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Abstract: Dentists routinely encounter non-carious cervical lesions (NCCLs) in daily clinical 
practices. The dental literature is contradictory regarding the occlusal etiology of NCCLs. NCCL is 
defined as the loss of dental structure at the cemento–enamel junction, with no association of 
bacteria. The aim of this study was to evaluate the association of dynamic occlusal factors and dental 
hygiene practices with NCCLs. In total, 100 participants were selected by the random stratified 
sampling method, 50 each for control and NCCL groups. Information regarding oral hygiene 
practices, including frequency, duration, force, and technique of brushing, was recorded. Dynamic 
occlusal parameters like initial contact, occlusion time (OT), disocclusion time (DT), and center of 
force were recorded with T-scan analysis. The obtained data were analyzed with Pearson’s 
correlation and binary logistic regression. We found that 68% of participants in the NCCL group 
and 31% in the control group utilized the horizontal brushing technique; 46% of NCCL group 
participants used hard brush against 7% of participants in the control group. The mean OT was 
0.727 and 0.516 s for NCCL and control groups, respectively. The OT and left and right lateral DT 
were strongly related to NCCL, with r-values of 0.661, 0.642, and 0.534, respectively, with p ≤ 0.001. 
Using a hard toothbrush was found to be associated with NCCL. The NCCL group had extended 
mean occlusion time and disocclusion time in all eccentric mandibular movements. 

Keywords: non-carious cervical lesions; occlusion and disocclusion time; abfraction; oral hygiene 
habits 

 

1. Introduction 

Tooth structure loss at the cemento–enamel junction (CEJ), with no involvement of bacteria, is 
referred to as non-carious cervical lesions (NCCLs) [1]. Clinically, NCCLs present as shallow or deep 
depressions, disc- or wedge-shaped defects at the CEJ. The clinicians encounter NCCLs routinely, 
and previous studies report large variation in their prevalence in different populations [2]. Borcic et 
al. [3] reported 13% of dentists encountered cervical C-shaped lesion. Conversely, Bergstrom et al. [4] 
found 85% of patients had a various degree of cervical tooth loss. Meanwhile, Hand et al. [5] reported 
an overall prevalence of NCCLs corresponding to 56 %, and Oginni et al. [6] found 62.3% of their 
studied Nigerian population had a cervical lesion. The large variation in prevalence is attributed to 
differences in the target populations, age, and diagnosis methods adopted by the researchers. 

NCCLs often lead to the loss of structural integrity, tooth sensitivity, pulpal disorders, and 
compromised aesthetics [7]. Researches indicate it is the second most common cause of dental 
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restoration of permanent teeth other than dental caries [8]. Researchers still disagree on the causative 
factors of NCCLs, though most of them consider them due to a multifactorial patho-dynamic 
mechanism [9]. The prevalence of NCCLs is expected to increase, as a result of the longer maintenance 
of teeth and longer life expectancy worldwide. Understanding the etiology of initiation and 
progression of NCCLs could help dentists to better manage these conditions. The clinical recognized 
mechanisms leading to NCCLs are abrasion, erosion, and abfraction. Tooth wear results from the 
interactive outcome of these three processes. Tooth structure loss is a complex mechanism that 
includes variables such as the properties of two opposing surfaces along with those of interfacial 
media like saliva and food. The enamel or restoration wear exceeding a physiological tooth wear may 
cause a destabilized occlusion. Hence, researchers are concerned about the abrasiveness and wear of 
restorative materials. Excessive wear of the restorative materials leads to the loss of organic matrix, 
and exposure of the inorganic component. The worn, rough surface encourage plaque accumulation 
and attrition with the opposing tooth. Matrix structure and fillers type and size determine the wear 
resistance of restorative materials [10,11]. Zafar et al [12] reported that wear increases the surface 
hardness and elastic moduli of metallic restorations. Erosion is due predominantly to A chemical 
process, ascribed to the consumption of acidic food or drinks and acid reflux disorders [13]. Abrasion 
is mechanical wear due to frequent contact with objects or substances. The various factors described 
to influence abrasion are the brushing technique, force, and frequency, toothpaste abrasiveness, 
coarse foods, and harmful oral habits [14]. The abfraction process starts from the flexion of the tooth 
structure at the cervical region due to harmful occlusal forces. Researchers hypothesize that the 
occlusal factors nucleate and propagate the cracks at the CEJ, leading to NCCLs. The results of 
previous studies are inconclusive and contradictory regarding the association of abfraction with 
occlusal factors. Rees et al. [15] suggested bruxism is the main cause of wedge-shaped lesions at the 
CEJ. Lee et al. [16] postulated that tensile stress form masticatory force and malocclusion is the 
primary reason for angled notches at cervical lesions. Hammadeh et al. [17] investigated the effect of 
repetitive occlusal loading over cervical restoration and concluded the occlusal loading resulted in 
stress under the buccal cervical area, crack initiation, and loss of restoration. Conversely, Litonjua et 
al. [18] reported no evidence of enamel and dentin fracture in the cervical area due to axial and non-
axial occlusal load. 

