction of three-dimensional model of skull 

The DICOM data were exported in a three-dimensional image processing software 

MIMICS 21.0; Materialise, Leuven, Belgium. The images were three dimensionally 

reconstructed with threshold values between the range of 226 to 3071 Hounsfield unit 

(HU). 

By thresholding, the segmentation object would include only those pixels that were 

within the Hounsfield Unit or grey value range. Based on the HU values, hard tissue 

structures were detected from all the pixels of CT images (Figure 1).  

A green coloured ‘segmentation mask’ was generated containing the hard tissues from 

the pixels falling within the range of 226 HU to 3071 HU. Segmentation mask is a 

collection of pixels of interest that constitute an object. From this mask bone and teeth 

were separated out by the following methods: 

a) Defining the boundary of hard tissue mask 

A rectangular box of adequate width and length, was drawn on the magnified coronal 

view of the initial green coloured hard tissue mask. All the hard tissue structures were 

within the box in all the coronal section images.  

In the coronal section, at the position 199.5059, all the pixels were erased from the 

initial hard tissue mask that were within the rectangular box to determine the anterior 

boundary of the skull model (Figure 2). 
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At the coronal position of 67.5820, all the pixels within the box were erased by the 

same method. That determined the posterior boundary of the skull model (Figure 3). 

In the axial section, a rectangular box of adequate width and length were drawn, keeping 

all the hard tissue structures within the boundary of the box. At the axial position 160.3, 

all the pixels were erased by the same method. This determined the upper most 

extension of the geometric skull model (Figure 4).  

In the axial section at the slice level 14.0, all the pixels from the green mask were erased 

by the same method (Figure 5). That defined the lower most extension of the skull 

model. 

Thereby upper boundary of CT scan slices containing the region of interest, ranges from 

axial section 160.3 (above the level of frontal sinus) to 14.0 (below the level of lower 

border of chin). Anteriorly it is extended from coronal slice position 186.5449 (at the 

tip of nasal bone) to slice position 69.4336 (at the at the level of mid-section of foramen 

magnum). The resulting mask contained the part of the maxillofacial skeleton which is 

extended posteriorly up to the mid-section of foramen magnum, mandible, hyoid bone 

and cervical vertebrae (C1 to C3). 

b) Separating the maxillofacial bones and mandible from rest of the parts 

‘Region growing tool’ splits the segmentation created by thresholding, into several 

objects and removes floating pixels. It calculated all the structures in continuity from 

the initial hard tissue mask. Thereby hyoid bone was separated from the rest of the part 

as it was not in continuity with mandible. It created secondary mask. 

A rectangular box of adequate dimension was drawn on the magnified views of the 

coronal images containing cervical vertebrae below the level of foramen magnum. All 

the pixels containing vertebrae from C1 to C3, were erased manually from every sagittal 

slices. 

The final segmented mask contains the maxillofacial bones up to the posterior extent 

of midsection of foramen magnum and whole mandible. 
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c) Separation of teeth from hard tissue structures 

By thresholding (Hounsfield Unit values of 1380 to 3071) from the previous hard tissue 

mask, only tooth structures were detected in the scanned images. By ‘region grow’ 

operation a new mask was generated containing the teeth structures only (Figure 6).   

By ‘multiple-slice edit’ tool all the non-anatomic cavities and holes were filled for all 

the pixels of axial images to avoid generation of any sharp edges and angles within the 

skull model. 

Both the mask containing maxillofacial bones and teeth, were assembled to generate 

the final segmentation mask. By region growing operation all the artefacts and floating 

pixels were removed. All the sharp edges of the resulting mask were made smooth to 

generate a well-formed finite element model. The 3D model generated from this final 

mask was exported in Stereolithography (STL) file format (Figure 7). 
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Fig 1- Green mask indicating hard tissue structures obtained 

from CT scan of skull 

 
 

 
Fig 2- Coronal (199.5059) and sagittal (114.3340) sections 

depicting anterior boundary of the constructed skull model 
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Fig 3- Coronal (67.5820) and sagittal (109.7051) sections showing 

posterior border of the constructed skull model 

 

 
Fig 4- Axial (160.3) and sagittal (124.5176) sections depicting the 

upper boundary of the constructed skull model 
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Fig 5- Axial (14.0) and sagittal (113.8711) sections depicting 

lower boundary of the constructed skull model 

 

 
Fig 6- Segmentation of the teeth from hard tissue structures 

 

                                
Fig 7- Three-dimensional constructed model of bone and teeth 

generated from CT scan images of the skull 
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B. Construction of three-dimensional model of right temporomandibular soft-

tissue structures from MRI scan images 

From the scanned DICOM data, fifteen axial slices were selected corresponding to right 

temporomandibular joint structures, ranging from axial slice position -75.5276 to slice 

position -44.7754 (Figure 8). Those slices were exported into MIMICS 21.0 software; 

Materialise, Leuven, Belgium. 

From the MRI images right temporomandibular joint articular disc and surrounding soft 

tissue structures were detected out from rest of the structures by thresholding using 

Hounsfield unit values (HU 342-1541) of the soft tissue structures (Figure 9) initial 

segmentation mask was formed. 

a. Defining the boundary of the soft tissue model  

A rectangular box of adequate length and width was drawn that incorporated all the 

structures of interest in all the axial sections. From the axial section 26.4000 all the 

pixels from that initial segmentation mask, were erased corresponding to coronal 

section level 90.0096. It defined the uppermost boundary of the soft tissue (Figure 10). 

In the axial slice section 11.0000, all the pixels from the initial segmentation mask were 

erased corresponding to the coronal section 90.0096 (Figure 11). It defined the lower 

most boundary of the soft tissue model. 

Our region of interest extended coronally from axial section 26.4000 (at the level of 

upper border of right articular disc); apically to axial section 11.0000 (at the level of 

right condylar neck). 

b. Separating the soft tissue structures 

Manually all the unnecessary pixels, from each axial slice within the upper and lower 

boundary, had been removed.  

By ‘region grow tool’ the area between the upper and lower boundary, was calculated. 

This final soft tissue mask contained all the necessary soft tissue structures (articular 

disc and muscle fibers) corresponding to the right temporomandibular joint. From the 

segmented-out mask, three-dimensional geometric model of right condylar soft tissue 

structure was calculated.  

The calculated 3D model was exported in Stereolithography (STL) file format to 3-

Matic 11.0 software (Materialise, Leuven, Belgium).  
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Fig 8- Fifteen slices selected from MRI scan data, ranging from axial slice 

position -75.5276 to -44.7754 to construct the right temporomandibular soft 

tissue structures 

 
 
 

 
Fig 9- Coronal (90.3632), axial (26.4000) and sagittal (36.2148) sections 

depicting the upper boundary of right temporomandibular soft tissue 

structures                       
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Fig 10- Coronal (90.0095), axial (11.0000) and sagittal (36.2148) sections 

depicting the lower boundary of the right temporomandibular soft tissue  

 

                               
Fig 11- Axial section showing right temporomandibular articular disc (A), 

lateral (LP) and medial pterygoid (MP) muscles indicated by green mask. 

R= right side 

 

R 

LP 

MP 

A 
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C. Anchor plate and screw designing 

In a 3D computer-aided design (CAD) software (SolidWorks 2021 SP2.0, Dassault 

Systems) three-dimensional model of Y-type anchor plate (thickness,0.8mm; 

length,10.5 mm; width,2mm; hole diameter,2mm; distance between the centers of 

holes,6.5mm; angulation between the holes 60 degree; Skeletal Anchorage System, 

Sugawara, Japan), I-shaped anchor plate (thickness,0.8mm; length,10.5 mm; 

width,2mm; hole diameter,2mm; distance between the centers of holes,6.5mm; Skeletal 

Anchorage System, Sugawara, Japan)  and screws (2mmX8mm) were designed and 

files were exported in Stereolithography (STL)file format (Figure 12). 

 

 

 

 

 

 

 

 

 

D. Assembling all the stl models into finite element model 

Surface STL of plate was formed of 970 triangles, occupying surface area of 842.6059 

mm2 and volume of 261.12mm3. In 3-matic, two Y-shaped anchor plates and six 

associated screws in the right and left infra-zygomatic crest region and two I-shaped 

anchor plates and four associated screws, in the mandibular para-symphysis area 

between mandibular permanent lateral incisor and mandibular permanent canine on the 

right and left side, were fixed respectively by surface projection method according to 

the anatomic contour. Wrap operation was done between the plates and screws to fill 

any gap between them by ‘Wrap’ tool.   

