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ABSTRACT  

Aim of the study This study aimed to evaluate the resistance forces that develop in the dental 

structures of the two left upper premolars during mandibular movements, through dynamic simulation using the 

kinematic analysis and the finite elements method. Material and methods For this, using several softwares, we 

obtained a virtual model of the jaw that was attached to a virtual skull. For all the components of the skull and of 

the dento-maxilar apparatus mechanical properties were given. The movements as mandibule lifting, propulsion, 

retropulsion and laterality were simulated. Results The study highlighted the presence of resistance forces in the 

dental structures with values between 31.781 N in the retropulsion movement and 174.104 N in the lateral 

movement. Conclusions These values are close to the occlusive forces values in the conditions of a balanced 

occlusion. 
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INTRODUCTION 

The mandibular movements present a 

number of peculiarities due to the fact that 

several anatomical elements (determinants) 

participate in their guiding. These are the two 

temporomandibular joints (posterior 

determinant), dental occlusion (anterior 

determinant) and mandibular mobilizing 

muscles (middle determinant). The two 

temporomandibular joints together with 

dental occlusion are also referred to as the 

triple joint (1) because they are essential 

through the mandibular movement guide. The 

musculature intervenes through the 

modulation of these mandibular movements.  

Mandibular movements can be elementary 

movements, which are compound movements  

that allow for fundamental movements, 

and complex movements called functional 

motions. 

Basic mandibular movements are rotation 

and translation and they are performed by the  

 

 

two temporomandibular joints. The 

combination of these movements results in 

fundamental movements: opening, closing,  

propulsion,  retropulsion and laterality. In 

terms of functional movements, these are 

performed during various functional acts such 

as mastication, swallowing, phonation and 

mimic expression. 

These movements are possible due to the 

contraction of the masticatory muscles that 

determine the functional occlusal forces 

transmitted at the level of the dental arches. 

Parafunctional occlusion forces are generated 

in the same way by the contraction of the 

masticatory muscles, but in some situations 

they may have pathogenic potential. At the 

level of the dentomaxilar apparatus there is 

another category of forces called "resistance 

forces" (2) or "reactive forces" (3,4). For the 

homeostasis of the dentomaxilar apparatus, 

the balance between these categories of forces 

(occlusal forces and resistance forces) is 

essential. 
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This study aimed to evaluate the resistance 

forces that develop in the dental structures 

during mandibular movements through 

dynamic simulation using the methods of 

kinematic analysis and finite elements. 

For this simulation, we used the method of 

kinematic analysis combined with the finite 

element method which currently has a great 

application in dentistry. Piccioni  (5) is the 

author who presented the basic concepts, 

advantages, disadvantages, limitations and 

applications of the finite element method in 

dentistry.  

 

MATERIAL AND METHODS 

A first step in the study was to obtain the 

virtual model of the dentomaxilar apparatus. 

A virtual skull was obtained by scanning a 

corpse skull with the 3D SYSTEMS 

CAPTURE  scanner (6). The data was 

interpreted with a Geomatic Capture software 

produced by 3D Systems. The scanned skull 

model in the .stl format was obtained, which 

did not contain the internal components of the 

skull, but only the surface of the skull. For the 

internal components of the skull several "in 

vivo" models were used, respectively 

magnetic resonance imaging and tomographic 

images obtained with Emotion16 (Siemens) 

equipment. At the same time we studied the 

disposition of the internal bone components 

of a skull which serves as  teaching material 

at Faculty of  Dental Medicine of Craiova. 