The occlusal factors credited for eccentric loading are premature contacts, para-functional jaw 
movements, deglutition, and clenching [19]. Occlusal loading during mastication occurs in two 
stages. The initial phase is the contact of food with the occluding teeth, and the second phase involves 
the direct contact between opposing teeth. Though tooth–tooth contact has a short duration, it is 
predicted to be the chief etiological factor producing pathological occlusal stress [20]. The occlusal 
contact over the cuspal inclines of the posterior teeth could lead to cervical strain and contributes to 
NCCLs. Hence, the dynamic occlusal contacts during mastication can provide accurate details of the 
resultant forces. Digital occlusal analysis can examine the dynamic occlusal parameters such as 
occlusion time (OT), disocclusion time (DT) and sequence of occlusal contacts. The majority of the 
previous researches tested the association between occlusal factors and NCCLs in vitro, by finite-
element analysis [15,21,22], and photo-elasticity studies [23]. The aim of this study was to assess the 
potential correlation between oral hygiene practices, occlusal parameters, and NCCLs. The null 
hypothesis tested was that there is no association between NCCL manifestations and various occlusal 
factors and different oral hygiene practices. 

2. Materials and Methods 

The method adopted in the study was descriptive, correlation research. Quantitative correlation 
study was selected to test the relationship between NCCLs and dynamic occlusal parameters and 
oral hygiene habits. On the basis of a medium effect size of 0.5, a power of 80%, and a significance 
level of 5% (p < 0.05), the sample size was determined to be 51 subjects per group and was rounded 
to 50 per group. The sample size was calculated with the G*Power software (version 3.1; University 
of Dusseldorf) [24]. In total, 100 participants, 50 each for control and NCCL, were selected by the 
random stratified sampling method among the patients visiting King Khalid University (KKU) dental 
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clinics for treatment. The inclusion criteria were: age ≥19 years, teeth in occlusion, normal salivary 
function, and not under medication with analgesics, tranquilizers, psychiatric drugs. The research 
was a single-center study, conducted at dental clinics, King Khalid University, during the second 
semesters of 2017–2018. All participants received a thorough explanation regarding the study 
procedure, then gave their written consent before inclusion in the study. Clinical examination by the 
examiners was first optimized by a training exercise, followed by thorough explanation of the 
recording procedures. The investigators examined 10 participants (5 control and 5 NCCL), which 
were not included in the final analysis of the results. The procedure was repeated two times to 
determine intra- and inter- examiners reproducibility. Once the inter- and intra-examiners agreement 
was validated with a Kappa score of 0.80, the evaluation of the participants of the study was initiated. 
The analysis of time-force graph recorded by T-Scan was carried out by a single researcher (principal 
investigator). 