Surface STL of soft tissue structures of right temporomandibular joint was formed of 

392 triangles, 198 points, occupying surface area of 1049.6230 mm2 and volume of 

2104.4099 mm3. 

                                        
Fig 12- Three-dimensional STL model of Y shaped 

anchor plate, I shaped plate and mini-screw designed in 

SolidWorks 2021 SP2.0 
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Right temporomandibular soft tissue structures were superimposed on right condylar 

head and aligned with condylar head by projection method. 

In 3-Matic, three-dimensional geometric model (STL) of cranio-maxillary bones, right 

temporomandibular joint soft tissue structures, anchor plates and screws were meshed 

into tri-angular surface mesh model by ‘Adaptive remesh’ tool, keeping the ‘non-

manifold assembly’ option toogled off. 

After remeshing all the structures, node continuity was formulated between all the 

three-dimensional mesh structures by making intersection based non-manifold 

assembly among them. Resulting finite element model was made of 2,83,059 surface 

triangles. 

After assembling, the following surface sets were generated: - 

i. External surface of the skull  

ii. External surface of right temporomandibular soft tissue 

iii. External surface of right Y-shaped anchor plate 

iv. External surface of left Y-shaped anchor plate 

v. External surface of right I-shaped anchor plate 

vi. External surface of left I-shaped anchor plate 

vii. External surfaces of screws 

viii. Intersection between right upper anchor plate holes and corresponding screws 

ix. Intersection between left upper anchor plate holes and corresponding screws 

x. Intersection between right lower anchor plate holes and corresponding screws 

xi. Intersection between left lower anchor plate holes and corresponding screws 

xii. Intersection between right temporomandibular soft tissue and right condylar 

head 

Further adaptive remeshing of all the surface sets were done keeping the largest triangle 

edge length 5.000 and non-manifold option toogled on. Assembled model was 

inspected for presence of any intersecting triangle, bad contour, overlapping triangle, 

noise shell. Twelve intersecting triangles were detected at the intersection area in the 

right temporomandibular joint area. Manually these intersecting triangles were deleted 

and new triangles were drawn. 
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The assembled model was inspected for element quality. Following threshold were 

made to inspect element quality- 

a. Ansys element quality ≥ 0.0100 

b. Minimum face angle ≥ 5.0000 

c. Maximum face angle ≤170.0000 

All the values were within threshold limit. This assembled model was further broken 

down into parts containing three entities- skull with teeth, right temporomandibular soft 

tissue, and four wrapped plates and screws. Three-dimensional volumetric model was 

generated for each part from surface mesh model. The three-dimensional volumetric 

finite element model consisted of 1,07,529 tetrahedral (Tet 10) elements and 1,80,161 

nodes (Table 1).  

Table 1. Elements and nodes details of each structure 

Body Elements Nodes 

Skull model  105,561 175,879 

Right temporomandibular 

soft tissue 

1845 1001 

Right upper anchor plate 

and screws 

206 521 

Left upper anchor plate and 

screws 

287 710 

Right lower anchor plate 

and screws 

201 513 

Left lower anchor plate and 

screws 

273 693 

 Aspect ratio for each part was ≤100. ANSYS element quality was checked for each 

part. All the parts showed values within threshold level. Volumetric mesh and surface 

mesh were exported in cdb. file format for each part. Three cdb. files were exported in 

to ANSYS. Files containing skull, plates and screws and temporomandibular soft tissue 

structures were 36.2 MB, 493 KB and 387 KB respectively in size. The final three-

dimensional finite element model was imported in a solver program (ANSYS 

Workbench 2021R1) (Figure 13).  
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Material properties of various objects were assigned in the respective structures based 

on the data of previous studies (20, 39) (Table 2). All the materials used in this study 

were considered isotropic and linearly elastic. 

Table 2. Young’s modulus and Poisson’s ratio for the respective structures in the 

present study (20,39) 

Material Young’s modulus (MPa) Poisson’s ratio 

Cortical bone 1.37 x 104 0.30 

Cancellous bone 7.9 x 103 0.30 

Sutures 7 0.40 

Anchor plate 1.05 x 105 0.33 

Mini-screw 1.05 x 105 0.33 

Tooth 2.07 x 104 0.30 

Articular disc 10 0.40 

 

               

                    a                                            b                                         c 

                            

                                     d                                                    e 

Fig 13-Final assembled model a. right lateral view; b. frontal view; c. left 

lateral view; d. upper view; e. bottom view  
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Nodes were selected along the circum-maxillary sutures (zygomaticomaxillary, 

zygomaticofrontal, zygomaticotemporal, nasomaxillary, nasofrontal, pterygomaxillary, 

fronto maxillary, midpalatal, internasal) along the condylar head and along the right 

temporomandibular soft tissue structures to calculate the Von mises stress and 

displacement of structures in all three planes of space (Fig 14 to Figure 19). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                        

Fig14- Nodes selected along right and left zygomatico-maxillary sutures 

   

 

                     

Fig 15- Nodes selected along right and left zygomatico-frontal sutures 

 

 

                     

    Fig 16- Nodes selected along right and left naso-maxillary sutures 
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    Fig 17- Nodes selected along right and left zygomaticotemporal sutures 

 

                        
Fig 18- Nodes selected along right and left fronto maxillary sutures 

                        
Fig 19- Nodes selected along nasofrontal and internasal sutures 
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       Fig 20- Nodes selected along right and left pterygomaxillary sutures 

 

                                                
                  Fig 21- Nodes selected along midpalatal suture  

 

 
Fig 22 - Nodes selected along right condylar head 
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Single node was selected at the point of force application on each anchor plate and 

corresponding co-ordinate system was drawn which is 10 degrees ,20 degrees and 30 

degrees to the occlusal plane in sagittal plane. 

Zero-displacement, Zero-rotation boundary condition was imposed on the structures 

around the foramen magnum, upper and posterior border of the finite element model 

(Fig 20). 

 

 

 

 

 

 

 

 

 

 2.  Processing stage (analysis and solution of problem) 

Nodes were selected on anchor plates and 150 gm, 250gm, 400 gm of Class III force 

were applied sequentially at 10 degrees, 20 degree and 30 degrees angulation to the 

occlusal plane on selected nodes to evaluate the Von mises stress generation pattern 

and displacement of various structures (Figure 24 to 32). 

 

 

        

Fig 23- Zero-moment, zero-rotation, zero displacement boundary 

condition imposed along   the posterior surface, upper border and around 

the foramen magnum 

 

 

Fig 24- Application of 150-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 10° to the occlusal plane 
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Fig 25- Application of 150-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 20° to the occlusal plane 

 

 
Fig 26- Application of 150-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 30° to the occlusal plane 

 

 
Fig 27- Application of 250-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 10° to the occlusal plane 
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Fig 28- Application of 250-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 20° to the occlusal plane 

 
 

 
Fig 29- Application of 250-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 30° to the occlusal plane 

 

 
Fig 30- Application of 400-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 10° to the occlusal plane 
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Fig 31- Application of 400-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 20° to the occlusal plane 

 

 
Fig 32- Application of 400-gram intermaxillary Class III orthopedic force at 

selected nodes on the anchor plates at an angle of 30° to the occlusal plane 
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3. POST-PROCESSING STAGE 

Von Mises stress values on selected nodes and geometry; displacement of various nodes 

and surface landmarks in antero-posterior and vertical dimension, after application of 

150gm, 250gm and 400 gm force sequentially at 10 degrees, 20 degree and 30 degrees 

angulation to the occlusal plane, were analysed and expressed in a graphical manner in 

all three planes of space. Utilizing the software, nodal and element solutions were 

plotted, areas of high stress concentration was detected. Stress and displacement values 

were exported in Microsoft excel for analysis. 
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WORKFLOW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CT scan of skull and MRI of temporomandibular joint of a patient having skeletal 

Class III malocclusion (DICOM image format) 

