
       74 
COPYRIGHT © 2021 INTERNATIONAL JOURNAL OF SCIENCE DENTISTRY | AVAILABLE ONLINE http://www.periodicos.uff.br/index 

 

REVISTA FLUMINENSE DE ODONTOLOGIA – ANO XXVIII – No 56 – Julho / Dezembro 2021 

ISSN 1413-2966/ D-2316 
 

BIOMECHANICS OF NON-CARIOUS CERVICAL LESIONS IN FINITE 

ELEMENT MODELS: AN INTEGRATIVE REVIEW 

 

BIOMECÂNICA DE LESÕES CERVICAIS NÃO-CARIOSAS EM MODELOS DE 

ELEMENTOS FINITOS: UMA REVISÃO INTEGRATIVA 

 

Ricardo Barbosa-Lima 

Graduate Student of Dentistry - Federal University of Sergipe - UFS, Lagarto/SE. 

 

Sabrina Nascimento Ribeiro 

Graduate Student of Dentistry - Federal University of Sergipe - UFS, Lagarto/SE. 

 

Juliely Nascimento Furtado de Moura 

Graduate Student of Dentistry - Federal University of Sergipe - UFS, Lagarto/SE. 

 

Amanda Lopes 

Graduate Student of Dentistry - Federal University of Sergipe - UFS, Lagarto/SE. 

 

Isaías Queiroz Soares Silva 

Graduate Student of Dentistry - Federal University of Sergipe - UFS, Lagarto/SE. 

 

Daniel Maranha da Rocha 

Undergraduate Professor of Dentistry - Federal University of Sergipe - UFS, Lagarto/SE. 

 

Katharina Morant Holanda de Oliveira-Vanderlei 

Undergraduate Professor of Dentistry - Federal University of Sergipe - UFS, Lagarto/SE. 

 

Institution: Federal University of Sergipe - UFS, Lagarto/SE. 

 

Category: Review Article 

 



 
COPYRIGHT © 2021 INTERNATIONAL JOURNAL OF SCIENCE DENTISTRY | AVAILABLE ONLINE http://www.periodicos.uff.br/index 

75 

REVISTA FLUMINENSE DE ODONTOLOGIA – ANO XXVIII – No 56 – Julho / Dezembro 2021 

ISSN 1413-2966/ D-2316 
 
 

Correspondence: Mr. Ricardo Barbosa-Lima. Address: Avenida Gov. Marcelo Déda, São 

José, Lagarto, Sergipe, Brazil. ZIP code: 49.400-000. Phone: (79) 3632-2082. E-mail: 

ricardoblima17@gmail.com.

mailto:ricardoblima17@gmail.com


 
COPYRIGHT © 2021 INTERNATIONAL JOURNAL OF SCIENCE DENTISTRY | AVAILABLE ONLINE http://www.periodicos.uff.br/index 

76 

REVISTA FLUMINENSE DE ODONTOLOGIA – ANO XXVIII – No 56 – Julho / Dezembro 2021 

ISSN 1413-2966/ D-2316 
 
 

ABSTRACT 

 

Non-carious cervical lesions affect permanent teeth and cause the loss of healthy dental 

structure through a non-bacterial process. The occurrence of these lesions is multifactorial, 

although components of the occlusion are frequently associated. The objective of this article 

is to present a biomechanics of non-carious cervical lesions in finite element models. It is an 

integrative review of in silico studies carried out in PubMed, Scopus and Web of Science 

databases, using a PICo search strategy with descriptors. Studies in three dimensions carried 

out using finite element softwares that evaluated the biomechanical behavior of non-carious 

cervical lesions, without language restriction, published between 2000 and 2019 were 

included. Nine studies were eligible, analyzed and synthesized. The evidence indicates that 

when oblique occlusal forces are applied, the cervical zone of the dental elements receives 

greater stress, especially in the subsurface enamel. Furthermore, enamel can be more 

susceptible to stress than dentin, while V-shaped cervical lesions tend to receive more stress 

than U-shaped lesions, as well as the depth of these lesions potentially increases stress. Bone 

support and root morphology can modify the distribution of occlusal forces in dental 

elements. Thus, the biomechanical behavior of non-carious cervical lesions in finite element 

models is directly associated with oblique occlusal forces capable of generating tension in 

the cervical of dental elements. 

