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Abstract: 
 

Title of Thesis: A clinically relevant viscoelastic FEA model of the mandible simulating 

the effect of a Herbst appliance  

Zahra Heidari Zadi, Master of Science, 2018  

Thesis Directed by: Dr. Eung-Kwon Pae, associate professor, Orthodontics and Pediatric 

Dentistry 

As a powerful numerical solution to partial differential equations with 

sophisticated boundary conditions, Finite element analysis (FEA) has been vastly used to 

solve engineering problems. This tool also found to be useful in predicting load-strain 

patterns and biological failures in mechanics of dental applications as well. In 

orthodontics field, several studies addressed the benefits in use of FEM models to predict 

stresses and strains in jaws. These studies mostly considered only the linear elastic phase 

which corresponds to immediate response of the bone to the loading during functions. On 

the other hand, it is the prediction of long-term stress and strain distributions that are 

useful for clinical purposes. Therefore, it is suggested in this study that the viscoelastic 

properties of the bone need to be incorporated in the analysis to render long-term stress 

and displacement patterns. In this research, for the first time to our knowledge, effects of 

viscoelasticity of the mandibular bone are incorporated into finite element analyses of 

force distribution and displacement of anatomical structures in response to a Herbst 

appliance. Our models clearly demonstrate how displacements of the mandible occur in 

accordance with distributions of force vectors.    
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I. INTRODUCTION:  

In the ever-changing field of Orthodontics, it is important to plan all treatment 

processes based on science and evidence.  It is of importance to know how the orofacial 

structures will respond to any treatment modality before starting the treatment. To study 

any orthodontic appliance, traditionally only In-Vivo studies could be conducted. 

However, this method of study has many limitations. To count a few, clinical studies are 

limited to measuring amounts of displacement only, and are often less practical for they 

consume an extended time. Displacement is important but we also need to know location 

of the displacement and magnitude of stress exerted by the orthodontic appliances to the 

bone and teeth. Stress, more specifically tensile and compressive forces, are important 

elements to measure in bone remodeling [1], [2]. Throughout the years many methods 

have been attempted to study the effect of force on teeth and bone such as  brittle lacquer, 

photo elasticimetry, holography, and etc [3]. With the advent and ubiquity of computers, 

about 30 years ago, a method traditional to structural engineering field was used to study 

the effects of applied forces to the teeth though Orthodontics brackets. This method with 

which it is possible to model biological tissues and study the effect of force on them [3] is 

called Finite Element Analysis. The Finite Element Analysis (FEA) is now considered as 

a significant research tool for biomechanics in Orthodontics as much as other engineering 

disciplines such as structural and electrical engineering fields. 

FEA is a numerical method simulating and analyzing biological structures and 

their biomechanical behaviors under different conditions and various forces. FEA 

computational packages usually include visualization implementations which help 
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observe the internal stresses, strains and displacements as they interact through time. The 

reason that it is important to analyze stress patterns in the orofacial bones occurring 

during orthodontic treatment because tooth movements occur when orthodontic force 

applied to teeth and bones exert stress throughout out the periodontal ligament (PDL), 

which initiates the cellular response. We also know that bone remodeling is based on the 

stress pattern that is applied to the bone, either through the corresponding strain in soft 

tissue matrix or from exogenous force [1], [2].  

As a brief historical note, FEA was a numerical method used first by aeronautical 

engineers to analyze stresses and deformations in the wing of airplanes with a triangular 

shape [4]. It is hard to pinpoint an exact date for the invention of the FEA since it was 

more of a collective effort to solve partial differential equations with non-rectangular 

boundary conditions. But, the idea was rooted from the mathematical theories developed 

by Ritz in 1909. Availability of enhanced computation made FEA more popular and 

applicable to various disciplines [5]. 

Briefly, regarding the FEA, a computed object is divided into small parts which 

are called “Finite Elements” that are connected at nodes in which the degrees of freedom 

of adjacent elements are equal. The steps for using any FEA software, are generally 

creating a model with the specific geometry of a targeted object. Then the appropriate 

material properties should be associated with the object. After this model is created, the 

boundary conditions and the loads must be defined and applied to the model.[6]  

When the FEA method was introduced in the field of dentistry in 1980s [7], 

simplistic geometries for teeth, bone and even instruments such as implants were 

designed. Due to a lack of data, type of analyses and use of incorrect material properties, 
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most of those studies were not clinically relevant. One should note that validity of results 

obtained from FEA relies on soundness of inputs given to the software. Therefore, it may 

depend on the user to define correct material properties and correct geometries, forces 

and boundary conditions as well as types of analysis, to obtain a sound model and reliable 

results.  