                            DICOM images exported into MIMICS 21.0 software  

Segmentation of the cranio-maxillary structures from the CT scan data and 

segmentation of the right temporomandibular soft tissue structures from MRI data 

and generation of 3D surface STL model of skull and temporomandibular soft tissue 

structures 

Designing of anchor plate and screw (3D STL model) in SolidWorks 2021 SP2.0 

software 

STL of skull, temporomandibular soft tissue structures, anchor plate and screws 

exported into 3-Matic 11.0 software, followed by adaptive remeshing of all the 

structures 

Assembling of TMJ soft tissues, anchor plates and screws into the skull STL 

Generation of 3D volumetric finite element model from assembled surface STL 

consisting 1,07,529 tetrahedral elements and 1,80,161 nodes 

Splitting the assembled model into three entities: - skull model, plate and screw 

model, temporomandibular soft tissue model 
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Splitting the assembled model into three entities: - skull model, plate and 

screw model, temporomandibular soft tissue model 

Exported into ANSYS 2021R1 software 

Assigning material properties and boundary conditions 

Application of 150,250 and 400 gm load at selected nodes on anchor plates at 

10°, 20°, and 30° angulations to the occlusal plane 

Static structural analysis 

Interpretation of results 
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RESULTS 

Intermaxillary protraction forces of 150 gm, 250 gm, and 400 gm were applied 

bilaterally at selected nodes on the upper and lower anchor plates at an angle of 10°, 

20°, and 30° to the occlusal plane and Von Mises stress values were calculated in 

circum-maxillary sutures, condylar head, articular disc and displacement of surface 

landmarks such as ANS, PNS, pogonion and condylion were recorded. 

Table 3. Maximum Von Mises stress values (MPa) in the circum-maxillary sutures 

on the application of 150 gm protraction force at an angle of 10°, 20°, and 30° to 

the occlusal plane. 

 

Circum-maxillary sutures 

       Maximum Von Mises stress values (MPa) 

   10° angle        20° angle      30° angle 

1. Pterygomaxillary 3.15E-04 3.11E-04 3.07E-04 

2. Zygomaticotemporal 8.08E-04 7.99E-04 7.90E-04 

3. Zygomaticomaxillary  5.04E-04 5.02E-04 4.92E-04 

4. Zygomaticofrontal  4.50E-04 4.31E-04 4.10E-04 

5. Frontomaxillary 7.52E-05 7.27E-05 6.82E-05 

6. Frontonasal  5.78E-05 5.04E-05 4.52E-05 

7. Midpalatal 1.92E-04 1.75E-04 1.55E-04 

8. Nasomaxillary 1.14E-04 8.29E-05 5.44E-05 

9. Internasal 9.21E-05 7.80E-05 6.98E-05 

 

Maximum Von Mises stress values (MPa) were measured along the corresponding 

nodes of right-sided circum-maxillary and midline sutures. On application of 150 gm 

forces, the highest amount of Von Mises stress was observed in zygomaticotemporal 

followed by zygomaticomaxillary, zygomaticofrontal, pterygomaxillary, midpalatal, 

nasomaxillary, internasal, frontomaxillary and frontonasal sutures in descending order. 

As the angulation of force increased from 10° to 30°, Von Mises stress value decreased 

in all the sutures (Table 3, Figure 33). Overall stress nephrogram also observed after 

application of force (Figure 34 to 36) 

 

 

 



Results 

44 
 

 

 

Figure 33- Plot of comparison of maximum Von Mises stress values (MPa) at 

circum-maxillary sutures after application of 150 gm of Class III protraction force 

at different angulations to the occlusal plane. 
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Figure 34- Von Mises stress distribution after application of 150 gm of force at 

an angle of 10 °to the occlusal plane 

 
Figure 35- Von Mises stress distribution after application of 150 gm of force at 

an angle of 20 °to the occlusal plane 

 

 
Figure 36- Von Mises stress distribution after application of 150 gm of force at 

an angle of 30 °to the occlusal plane 
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Table 4. Maximum Von Mises stress values (MPa) in the circum-maxillary sutures 

on the application of 250 gm protraction force at an angle of 10°, 20°, and 30° to 

the occlusal plane. 

 

Circum-maxillary sutures 

        Maximum Von Mises stress values (MPa) 

10° angle 20° angle 30° angle 

1. Pterygomaxillary 3.32E-04 3.25E-04 3.17E-04 

2. Zygomaticotemporal 8.21E-04 8.06E-04 7.91E-04 

3. Zygomaticomaxillary 5.11E-04 5.07E-04 5.03E-04 

4. Zygomaticofrontal 5.16E-04 4.84E-04 4.49E-04 

5. Frontomaxillary 8.17E-05 7.42E-05 7.31E-05 

6. Frontonasal  8.62E-05 5.20E-05 4.87E-05 

7. Midpalatal 2.80E-04 2.52E-04 2.18E-04 

8. Nasomaxillary 2.04E-04 1.48E-04 8.90E-05 

9. Internasal 1.38E-04 1.08E-04 8.03E-05 

On application of forces of 250 grams on each side, Von Mises stress values increased 

in all the circum-maxillary sutures. At an angle of 10° to the occlusal plane, the highest 

amount of Von Mises stress was found in the zygomaticotemporal suture followed by 

zygomaticofrontal, zygomaticomaxillary, pterygomaxillary, midpalatal, nasomaxillary, 

internasal, frontonasal, frontomaxillary sutures. As the angulation of force increased 

from 10° to 30°, Von Mises stress value decreased in all sutures (Table 4, Figure 37). 

Overall stress nephrogram was also observed after the application of force (Figure 38 

to 40) 

 

Figure 37- Plot of comparison of maximum Von Mises stress values (MPa) at 

circum-maxillary sutures after application of 250 gm of Class III protraction force 

at different angulations to the occlusal plane. 
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Figure 38- Von Mises stress distribution after application of 250 gm of force at 

an angle of 10 °to the occlusal plane 

 

 
Figure 39- Von Mises stress distribution after application of 250 gm of force at 

an angle of 20 °to the occlusal plane 

 

 
Figure 40- Von Mises stress distribution after application of 250 gm of force at 

an angle of 30 °to the occlusal plane 
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Table 5. Maximum Von Mises stress values (MPa) in the circum-maxillary sutures 

on the application of 400 gm protraction force at an angle of 10°, 20°, and 30° to 

the occlusal plane. 

 

Circum-maxillary sutures 

       Maximum Von Mises stress values (MPa) 

10° angle   20° angle     30° angle 

1. Pterygomaxillary 3.52E-04 3.41E-04 3.29E-04 

2. Zygomaticotemporal 8.36E-04 8.14E-04 7.92E-04 

3. Zygomaticomaxillary 5.19E-04 5.13E-04 5.07E-04 

4. Zygomaticofrontal 5.82E-04 5.38E-04 4.88E-04 

5. Frontomaxillary 1.09E-04 8.32E-05 7.32E-05 

6. Frontonasal  1.59E-04 1.02E-04 4.94E-05 

7. Midpalatal 3.68E-04 3.29E-04 2.82E-04 

8. Nasomaxillary 2.96E-04 2.17E-04 1.31E-04 

9. Internasal 1.87E-04 1.44E-04 9.83E-05 

On application of forces of 400 gm, maximum Von Mises stress values also increased 

for all the circum-maxillary sutures. At 10° angulation of the applied force, the highest 

amount of stress was found in the zygomaticotemporal suture followed by 

zygomaticofrontal, zygomaticomaxillary, midpalatal, pterygomaxillary, nasomaxillary, 

internasal, frontonasal and fronto maxillary sutures. As the angulation of force 

increased from 10° to 30°, the Von Mises stress value decreased in all the sutures. With 

the increase in the amount of Class III protraction force, maximum Von Mises stress 

values were increased in all the circum-maxillary sutures. With an increase in the 

angulation of the force, maximum Von Mises stress values were reduced in all the 

circum-maxillary sutures irrespective of the amount of force application (Table 6, 

Figure 41). Overall stress nephrogram was also observed after the application of force 

(Figure 42 to 44). 