Tomographic and magnetic resonance images 

generated a virtual dento-maxillary and skull 

pattern that was used for "in vitro" 

biomechanical simulations. This model 

contains the inner parts of the skull and 

materials with certain mechanical properties 

were attached to them. For the three-

dimensional reconstruction of the dento-

maxillary apparatus, which involves the 

transfer of geometric information from the 

tomographic images to the virtual model, we 

used the Mimics soft-ware developed by 

Materialise, with two Mimics Medical 

workflows for transforming tomography 

images into three-dimensional geometry in 

.stl format, and the 3-Matic Medical module 

for file processing and transformation into 

editable surface geometries in SolidWorks-

type three-dimensional environments. With 

the AutoRemesh function, an editable skull 

geometry was obtained in SolidWorks CAD 

software. The model has been corrected and 

finalized by various software techniques 

included in the Geomagic for Solidworks 

program. To obtain the three-dimensional 

model of the dento-maxillary apparatus, the 

Assembly module of the SolidWorks program 

was used. The two main bone components 

(jaw and mandible) were loaded in an 

Assembly session. To obtain the Multi Body 

model, motion constraints were made so that 

temporomandibular joints were approximated 

by biomechanical rotation and translational 

couplings. 

The Multi Body Model allows the 

performance of the skeleton of vertebrates 

and soft parts (7) to be estimated. It is a 

simulation technique used to study the 

behavior of biomechanical systems that have 

significant flexibility. This simulation method 

assumes that the deformation of the structure 

does not affect the dynamic behavior. Even 

though the structure is somewhat flexible, it is 

considered rigid, and flexibility is used to 

evaluate internal forces and deformations. 

The method also allows the study of tensions 

or stress in tissues during functional 

masticatory movements. 

To determine the amplitude of the 

resistance forces during occlusal contacts, we 

started from the assumption that the teeth 

have occlusal contacts during propulsion, 

retropulsion, right and left lateral movements 

and during the mandible lift movement.  

To determine the amplitude of the 

resistance forces during occlusal contacts, we 

started from the assumption that the teeth 

have occlusal contacts during propulsion, 

retropulsion, right and left lateral movements 

and during the mandible lift movement. 

For this, a kinematic simulation of each of 

the mandibular movements mentioned above 

was performed and the amplitude of the 

reaction forces at the level of the first and 

second upper premolars was determined (2.4, 

2.5). The dento-maxillary model was 

automatically transferred to the Motion 

module for kinematic and dynamic analysis. 

In this program, the working and non-
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working temporomandibular joint were 

established for each movement. These laws of 

motion went to the simulation itself, for the 

duration of a second. 

Simulation of these mandibular 

movements did not take into account the 

force of muscle contraction, the amplitude of 

the forces being determined by the properties 

of the dento-maxillary apparatus and skull-

forming tissues (8, 9, 10, 11) (Table 1). 

Table 1 - Physical and mechanical 

properties of materials used in finite element 

method studies 

Material 

name 

Density 

[kg/m
3
] 

Elasticity 

module [Pa] 

Poisson's 

coefficient 

Cortical 

bone 

1990 126000000

00 

0.3 

Trabecul

ar bone 

1990 114800000

0 

0.23 

Dentin 2140 176000000

00 

0.25 

Enamel 2958 779000000

00 

0.3 

Pulp 1000 175000000

0 

0.4 

 

RESULTS AND DISCUSSIONS 

Kinematical simulation of the mandible 

lift movement 

The motor rotation couplers defined in 

the analysis program are the virtual rotary 

motor of the mandible - Fig.1. 
 

 

Figure 1. Variation of kinematic parameters to 

the virtual rotary engine of the mandible. 

 

A first result was the simulation movie. 

Thus, the following important moments have 

been highlighted in Fig. 2. The simulation 

film was presented for the interval t = 0 sec. 

up to t = 1 sec. 
 

 

Figure 2. Three important sequences of the 

analyzed movement. 

After the simulation runs, the entire 

kinematic and dynamic behaviour of the 

dento-maxilar apparatus for the mandibular 

lift movement can be obtained. Thus, Fig. 3 

shows the temporal variation of the resistance 

force at the level of the upper left first 

premolar (2.4) during occlusal contact in the 

mandible lift movement. Fig. 4 shows the 

temporal variation of the resistance force in 

the upper left second premolar (2.5) during 

occlusal contact in the mandible lift 

movement. 