2.1. Recordings and Measurements 

All participants were assessed for the following: a) patient general information; b) clinical 
examination to verify the NCCL; c) digital occlusal evaluation by T-Scan; d) questionnaire for oral 
hygiene habits (supplementary). Teeth were examined with a sterile mouth mirror and exploratory 
probe to confirm the presence of NCCL. The Tooth Wear Index (TWI) developed by Smith and Knight 
[25] was determined to record the three types of teeth structure loss. The TWI index is a qualitative 
clinical index; it grades the tooth structure loss into five groups, irrespective of the etiology. The 
criteria for scores are: “0” for no loss of cervical contour; “1” for minimum loss of contour; “2” for 
cervical defect less than 1mm deep. Defects at the cervical surface ranging from 1 to 2 mm are scored 
as 3, while 2 mm-deep defects are recorded as 4. The participants in the NCCL group included in the 
study were scored 2, 3, and 4. Information regarding oral hygiene habits was collected from the 
participants by a direct face-to-face method. The participants were given clarifications for any doubts 
regarding the queries, and information was recorded by the investigator. Recorded information 
included duration, frequency, force, and technique of brushing; the type of toothbrush was also 
documented. The dietary habits regarding the consumption of citric drinks were also documented. 
The static occlusal scheme of canine-guided or group function occlusion was examined; occlusal 
contacts were confirmed with shim stock. 

2.2. T-scan Analysis 

Digital occlusal evaluation was performed with T-Scan analysis (T Scan III, Tekscan Inc, South 
Boston, MA, USA). The maxillary central incisor diameter was determined to customize the dental 
arch dimensions. A sensor was placed in the patient’s mouth, with the sensor support position guide 
between the maxillary central incisors. The sensor handle was held parallel to the occlusal plane, and 
digital sensors were calibrated with a trial bite to achieve the maximum of three displayed high pink 
graphics. The mandible was guided to centric relation using the Dawson bimanual method. During 
closure, initial contact and time to achieve maximum intercuspation (OT) from the initial contact were 
recorded. The participants were requested to glide the mandible to left and right and perform 
protrusive movements; the time required from the initial contact to complete disocclusion (DT) was 
recorded in all excursive mandibular movements. A relative force–time graph was recorded, T-Scan 
software was utilized to analyze the OT, DT, and force distribution ratios. The occlusal analysis was 
repeated three times to confirm the outcomes. 

2.3. Statistical Analysis 

Statistical analysis was performed using SPSS 19 (IBM Corp, Armonk, NY, USA). The association 
of occlusion and other risk factors with the NCCLs was evaluated using Pearson’s correlation and 
Binary logistical regression. Significance was set to p < 0.05. 
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3. Results 

We found that 68 % of NCCL subjects used the horizontal brushing technique compared to 31% 
of control subjects (Figure 1). Among the control group, 93% used a soft brush, while 46% of NCCL 
subjects were used a hard brush. However, no major difference in brushing duration and frequency 
was observed between control and NCCL groups. An average brushing duration of 2–3 minutes was 
recorded in 88% of the control group and 81% of the NCCL group. A brushing frequency over two 
times was determined for 35% and 40%, of control and NCCL subjects, respectively. The average 
number of carbonated drink cans consumed in a day by the control group was 1.36, whereas for the 
NCCL group, it was 1.45. 

A higher percentage of participants from the control group (56.3%) had a canine-guided 
occlusion compared to the NCCL group (31.8%). The multiple linear regression analysis (Table 1) 
indicated the tooth brush hardness did significantly predict the development of NCCL (β = −0.375, 
t(99) = −3.73, p < 0.01) 

 
Figure 1. Oral hygiene habits and occlusal scheme in control and non-carious cervical lesion (NCCL) 
groups. 

The T-Scan digital occlusal analysis showed all excursive occlusal contact parameters to be 
higher in NCCL participants. The mean Right DT, left DT, and protrusive DT were 0.642, 0.686, 0.655, 
and 1.144, 1.228, 1.06 s for control and NCCL groups, respectively. The mean OT was also longer for 
NCCL subjects (0.727 s) compared to the control group (0.516 s). The results also showed the NCCL 
group had initial contact on anterior teeth in 31 participants, and on posterior teeth in 19 participants; 
in the control group, the majority (32 participants) recorded the initial contact in the posterior teeth. 
Centralized force was reported in 32 participants of the control group, while only 15 participants of 
the NCCL group had a centralized force. 

