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ABSTRACT
Non-carious cervical lesions (NCCLs) are lesions observed in dental hard tissues and have a multifactorial etiology. It is believed 
that surface loss processes such as abrasion and erosion, together with the biomechanical effects caused by occlusal stress, play a 
role in the development of these lesions. The structural characteristics of the cervical region and the distribution of stress within 
this area influence both lesion formation and the success of restorative treatments. The aim of this review is to evaluate the 
relationship between the etiology of NCCLs, biomechanical effects, and mechanisms of adhesive failure and to outline clinical 
approaches and restorative strategies accordingly. Current findings suggest that stress accumulation in the cervical region may 
adversely affect the adhesive interface, leading to loss of retention and marginal breakdown. Consequently, to achieve successful 
outcomes in the treatment of NCCLs, it is necessary to evaluate biomechanical factors and clinical variables together and to 
adopt a personalized treatment approach.
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INTRODUCTION
Non-carious cervical lesions (NCCL) are lesions frequently 
encountered in clinical practice and are recognized as a 
significant oral health problem. These lesions are characterized 
by non-carious hard tissue loss in the cervical region of the 
tooth, at the level of the cementoenamel junction (CEJ).1 With 
increasing life expectancy, individuals are able to preserve 
their natural teeth for longer, which has led to NCCLs 
becoming a more frequently observed finding during clinical 
examinations.2 These lesions not only result in permanent 
tissue loss but can also lead to clinical problems such as dentine 
hypersensitivity, changes in pulp vitality, and increased 
plaque retention. Clinically, NCCLs can present with various 
morphological appearances, including superficial, concave, 
notched, or wedge-shaped lesions.3

NCCLs are defined as multifactorial lesions in which surface 
loss processes such as abrasion and erosion interact with the 
biomechanical effects caused by occlusal stress.4 Furthermore, 
factors such as poor oral hygiene habits, parafunctional 
activities, low buffering capacity of saliva, and an acidic pH in 
the oral environment may also contribute to the formation of 
these lesions. The reduction in enamel thickness in the cervical 
region and the relatively weak enamel-dentin junction render 
this area more susceptible to stress and wear factors.5 However, 
there is still no consensus in the literature regarding which 
material is more suitable for NCCL restorations and when 
restorative treatment should be initiated. In particular, the 

effect of occlusal stress distribution on the adhesive interface 
and its relationship with restoration failure has not been 
sufficiently elucidated. Therefore, the aim of this review is to 
evaluate the effect of stress distribution on adhesive failure in 
NCCL restorations and to discuss clinical approaches in line 
with the current literature.

THE ETIOLOGY AND BIOMECHANICAL 
BASIS OF NCCL
The accurate identification and differentiation of NCCLs is of 
great importance for treatment planning. A careful clinical 
assessment is required, particularly in early-stage lesions, to 
distinguish between different etiological factors.4

Attrition refers to physical wear observed as a result of contact 
between tooth surfaces during normal masticatory (functional) 
or habit-related (parafunctional) movements. This condition 
is generally observed on occlusal and approximal surfaces and 
may lead to an enlargement of the interproximal contact areas 
over time. In advanced cases, changes in occlusal relationships 
may also occur.4

Abrasion is defined as wear in dental hard tissues resulting 
from external mechanical forces.6 Incorrect brushing 
techniques, excessive pressure, the use of brushes with stiff 
bristles, and toothpastes with high abrasive properties play 
a significant role in this process. These lesions are typically 
sharp-edged and wedge-shaped.7
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Erosion is the dissolution of dental hard tissues resulting from 
a chemical process caused by acids, independent of bacterial 
influence. This process is accelerated particularly by the 
consumption of acidic foods and drinks, the reflux of stomach 
acid into the mouth (gastric reflux), and environments with 
low pH levels. Furthermore, it is suggested that the buffering 
capacity of the environment may be a more significant factor 
in the progression of erosion than the pH value alone.8

Abfraction, on the other hand, is associated with a 
concentration of stress in the cervical region of the tooth 
resulting from flexure caused by occlusal forces, particularly 
their oblique and lateral components. Lesions formed via this 
mechanism are typically wedge-shaped, with sharp internal 
angles, and tend to progress towards the CEJ.9

While it is known that the development of NCCL is 
multifactorial, it has been suggested in recent years that 
biomechanical factors also play a significant role. In 
particular, the distribution of stress on the tooth caused 
by occlusal forces can concentrate in the cervical region, 
potentially leading to tissue loss.10 From a biomechanical 
perspective, occlusal forces, particularly those in the lateral 
direction, lead to stress concentration in the cervical region 
of the tooth. This accumulation of stress can cause micro-
level flexures in the cervical region, leading to weakening of 
the enamel and dentine structure and, over time, tissue loss. 
The reduction in enamel thickness and the weaker enamel-
dentine junction in the cervical region make this area more 
susceptible to the effects of stress.11 However, it is thought that 
the effect of repetitive loads, rather than the one-off impact 
of occlusal forces, plays a significant role in the development 
of NCCL. The stress and flexion generated in the cervical 
region as a result of occlusal loads can lead to the formation of 
microcracks in the enamel and dentine structure; over time, 
this can create a fatigue-like effect, resulting in tissue loss.12