 

Figure 41. The plot of comparison of maximum Von Mises stress values (MPa) at 

circum-maxillary sutures after application of 400 gm of Class III protraction force 

at different angulations to the occlusal plane. 
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Figure 42- Von Mises stress distribution after application of 400 gm of force at 

an angle of 10 °to the occlusal plane 

 

 
 

Figure 43- Von Mises stress distribution after application of 400 gm of force at 

an angle of 20 °to the occlusal plane 

 

 
Figure 44- Von Mises stress distribution after application of 400 gm of force at 

an angle of 30 °to the occlusal plane 
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Table 6. Maximum Von Mises stress values (MPa) in the right condylar head on 

the application of 150 gm, 250 gm, and 400 gm protraction force at an angle of 10°, 

20°, and 30° to the occlusal plane. 

Maximum Von Mises stress values (MPa) were recorded along the corresponding nodes 

of the right-sided condylar head. Von mises stress values increased with the increase in 

force values from 150 to 400 gm at all angulations. However, at each force value, as 

the angulation increased from 10° to 30°, a decrease in Von Mises stress was observed 

(Table 6, Figure 45). 

 

 

Figure 45. The plot of comparison of maximum Von Mises stress values (MPa)at 

the right condylar head after application of 150, 200, and 400 grams of Class III 

protraction force at different angulations to the occlusal plane. 
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Table 7. Maximum Von Mises stress values (MPa) in the articular disc on the 

application of 150 gm, 250 gm, and 400 gm protraction force at an angle of 10°, 

20°, and 30° to the occlusal plane. 

Maximum Von Mises stress values were recorded along the corresponding nodes of the 

articular disc of the right-sided temporomandibular joint. After application of 150 gm, 

250 gm, and 400 gm Class III intermaxillary force at an angulation of 10°, 20°, and 30° 

to the occlusal plane, the highest amount of maximum Von Mises stress was observed 

at the lateral border of the articular disc for all the combinations of force. The amount 

of Von Mises stress increased with a sequential increase in the amount of applied force. 

With the increase in the angulation of Class III force relative to the occlusal plane, Von 

Mises stress values decreased in a regular pattern. The highest amount of Von Mises 

stress was found when 400 gm force was applied at 10° to the occlusal plane. The lowest 

value of Von Mises stress was observed during 150gm force application at an angle of 

30° to the occlusal plane (Table 7, Figures 46 to 55). 

 

 

Figure 46. The plot of comparison of maximum Von Mises stress values (MPa) at 

the articular disc of the right temporomandibular joint after application of 150, 

200, and 400 grams of Class III protraction force at different angulations to the 

occlusal plane. 
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Figure 47- Von Mises stress distribution at articular disc after application of 

150 gm of force at an angle of 10 °to the occlusal plane 

 

 
Figure 48- Von Mises stress distribution at articular disc after application of 

150 gm of force at an angle of 20 °to the occlusal plane 

 

 
Figure 49- Von Mises stress distribution at articular disc after application of 

150 gm of force at an angle of 30 °to the occlusal plane 
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Figure 50- Von Mises stress distribution at articular disc after application of 

250 gm of force at an angle of 10 °to the occlusal plane 

 

 
Figure 51- Von Mises stress distribution at articular disc after application of 

250 gm of force at an angle of 20 °to the occlusal plane 

 

 
Figure 52- Von Mises stress distribution at articular disc after application of 

250 gm of force at an angle of 30 °to the occlusal plane 
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Figure 53- Von Mises stress distribution at articular disc after application of 

400 gm of force at an angle of 10 °to the occlusal plane 

 
Figure 54- Von Mises stress distribution at articular disc after application of 

400 gm of force at an angle of 20 °to the occlusal plane 

 

 
Figure 55- Von Mises stress distribution at articular disc after application of 

400 gm of force at an angle of 30 °to the occlusal plane 
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Table 8. Comparison of displacement (mm) of ANS, PNS, pogonion, and condylion 

in anteroposterior (Y) and vertical (Z) dimensions after application of 150 gm 

force at various angulations to the occlusal plane                                                  

Landmarks Dimension 10-degree 20-degree 30-degree 

ANS 
Y (mm) -7.24E-05 -5.81E-05 -4.21E-05 

Z (mm) -1.78E-04 -1.32E-04 -8.23E-05 

PNS 
Y (mm) -5.89E-05 -4.74E-05 -3.44E-05 

Z (mm) -8.74E-05 -7.48E-05 -5.98E-05 

Pogonion 
Y(mm) 4.15E-04 3.22E-04 2.19E-04 

Z (mm) -1.59E-04 -1.11E-04 -5.99E-05 

Condylion 
Y (mm) -1.43E-05 -5.73E-06 3.05E-06 

Z (mm) 2.81E-04 2.21E-04 1.55E-04 

Y- anteroposterior displacement; Z- vertical displacement                                                                                                             

 - forward                                       - downward 

+ backward                                    + upward 

ANS showed forward and downward displacement. With an increase in angulation of 

applied force, forward and downward displacement of ANS was reduced sequentially.  

PNS also showed forward and downward displacement, but the amount of displacement 

was less as compared to ANS.  

Pogonion point showed backward and downward displacement. The amount of 

displacement was reduced with an increase in the angle of the force application. 

Condylion showed forward and upward movement at 10° and 20° of angulation. But 

when angulation of force was increased to 30° to the occlusal plane, condylion showed 

backward and upward displacement. The amount of upward displacement also reduced 

with an increase in angulation of force application. The highest amount of displacement 

in the anteroposterior dimension was found at the pogonion point irrespective of 

angulation of applied force. Condylion showed the highest amount of vertical 

displacement irrespective of angulations of applied force (Table 8). Deformation of 

various surface structures was also observed in the displacement nephrogram after the 

application of 150 gm of force (Figure 56 to 58). 
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Fig 56- Pattern of displacement of various surface structures after application 

of 150 gm of force at 10° to the occlusal plane 

 
Fig 57- Pattern of displacement of various surface structures after application 

of 150 gm of force at 20° to the occlusal plane 

 

 
Fig 58- Pattern of displacement of various surface structures after application 

of 150 gm of force at 30° to the occlusal plane 
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Table 9. Comparison of displacement (mm) of ANS, PNS, pogonion, and condylion 

in anteroposterior (Y) and vertical (Z) dimensions after application of 250 gm 

force at various angulations to the occlusal plane                                                                                   

Landmarks Dimension 10-degree 20-degree 30-degree 

ANS 
Y (mm) -1.21E-04 -9.69E-05 -7.01E-05 

Z (mm) -2.96E-04 -2.20E-04 -1.37E-04 

PNS 
Y (mm) -9.82E-05 -7.90E-05 -5.73E-05 

Z (mm) -1.46E-04 -1.25E-04 -9.97E-05 

Pogonion 
Y (mm) 6.92E-04 5.36E-04 3.65E-04 

Z (mm) -2.65E-04 -1.85E-04 -9.98E-05 

Condylion 
Y (mm) -2.39E-05 -9.54E-06 5.08E-06 

Z (mm) 4.68E-04 3.69E-04 2.59E-04 

Y- anteroposterior displacement; Z- vertical displacement                                                                                                             

 - forward                                       - downward 

 + backward                                   + upward 

 

When 250 gm of force was applied, ANS showed forward and downward displacement. 

With the increase in angulation of applied force, the amount of forward and downward 

displacement was reduced gradually.  

PNS showed forward and downward displacement, however, the amount of 

displacement is quantitatively less than in ANS.  

Pogonion point showed backward and downward displacement and the amount of 

displacement was reduced with the increase in the angle of force application both 

anteroposteriorly and vertically.  

Condylion showed forward and upward movement at 10° and 20° of angulation. But 

when angulation was increased to 30°, condylion showed backward and upward 

displacement. The amount of upward displacement also reduced with the increase in 

angulation. 

The highest amount of anteroposterior and vertical displacement was shown by 

pogonion and condylion respectively at all the angulations (Table 9). Deformation of 

various surface structures was also observed in the displacement nephrogram after the 

application of 250 gm of force (Figure 59 to 61). 
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Fig 59- Pattern of displacement (mm) of various surface structures after 

application of 250 gm of force at 10° to the occlusal plane 

 

 
Fig 60- Pattern of displacement (mm) of various surface structures after 

application of 250 gm of force at 20° to the occlusal plane 

 

 
Fig 61- Pattern of displacement (mm) of various surface structures after 

application of 250 gm of force at 30° to the occlusal plane 
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Table 10. Comparison of displacement (mm) of ANS, PNS, pogonion, and 

condylion in anteroposterior (Y) and vertical (Z) dimensions after application of 

400 gm force at various angulations to the occlusal plane.    