 

 
Figure3. Temporal variation of the 

resistance force of the upper left first 

premolar (2.4) during occlusal contact in the 
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mandible lift movement 

 

 
 

Figure 4.  Temporal variation of the 

resistance force of the upper left second 

premolar (2.5) during occlusal contact in the 

mandible lift movement  

 

Kinematic simulation of the 

mandible protrusion movement 

The motor rotation couplers defined in 

the analysis program are of the virtual 

linear motor type (Fig. 5). 

 

 
Figure 5. Variation of kinematic parameters to 

the virtual linear motor of the madible. 

 

The simulation film highlighted the 

following important moments presented in 

Fig. 6. The simulation film was presented for 

the interval t = 0 sec. up to t = 1 sec.  

 

 
 

 
 

Figure 6. Three important sequences of the 

analyzed movement. 

 

After the simulation runs, the entire 

kinematic and dynamic behaviour of the 

dento-maxillary apparatus for the mandibular 

protrusion movement can be obtained. Thus, 

Fig. 3 shows the temporal variation of the 

resistance force at the level of the upper left 

first premolar (2.4) during occlusal contact in 

the mandible protrusion movement. Fig. 4 

shows the temporal variation of the resistance 

force in the upper left second premolar (2.5) 

during occlusal contact in the mandible 

protrusion movement. 

  

 
 

Figure7. Temporal variation of the 

resistance force of the upper left first 

premolar (2.4) during occlusal contact in the 

mandible protrusion movement 

 

 
 

Figure 8.  Temporal variation of the 

resistance force of the upper left second 

premolar (2.5) during occlusal contact in the 

mandible protrusion movement  

  

Kinematic simulation of the mandibular 

retrusion movement  

The motor rotation couplers defined in the 

analysis program are virtual linear motor type  

(Fig. 9). 
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Figure 9. Variation of kinematic parameters to 

the virtual linear motor of the mandible.  
 

 With these defined motion laws, the 

next step was the simulation itself, for the 

duration of one second. A first result was the 

simulation movie. Thus, the following 

important moments have been highlighted in 

Fig. 10. The simulation film was presented 

for the interval t = 0 sec. up to t = 1 sec.  

 
 

Figure 10. Three important sequences of the 

analyzed movement. 

 

 After the simulation runs, the entire 

kinematical and dynamic behavior of the 

maxillo-dento-mandibular apparatus for the 

mandibular retropulsion movement can be 

obtained. Thus, Fig. 11 shows the temporal 

variation of the resistance force at the level of 

the upper left first premolar (2.4) during 

occlusal contact in the mandibular 

retropulsion movement. Fig. 12 shows the 

temporal variation of the resistance force at 

the level of the upper left second premolar 

(2.5) during occlusal contact in the 

mandibular retropulsion movement.  

 

 
 

Figure 11. The temporal variation of the 

resistance force at the level of the upper left 

first premolar (2.4) during occlusal contact in 

the mandibular retropulsion movement. 

 

 
 

Figure 12. The temporal variation of the 

resistance force at level of upper left second 

premolar (2.5) during occlusal contact in the 

mandibular retropulsion movement  

 

Kinematic simulation of the mandibular 

laterality movement  

The motor rotation couplers defined in 

the analysis program are the virtual linear 

motor motor of the mandible for vertical 

displacement (Fig. 13). 
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Figure 13. Variation of kinematic parameters to 

the virtual linear motor of the mandible. 
 

-  and the virtual mandrel rotary motor 

coupler of the mandible (Fig. 14); 

 
 

Figure 14. Variation of kinematic parameters 

to the virtual rotary engine of the mandible. 