MECHANISMS OF ADHESIVE FAILURE IN 
NCCL
The number of studies evaluating the clinical efficacy of 
universal adhesive systems has increased recently. The clinical 
performance of these systems is generally assessed through 
randomized controlled trials, and the retention of the 
restorative material is considered a key indicator of long-term 
success. However, parameters such as marginal degradation 
and marginal discoloration are also important criteria in 
assessing adhesive success in NCCL restorations.13

The morphological and histological structure of the cervical 
region plays a critical role in adhesive failure. Thinning of the 
enamel layer and changes in the structure of the enamel prisms 
in this region can adversely affect the quality of the adhesive 
bond. Furthermore, the fact that dentine frequently exhibits 
sclerotic characteristics and that the tubules are obstructed 
by mineral deposits can hinder the penetration of adhesive 
systems into the dentine, thereby reducing bond strength.14 
In NCCL restorations, adhesive failure is predominantly 
associated with defects occurring at the bond interface. The 
inability of adhesive systems to provide sufficient infiltration 
into the dentine surface and the degradation of the hybrid layer 
over time can lead to a reduction in bond strength. Systematic 
reviews and meta-analyses incorporating randomized clinical 
trials evaluating the efficacy of adhesive strategies in NCCL 
restorations have shown no significant difference between 

self-etch and etch-and-rinse approaches in terms of retention, 
marginal adaptation, and staining. However, it is stated that 
restoration failures most commonly manifest as a loss of 
retention and that this is associated with the weakening of the 
adhesive interface over time.15

Due to the cervical region’s proximity to the gingiva, 
controlling moisture is difficult, which increases the risk of 
contamination during adhesive application and may adversely 
affect the quality of the bond. These circumstances pave the 
way for clinical failures, particularly marginal detachment, 
microleakage, and loss of retention.16

The long-term success of NCCL restorations remains 
limited, and the mechanism of failure has not yet been fully 
elucidated. Restoration performance depends on factors 
such as the material’s elastic properties, the durability of 
the adhesive interface, and wear resistance; it has been 
demonstrated that these properties degrade over time. 
Furthermore, the higher incidence of marginal defects in 
the cervical region is associated with the biomechanical and 
biological characteristics of this area. It has been reported that 
restoration failure is a process resulting from the combined 
influence of numerous factors, including occlusal stress, the 
location of the lesion, the presence of sclerotic dentine, and 
material properties.

THE RELATIONSHIP BETWEEN STRESS 
DISTRIBUTION AND ADHESIVE FAILURE
In NCCLs, stress distribution is concentrated in the cervical 
region, particularly depending on the direction and 
magnitude of occlusal forces. Elastic deformation of the teeth 
under oblique forces leads to an increase in tensile stresses in 
the cervical region. Finite element analyses show that these 
stresses accumulate most around the enamel-dentin junction 
and that this region is biomechanically more sensitive. 
Furthermore, the direction and magnitude of the load, as 
well as tooth morphology, directly influence the distribution 
of stress, potentially increasing stress concentration in 
specific areas.17 The effect of stress distribution in NCCL 
restorations on adhesive failure is explained, in particular, 
by the changes in stress occurring at the bonding interface. 
It has been reported that stresses generated in the cervical 
region cause different deformations between the restoration 
and the tooth structure and that this mismatch leads to stress 
accumulation at the adhesive interface.18,19 This accumulation 
of stress causes the adhesive layer to remain under constant 
load and may lead to a reduction in bond strength over time. 
In particular, the difference in behavior between dental tissue 
and restorative materials, which possess different elastic 
properties, can increase stress concentration at the adhesive 
interface, thereby adversely affecting bond integrity.19 Long-
term clinical follow-up studies have reported that NCCL 
progression is associated with occlusal stress and that lesion 
progression is more pronounced in teeth subjected to high 
occlusal loads. This suggests that stress may play a role not 
only in lesion formation but also in post-restoration adhesive 
failure.20

Furthermore, the fact that the stress generated in this region 
is not merely static but exhibits a repetitive nature during 
functional and parafunctional movements may lead to 
the weakening of the adhesive bond through a fatigue-like 
process. This study explains how interface disruptions, which 
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initially occur at a microscopic level, progress over time to 
result in clinically observable loss of retention and marginal 
defects.4

In NCCL restorations, adhesive failure is not only related to 
material or technical factors but also to the dynamic effects of 
stress on the adhesive interface. This situation sets the stage 
for the adhesive bond to weaken over time, leading to clinical 
loss of retention and marginal deterioration.16