 

Keywords: Tooth Wear; Bite Force; Dental Stress Analysis; Review Literature as Topic.
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RESUMO 

 

As lesões cervicais não-cariosas acometem os dentes permanentes e provocam a perda da 

estrutura dentária saudável por meio de um processo não-bacteriano. A ocorrência destas 

lesões é multifatorial, embora componentes da oclusão estejam frequentemente associados. 

O objetivo deste artigo é apresentar a biomecânica de lesões cervicais não-cariosas em 

modelos de elementos finitos. Trata-se de uma revisão integrativa de estudos in silico 

desenvolvida nas bases de dados PubMed, Scopus e Web of Science utilizando uma 

estratégia de busca com descritores. Foram selecionados estudos em três dimensões 

desenvolvidos em softwares de elementos finitos que avaliaram o comportamento 

biomecânico de lesões cervicais não-cariosas, sem restrição de idioma, publicados entre 2000 

e 2019. O rastreamento e a seleção dos estudos foram realizados por dois avaliadores 

independentes. Nove estudos foram elegíveis, analisados e sintetizados. As evidências 

indicam que, quando forças oclusais oblíquas são aplicadas, a região cervical dos elementos 

dentais recebe maior estresse, especialmente no esmalte subsuperficial. Além disso, o 

esmalte pode ser mais suscetível ao estresse que a dentina, enquanto as lesões cervicais em 

forma de “V” tendem a receber mais estresse do que lesões em forma de “U”, bem como a 

profundidade dessas lesões aumentam potencialmente o estresse. O suporte ósseo e a 

morfologia radicular podem modificar a distribuição das forças oclusais nos elementos 

dentais. Sendo assim, o comportamento biomecânico de lesões cervicais não-cariosas em 

modelos de elementos finitos está diretamente associado à cargas oclusais oblíquas que são 

capazes de gerar tensões na cervical dos elementos dentais. 

 

Palavras-chave: Desgaste dos Dentes; Força de Mordida; Análise do Estresse Dentário; 

Literatura de Revisão como Assunto.
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INTRODUCTION 

 

Non-carious cervical lesions, especially the abfraction type lesions, are loss of dental 

structure close to the cemento-enamel junction, without bacterial involvement, presenting a 

wedge shape. The etiology of these structural losses is often multifactorial and the evidence 

supports that inappropriate occlusal forces are related to the emergence of the abfraction 

(SRIREKHA; BASHETTY, 2013; CHANG et al., 2019; HARALUR et al., 2019). 

 

The occlusal forces and their relationship with the abfraction lesions have been 

investigated in studies with finite element models. The analysis of this relationship by finite 

elements can be a viable method in the evaluation of complex biomechanics of the oral 

cavity, especially when the conditions necessary to evaluate them can not be easily 

reproduced in vivo (SRIREKHA; BASHETTY, 2013; CHANG et al., 2019; HARALUR et 

al., 2019). 

 

With the advancement of computational software applied to dental sciences, studies 

with finite elements in three dimensions have become an analytical method for 

biomechanical events of teeth and other oral tissues, being part of studies called in silico. It 

is possible to reproduce dental structures, determine their properties and study their behavior 

in different mechanics, such as the application of forces and their distribution (CHANG et 

al., 2019; HARALUR et al., 2019). 

 

Understanding the processes by which dental elements lose mineral structure in the 

cervical zone is complex and has not yet been fully elucidated. However, according to the 

theory of tooth flexion, the occlusal forces are dissipated from the axial axis towards the 

cervical zones and the chemical bonds of the enamel hydroxyapatites can be damaged, 

initiating the loss of structure in this region (SADAF; AHMAD, 2014; MARINESCU et al., 

2017). 

 

Non-carious cervical lesions are common in the dental clinical practice, can 

compromise aesthetics, pulp vitality, cause dentinal hypersensitivity, favor biofilm retention 
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and decrease tooth longevity (NASCIMENTO et al., 2016). The objective of this article is to 

present a biomechanics of non-carious cervical lesions in finite element models.  

 

METHODS 

 

An integrative literature review was carried out in the Medical Literature Analysis and 

Retrieval System Online (MEDLINE/PubMed), Scopus e Web of Science databases. The 

gray literature were consulted in OpenGrey and OpenThesis databases. In addition, manual 

searches in the references of eligible articles were performed, aiming to track the largest 

number of studies. The searches started in 2019, between May 10 and June 7. 