  

With these defined motion laws, the two-

second simulation was completed. A first 

result was the simulation movie. Thus, the 

following important moments presented in 

Fig. 15 were highlighted. The simulation film 

was presented for the interval t = 0 sec. up to t 

= 2 sec.  

 
Figure 15.  Five important sequences of the    

analyzed movement.  
 

After the simulation runs, the entire 

kinematical and dynamic behavior of the 

dento-maxillary apparatus for the lateral 

movement of the mandible can be obtained. 

Thus, Fig. 16 shows the temporal variation of 

the resistance force at the level of the left first 

upper premolar (2.4) during occlusal contact 

in the mandibular laterotrusive movement. 

Fig. 17 shows the temporal variation of the 

resistance force in the second left upper 

premolar (2.5) during occlusal contact in the 

mandibular laterotrusive movement. 

 

 
 

Figure 16.  The temporal variation of the 

resistance force at the level of the upper left first 

premolar (2.4) during occlusal contact in the 

mandibular laterotrusive movement. 

 

 
 

Figure 17. Temporal variation of the resistance 

force of the upper left second premolar (2.5) 

during occlusal contact in the mandible 

laterotrusive movement  
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For the analysis and comparison of the 

resistance forces that develop from the two 

upper premolars in the mandibular 

movements, the Micrsoft Excel files 

containing the values for the time axis and the 

results for the force amplitude were 

automatically obtained. Also, in order to be 

able to compare, for the laterotrusive 

movement time was reduced by half, and all 

four studies had a duration of one second.  

After transferring the data to Microsoft 

Excel, we made the variation of the resistance 

force for the four situations. By overlapping 

the four charts for the resistance force at the 

level of the first left upper premolar (2.4), the 

comparative diagram of Fig. 18 was obtained. 

Overlapping the four charts for the resistance 

force at the level of the second left upper 

premolar  (2.5), the comparative diagram of 

Fig. 19 was obtained. 

 

 
 

Figure 18. Comparative chart of the resistance 

force at the level of the first left upper premolar 

(2.4) for the four main mandibular movements.  

 

 
 

Figure 19. Comparative chart of the resistance 

force at the level of the second left upper 

premolar (2.5) for the four main mandibular 

movements.  

 

Applying a maximum detection algorithm, 

the following values of the resistance force at 

the level of the first left upper premolar (2.4) 

were obtained for the four analyzed motions: 

- For the force of resistance at the 

movement of mandible lift Fmax = 133.5863N; 

- For the force of resistance at the 

movement of protrusion Fmax = 37.8547N; 

- For the force of resistance at the 

movement of retrusion Fmax = 31.78421N; 

- For the force of resistance at the 

movement of laterotrusion Fmax = 172.2784N. 

Applying a similar maximum detection 

algorithm, the following values of the 

resistance force at the level of the second left 

upper premolar (2.5) were obtained for the 

four analyzed motions: 

- For the force of resistance during the 

movement of mandible lift Fmax = 134.6537 

N; 

- For the force of resistance during the 

movement of protrusion Fmax = 38.24882 N; 

- For the force of resistance during the 

movement of retrusion Fmax = 33.54855 N; 

- For the force of resistance during the 

movement of laterotrusion Fmax = 174.1045 N. 

This study highlighted, through 

simulation, using the finite element method 

and the kinematic analysis, the presence of 

resistance forces (2), called by Leriche 

bioreactive forces (3), and their amplitude in 

the dental arches during the functional 

movements of the mandible with occlusal 

contacts. Leriche said that these forces have a 

continuous action in the dental arches, 

highlighted by their effects. Less known are 

their production mechanisms. Prelipceanu (4) 

and Forna (2) asserted that their effects were 

evident especially in the case of edged hooves 

and were represented by vertical and 

horizontal tooth migrations. This kinematic 

analysis and finite element method using the 

Multi Body module have made possible to 

highlight and evaluate these resistance forces 

that develop within the structures of the 

dento-maxilar apparatus. Strengths are due to 

the difference in the properties that were 

attributed to the components of the dento-

maxilar apparatus and to the virtual skull, and 

they do not go as a whole. We used a model 

of a dento-maxillary device attached to a 

virtual skull whose tissues showed certain 

characteristics (modulus of elasticity, 

Poisson's coefficient, density, etc.) which 

determined a certain flexibility and plasticity 

of the tissues. 