CLINICAL APPROACHES AND 
RESTORATIVE STRATEGIES
In the management of NCCLs, non-restorative approaches 
should be considered before proceeding to restorative 
treatment. Particularly in cases where dentine hypersensitivity 
is the primary concern, the use of desensitizing agents, fluoride 
varnishes, and products containing potassium nitrate can be 
effective in controlling symptoms. Furthermore, controlling 
the etiological factors can help slow the progression of the 
lesion, thereby delaying the need for restorative intervention.5

The clinical approach to the treatment of NCCLs should 
not be reduced solely to material selection. A successful 
restorative strategy must be determined by evaluating the 
depth and morphology of the lesion, the presence of dentine 
hypersensitivity, aesthetic expectations, occlusal loading, 
parafunctional habits, and the gingival margin. In particular, 
the presence of sclerotic dentine in the cervical region, high 
marginal stress, and the tendency of the adhesive interface to 
degrade over time make NCCL restorations more difficult to 
predict.16

In terms of the choice of restorative materials, there is no clear 
superiority between resin composites and glass ionomer-
based materials. While glass ionomer-based materials offer 
advantages, particularly in cases where moisture control is 
difficult and the root surface is more extensively involved, 
resin composites have a wider range of applications due 
to their aesthetic and mechanical properties.21,22 However, 
marginal leakage issues with resin composites and the 
degradation of the adhesive over time are among the key 
factors limiting clinical success. Consequently, the choice of 
an adhesive system and application technique play a critical 
role in the long-term success of the restoration.23

A three-year randomized clinical trial compared different 
adhesive strategies (universal adhesive, glass ionomer, and 
EDTA pretreatment). While similar success rates were 
achieved across all groups, it was reported that marginal 
defects were observed more frequently in resin composite 
restorations during the early period.24

In a randomized clinical trial comparing flowable composite 
with nano-filled composite, it was reported that the 
restorations were applied over the NCCL and that both 
materials demonstrated similar clinical performance in the 
short term.25 In a 3-year study comparing high-filler flowable 
composite with conventional composite, it was reported that 
retention rates were similar but that the flowable composite 
yielded better results in terms of marginal adaptation.26

Current evidence regarding adhesive strategies indicates 
that there is no significant difference in clinical success 
between self-etch and etch-and-rinse approaches. In NCCL 
restorations using universal adhesive systems, no significant 
superiority has been found between different protocols in 

terms of retention, marginal adaptation, and staining.27-29 
However, the limited presence of enamel in the cervical 
region, the absence of macro-mechanical retention, and the 
highly sclerotic nature of dentine are significant factors that 
complicate adhesive bonding. Furthermore, the heterogeneous 
structure of the bonding surface may adversely affect hybrid 
layer formation.23,24 For this reason, it has been suggested that, 
in some cases, the application of phosphoric acid prior to self-
etch adhesive systems may enhance restoration retention.30 
This situation indicates that, in the clinical decision-making 
process, product-based evaluation is more important than 
material classification.23

In NCCL restorations, lesion morphology is also an important 
clinical variable. While stress concentration and increased 
tension at the adhesive interface are more pronounced in 
deep, wedge-shaped lesions, a more homogeneous stress 
distribution may be observed in superficial and broad lesions. 
This indicates that the success of a restoration depends not 
only on the material but also on the shape of the lesion.4

In NCCL cases accompanied by parafunctional habits, a 
restorative approach alone may not be sufficient. Occlusal 
adjustments and the use of a night guard (occlusal splint) to 
reduce occlusal stress may help to control the stresses arising 
in the cervical region. It has been reported that this approach 
may indirectly enhance the long-term success of restorations.17

In cases of NCCL presenting with gingival recession, 
restorative treatment and periodontal surgery may need to 
be planned in conjunction. In such situations, the restoration 
stabilizes the root surface, while periodontal surgery supports 
aesthetic and functional improvement. It has been reported 
that the combined approach yields more successful results, 
particularly in the aesthetic zone.31

CONCLUSION
Non-carious cervical lesions are complex lesions with a 
multifactorial nature in terms of their formation mechanism 
and clinical behavior and cannot be explained by a single 
etiological factor. Success in the restorative treatment of these 
lesions depends not only on the material or adhesive system 
used but also on the combined assessment of stress distribution, 
dentine properties, lesion morphology, and patient-related 
factors. The current literature indicates that there is no 
single material or adhesive strategy that can be universally 
regarded as superior in NCCL restorations. Therefore, the 
clinical approach must be based on individualized treatment 
planning rather than standard protocols. Consequently, to 
achieve successful and long-term clinical outcomes in the 
management of NCCLs, the lesion must be assessed not only 
from a restorative perspective but also in conjunction with its 
biomechanical and biological environment, and the treatment 
plan must be formulated accordingly.
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