                                                                                

Landmarks Dimension 10-degree 20-degree 30-degree 

ANS 
Y (mm) -1.93E-04 -1.55E-04 -1.12E-04 

Z (mm) -4.74E-04 -3.52E-04 -2.20E-04 

PNS 
Y (mm) -1.57E-04 -1.26E-04 -9.16E-05 

Z (mm) -2.33E-04 -1.99E-04 -1.60E-04 

Pogonion 
Y (mm) 1.11E-03 8.58E-04 5.84E-04 

Z (mm) -4.24E-04 -2.96E-04 -1.60E-04 

Condylion 
Y (mm) -3.82E-05 -1.53E-05 8.13E-06 

Z (mm) 7.49E-04 5.90E-04 4.14E-04 

 Y- anteroposterior displacement, Z- vertical displacement                                                                                                             

 - forward                                        - downward 

 +backward                                      + upward 

When 400 gm of force was applied, ANS showed forward and downward displacement. 

With the increase in angulation of applied force, a gradual reduction in the amount of 

displacement of ANS was observed both anteroposteriorly and vertically.  

PNS showed forward and downward displacement, however, the amount of 

displacement is quantitatively less than at ANS.  

Pogonion point showed backward and downward displacement and the amount of 

displacement was reduced with an increase the in the angle of force application both 

anteroposteriorly and vertically.  

Condylion showed forward and upward movement at 10 and 20 degrees of angulation. 

But when angulation was increased to 30°, condylion showed backward and upward 

displacement. The amount of upward displacement also reduced with an increase in 

angulation. The highest amount of anteroposterior and vertical displacement was shown 

by pogonion and condylion respectively, irrespective of the angle of Class III force 

application (Table 10). Deformation of various surface structures was also observed in 

the displacement nephrogram after the application of 400 gm of force (Figure 62 to 64). 
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Fig 62- Pattern of displacement (mm) of various surface structures after 

application of 400 gm of force at 10° to the occlusal plane 

 
 

 
Fig 63- Pattern of displacement (mm) of various surface structures after 

application of 400 gm of force at 20° to the occlusal plane 

 

 
Fig 64- Pattern of displacement (mm) of various surface structures after 

application of 400 gm of force at 30° to the occlusal plane 
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                             DISCUSSION 
Finite element method is considered one of the best non-invasive, analytical research 

adjuncts for better understanding and visualization of the biomechanical response to 

various loading conditions. In complex geometry like the craniofacial skeleton and 

temporomandibular joint, the finite element method closely approximates original 

loading situations under specific boundary conditions (44). Complex three-dimensional 

problems in an irregular geometry, would not be able to solve by any other non-invasive 

approach in a less time frame. Though quantitatively the result is valid for only a single 

specific finite element model, qualitatively it can follow the same response if the same 

situation is simulated in multiple finite element models having different sizes and 

spatial orientations of similar structures. That indicates the validity and acceptance of 

finite element analysis in biomedical research (22). Multiple loading situations can be 

simulated in the same model, making it a more reliable approach to compare 

biomechanical responses under different amounts of force levels and varying degrees 

of force angulations. 

Over a decade, bone-anchored maxillary protraction (BAMP) has become one of the 

promising orthopedic protocols for treating skeletal Class III malocclusion in growing 

patients. Evidence-based studies had shown that BAMP offered superior skeletal 

effects and minimal dental compensations over conventional treatment approaches like 

facemask with rapid maxillary expansion (FM/RME) or chincup. De Clerck et al. (16) 

recorded 4 mm of forward skeletal and soft tissue advancement of maxillary structures 

in patients treated by protraction technique. Cevidanes et al. (27) found 2.5 mm of more 

sagittal advancement of maxilla in BAMP protocol compared to facemask with rapid 

palatal expansion approach. Hino et al. (18) in a comparative study between BAMP vs. 

FM/RME, found 3.7 mm of advancement of both maxilla and zygoma in BAMP group, 

suggesting movement of maxilla and zygoma as a single unit under Class III protraction 

force. Contribution of circum-maxillary sutural expansion and associated skeletal 

growth, under the continuous, low amount of intermaxillary Class III protraction force 

was thought to be the sole factor in correcting skeletal malocclusion and improving 

facial profile. De Clerck et al. (19) also observed the mandibular restraining effect and 

associated bony remodeling of the condylar head and glenoid fossa, from cone beam 

computed tomography (CBCT) images of patients undergoing the BAMP approach. 
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Yatabe et al. (32) found a similar response of the glenoid fossa and condyle in unilateral 

complete cleft lip and palate patients undergoing BAMP protocol. Thereby, they 

notified that the mandibular contribution along with the sutural growth of the maxilla 

could be the explanation for the favorable orthopedic effect of the BAMP approach. 

In BAMP protocol, angulation of Class III intermaxillary orthopedic force changes with 

the height of the hook on the anchor plate, where elastics are engaged (38). According 

to Tanne et al. (24) differences in the direction and magnitude of applied load can 

produce different patterns of stress distribution and displacement in maxillofacial 

structures. 

Multiple finite element studies had evaluated the biomechanical response of BAMP 

protocol in craniomaxillary skeleton (22,38). However, to the best of our knowledge, 

no study has evaluated the biomechanical responses of circum-maxillary sutures, 

mandibular condyle, and temporomandibular soft tissue structures under different 

amounts and angulations of force applications. Therefore, this study was designed to 

evaluate the biomechanical effects at circum-maxillary sutures, condylar head, and 

articular disc under different loading situations. 

Overall stress distribution over the maxillofacial skeleton and circummaxillary 

sutures 

In the present study, the highest amount of Von Mises stress value was found at the 

base of the zygoma and anterolateral surface of the chin, where the anchor plates were 

fixed to the bone. This finding is similar to the observation by Lee and Beak (21). This 

finding could be due to effective transmission of intermaxillary Class III force, from 

the anchor plate to the maxillofacial skeleton, irrespective of the amount and direction 

of the applied force. 

In the present study, the maximum Von Mises stress values were greater in the 

zygomaticotemporal, zygomaticomaxillary, zygomaticofrontal, pterygomaxillary, and 

midpalatal sutures in comparison to the frontomaxillary, frontonasal, and internasal 

sutures. This finding is similar to the finite element studies by Rai et al. (38) and Lee 

and Baek (21). They suggested that stress distribution more likely followed the 

zygomatic and pterygomaxillary buttresses in the maxillofacial skeleton irrespective of 

the amount and forward and downward inclination of the line of action of applied force 
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with respect to the occlusal plane. The higher amount of Von Mises stress at these 

sutures was due to the placement of the upper miniplate at the base of the zygoma. 

The presence of higher amount of maximum Von Mises stress at the 

zygomaticotemporal, zygomaticomaxillary, and pterygomaxillary sutures could 

contribute to the greater amount of sutural separation and resulting osteoblastic activity 

contributing towards the advancement of the maxilla and associated bones. This finding 

of our study is consistent with the results of a previous clinical study by Hino et al. (18) 

where significant amount of advancement of maxilla and zygoma was found. 

Zygomaticotemporal suture, in particular showed maximum stresses amongst the other 

sutures which could be due to lesser surface area of the zygomaticotemporal suture, 

resulting in more amount of stress distribution over a small surface area. However, Lee 

and Beak (21) found highest amount of Von Mises stress at superior part of 

pterygomaxillary suture. The difference could be due to different special orientation of 

sutures in relation to the line of action of force. Several experimental studies reported 

that zygomaticomaxillary sutures offered major resistance to orthopedic protraction 

force (40, 41) and showed similar or more complex interdigitations compared to other 

circummaxillary sutures (42). 

In a study conducted by Angileiri et al. (43) it was found that compared to facemask 

with RME protocol, BAMP showed its efficacy even at higher maturation stages of 

circummaxillary sutures. This might be explained by the findings from the present study 

that BAMP protocol effectively transferred orthopedic protraction force into the 

zygomaticomaxillary sutures, as higher amount of Von mises stress was observed in 

zygomaticomaxillary sutures irrespective of amount and inclination of the applied 

force. That suggested its usefulness to produce significant orthopedic maxillary 

advancement even at higher age groups (11-14 years) or higher maturational stages of 

circummaxillary sutures. 