Recently, CBCT scanners in addition to image processing packages improved the 

modeling of geometry and yielded more accurate biological structures. This is important 

because the geometry of maxillo-facial bones is complex which makes it hard to model 

them in the FEA software; however, with the CBCT technology we can make STL files 

from the DICOM images obtained from the CBCT and then transfer them to the FEA 

software. The other important benefit of using CBCT is that it enables the researcher to 

model the desired structure of the specific individual under study. In short, CBCT helps 

with fabrication of a very accurate model based on the individual’s bone shape which can 

provide reliable results. 

 

The advantages of FEM can be listed as follows [8]: 

 • FEM is applicable to any structure with any geometry  

It is a non-invasive technique 

Easy to visualize the pre, intra and post- operative stages  

• It is reproducible, without affecting the properties of the material 

• It is economical 

• It is not time consuming compared to clinical studies  
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•It eliminated the need in investing in extensive instrumentation to conduct the 

study 

And the shortcomings of FEM are [8]: 

• Misleading results will be obtained if unreliable data is fed to the software 

• Human structures are hard to model because they don’t have a simple geometry. 

FEA is limited and it becomes more reliable with application of correct physical 

properties of biological tissues.  

It does not account for the growth in biological tissues. FEA only shows the stress 

distribution and displacement while the structure being studied is under the load and no 

material is added nor removed from it. 

History of FEA in orthodontics: 

In 1984 Williams et al used the FEA method for the first time in the field of 

Orthodontics. He used it to study the Center of rotation of maxillary incisors in relation to 

the elastic properties of the periodontal ligaments [7]. 

To our knowledge all the studies that have examined an orthodontics appliance 

used a linear elastic bone model, which may not be a truthful representation of how the 

maxillofacial bones react to orthodontic forces. This type of model may be impossible to 

rend displacements of bone and teeth over a long period of time which is crucial in the 

orthodontics field. Also, the propagation of stress and its relaxation throughout the 

treatment cannot be captured using this approach for the bone is not linearly elastic. 

With the use of FEA, many publications attempted to show the stress and strain 

distribution of force on the maxilla and mandible, exerted by different appliances used in 

orthodontics ranging from expanders [9] to class II correctors [10], [11] facemask [12]–
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[14] and temporary anchorages devises [15]. In recent years, FEA researches have 

become more popular in the Orthodontic literature, however these studies need to be 

viewed with cautions as most of them are not truthful representations of clinical 

situations. The purpose of this study was to examine the relevance of FEA in 

orthodontics field.  

It was decided to design a linear elastic and a linear viscoelastic model of 

mandible and apply forces that a Herbst appliance would transfer to the mandible. As it is 

known in biomechanical engineering [16], [17] bone is a viscoelastic material and it 

would be only logical to be modeled as such. Viscoelasticity is the property of materials 

that exhibit both viscous and elastic characteristics when undergoing deformation. Elastic 

materials strain when stretched and quickly return to their original states once the stress is 

removed. The viscosity of a viscoelastic substance gives the substance, a strain rate 

dependence on time. To our knowledge, the current efforts is the first time that a study is 

designed to investigate the applicability of viscoelastic model for mandibular bone using 

FEA to capture its clinical behavior under orthodontic appliances. 

It was decided to study the influence of Herbst appliance on mandible both in 

terms of stress and displacement. The Herbst appliance (Fig. 1)  which is Class II 

functional appliance, developed by Emil Herbst in the early 1900s and reintroduced by 

Hans Pancherz [18] in the late 1970s. It has gained widespread acceptance and suggested 

to be an effective appliance in correcting Class II malocclusions. The reason we chose 

Herbst appliance is the fact that it is one of the appliances that has been studied 

extensively[18], [19] there are ample clinical data that would help us to examine and 

validate the results obtained from this study. 

https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Elasticity_(physics)
https://en.wikipedia.org/wiki/Deformation_(engineering)
https://en.wikipedia.org/wiki/Viscosity
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Figure 1 Herbst appliance. 

Viscoelasticity: 

Previously mentioned viscoelasticity is the property of a material showing both 

viscous and elastic behaviors when undergoing deformation. Viscous materials strain 

continuously with time when stress is applied to them but elastic materials shown strain 

when they are stretched, and as soon as the stress is release they return to their original 

form. Based on this definition one can deduce that viscoelastic material has both above 

properties where the strain is time dependent [17], [20]. 

