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ABSTRACT 

Aim of the study This study investigated the magnitude and distribution of stress in a maxillary first 

premolar subjected to normal and heavy occlusal loads, that were directed vertically and horizontally, 

using Finite Element Analysis. Material and methods A virtual 3D model of a maxillary first 

premolar was created using the CT images of a 14 year-old patient and the physical and mechanical 

properties of the dental tissues used in other studies. We obtained 8 scenarios for the vertical loading 

and 8 scenarios for the horizontal loading. Results The magnitude and distribution of stress were the 

least favorable in the case of the heavy horizontal loading applied on the intact tooth. Conclusions 

Our study showed that the intact tooth was the most affected by stress regardless of the loading 
applied. 
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INTRODUCTION 

 Non-carious cervical lesions represent 

the pathological processes of hard dental 

tissues loss at the cement-enamel junction, 
that do not involve any bacterial process (1). 

 In 1991, Dr. Grippo introduced the 

term “abfraction” to define these lesions and 

considered stress to be the main factor 

involved in their genesis (1, 2). The term 

“abfraction” derives from the Latin words ab-

“away” and fractio –“breaking” (2, 3) and 
means “to break away” (1). 

In their studies, Dr. Grippo and Dr. 

Masi showed that teeth subjected to static 

occlusal loads wear rapidly as opposed to 
teeth not subjected to these occlusal loads (4). 

Even more studies showed that non-

axial occlusal loads are involved in the genesis 

of stress at the cervical region of the tooth (1, 
2, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15). 

Non-axial occlusal loads can cause 

two types of stress in the tooth structure. The 

first one is the compressive stress located 

mainly at the surface adjacent to the direction 

in which the tooth flexure occurs and the 

second one is the tensile stress, located at the 

surface opposed to the direction of the tooth 
flexure (5, 7, 10, 11, 12, 16). 

Because of the high prevalence of 

non-carious cervical lesions, many studies 

tried to enhance the influence of stress in the 

etiology of these lesions, using Finite Element 

Analysis, photoelastic tests, strain gauges and 

electronic microscopy (16). 

This study aims to investigate the 

stress in a maxillary first premolar (with intact 

external morphology or with wear) when 

occlusal loads of normal and excessive 

magnitude are applied vertically and 

horizontally, using Finite Element Analysis. 
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MATERIAL AND METHODS 

In order to create a 3D virtual model 

of a maxillary first premolar, we used the CT 

images of a 14 year-old patient (Figure 1). 

Frontal and transverse images of 1.5 mm 

width were scanned and the data was used to 

build a 3D virtual model that could be used in 

the program we applied the Finite Element 
Analysis. 

 

Figure 1. Images T14- Sections of 1.5mm. 

  Information regarding material 

properties such as the elastic modulus of 

Young and the Poisson’s ratio were collected 

from the literature and summarized in Tabel 1. 

All the biological materials represented in the 

models were considered homogenous and 

linearly elastic. The values of tensile and 

compressive stress obtained were compared to 

the values of Ultimate Tensile and 

Compressive Strength of these materials, 

according to Tabel 2. 

 Tabel 1. Material properties 

 Ultimate 

Tensile 

Strength 

(MPa) 

Ultimate 

Compressive 

Strength 

(MPa) 

Enamel 24 (7) 62 (12, 22) 

Dentine 90 (23) 193 (12, 22) 

Tabel 2. Ultimate tensile and compressive 
strength for dental tissues 

The scanned images were converted 

into a 3D model using MIMICS Program and 

were processed in Abaqus/CAE so that they 

could be studied with Finite Element Analysis. 

The 3D Virtual model consisted of the upper 

right first premolar and the alveolar bone 

represented as a parallelepiped. The premolar 

comprised of: enamel, dentine and pulp. The 

periodontal ligament was simulated by 

creating a uniform outline of 0.3mm width. 

The alveolar bone was simulated so that the 

upper limit was positioned 3 mm lower than 

the cervical limit of the tooth. The cement was 

not simulated because of its minor dimensions 

and its lower relevance for this study. The 

tooth was not rigidly fixed to the bone, 

because between them we applied the 

periodontal ligament with an elastic modulus 
of 0.069 GPa (17, 18, 19). 

The FEA model was a 3D model with 

tetrahedral elements resulting in 47548 

elements and 68504 nodes. The average size 

of an element was approximate 0.5mm per 

surface (Figure 2). 

 

Figure 2. FEA Model. 