Another important finding in the present study was that with the increase in the amount 

of applied force, the maximum Von Mises stress values increased for all the sutures at 

all angulations. This finding is in accordance with the FEM study by Bhad et al. (22) 

who also reported increase in Von Mises stress values at zygomaticotemporal, 

zygomaticofrontal, frontonasal and zygomaticomaxillary suture when Class III 

orthopedic force was increased from 150, 250 to 400 gm. The reason for presence of 
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greater amount of stress with increase force levels could be attributed to the effect that 

greater amount of force gets distributed over the craniomaxillary sutures which in turn 

leads to greater amount of Von Mises stress at the sutures. 

Effect of change in angulation of the applied force 

In the present study, it was observed that with the increase in angulation for the applied 

force, Von Mises stress values were reduced for all the sutures. In a finite element study 

by Rai et al. (38) also reported similar decrease in stresses with increase in angulations. 

As the angulation of applied force increased to 30° to the occlusal plane, the horizontal 

component of force vector was reduced. It leads to lesser amount of Von Mises stress 

distribution at the circum- maxillary sutures. This might explain greater contribution of 

horizontal component of force for forward maxillary advancement at decreased 

angulations. 

In the present study, with the increase in angulation of the applied force, greater amount 

of reduction in Von Mises stress values were found in zygomaticofrontal, frontonasal, 

nasomaxillary and internasal suture. This suggests that as the direction of force gets 

more downward, relatively small amount of force gets distributed towards midline. This 

finding was in contrast with the study conducted by Yan et al. (20) where increase in 

stress values were found in pterygopalatine suture. This might be due to anatomic 

variation or differences in special configuration of circummaxillary sutures in relation 

to the line of action of applied force. 

The findings in the present study suggests that minimum downward and forward 

angulation of the applied force relative to the occlusal plane causes most effective stress 

distribution at the circummaxillary sutures at a particular amount of force, which could 

cause most favorable advancement of maxillary complex. 

Stress distribution in the condylar head and articular disc at the 

temporomandibular joint 

In the present study, at 150 gm of applied force, in the mandible, Von Mises stress 

values were distributed mostly at the condylar head and posterior part of sigmoid notch. 

When the applied force amount was increased to 250 gm, greater amount of Von Mises 

stress was observed in the condylar head, neck of the condyle and upper part of the 

posterior border of the ramus of the mandible. At 400 gm of applied force, greater 
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amount of Von Mises stress was found at the upper part of the posterior border of ramus, 

condylar neck and throughout the coronoid notch as evident from the stress 

nephrogram. This finding could be due to transmission of force trajectory along the 

posterior border of the ramus of the mandible. 

The greater amount of Von Mises stress distribution along the posterior border of the 

ramus and condyle could create compressive stress at this area. This might lead to 

remodeling resorption along the posterior border of ramus and condyle. Similar bone 

resorption at the posterior wall of glenoid fossa was observed in a clinical study by De 

Clerck et al (19). 

In the present study, the highest amount of Von Mises stress was found in the 

anterolateral surface of the condylar head which increased with amount of applied 

force. This finding is in accordance with the finite element study conducted by Bhad et 

al. (22) who also reported increase in Von Mises stress values when the Class III 

orthopedic force was increased from 150 gm to 400 gm. The higher stresses on the 

condylar head could be explained by the greater amount of force transmission along the 

stress trajectory of mandible, terminating at the condylar head. 

In the present study, one important finding was that, Von Mises stress values reduced 

gradually at the condylar head, with the increase in force angulations. This finding was 

similar to that of a finite element analysis by Khan et al. (37) in which the 

biomechanical effect of facemask on the temporomandibular joint was evaluated on 

application of 800, 1000, and 1200 gm of protraction force at an angle of 0°, 10°, 20° 

and 30° to the occlusal plane. It can be assumed that at increased angulation such as 

30° angle Class III protraction force tended to be more parallel to the long axis 

(condylion-pogonion line) of the mandible. The stresses were more uniformly 

distributed along the long axis of the mandible at this angulation of applied force, 

thereby producing lesser amount of Von Mises stress at the condylar head. As the 

angulation of force (upward and backwardly directed at the lower plate) was decreased 

to 10°, the force was directed more in the backward direction, which might have caused 

the higher amount of Von Mises stress along the posterior stress trajectory of the 

mandible. This finding could not be compared with any other finite element study 

evaluating the stress distribution pattern at mandibular condyle and articular disc 

following BAMP protocol. To the best of our knowledge, there was no study evaluating 
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the biomechanical effects of BAMP protocol on mandibular condyle and articular disc 

at different amount and direction of applied force. 

In the present study, highest amount of maximum Von Mises stress at the articular disc 

was found   on the inferior surface at the anterolateral part of articular disc. This might 

be due to transmission of stress from the corresponding areas of condylar head, 

irrespective of the amount and direction of the applied force. Von Mises stress values 

at the articular disc were almost ten-times less than the values at the condylar head, for 

each combination of amount and direction of applied force. This finding could be 

attributed to the shock absorbing effect of the articular disc. 

Another significant finding in the present study was Von Mises stress at the condylar 

head and adjoining articular disc was of much lower magnitude as compared to. This 

might because of distant positioning of the temporomandibular joint from the point of 

force application at the anterolateral surface of chin. As low level of stress was 

distributed in the temporomandibular joint, this might contribute towards reduced 

discomfort in the temporomandibular joint and thereby increased patient compliance 

towards BAMP protocol in comparison to facemask or chin cup orthopedic therapy. 

Displacement of ANS and PNS 

In the present study, ANS and PNS showed forward and downward displacement under 

the application of intermaxillary Class III protraction force, which correlated well with 

the forward and downward maxillary growth as described by Moss (48). ANS showed 

more amount of forward and downward displacement than PNS, as it was located away 

from the center of rotation of the skull model. According to Melsen (46) the palatine 

bone between the facial skeleton and cranial base acts as a buffer. This might be the 

reason for the differences in the amount of displacement of ANS and PNS under the 

same force. 

In the present study, it was found that the palatal plane demonstrated clockwise rotation. 

With the increase in force angulation, the clockwise rotational tendency reduced. This 

finding correlates well with the clinical observation by De Clerck et al. (26) in which a 

significant but small (around 1°) amount of clockwise rotation of the palatal plane was 

found in noted in patients treated with the BAMP protocol. The above findings could 

be explained by the position of the center of resistance of the skull model which might 
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be located posterior and inferior to the line of action of the applied force. In contrast 

with the present study, Nguyen et al. (28) found a minute degree of counter-clockwise 

rotation of the maxilla in patients treated with BAMP protocol. On the contrary, Yan et 

al. (20) found that at 0° to 10° angle to the occlusal plane, the maxilla showed counter-

clockwise rotation, at 20°, no rotational tendency and at 30° angulation, the maxillary 

complex showed a clockwise rotation of the palatal plane. The variation in findings of 

this present study from these studies might be due to different positional relationships 

between the center of resistance of the maxillofacial complex and the line of action of 

force.  

Increase in angulation of applied force resulted in reduction of amount of ANS and PNS 

displacement. This finding was similar to the observation made by Rai et al. (38). 

Reduction in Von Mises stress values in all the circummaxillary sutures with the 

increase in angulation of applied force, might have resulted in lesser displacement of 

the maxilla. 

Displacement of pogonion and condylion 

The findings in the present study showed that pogonion was displaced in backward and 

downward directions irrespective of the amount of force and angulation whereas 

condylion point displaced in forward and upward directions at 10°, 20° angle, and 

backward and upward direction at 30° angulation of applied force. These observations 

indicated the clockwise rotation of the mandible.  

This finding in the present study was in agreement with a systematic review by 

Fernandez et al. (29) where they compared the effects of bone-anchored maxillary 

protraction with dentoalveolar anchored maxillary protraction and concluded that all 

the thirty studies reported similar findings like clockwise mandibular rotation and 

thereby increase in anterior facial height in those patients treated either by modified 

facemask therapy or followed BAMP protocol. In the present study, the backward and 

downward displacement of pogonion was also consistent with the previous clinical 

study by De Clerck et al. (19) who observed 0.13 ±2.89 mm of posterior displacement 

of the chin.  