 

The search strategy used in all databases comprises the PICo technique to assess 

problem (P: non-carious cervical lesions), interest (I: biomechanics) and context (Co: finite 

element models). The terms used were combined in the referred bases by means of Boolean 

operators: (“Abfraction” OR “Non Carious Cervical Lesions” OR “Cervical Tooth Region”) 

AND (“Bite Forces” OR “Occlusal Forces” OR “Biomechanical”) AND (“Finite Element 

Method” OR “Finite Element Analysis” OR “Finite Element Model” OR “Finite Element 

Modelling”). The same search strategy was applied in all databases accessed in this review. 

 

The guiding question for the development of this bibliographic research was: what is 

the available evidence on the biomechanics of non-carious cervical lesions in studies with 

finite element models? As inclusion criteria, were eligible computer simulation studies using 

a finite element model (in silico) in three dimensions (3D), which evaluated several 

biomechanical aspects of the formation of non-carious cervical lesions, such as the amount 

of load, load distribution, lesion progression in the cervical zone and influence of other oral 

structures. There was no language restriction and studies published between the years 2000 

and 2019 were considered. Studies without adequate methodological description, with 

incomplete analyzes, which did not use finite elements or use other software were excluded. 

 

The selection of eligible articles according to the criteria presented was performed 

using an exploratory and qualitative reading of the titles, abstracts and full-text by two 

independent reviewers. The information of both was crossed and the disagreements were 
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defined by a third evaluator. Data extraction was guided by a pilot form to record the data of 

interest. 

 

RESULTS AND DISCUSSION 

 

After applying the search strategy, 130 articles were tracked in the databases. In manual 

searches, six articles were added and no article was reached when consulting gray literature. 

Of the 136, 64 represented duplications and 58 were irrelevant to the proposed objective, 

resulting in 14 articles for full-text reading. Of this total, three were two-dimensional studies, 

one study did not evaluate non-carious cervical lesions and one study did not use finite 

elements. Therefore, five articles were excluded and nine met the inclusion criteria, being 

analyzed and synthesized. 

 

 

Considering the finite element method in the nine studies, one evaluated maxillary 

central incisor (VANDANA et al., 2016), one evaluated maxillary canine (ROMEED; 

MALIK; DUNNE, 2012), three evaluated mandibular premolars (PALAMARA et al., 2000) 

and four evaluated maxillary premolars (LEE et al., 2002; SOARES et al., 2014; 

GUIMARÃES et al., 2014; MUNARI et al., 2015). In these studies, the amount of applied 

occlusal load varied between 45 and 290 N, in order to understand the behavior of dental 

structures under these forces. In summary, these studies suggest that the occurrence of 

stresses in the cervical zone of dental elements is associated with the application of forces in 

oblique directions, outside the axial axis, resulting in stress to the mineral structure. 

 

Within the cervical zone of teeth in finite element models, the concentration of stress 

due to the application of excessive occlusal loads occurs in the subsurface layer of the 

enamel. In this perspective, the amount of stress can be up to five times greater than that of 

the superficial enamel, suggesting that the onset of non-carious cervical lesions occurs 

initially in the subsurface (JAKUPOVIC et al., 2014; JAKUPOVIC et al., 2016). 

 

V-shaped lesions in the cervical zone of dental elements in finite models have a higher 

concentration of stresses when subjected to functional and non-functional oblique loads. In 
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this lesion shape, when occlusal loads are applied, the greatest concentration of stresses is 

located at the zenith (GUIMARÃES et al., 2014; JAKUPOVIC et al., 2016). 

 

On the other hand, U-shaped lesions have lower stress concentrations when subjected 

to the same conditions and compared with V-shaped. The concentration of stresses is located 

in a wider area in U-shaped lesions, especially at the edges. In addition, the depth of the 

lesion is directly associated with increased stress throughout the zenith (GUIMARÃES et al., 

2014; JAKUPOVIC et al., 2016). Occlusal forces can play an important role in the 

progression of these injuries (SAWLANI et al., 2016). 