Stress relaxation and creep phenomena are two of the important properties of any 

viscoelastic material. It is the viscosity of the viscoelastic material that gives it the strain 

rate dependence and hence adds the time dimension to the physics of the phenomenon. 

As the viscoelastic material is losing energy, plastic deformation can be seen, which is 

basically the molecular rearrangement; this phenomenon cannot be seen in an elastic 

material. The molecular rearrangement is called creep. 
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Living tissues and cells are viscoelastic and they should be modeled as such in the 

FEA. One shortcoming however is lack of knowledge on the biomechanics properties, 

depending on the type of tissue that is under the study.  

To model the behavior of materials, mathematical idealizations and 

simplifications are required. For instance, in the elastic materials, the elasticity can be 

demonstrated as shown in Fig. 2 a) in which E is the modulus of elasticity and 𝜎𝜎 is the 

stress. This model shows that the rate of displacement is the same as the force but as soon 

as the force is removed, the spring recoils to its original shape. Viscosity or plasticity can 

be shown with the Fig 2 b) in which 𝜎𝜎 is the stress that is applied to the dashpot and 𝜂𝜂 is 

the viscosity. This model shows that as the forces are applied in opposite direction the 

dashpot opens up (get displaced) and once the forces are removed it will stay in that 

position. It is good to note that the speed of displacement is controlled by the amount of 

force and 𝜂𝜂. 

Different mathematical idealizations models such as Maxwell, Kelvin-Voigt and 

Standard Linear Solid Model can be used to predict and simulate the viscoelastic material 

response under different loading conditions. As shown in Fig. 2 the behavior of 

viscoelastic materials is idealized using combinations of springs and dampers. The elastic 

part is characterized using a spring and the viscosity part by a damper (dashpot) with the 

properties and behaviors that are already explained. This combination can be in series and 

in parallel. Each component in series has equal forces while each component of a parallel 

system has similar displacement. Two of the most popular combinations that have been 

used to describe the behavior of bone are; Voigt and Maxwell models which are shown in 

Fig. 2 c) and d) respectively. The Maxwell model which is shown below in Fig 2 c) is a 

https://en.wikipedia.org/wiki/Standard_Linear_Solid_Model
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damper and a spring in series. This model shows that the applied force on the spring and 

dashpot are equal, however when the force is removed the spring recoils but the dashpot 

does not. Under initial displacement (strain) this model allows for gradual stress 

relaxation and under constant loading, gradual displacement occurs; a phenomenon that is 

also known as creep [20]. The other model that is very well known and used to capture 

the behavior of biological materials such as bone is Kelvin-Voigt model in which a 

damper and a spring are acting in parallel. In this model, the force is more in the dashpot 

initially until it is open fully, then it is maximum in the spring. It is good to note that 

generalized models such as the standard linear solid model (Fig 2. e) and generalized 

Maxwell models are used to capture materials viscoelastic behavior as well.  

In this study, we hypothesized to use the Prony parameters according to the 

Maxwell model to allow both stress relaxation and creep behavior. This choice was made 

based on the intuition that in our clinical setting we can observe relatively large 

displacements even by applying small forces. With the magnitude of the elastic modulus 

of the cortical bone it would be impossible should we assumed the Kelvin Voigt model. 
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a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

f) 

 

Figure 2. a) Spring b) Damper (dashpot)  c) Maxwell model d) Kelvin- Voigt model e) Standard 
Solid Model  f) Generalized Maxwell Model [21]  
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II. MATERIALS AND METHODS: 

In order to model the mandible, we chose to use a CBCT scan and then convert it 

to a 3D model (Fig 3). From the list of cases at University of Maryland which have had 

CBCT records, we chose one that had a full volume CBCT which belonged to a 10-year-

old boy and was classified as skeletal Class II. The CBCT was taken with a CareStream 

CS9300 (Carestream Health, Inc. Rochester, New York, USA) with a Voxel size 300, 

Kvp 90, and Ma 4. Invivo software (Anatomage, San Jose, California, United States) was 

utilized to derive the “.STL” format from the DICOM images obtained by CBCT. The 

STL files were then transferred to our FEA software, Abaqus (ABAQUS Inc, Johnston, 

Rhode Island, United States). Abaqus is a software package for finite element analysis 

and computer-aided engineering. From the 3D image of the CBCT, the geometry of the 

model was imported to and meshed using different modules of the Abaqus software (Fig 

4). 