We have not found other studies in the 

literature to measure or simulate these 

resistance forces in the human dento-

maxillary apparatus. Nogué (7) conducted a 
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finite element study using the Multi Body 

module on an Edingerella madagascariensis 

skull and concluded that the use of this 

simulation method is efficient and feasible in 

dynamic simulations, instead, several studies 

using the the finite element method, analyzed 

the effects of the occlusal forces on the dental 

arches (10,11,12,13,14). 

The value of the simulated resistance 

forces was between 31.784N during the 

retropulsion movement and 174.104N during 

the lateral movement. To ensure the 

homeostasis of the dento-maxillary apparatus, 

these forces should be equal to the occlusal 

forces. A series of studies appreciated normal 

occlusal forces with values between 9 -180N 

for normal occlusion and 516 - 523N for 

maximum occlusion in youngsters (15). So 

this study has highlighted credible values of 

dental arcade resistance forces. 

As we have said, these forces are little 

studied and their genesis is not well known. 

They are attributed to the difference in 

properties (elasticity, plasticity, density) 

assessed by the flexibility of the components 

of the dento-maxillary apparatus. With the 

development of oral implantology, these bone 

properties have been extensively studied to 

explain the situations in which failures 

concerning dental implantss have occurred 

(16,17,18,19,20,21,22,23,24).  Moreover, this 

flexibility of the jaw bone is also invoked in 

the new recommendations regarding the 

design of the dental bridges (25,26). These 

recommendations contraindicate total dental 

bridges or dental bridges that block 

intermaxillary sutures, because there is a 

difference of about 0.5 mm at the level of the 

first molars between open mouth and closed 

mouth positions (maximum intercuspidation). 

Takashi Matsuura (27) explains that this 

high flexibility of the jaw bones is due to the 

higher rate of remodeling of collagen, 

especially in the mandible. The same 

mechanical properties have the hard tissues of 

the teeth (14).  

Dietschi D (28) states that there is no 

difference between collagen in vital and 

devital teeth, but the devital teeth have a 

decreased proportion of water, which lowers 

the modulus of elasticity and resistance to 

stretching and compression (29,30). 

We believe that the presence of excessive 

resistance forces, due to the high flexibility of 

the maxillary bones, could generate, in 

addition to changes in dental arches position, 

failures of dental implants, teeth clenching, 

dental attrition and even dental abfraction. 

We believe that future studies that we will 

conduct will bring new evidence in this area.  

Regarding the fact that the greatest value 

of the resistance forces was obtained in lateral 

movements, similar results were obtained by 

Romeed (13) in a finite element method study 

of occlusal forces. 

CONCLUSIONS 

1. This study allowed the simulation and 

determination of resistance forces occurring 

in the dental structures (components of the 

dento-maxillary apparatus) during the 

functional movements of the mandible with 

occlusal contacts.  

2. The value of these resistance forces was 

comparable to the value of occlusal forces 

determined by other studies.  

3. From the balance between the resistance 

forces and the occlusal forces, the balance of 

the dento-maxillary apparatus results.  

4. These resistance forces had approximately 

the same value at the level of the two upper 

premolars and a maximum value in lateral 

movement. 