This study aimed to analyze the effect 

of tooth wear on the mechanical behavior of 

an upper first premolar (intact or with tooth 

wear) subjected to vertical and horizontal 

loads on normal and excessive value (24). 

A- Simulation of vertical loads applied on 

the upper first right premolar – For these 

simulations we used 3 versions of horizontal 
tooth wear, as shown in Figure 3. 

Material Elastic 

Modulus of  

Young (GPa) 

Poisson 

Ratio 

Enamel 80.35(17, 18,19) 0.33(17,18,19) 

Dentine 19.89(17, 19, 20) 0.31(17,19, 20) 

Pulp 0.002(19, 21) 0.45(19, 21) 

Periodontal 

ligament  

0.069(17, 18, 19) 0.45(17,18, 19) 
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                 (a)          (b)        (c)         (d) 

Figure 3. FEA Model: a) intact tooth; b) 

horizontal tooth wear version 1; c) horizontal 

tooth wear version 2; d) horizontal tooth wear 
version 3. 

The FEA models shown in Figure 3 

were prepared for analysis according to Figure 

4. A vertical load was applied on a 

parallelepipedic block that contacted the 

buccal cusp of the tooth. The root was 

embedded in the alveolar bone. We created 8 

scenarios for this vertical load: 4 using a 

normal vertical load (F=180 N) and 4 using an 
excessive vertical load (F=532 N) (24). 

 

Figure 4. Simulation for vertical load 

B- Simulation of horizontal loads applied 

on the upper right first premolar – For these 

simulations we used 3 versions of lateral tooth 

wear, as shown in Figure 5. 

 

         (a)        (b)       (c)                  (d) 

Figure 5. FEA Model: a) lateral tooth wear 

version 1; b) lateral tooth wear version 2; c) 

lateral tooth wear version 3; d) overlapped 

models. 

The FEA models shown in Figure 2 

and Figure 5 were prepared for analysis 

according to Figure 6. A horizontal load was 

applied using an antagonist tooth, rigidly 

modeled and with a complementary occlusal 

surface, which contacted the occlusal surface 

of the upper premolar. The root of the upper 

premolar was embedded in the alveolar bone. 

We created 8 scenarios for this horizontal 

load: 4 using a normal horizontal load (F=180 

N) and 4 using an excessive horizontal load 

(F=532N). 

Încastrat Încastrat Încastrat Încastrat

F

F

F
F

Contact Contact Contact Contact

 

      (a)              (b)              (c)               (d) 

Figure 6. Simulation for horizontal load: a) 

intact tooth; b) lateral tooth wear version 1;  c) 

lateral tooth wear version 2; d) lateral tooth 
wear version 3. 

 

RESULTS  

In the simulations with horizontal 

tooth wear we quantified the von Mises stress, 

which is a combination of compressive, tensile 

and flexural stress, but the compressive stress 

was prevailing. In the simulations with lateral 

tooth wear, the prevailing stress was both 
compressive and tensile. 

a-Simulation of normal vertical load, F=180 

N 

Figure 7 shows the value and 

distribution of von Mises stress in the upper 

first premolar, intact and with horizontal tooth 
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wear, when we applied a vertical load of 180 

N. 

.

(a) (b) (c) (d)  

Figure 7. Von Mises Stress: a) intact tooth; b) 

horizontal tooth wear version 1; c) horizontal 

tooth wear version 2; d) horizontal tooth wear 

version 3. 

The values of von Mises stress in these 

models were generally under 62 MPa. In the 

model with the intact premolar, in a limited 

aria of enamel, on the superficial layer, at the 

buccal cusp, the value of the stress was higher 

than 62 MPa.  In the models with horizontal 

tooth wear, the values of stress were lower and 

did not exceed 62 MPa. However, the highest 
values were found in the oral cervical area. 

b-Simulation of excessive vertical load, F= 

532 N 

Figure 8 shows the value and 

distribution of von Mises stress in the upper 

first premolar intact and with horizontal tooth 

wear, when we applied a vertical load of 532 

N.

 

(a) (b) (c) (d)  

Figure 8. Von Mises Stress: a) intact tooth; b) 

horizontal tooth wear version 1; c) horizontal 

tooth wear version 2; d) horizontal tooth wear 
version 3. 

  The values of von Mises stress in these 

models were generally over 62 MPa, with the 

highest value in the case of the intact tooth. 