In the present study, it was found that, with the increase in angulation of applied force, 

pogonion and condylion reduced their displacement both in sagittal and anteroposterior 

dimensions. It indicated reduced clockwise rotational tendency of the mandible with 

the increase in force angulation. This finding is similar to the study conducted by Rai 
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et al. (38) in which 250 gm of Class III intermaxillary force was applied at an angle of 

10°, 20°, and 30° to the occlusal plane and found that when angulation of the applied 

force increased from 10° to 20°, backward and downward displacement of pogonion 

and backward and upward displacement condylion was reduced whereas at 30° angle 

only the downward displacement of pogonion was further reduced reduced. This might 

be due to decreasing the distance between the center of rotation of the mandible and 

applied force, with increasing its angulation. The center of rotation might be located at 

the condylar neck above the line of action of force. 

The upward and forward condylar displacement at 10° and 20° of force angulation as 

found in the present study could be correlated with the previous clinical study by De 

Clerck et al. (26) who assessed the upward and forward growth of condyle in patients 

treated by BAMP protocol and observed significant increase in the ramal height in 

upward and forward dimension, which was contributed by upward and forward 

condylar growth. 

In the present study, at 30° angulation, condylion showed backward and upward 

displacement. This finding is in accordance with the clinical study by De Clerck et al. 

(19) who found significant changes at the temporomandibular joint. Around 1.3 mm of 

bone formation was detected at the anterior eminence of the glenoid fossa while similar 

amount of bone resorption was detected at the posterior wall of the fossa. The findings 

in the present study might explain the glenoid fossa remodeling effect by the BAMP 

protocol. The backward displacement of the condylion at 30° angulation might be 

caused by line of action of applied force at the lower miniplate passing through the 

center of resistance of the mandible. These findings also indicated the mandibular 

restraining effect of the BAMP protocol. 

In the present study, maximum amount of displacement was found in pogonion in 

comparison to ANS, PNS and condylion point. This observation correlates well with 

the finding of Bhad et al. (22) who found major contribution in correcting skeletal 

discrepancy was offered by the mandibular posterior displacement rather than forward 

maxillary advancement.  

Overall, the current FEM model at various forces and angulation demonstrated a 

positive effect of the BAMP protocol in correcting the skeletal Class III malocclusion 

in growing patients   
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Strengths and limitations of this study 

To the best of our knowledge there was no finite element study evaluating the 

biomechanical effects of bone anchored maxillary protraction on the 

temporomandibular joint structures which includes condylar head and articular disc in 

relation to the varying amount and direction of Class III intermaxillary orthopedic force. 

In this present study, the effects of the growth of the maxillofacial skeleton and 

overlying soft tissues on the skull were not considered. Osteoblastic, osteoclastic, and 

fibroblastic activity at the sutures could not be evaluated through finite element 

analysis. Thereby, the findings in our study may differ from clinical outcome.
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CONCLUSIONS 

The following conclusions can be drawn from the present FEM study: 

1. Maximum Von Mises stresses were detected at zygomaticotemporal, 

zygomaticomaxillary and pterygomaxillary sutures at all angulations. 

2. As the angulations of the applied force increased from 10 to 30 degree Von Mises 

stress value decreased. Hence it might be suggested that during orthopedic 

correction, the force angulation should be kept minimum as possible in relation to 

the occlusal plane. 

3. Von Mises stress values reduced in condylar head and articular disc with increase 

in angulation from 10 to 30 degree. 

4. With increase in angulation from 10 to 30 degree of the applied force, there is 

reduction in displacement of ANS, PNS, pogonion and condylion. 

5. Bone anchored maxillary protraction causes posterior displacement of mandible, 

thereby BAMP has mandibular restraining effect in accordance with maxillary 

advancement. 
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SUMMARY 

Objectives: To analyze the stress distribution pattern in the circum-maxillary sutures, 

mandibular condyle and articular disc and displacement of various surface landmarks 

during bone anchored maxillary protraction procedure using finite element analysis. 

Materials and Methods: CT scan of skull and MRI images of temporomandibular 

joint was taken of a 12 years old male patient having skeletal Class III malocclusion 

according to inclusion and exclusion criteria. DICOM images were exported in Mimics 

21.0 and 3D geometric model of skull and temporomandibular joint was generated. 

STL model of miniplates were formed in Solidworks 2021 SP2.0. 3D geometric models 

of skull, temporomandibular soft tissue and miniplates with associated screws were 

assembled in 3-Matic. Three-dimensional volumetric model was generated and 

exported into ANSYS 2021R1.150gm, 250gm, and 400 gm of intermaxillary Class III 

orthopedic force at an angulation of 10°, 20° and 30° angle to the occlusal plane, was 

applied on the selected nodes at the upper and lower miniplates bilaterally. Maximum 

Von Mises stress values were recorded in all the circummaxillary sutures, condylar 

head and articular disc. Displacement of ANS, PNS, pogonion and condylion was 

recorded in anteroposterior and vertical dimension. 

Results: Highest amount of maximum Von Mises Stress value was found in 

zygomaticotemporal suture followed by zygomaticomaxillary, zygomaticofrontal and 

pterygomaxillary sutures. Von Mises stress values increased in all the sutures with the 

increase in force value from 150gm to 400 gm. Von Mises stress values were found to 

be decreased with increase in force angulation from 10° to 30° to the occlusal plane. 

Maximum Von Mises stress values were highest at the anterolateral surface of condylar 

head and adjoining articular disc. Stress values were increased in the condylar head and 

articular disc with increase in the amount of force and reduced with the increase in 

angulation of Class III orthopedic force. Forward and downward displacement of ANS 

and PNS was observed irrespective of amount of force and angulation. With the 

increase in angulation from 10° to 30°, forward and downward displacement of ANS 

and PNS was reduced. Pogonion displaced in backward and downward direction in all 

the angulations, whereas condylion displaced backward and upward direction at 10° 



Summary 

72 
 

and 20° angulations but at 30° showed upward and backward displacement. Amount of 

displacement reduced with the increase in angulation of applied force. 

Conclusion: Bone-anchored maxillary protraction is an effective treatment approach 

that shows both forward advancements of the maxilla and backward displacement of 

the mandible. During orthopedic correction, the force angulation should be kept 

minimum as possible in relation to the occlusal plane. 
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Annexure II: Patient Information Leaflet (English) 

 

All India Institute of Medical Sciences, Jodhpur 

Department of Dentistry 

Patient Information Leaflet 

 

You are being invited to willing fully participate in the study entitled 

“STRESS DISTRIBUTION IN THE MAXILLOFACIAL SKELETON AND 

THE TEMPOROMANDIBULAR JOINT FOLLOWING BONE ANCHORED 

MAXILLARY PROTRACTION: A THREE-DIMENSIONAL FINITE 

ELEMENT METHOD STUDY” 

You have been requested to volunteer for a research study since you have undergone 

fixed orthodontic treatment. Class III malocclusion is one of the reason for which 

patient seeks orthodontic treatment. Bone anchored maxillary protraction (BAMP) is 

one of the treatment options for correction of Class III malocclusion in growing 

patients. BAMP may have effect on maxilla, mandible and temporomandibular joint. 

Since there is less literature describing the stress pattern generation in maxilla, mandible 

and temporomandibular joint during BAMP procedure, this study is aimed to analyze 

stress pattern generation on finite element model obtained from computerized 

tomography of skull and magnetic resonance imaging of temporomandibular joint. 

 

Confidentiality 

Your medical records and identity will be treated as confidential documents. They will 

only be revealed to other doctors/scientists/monitors/auditors of the study if required. 

The results of the study may be published in a scientific journal but you will not be 

identified by name. 

 

Ethics committee approval has been obtained for the study. 

Your participation and rights 

Your participation in the study is fully voluntary and you may withdraw from the study 

anytime without having to give reasons for the same. In any case, you will receive the 

appropriate treatment for your condition. You will not be paid any amount for the 

participation in the study. You will have to pay for the routine investigations that will 

be done. 