 

 

 

 

 

REFERENCES 

 

 

1. Orthlieb J.D., Brocaerd D., Schittly J., Ezvan A.M., Occlusodontie Pratique. Edition Cdp; 2006. 

2. Forna N., Protetică Dentară vol II.  Editura Enciclopedică; Bucureşti; 2011:207-209.  

3. Leriche E., Contribution a l enseignement de la theorie des bridges fixes. R.F.O.S; 1965:(3):345. 

4. Prelipceanu F., Doroga O., Protetică dentară. București: Editura Didactică și Pedagogică; 1985:119. 

5. Piccioni M.A., Campos E.A., Cury Saad J.R., Ferrarezi de Andrade M., Regalado Galvão M., Abi Rached A., 

Application of the finite element method in Dentistry. RSBO; 2013, 10(4):369-377. 



Romanian Journal of Oral Rehabilitation 

Vol.10, No.1, January - March 2018 

 

28 

6. Tarniţă D., Tarniţă D.N., Bâzdoacă N., Popa D., Contributions on the dynamic simulation of the virtual model 

of the human knee joint, Materialwissenschaft und Werkstofftechnik; 2009, (40),1-2:73–81. 

7. Marcé-Nogué J., Kłodowski A., Sánchez M., Gil L., Coupling finite element analysis and multibody system 

dynamics for biological research. Palaeontologia Electronica; . 2015; 18.2.5T: 1-14 

8. Hsu M.L., Chang C.L, Application of finite element  analysis in dentistry. Finite Element Analysis, InTech; 

2010:43-66. 

9. Cicciù M., Cervino G., Bramanti E., Lauritano F., LoGudice G., Scappaticci L., Rapparini A., Guglielmino 

E., Risitano G., FEM Analysis of Mandibular Prosthetic Overdenture Supported by Dental Implants: 

Evaluation of Different Retention Methods, Hindawi Publishing Corporation, Computational and 

Mathematical Methods in Medicine; 2015.  

10. Keulemans F., Shinya A., Lassila L.V.J., Vallittu P.K., Kleverlaan C.J., Feilzer A.J., DeMoor R. J.G., Three-

Dimensional Finite Element Analysis of Anterior Two-Unit Cantilever Resin-Bonded Fixed Dental 

Prostheses, Hindawi Publishing Corporation, Scientific World Journal; 2015:1-10. 

11.Benazzi S., Nguyen H.N., Kullmer O., Kupczik K., Dynamic Modelling of Tooth Deformation Using 

Occlusal Kinematics and Finite Element Analysis, PLOSONE; 2016: 1-17. 

12.Gomes de Oliveira S., Seraidarian P.I., Landre J. Jr, Oliveira D.D., Cavalcanti B.N., Tooth displacement due 

to occlusal contacts: a three-dimensional finite element study. J Oral Rehabil.; 2006;33(12):874-80. 

13.Shihab A. Romeed, Raheel Malik, and Stephen M. Dunne, Stress Analysis of Occlusal Forces in Canine 

Teeth and Their Role in the Development of Non-Carious Cervical Lesions: Abfraction. International 

Journal of Dentistry Volume 2012 (2012), Article ID 234845, 7 pages. 

14. Iliescu A.A., Petcu C.M., Nitoi D., Iliescu A., Chewing stress developed in upper anterior teeth with root 

end resection. A finite element analysis study. Chirurgia; 2013 May-Jun;108(3):389-95. 

15. Larson T., The effect of occlusal forces on restorations. The Journal of the Michigan Dental Association; 

2014;96(9):38-47. 

16.Wang X.D., Masilamani N., Mabrey J., Alder M., Agrawal C., Changes in the fracture toughness of bone 

may not be reflected in its mineral density, porosity, and tensile properties. Bone; 1998;23:67–72.  

17.Misch C., Zhimin Q., Bidez M., Mechanical properties of trabecular bone in the human mandible: 

implications for dental implant treatment planning and surgical placement. J Oral Maxillofac Surg; 

1999;57:700–706.  

18.O'Mahony A., Williams J., Katz J., Spencer P., Anisotropic elastic properties of cancellous bone from a 

human edentulous mandible. Clin Oral Impl Res; 2000;11:415–21.  