Regarding the distribution of this stress, in the 

model with the intact tooth it was found on the 

occlusal surface, affecting the whole enamel 

layer. In the models with horizontal tooth 

wear, the stress found had a lower value than 

in the model of the intact tooth. In these cases, 

the highest stress was found in the cervical 

area of the tooth and its value was in direct 

proportion to the degree of tooth wear. 

c-Simulation of normal horizontal load, F= 

180 N 

Figures 9 and 10 show the value and 

distribution of tensile and compressive stress 

in the upper first premolar intact and with 

lateral tooth wear, when we applied a 
horizontal load of 180 N. 

 

Figure 9. Tensile stress: a) intact 

tooth; b) lateral tooth wear version 1;  c) 

lateral tooth wear version 2; d) lateral tooth 

wear version 3. 

Figure 10. Compressive stress: a) intact tooth; 
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b) lateral tooth wear version 1;  c) lateral tooth 

wear version 2; d) lateral tooth wear version 3. 

The values of tensile stress were 

generally under 90 MPa, the highest ones 

being found in the model with the intact tooth. 

These high values were located on the 

occlusal surface, at the contact area with the 

antagonist tooth and on the oral radicular 

surface. 

The values of compressive stress were 

generally under 193 MPa, the highest ones 

being found in the model with the intact tooth. 

These high values were located on the 

occlusal surface, at the contact area with the 

antagonist tooth and on the buccal radicular 
surface. 

d-Simulation of excessive horizontal load, 

F=532 N 

Figures 11 and 12 show the value and 

distribution of tensile and compressive stress 

in the upper first premolar intact and with 

lateral tooth wear, when we applied a 
horizontal load of 532 N. 

 

Figure 11. Tensile stress: a) intact 

tooth; b) lateral tooth wear version 1;  c) 

lateral tooth wear version 2; d) lateral tooth 

wear version 

3.

 

Figure 12. Compressive stress: a) intact tooth; 

b) lateral tooth wear version 1;  c) lateral tooth 
wear version 2; d) lateral tooth wear version 3. 

The values of tensile stress were 

higher than 90 MPa in the FEA model of the 

intact tooth and were found on the occlusal 

surface, at the contact area with the antagonist 

tooth and on the oral radicular surface. In the 

FEA models with lateral tooth wear, the 

highest values for the tensile stress had the 
same distribution, but lower peak. 

The values of compressive stress were 

higher than 193 MPa in the FEA model of the 

intact tooth and were found on the occlusal 

surface, at the contact area with the antagonist 

tooth and on the buccal radicular surface. In 

the FEA models with lateral tooth wear, the 

compressive stress with a value higher than 

193 MPa were found at the oral cusp, and their 

distribution was inversely proportional to the 
degree of tooth wear. 

DISCUSSION 

Recent research findings provided us 

with a higher understanding of the 

mechanisms involved in the genesis of non-

carious cervical lesions. Grippo (16) stated 

that non-carious cervical lesions have a 

multifactorial etiology that includes stress, 

friction and biocorrosion, and Donovan, in a 

review from 2017 (25) declared that these 

lesions have a complex, controversial and 

insufficiently understood etiology, probably 

involving erosion, abrasion and tooth flexure 
secondary to occlusal loads. 

Engineering studies support the 

“abfraction theory”: tensile stress resulted 

from non-axial occlusal loads can cause the 

disruption of bonds between hydroxyapatite 

crystals and the separation of enamel from 

dentine (3). Sawlani conducted a study (26) to 

evaluate the factors involved in the evolution 

of non-carious cervical lesions and concluded 

that only the occlusal stress is causing them, 
without the implication of other factors. 
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In this study we used the CT images of 

a 14 year-old patient and obtained a FEA 3D 

model of an upper right first premolar. 

Furthermore, we simulated 3 models with 

horizontal tooth wear and 3 with lateral tooth 

wear, in the attempt to simulate as many 

clinical situations as possible.  

To these FEA 3D models we applied 

normal and excessive (bruxism) loads on a 

vertical and horizontal direction, in the 

attempt to simulate the occlusal loads 

developed in the mandibular static positions 
and the mandibular dynamics.  

The aim of this study was to evaluate 

the value and distribution of stress in the 

cervical area and the probability of it to be 

involved in the genesis of non-carious cervical 

lesions. The stress was considered as tensile 

and compressive stress and its values were 

compared to the ones found in other studies 
(7, 12, 22, 23). 