The material properties assigned were Young's modulus (or modulus of elasticity) 

and the Poisson ratio according to Table 1. 

A vertical force of 200 N and horizontal force of 300 N were applied in the first 

molar region simulating the force applied by Herbst on the mandible. These forces were 

derived from the average biting force and the forces from the masticatory muscles 

reported in the literature [22]. The model was restricted at the condylar head. This makes 

the numerical model stable and allows the visualization of deformation and stress 

generation in the mandible. 

 

https://en.wikipedia.org/wiki/Rochester,_New_York
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Figure 3 CBCT of the patient used in the study 

 

 

Figure 4 The 3D model of the mandible 
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The finite element analysis process, can be further divided into three phases: 

1.The preprocessing phase:  

In this phase, first the STL file is transferred to the Abaqus. The. STL files consist 

of triangular faces with a normal (In geometry, a normal is a vector that is perpendicular 

to the surface) showing the direction of the face. The triangular faces are essentially the 

coordinates of three points and the normal to faces shows the towards direction which a 

surface face. For the finite element analysis, these surfaces are converted to a geometry 

and meshed according to the specific requirements of the convergence and stability of 

numerical solution. To convert the STL file into a geometry so that it could be handled by 

the software topology package, we had to overcome some difficulties.  

 

Figure 5 Meshed model 

 

One of the issues was that there were a lot of surfaces with small areas. So, in 

order to fix this problem, these faces had to be merged into the adjacent triangular 
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surfaces. Another issue was that, there were surfaces with one small edge that also had to 

be removed and merged to the neighboring surfaces. Furthermore the normals of 

neighboring surfaces were inconsistent which in many cases would lead to complications 

in the meshing process and the final problem was the cleaning of the un-erupted teeth and 

artifacts inside the mandible which had to be removed manually due to the complex 

topology of the mandible.  

All of these corrections were done using different modules in the Abaqus software 

package.  

Having a geometry without discontinuity and surface complications, the model 

then could be divided into portions with regular geometries to be meshed to small 

elements. After the model was created and mesh density was defined it was meshed as 

shown in (Fig 5). For this study, we used shell elements and assumed that the mandible is 

hollow, because the cortical bone has a small thickness when compared to cross sectional 

dimensions of the mandible and, the elastic modulus of the cancellous bone is 

comparatively small. The shell element with a triangular shape was used which was a 

natural choice due to the complex shape of the mandible.  

Table 1 Material properties  

 Modulus of elasticity Poisson ratio 

Teeth 20000 MPa 0.31 

Cortical bone 13700 MPa 0.3 

Cancellous bone 345 MPa 0.26 

Table 1. Material properties of mandible bone [5] 
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Then we defined the property of the cancellous bone as it is given in the literature. 

However, I must point out that these values are various among different studies and 

sometimes there is huge inconsistency even in the values of elasticity modulus. This 

urges the need for deeper and more accurate research in this field since it can seriously 

affect the results of a FEA study. The modulus of elasticity for mandible was assumed to 

be 13 GPa, and the Poisson’s ratio to be 0.3 in accordance with what majorly used in the 

literature (Table 1). These properties will decide the behavior of materials after specific 

load application. 

After defining the material properties, it is important to specify the boundary 

conditions. Based on the Newton laws of motion an object under a force will move with a 

constant acceleration. Therefore, if an element is constructed on the computer and a force 

is applied to it, it will act like a rigid body and the whole object moves in the direction of 

the force.  

To study deformation however, some degrees of freedom must be restricted (i.e. 

movement of the node in one or more directions x, y, and z) for some of the nodes. Such 

constraints are termed boundary conditions. The boundary conditions were imposed as 

the translational lock in all the global directions for elements on the condylar heads of 

mandible (Fig. 6). Also, a static force of 200 N in the vertical and 300 N in the horizontal 

direction was imposed through masticatory muscles to the 1st molar region on the 

mandible to simulate the force applied to the teeth by the Herbst appliance. 
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Figure 6 Boundary conditions (Orange spots on the condyles) and arrows indicate the area and 
the direction of forces applied. 

 

2. The Processing/ Solution phase: 

Two models were analyzed for two separate material properties. In the first model 

only elastic properties of cortical bone were incorporated for the immediate elastic 

response. To account for the time parameter in the analysis, the same model but with 

viscoelastic material properties was also analyzed. The purpose of this phase was to see 

how the stresses and strains develop and change through the course of treatment. Also, 

the magnitude of displacement as well as change of stresses due to creep were of interest 

in this study. One should note that displacement values are negligibly small in the elastic 

analysis, due to comparatively big elastic modulus of the cortical bone. Also, elastic 

response reflects the spontaneous behavior which does not incorporate creep phenomena. 
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The Prony series parameters used for this study were chosen such that the 

material behaves close to the Maxwell model [23]. The retardation period was assumed to 

be 50 min and the treatment period was 4300 hours which is close to a six-month period. 