 

Contact Person: for further queries- 

Dr. SUPRATIM KUNDU 

Post Graduate student, 

Orthodontics and Dentofacial Orthopaedics, 

Department of Dentistry, 

AIIMS, Jodhpur. 

Mobile No: - 8902690889 

Email ID: supratimkundupiku@gmail.com  

mailto:supratimkundupiku@gmail.co
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Annexure III: Patient Information Leaflet (Hindi) 

 

अखिल भारतीय आयुर्विज्ञान संस्थान, जोधपुर 

दंत र्िर्ित्सा र्वभाग 

रोगी सूिना पत्र 

 

आपको अध्ययन में पूरी तरह भाग लेने के ललए आमंलित लकया जा रहा है 

 शीर्षक: “STRESS DISTRIBUTION IN THE MAXILLOFACIAL SKELETON AND 

THE TEMPOROMANDIBULAR JOINT FOLLOWING BONE ANCHORED 

MAXILLARY PROTRACTION: A THREE-DIMENSIONAL FINITE 

ELEMENT METHOD STUDY” 

आपसे शोध अध्ययन के लिए स्वयंसेवक बनने का अनुरोध कर रहा है क्ोलंक आप लिक्स्ड ऑर्थोडॉन्टिक ट्र ीट्मेंट् 

करवा रहे है ।  

 

गोपनीयता 

आपके मेलिकल ररकॉिड और पहचान को गोपनीय दस्तावेज माना जाएगा। यलद आवश्यक हो तो वे केवल अध्ययन 

के अन्य िॉक्टरो ं/ वैज्ञालनको ं/ मॉनीटर / लेखा परीक्षको ंको ही प्रकट लकए जाएंगे। अध्ययन के पररणाम वैज्ञालनक 

पलिका में प्रकालशत लकए जा सकते हैं िेलकन आपको नाम से पहचाना नही ंजाएगा। अध्ययन के ललए नैलतकता 

सलमलत की मंजूरी प्राप्त की गई है। 

आपकी भागीदारी और अलिकारअध्ययन में आपकी भागीदारी पूरी तरह से सै्वच्छिक है और आप इसके कारणो ंके 

लिना लकसी भी समय अध्ययन से वापस ले सकते हैं। लकसी भी मामिे में, आपको अपनी न्टथर्थलत के लिए उलचत 

उपचार प्राप्त होगा। अध्ययन में भागीदारी के ललए आपको कोई रालि नही ंदी जाएगी। आपको लनयलमत जांच के 

लिए भुगतान करना होगा जो लकया जाएगा। 

 

संपकष  व्यन्टि: आगे के प्रश्ो ंके लिए-  

डॉ. सुप्रर्तम िंुडू 

पोस्ट ग्रजुएट् छाि 

ऑर्थोडोलंट्क्स और डेंट्ोिेलशयि ऑर्थोपेलडक्स  

दंत लचलकत्सा लवभाग 

एम्स, जोधपुर 

मोबाइि नंबर: -8902690889 

ईमेि आईडी: supratimkundupiku@gmail.com  
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Annexure IV: Informed Consent Form (English) 

 

All India Institute of Medical Sciences, Jodhpur 

Department of Dentistry 

Informed Consent Form 

 

Subject: “STRESS DISTRIBUTION IN THE MAXILLOFACIAL SKELETON 

AND THE TEMPOROMANDIBULAR JOINT FOLLOWING BONE 

ANCHORED MAXILLARY PROTRACTION: A THREE-

DIMENSIONAL FINITE ELEMENT METHOD STUDY” 

 

Patient OPD No: _______________________________________ 

I, ______________________________S/o or D/o___________________________ 

 R/o ________________________give my full, free, voluntary consent to be a part of 

the study “STRESS DISTRIBUTION IN THE MAXILLOFACIAL SKELETON AND 

THE TEMPOROMANDIBULAR JOINT FOLLOWING BONE ANCHORED 

MAXILLARY PROTRACTION: A THREE-DIMENSIONAL FINITE ELEMENT 

METHOD STUDY”  

The procedure and nature of which has been explained to me in my own language to 

my full satisfaction. I confirm that I have had the opportunity to ask questions. I give 

my permission for the use of orthodontic records, including photographs, computed 

tomography (CT) scan of skull and magnetic resonance imaging (MRI) scan of 

temporomandibular joint made in the process of examinations and treatment for the 

purposes of research, education, or publication in professional journals. 

I understand that my participation is voluntary and I am aware of my right to 

opt out of the study at any time without giving any reason. 

I understand that the information collected about me and any of my medical 

records may be looked at by responsible individual from AIIMS Jodhpur or from 

regulatory authorities. I give permission for these individuals to have access to my 

records. 

 

 Date: _____________                                               _________________________________ 

 

Place: ____________                                                    Signature/Left thumb impression 

(Patient) (Caregiver) 

 

This to certify that the above consent has been obtained in my presence. 

Date________________         Place: ________________                                              

Signature of Principal Investigator 

1. Witness 1                  2. Witness 2 

Name: _____________________                              Name: _____________________                                                  
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Annexure V: Informed Consent Form (Hindi) 

 
                                           अखिल भारतीय आयुर्विज्ञान संस्थान, जोधपुर 

                                           दंत र्िर्ित्सा र्वभाग 

                                           सूर्ित सहमर्त प्रपत्र 

शीर्षक: “STRESS DISTRIBUTION IN THE MAXILLOFACIAL SKELETON 

AND THE TEMPOROMANDIBULAR JOINT FOLLOWING BONE 

ANCHORED MAXILLARY PROTRACTION: A THREE-

DIMENSIONAL FINITE ELEMENT METHOD STUDY” 

      

रोगी / स्वयं सेवी पहचान संख्या: ________________________ 

मैं,______________________________पुि्/पुिी___________________________________लनवासी___________________

______________________________________________स्वयं को अध्ययन का लहस्सा होने के लिए अपनी पूणष सै्वन्टिक 

सहमलत देता हूँ। इस अध्ययन का शीर्षक है 

 

“STRESS DISTRIBUTION IN THE MAXILLOFACIAL SKELETON AND 

THE TEMPOROMANDIBULAR JOINT FOLLOWING BONE ANCHORED 

MAXILLARY PROTRACTION: A THREE-DIMENSIONAL FINITE 

ELEMENT METHOD STUDY” 

 

मेरी पूणष संतुलि के लिए मेरी खुद की भार्ा में मुझे समझाया गया है।मैं इस बात की पुलि करता/करतीहं लक मुझे 

सवाि पूछने का पूणष अवसर लमिा है।  

मैं पेशेवर पलिकाओ ंमें अनुसंधान, लशक्षा, या प्रकाशन के प्रयोजनो ंके लिए परीक्षाओ ंऔर उपचार की प्रलिया में 

लकए गए िोट्ोग्राि सलहत ऑर्थोडोलंट्क ररकॉड्षस के उपयोग के लिए मेरी अनुमलत देता/देती हं। 

मैं यह समझता/समझतीहूँ लक मेरी भागीदारी सै्वन्टिक है और लबना कोई कारण बताए लकसी भी समय इस अध्ययन 

से स्वयं को वापस िेने के लिए मेरे अलधकार के बारे में मुझे पता है। 

मैं यह समझता/समझती हूँ लक मेरे मेलडकि ररकॉडष की एकलित की गई जानकारी "अन्टखि भारतीय आयुलवषज्ञान 

संथर्थान जोधपुर" यालन यामक अलधकाररयो ंद्वारा देखी जा सकती है।मैं इन व्यन्टियो ंको मेरे ररकॉडष के उपयोग के 

लिए अनुमलत देता/देती हूँ। 

 

लदनांक:       हस्ताक्षर / वाम अंगूठे का लनशान 

थ‍र्थान: 

यह प्रमालणत लकया जाता लक इस संस्करण की सहमलत मेरी उपन्टथर्थलत में प्राप्त की गयी है। 

लदनांक:       प्रमुख अने्वर्क के हस्ताक्षर  

थ‍र्थान: 

1. साक्षी1       2. साक्षी2            

हस्ताक्षर: ________________                  हस्ताक्षर: _______________ 

नाम:___________________                              नाम: ________________ 
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Annexure VII: Plagiarism Certificate 

Plagiarism Certificate  

 

 

 