In the simulation of a vertical 

normal load, when we analyzed the 

compressive stress, we found its value to be 

almost the same as the ultimate compressive 

strength and it was found in the FEA model of 

the intact tooth at the buccal cusp and in the 

FEA models with horizontal tooth wear, in the 

cervical oral region. The values of the von 

Mises stress in the models with horizontal 

tooth wear were lower than the ones found in 

the FEA model with the tooth intact. 

The results of our study were 

compared to the results of a study performed 

by Lee in 2002, analyzing the distribution of 

tensile and compressive stress in an upper 

second premolar. In both studies the stress 

obtained in the cervical area had lower values 

than the ultimate stress. 

In the simulation of a vertical 

excessive load, when we analyzed the 

compressive stress we found its value to be 

higher than the ultimate compressive strength 

in the FEA model of the intact tooth at the 

buccal cusp, and in the FEA models with 

horizontal tooth wear, in the cervical area. 

Donovan (25) reported that vertical 

“heavy” occlusal loads are involved in the 

progression of non-carious cervical lesions, 

whereas Litonjua (27) said that there is no 

connection between vertical occlusal loads 

and these lesions. Our study showed that there 

is a correlation between the value of occlusal 

vertical loads and the value of stress in the 
cervical area. 

In the simulation of normal 

horizontal load, we observed that the FEA 

model with the intact tooth presented with the 

highest value of tensile stress and it was 

found at the contact area with the antagonist 

tooth and on the radicular oral surface. In the 

FEA models with lateral tooth wear, the 

highest values for tensile stress were found at 

the palatal cusp and on the radicular oral 

surface. The tensile stress found in the FEA 

model with the intact tooth were higher than 

the ones found in the FEA models with lateral 
tooth wear. 

In the simulation of a normal 

horizontal load, when we analyzed the value 

of the compressive stress we found that they 

were higher than the ultimate compressive 

strength. The highest values were found in the 

FEA model of the intact tooth at the contact 

area with the antagonist tooth and on the 

buccal radicular surface. In the FEA models 

with lateral tooth wear, the compressive stress 

had lower values and were found at the palatal 
cusp. 

In the simulation of an excessive 

horizontal load, we observed that the FEA 

model with the intact tooth was the most 

affected by the value and distribution of the 

tensile stress developed. The tensile stress 

whose value was higher than the ultimate 

tensile strength was found in the model of the 

intact tooth on the occlusal surface and on the 

radicular oral surface. In the FEA models with 
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lateral tooth wear, the tensile stress had lower 

values and a similar distribution. 

Regarding the compressive stress, we 

found that in the FEA model of the intact 

tooth, its value was higher than the ultimate 

compressive strength and it was limited to the 

occlusal surface and the vestibular cervical 

area. In the FEA models with lateral tooth 

wear, the compressive stress was found on the 
oral surface. 

According to this study, the stress has 

its greatest value in the FEA model of the 

intact tooth. Similar results were obtained with 

Finite Element Analysis by Benazzi (28, 29). 

Other experts which rely on their clinical 

experience have stated that the intact tooth is 

the least favorable for the distribution of 

occlusal loads in dental tissues, because of the 

premature contacts and occlusal interference 

(30, 31). They declared that physiological 

tooth wear has an adaptive feature and assures 
a good functioning of the oral cavity. 

Relating to the distribution of stress, 

this study showed that stress can be present in 

other areas in which non-carious cervical 

lesions have not been frequently found. 

Similar results regarding the distribution of 

stress were found by Benazzi (28) in a study 

in which we simulated stress in a mandibular 

premolar with Finite Element Analysis and by 
Rees (33). 

This distribution of stress, correlated 

with the fact that non-carious cervical lesions 

frequently develop in the vestibular cervical 

region, suggest that there are other factors 

involved in the pathogenesis of this lesions, 
which do not appear in other areas with stress. 

Grippo (2) described since 1991, 5 

types of abfraction lesions for enamel and 10 

for dentine. In this classification, Grippo 

showed that these lesions can have various 

shapes and can be found on other dental 

surfaces than the cervical buccal one, but with 
a lower frequency.  

CONCLUSIONS 

1. Our study showed that the FEA model with 

the tooth intact is the most affected by stress, 

even in the case of a vertical normal load 
being applied. 

2. In the simulation of a vertical normal load, 

the maximum stress was found on the 

superficial layer of the enamel, whereas in the 

simulation of a vertical excessive load, the 

maximum stress involved the whole width of 
the enamel layer. 

3. The value and distribution of stress were  

the least favorable in the simulation of the 

excessive horizontal load in the FEA model 
with the intact tooth. 