 

In addition, the presence of periodontal support, especially bone support, is associated 

with the concentration of stress by occlusal loads in the cervical zone of dental elements in 

finite models. As bone support is lost, stress transmission and concentration tend to migrate 

from the cervical to a more apical zone. For this reason, it is suggested that abfraction-type 

lesions are less likely to occur in periodontally compromised teeth, since the cervical zone 

will not receive potential stress (VANDANA et al., 2016; REDDY; VANDANA, 2018). 

 

Considering the supporting bone tissue, when non-functional oblique loads are applied, 

the amount of stress directed to the bone can be ten times greater compared to axial loads, 

suggesting a justification for the bone resorption observed in occlusal trauma (JAKUPOVIC 

et al., 2014; REINHARDT; KILLEEN, 2015; JAKUPOVIC et al., 2016). In addition, the 

application of oblique forces in teeth with two roots and associated with a deeper fraction 

injury (2.5 mm) showed higher concentrations of stress in the cervical area when compared 

to uniradicular teeth or with less deep fraction injury (1.5 mm) (SOARES et al., 2014; 

JAKUPOVIC et al., 2016). 

 

Considering the axial loads in enamel and dentin separately, when an oblique force is 

applied, the stress located in the enamel can be up to three times higher than dentin, 

suggesting that the first may be more susceptible to stress caused by occlusal forces in finite 

element tests. However, it is important to note that there is an increase in stress in both 

structures (ROMEED; MALIK; DUNNE, 2012). 
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3D analysis is desirable when using finite elements. 3D modeling allows more accurate 

results and more detailed optical evaluation of the anatomy of dental elements in software. 

In finite elements, loads between 200 N and 400 N can represent inappropriate forces on 

dental tissues, as well as loads close to 90 N are compatible with physiological forces. 

However, an oblique force of 105 N can induce tension in the cervical zone (SRIREKHA; 

BASHETTY, 2013; GUIMARÃES et al., 2014; CHANG et al., 2019). 

 

In the cervical zone of the dental elements, there is a transition in the orientation of the 

hydroxyapatite prisms that comprise them. When approaching the cementitious junction, 

there is a tendency to flatten and reduce the thickness of the enamel, in addition to having a 

lower mineral density. Such histological characteristics suggest that the cervical zone may 

be more vulnerable to irritating agents and stressors, correlating with the appearance of 

cervical lesions (DUANGTHIP et al., 2017; KOLAK et al., 2018). 

 

Furthermore, evidence suggests that premolars are the dental elements most clinically 

affected by non-carious lesions in the cervical zone. Among the possible reasons for this 

phenomenon, the incidence of premature occlusal contacts frequently observed in this group 

of teeth, in addition to the inclination of the vestibular cusps and the group laterality function, 

are acceptable explanations (IGARASHI; YOSHIDA; KANAZAWA, 2017; MACHADO et 

al., 2017; YOSHIZAK et al., 2017; KOLAK et al., 2018). 

 

Although biomechanical analyzes are an interesting tool in the study and understanding 

of occlusal stress phenomena, the use of finite elements in the reviewed studies was based 

on dental elements of standard occlusal morphology. However, it is common to observe 

pathological wear, fractures, flattening and other structural changes that can interfere with 

the dispersion of forces in natural teeth (NASCIMENTO et al., 2016; MARINESCU et al., 

2017). In the studies synthesized by this integrative review, such changes were not tested in 

silico, being an important limitation. In addition, we have not found validated tools for 

analyzing the risk of bias in studies of this nature. 

 

Another important point to be considered is that, although the scientific literature 

reports an association between the appearance of cervical lesions and the performance of 
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occlusal forces outside the axial axis of dental elements, other factors are considered in this 

process, such as oral hygiene habits, abrasive toothpastes and consumption of acidic foods. 

In addition, the wine and alcoholic beverages intake was also associated with the prevalence 

of non-carious cervical lesions (MARINESCU et al., 2017; YOSHIZAK et al., 2017; 

HARALUR et al., 2019). 

 

CONCLUSION 

 

The biomechanical behavior of non-carious cervical lesions was directly associated 

with oblique non-functional occlusal loads directed to dental elements in finite models. When 

occlusal forces outside the axial axis of the dental elements were applied, the concentration 

of stress was greater in the cervical zone. The shape of the lesion, bone support and root 

morphology are factors that influence the distribution of this stress. The understanding of this 

behavior in silico can help new studies in vivo to evaluate the appearance of non-carious 

cervical lesions.   
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