19. Lee S.K., Kim Y.S., Oh H.S., Yang K.H., Kim E.C., Chi J.G., Prenatal development of the human 

mandible. Anatomical Record; 2001:265;(3):314–325.  

20.Schwartz-Dabney C., Dechow P., Variations in cortical material properties throughout the human dentate 

mandible. Am J Phys Anthropol.; 2003;120:252–277.  

21.Moy P.K., Medina D., Shetty V., Aghaloo T.L., Dental implant failure rates and associated risk 

factors. International Journal of Oral and Maxillofacial Implants; 2005; 20,(4):569–577. 

22.Seong W.J., Kim U.K., Swift J.Q., Heo Y.C., Hodges J.S., Ko C.C, Elastic properties and apparent density of 

human edentulous maxilla and mandible. Int J Oral Maxillofacial Surg. 2009 Oct; 38(10):1088–1093. 

23.Bergkvist G., Koh K.J., Sahlholm S., Klintström E., Lindh C., Bone density at implant sites and its 

relationship to assessment of bone quality and treatment outcome, The International Journal of Oral & 

Maxillofacial Implants; 2010;25,(2);321–328. 

24. Lakatos É., Magyar L., Bojtár I.,
. 

Material Properties of the Mandibular Trabecular Bone. Hindawi 

Publishing Corporation Journal of Medical Engineering Volume 2014, Article ID 470539, 7 pages. 

25.http://bridgedentaire.blogspot.com/2013/02/bridge-dentaire-de-contention.html. 

26.MercuţV., Crăiţoiu M.M., Dăguci L., Tratamentul edentaţiei parţiale prin punţi dentare. Editura Sitech, 2016. 

27.Matsuura T., Tokutomi K., Sasaki M.,  Katafuchi M.,  Mizumachi E., Sato H., Distinct Characteristics of 

Mandibular Bone Collagen Relative to Long Bone Collagen: Relevance to Clinical Dentistry.Bio Med 

Research International;  Volume 2014 (2014), Article ID 769414, 9 pages. 

28.Dietschi D., Bouillaguet S., Sadan A., Restoration of the endodontically treated tooth. In: Hargreaves K.M., 

Berman L.H. (eds), Cohen‘s pathways of the pulp, 10th edition. Mosby Elsevier, St. Louis; 2011:777–807.  

29.Gutmann J.L., The dentin–root complex: anatomic and biologic considerations in restoring endodontically 

treated teeth, J Prosthet Dent; 1992;67(4):458–467. [9]  

30. Huang T.J., Schilder H., Nathanson D., Effect of moisture content and endodontic treatment on some 

mechanical properties of human dentin, J Endod, 1992, 18(5):209–215.  

 

 

 

https://www.hindawi.com/41798010/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landre%20J%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=17168929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomes%20de%20Oliveira%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17168929
https://www.hindawi.com/16328295/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heo%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=19647417
https://www.hindawi.com/80579364/
https://www.ncbi.nlm.nih.gov/pubmed/17168929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petcu%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=23790790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20UK%5BAuthor%5D&cauthor=true&cauthor_uid=19647417
https://www.ncbi.nlm.nih.gov/pubmed/23790790
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19647417
https://www.hindawi.com/50654171/
https://www.hindawi.com/94732565/
https://www.hindawi.com/72085217/
https://www.hindawi.com/80351968/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=17168929
https://www.hindawi.com/26598643/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seong%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=19647417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavalcanti%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=17168929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iliescu%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=23790790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nitoi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23790790
https://www.hindawi.com/16834814/
https://www.hindawi.com/28312578/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swift%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=19647417
https://www.hindawi.com/56831252/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iliescu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23790790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seraidarian%20PI%5BAuthor%5D&cauthor=true&cauthor_uid=17168929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hodges%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=19647417
http://bridgedentaire.blogspot.com/2013/02/bridge-dentaire-de-contention.html