4. The fact that we found stress in other areas 

than the cervical buccal one suggests that 

there are other factors involved in the genesis 
of non-carious cervical lesions. 

 

REFERENCES 

1. Konagala R.K., Mandava J., Anupreeta A., Mohan R. B., Murali K. S., Lakshman V. U., Abfraction-

Paradox - A Literature Review On Biomechanics, Diagnosis And Management, The International 

Journal Of Scientific Research; 2018; Volume 7; Issue 6. 

2. Grippo J.O., Abfractions: A New Classification Of Hard Tissue Lesions Of Teeth, J Esthet Dent; 

1991;3(1):14–9. 

3. Silva A.G., Martins C.C., Zina L.G., Moreira A.N., Paiva S.M., Pordeus I.A., Magalhães C.S., The 

Association Between Occlusal Factors And Noncarious Cervical Lesions: A Systematic Review, J 

Dent.; 2013; 41(1):9-16. 



Romanian Journal of Oral Rehabilitation 

Vol. 11, No. 1, January - March 2019 

80 

 

4. Grippo J.O., Masi J.V., The Role Of Biodental Engineering Factors (BEF) In The Etiology Of Root 

Caries, J Esthet Dent; 1991;3(2):71-6. 

5. Lee W.C., Eakle W.S., Possible Role Of Tensile Stress In The Etiology Of Cervical Erosive Lesions 

Of Teeth, J Prosthet Dent; 1984;52(3):374–80. 

6. Lee W.C., Eakle W.S., Stress-Induced Cervical Lesions: Review Of Advances In The Past 10 Years, J 
Prosthet Dent; 1996;75(5):487-94. 

7. Lee H.E., Lin C.L., Wang C.H., Cheng C.H., Chang C.H., Stresses At The Cervical Lesion Of 

Maxillary Premolar - A Finite Element Investigation, J Dent; 2002;30(7-8):283–90. 

8. Grippo J.O., Simring M., Schreiner S., Attrition, Abrasion, Corrosion And Abfraction Revisited: A 

New Perspective On Tooth Surface Lesions, J Am Dent Assoc.; 2004;135(8):1109-18. 

9. Addy M., Shellis R.P., Interaction Between Attrition, Abrasion And Erosion In Tooth Wear, Monogr 

Oral Sci.; 2006;20:17-31. 

10. Rees J.S., The Biomechanics Of Abfractions, Proc Inst Mech Eng H.; 2006;220(1):69-80. 

11. Borčić  J.,  Antonić  R.,  Muhović  U. M.,  Petričević N., Nola-Fuchs P., Ćatić  A., Smojver  I., 3-D  

Stress Analysis In First Maxillary Premolar, Coll Antropol.; 2007;31:1025-1029. 

12. Chun K., Choi H., Lee J., Comparison Of Mechanical Property And Role Between Enamel And 

Dentin In The Human Teeth, J Dent Biomech.; 2014;5:1758736014520809. 

13. Shellis R.P., Addy M., The Interactions Between Attrition, Abrasion And Erosion In Tooth 

Wear, Monogr Oral Sci.; 2014;25:32-45. 

14. Nascimento M.M., Dilbone D.A., Pereira P.N., Duarte W.R., Geraldeli S., Delgado A.J., Abfraction 

Lesions: Etiology, Diagnosis, And Treatment Options, Clin Cosmet Investig Dent; 2016;8:79-87. 

15. El-Marakby A.M., Al-Sabri F.A., Alharbi S.A., Halawani S.M., Noncarious Cervical Lesions as 

Abfraction: Etiology, Diagnosis, and Treatment Modalities of Lesions: A Review Article, Dentistry; 

2017;7(438), 1-6. 

16. Soares P.V., Grippo J.O., Noncarious Cervical Lesions And Cervical Dentin Hypersensitivity – 

Etiology, Diagnosis And Treatment; Quintessesnce Publishing; 2017. 

17. Munari L.S., Cornacchia T.P., Moreira A.N., Gonçalves J.B., De Las Casas E.B., Magalhães C.S., 

Stress Distribution In A Premolar 3D Model With Anisotropic And Isotropic Enamel, Med Biol Eng 

Comput; 2015;53(8):751-8.  

18. Rees J.S., The Role Of Cuspal Flexure In The Development Of Abfraction Lesions: A Finite Element 

Study, Eur J Oral Sci; 1998;106 (6):1028-32. 