The retardation period was obtained from the study of Wu et.al [24]. It is good to note 

that although the Kelvin-Voigt model is usually used in the literature to capture the 

viscoelastic behavior of the cortical bone, it is quite reasonable for clinical orthodontics 

purposes to assume that the cortical bone shows significant plastic behavior as well [25]. 

This is behavior in cortical bone is recently observed and suggested by scholars in 

department of mechanical engineering at MIT [17].  

3. The Post processing phase: 

This is the last phase of the FEA study and shows the results of applied forces in 

terms of displacement and stress distribution. These results are usually shown in forms of 

graphical colored contours with the magnitudes of the desired output associated with 

them. This makes the identification of patterns of different outputs easier. The colors vary 

from red to blue. Red represents the area of maximum tensile stress and blue represents 

the area of maximum compressive stress. 

As mentioned earlier two models were analyzed for two separate material 

properties to contrast their difference. In the first model only elastic properties of cortical 

bone were incorporated for the immediate elastic response. The second model was based 

on viscoelastic properties of cortical bone to account for creep and relaxation behavior of 

the bone in time. 
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III. RESULTS:  

Results were obtained both in the elastic and viscoelastic models, for 

displacement and stress distribution. For this study, we chose to show principal stresses, 

Von Mises stresses and displacement magnitude for each model. It should be mentioned 

that the total number of nodes was 26260, along with total elements number of 52235.  

Elastic model results: 

As can be seen in Fig 7. the color in different areas show their corresponding 

principal stresses. Red shows the maximum principal stress region, which is tensile 

stress, and blue shows the minimum principal stress region, which is compressive stress. 

The results of this FEM analysis shows the areas of tension and compression in the 

mandible immediately after application of the appliance forces. 

Figure 7 Principal stress pattern in the elastic model 
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The areas of lighter green color show the comparatively highest stresses in the 

elastic model which approximately is around 29.5 GPa to 34.9 GPa. The Principal stress 

patterns were more concentrated at the posterior border of the ramus and buccal bone 

around the first molar area.  

In the Von Mises stress distribution, maximum of around 35 GPa is tolerated by 

the neck of condyles, superior posterior area of the ramus, and in the posterior area of the 

alveolar bone (Fig 8). 

Figure 8 Von Mises stress distribution in the elastic model 

Displacement caused by the projected force of Herbst in the elastic model was 

maximum 0.3 mm at the chin (Fig 9). The direction of displacement was forward and 
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downward. 

 

Figure 9 Displacement in the elastic model 
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Viscoelastic model results: 

The results shown here belong to the stresses/displacements after the treatment 

cycle. As can be seen in Fig. 10, the principal stress pattern in the viscoelastic model was 

very different from the elastic model in that, it showed more homogenous stress pattern 

with the maximum of stress being concentrated in the posterior alveolar bone to the 

sigmoid notch. The viscoelastic model also showed a decreased in maximum of principal 

stress to 7.8 GPa to 10.6 GPa.  

 

Figure 10 Principal stress pattern in the viscoelastic model 

In the Von Mises stress distribution, maximum stress of about 18.4 GPa is 

tolerated by the neck of condyles and in the posterior area of the alveolar bone. (Fig 11) 
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Figure 11 Von mises stress distribution in the viscoelastic model 

The displacement of mandible was greater in the viscoelastic model. In this model 

maximum amount of displacement was located at the chin and the alveolar area of 

incisors and it was 1.98 mm (Fig 12).  

 

Figure 12 Displacement with the viscoelastic model 
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IV. DISCUSSION:  

The effect of functional appliances on the mandible has long been investigated 

clinically by means of cephalometric analysis. As a clinical study, the cephalometric 

analysis method has its own disadvantages. The accuracy of that approach depends on the 

number of subjects participating in the study. Also, it is time consuming and the results 

should wait for the patient to go through the course of the treatment. Furthermore, 

cephalometric analysis can only measure displacement because of the exposure issues, 

any trend of displacement during the treatment cannot be found, and also it will not show 

the stress pattern on the maxillofacial structures.  