19. Gurbuz T., Sengul F., Altun C., Finite Element Stress Analysis of Short-post Core and Over 

Restorations Prepared with Different Restorative Materials, Dent Mater J; 2008;27(4): 499－507. 

20. Sano H., Ciucchi B., Matthews W.G., Pashley D.H., Tensile Properties Of Mineralized And 

Demineralized Human And Bovine Dentin, J Dent Res; 1994;73(6):1205–11. 

21. Benazzi S., Grosse I.R., Gruppioni G., Weber G.W., Kullmer O., Comparison Of Occlusal Loading 

Conditions In A Lower Second Premolar Using Three-Dimensional Finite Element Analysis, Clin 

Oral Investig; 2014;18(2):369–75.  

22. Bramanti E., Cervino G., Lauritano F., Fiorillo L., D’Amico C., Sambataro S., Denaro D., Famà F., 

Ierardo G., Polimeni A., Cicciù M., FEM and Von Mises Analysis on Prosthetic Crowns Structural 

Elements: Evaluation of Different Applied Materials, Scientific World Journal; 2017;2017:1029574. 

23. Ichim I.P., Schmidlin P.R., Li Q., Kieser J.A., Swain M.V., Restoration Of Non-Carious Cervical 

Lesions Part II. Restorative Material Selection To Minimise Fracture, Dent Mater; 2007;23(12):1562–

9. 

24. Larson T.D., The Effect Of Occlusal Forces On Restorations, J Mich Dent Assoc.; 2014;96(9):38-47. 

25. Donovan T.E., Marzola R., Murphy K.R., Cagna D.R., Eichmiller F., McKee J.R., Metz J.E., Albouy 

J.P., Troeltzsch M., Annual Review Of Selected Scientific Literature: Report Of The Committee On 

Scientific Investigation Of The American Academy Of Restorative Dentistry, J Prosthet 

Dent.; 2017;118(3):281-346. 

https://www.ncbi.nlm.nih.gov/pubmed/8709012
https://www.ncbi.nlm.nih.gov/pubmed/8709012
https://www.ncbi.nlm.nih.gov/pubmed/16687882
https://www.ncbi.nlm.nih.gov/pubmed/16687882
https://www.ncbi.nlm.nih.gov/pubmed/16459447
https://www.ncbi.nlm.nih.gov/pubmed/24993256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larson%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=25318197
https://www.ncbi.nlm.nih.gov/pubmed/25318197
https://www.ncbi.nlm.nih.gov/pubmed/28709678
https://www.ncbi.nlm.nih.gov/pubmed/28709678


Romanian Journal of Oral Rehabilitation 

Vol. 11, No. 1, January - March 2019 

81 

 

26. Sawlani K., Lawson N.C., Burgess J.O., Lemons J.E., Kinderknecht K.E., Givan D.A., Ramp L., 

Factors Influencing The Progression Of Noncarious Cervical Lesions: A 5-Year Prospective Clinical 

Evaluation, J Prosthet Dent; 2016;115(5):571-7. 

27. Litonjua L.A., Bush P.J., Andreana S., Tobias T.S., Cohen R.E., Effects Of Occlusal Load On 

Cervical Lesions, J Oral Rehabil.; 2004;31(3):225–32. 

28. Benazzi S., Nguyen H. N., Schulz D., Grosse I. R., Gruppioni G., Hublin J. J., Kullmer O., The 

Evolutionary Paradox Of Tooth Wear: Simply Destruction Or Inevitable Adaptation?, PLoS 

One; 2013;8(4):e62263. 

29. Benazzi S., Nguyen H.N., Kullmer O., Hublin J.J., Unravelling The Functional Biomechanics Of 

Dental Features And Tooth Wear, Plos One; 2013;8(7):e69990. 

30. Forna N., Protetică Dentară vol I, vol II, Editura Enciclopedică; Bucureşti; 2011. 

31. Mercuţ V., Bruxismul De La Cauze La Efect, Editura Medicală Universitară Craiova 2011.  

32. Wood I.D., Kassir A.S., Brunton P.A., Effect Of Lateral Excursive Movements On The Progression 

Of Abfraction Lesions, Oper Dent; 2009,34(3): 273-9. 

33.  Rees J.S., Hammadeh M., Jagger D.C., Abfraction Lesion Formation In Maxillary Incisors, Canines 

And Premolars: A Finite Element Study, Eur J Oral Sci.; 2003;111(2):149–54.

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/23638020
https://www.ncbi.nlm.nih.gov/pubmed/23638020