One of the great tools for studying the effects of load on a biologic structure is 

Finite Element Analysis (FEA). FEA is a numerical analysis method that shows how a 

structure with defined parameters, such as geometry and material properties, will react to 

any applied forces. Being widely used for engineering purposes, FEA has also become 

very popular as a research tool in the field of Orthodontics for the past three decades. In 

recent FEA studies, scholars have attempted to simulate the effect of many different 

functional appliances, from showing the stress pattern on Temporary Anchorage Devices 

(TADs) to investigating the effect of brackets on individual tooth movements [9]–[11], 

[26]–[29]. To our knowledge all the studies to date, have modeled the mandible or 

maxilla as an elastic material.  

However, as discussed earlier it only makes sense to model bone as viscoelastic 

[16], [17] material. The fundamental issues of modeling bone as an elastic material are as 

follows: 
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 Elastic modeling will only give instantaneous stress and displacement patterns at 

the time of applying forces. Hence the long-term behavior of the bone cannot be studied 

using this approach.  

 The result of the elastic model will not be close to clinical studies since the 

instantaneous displacement is very small and it is expected to see the final displacements 

at the end of the treatment.  

For these reasons, we predicted more accurate results using viscoelastic modeling 

while using the correct mechanical properties of the mandible. In order to test our 

method, we chose to simulate the effect of a Herbst appliance on the mandible. The 

rationale behind this decision was the abundance of Herbst based clinical studies and 

because Herbst is widely accepted as a Class II functional corrector. In this study, we 

compared the elastic and viscoelastic FEA results and validated the viscoelastic 

displacement magnitudes with their corresponding clinical values of the Herbst 

appliance. This comparison showed better why elastic modeling of the mandible is not 

clinically useful and why we should start incorporating the viscoelastic properties of bone 

into our FEA models. 

Our results from the Viscoelastic model showed that Herbst causes downward and 

forward movement of the mandible with most of the movement at the chin if you 

consider the condyles stable. This result follows the results demonstrated in multiple 

articles that studied Herbst clinically. For example Pancherz et.al found that the chin was 

displaced anteriorly and inferiorly by 1.9 to 3.1 mm  [30], [31]. In our models, we 

assumed the treatment with Herbst was 6 months and by the end of treatment we 

achieved 1.9 mm displacement at the chin in the anterior and inferior direction for the 
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viscoelastic model. The displacement from the elastic analysis model on the other hand 

was only 0.3 mm which is an instantaneous result and almost an order of magnitude 

smaller than what clinically observed. 

The two models also showed an important difference with regards to the change 

in the stress pattern. In the elastic model stress distribution is limited to 2 areas (neck of 

condyle and alveolar bone in the premolar area) and the magnitude of stress both in Von 

Mises and Principal stress is comparatively high. On the other hand, in the viscoelastic 

model it is shown that by the end of the treatment the stress has reduced dramatically and 

the stressed areas are larger. This shows the bone adaptation and stress relaxation in the 

cortical bone. 
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V. LIMITATIONS OF THE STUDY:  

To date, all the studies that have been conducted to find out the mechanical 

properties of bone are either done on animal or human cadaver bones, none of which are 

true representations of live tissues. To get more accurate results from FEA, further 

investigations are needed to study material properties of different live tissues. It should be 

noted that the formulation of Finite Element Analysis is based on the fact that no material 

is added nor removed from the object under study. So, it is imperative to study further the 

effect of growth in future analysis.  

In this study, we assumed that the thickness of the cortical bones was the same 

throughout the mandible, and we neglected the presence of cancellous bone due to the 

fact that its modulus of elasticity is one third of the cortical bone. In the future, these 

assumptions should be relaxed. 

 

CONCLUSION: 

The objective of this study was to introduce the viscoelastic analysis of cortical 

bone to achieve a clinically relevant result from a Finite Element Analysis study. Results 

from the Viscoelastic model showed that Herbst causes downward and forward 

movement. After a treatment period of six month with a Herbst appliance a displacement 

of 1.9 mm is attainable at the chin and. alveolar bone area. This finding complied with 

Pancherz et.al’s clinical studies. However, the maximum displacement value achieved 

from the elastic analysis was 0.3 mm which cannot be correlated to any clinical study. 

The effect of stress relaxation, distribution and creep were also present in the 

viscoelastic model. It was shown that after treatment,a larger area was under stress but 
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the magnitude of stress was decreased in contrast to the elastic model in which stress was 

accumulated in a smaller area but with greater magnitude.  

 

x  
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