On the basis of the results of the study, OT was strongly related to NCCLs, with r = 0.455, p = 
0.001. The other occlusal parameters such as right DT, left DT, and protrusive DT ere also strongly 
related to NCCL, with the r-value of 0.661, 0.642, and 0.534, and p = 0.001 (Table 2). The results of 
binary logistic regression indicated that there was a significant association between OT, right DT, left 
DT, and tooth brush hardness, with an odd ratio of 70.295, 42.033, 217.327, and 0.045, respectively, 
and p = 0.05 (Table 3). Other parameters like initial contact, protrusive DT, and center of force had no 
significant association with NCCL. 
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Table 1. Summary regression analysis for oral hygiene habits and occlusal schemes predicting NCCL. 

Variable 
 NCCL  

B SE B β 
Brushing frequency −0.029 0.098 −0.028 
Brushing duration 0.015 0.135 0.011 
Brushing technique −0.176 0.100 −0.176 

Tooth brush hardness −0.427 0.115 −0.375 ** 
Occlusion scheme 0.154 0.093 0.154 

R2 0.266   
F 6.806   

** p < 0.01; B: unstandardized beta; SE B: standard error for unstandardized beta; β: standardized beta. 

Table 2. Pearson correlation coefficients for NCCLs and occlusal parameters. 

Groups Score Versus Control (s) NCCL (s) Pearson Correlation  p value 
Occlusion time 0.516 0.727 0.455 0.001 ** 

Rt Disocclusion Time 0.642 1.144 0.661 0.001 ** 
Lt Disocclusion Time 0.686 1.228 0.642 0.001 ** 

Pro Disocclusion Time 0.655 1.06 0.534 0.001 ** 
** Correlation is significant at the p ≤ 0.001 level (2-tailed). 

Table 3. Summary of Binary logistic regression for predicting the NCCL. 

Predictor B SE B OR (eB) 
Initial contact −1.055 0.833 0.348 

Occlusion Time 4.253 * 2.293 70.295 
Rt Disocclusion Time 3.738 * 2.197 42.033 
Lt Disocclusion Time 5.381 * 2.302 217.327 

Pro Disocclusion Time 1.193 1.270 3.296 
Centre of Force 1.484 0.957 4.410 

Tooth brush hardness −3.110 * 1.070 0.045 
* Correlation is significant at the 0.05 level. B: unstandardized beta; SE B: standard error for the 
unstandardized beta; eB: standardized beta β; OR: odd ratio; Rt: right; Lt: left; Pro: protrusive. 

4. Discussion 

The uncertain etiology and diagnosis of NCCL have led to a confused approach to its clinical 
management. Occlusal forces are implicated in the formation of structural defects, while other 
researchers postulate the role of other factors like saliva, piezo-electric effect, vertical barreling in an 
acidic environment in the development of the lesions. The purpose of this study was to determine 
the relation of oral hygiene habits and occlusal parameters in the formation of NCCLs. Earlier studies 
suggested enamel wear because of horizontal brushing was 2–3 times greater than wear due to 
vertical brushing [26]. Our results show the use of a harder toothbrush results in increased NCCLs; 
93% of the control subjects were reported to use a soft toothbrush compared to 46% of the NCCL 
subjects. The results are in agreement with the findings of Brandini et al. [27], indicating that the use 
of medium or hard toothbrushes and a greater force applied during tooth brushing contribute to the 
development of NCCLs. However, Bizhang et al. [28] reported higher dentin loss with soft bristles 
than with hard ones. Dyer et al. [29] suggested that soft brushed could lead to increased abrasion, 
since they incorporate more toothpaste. The toothbrush is just a carrier of the toothpaste, hence, the 
abrasiveness of the toothpaste could be more significant for tooth structure loss [30]. Recent 3-D 
image analysis of the abrasive activity of toothpastes showed higher abrasive slurries caused the 
progression of NCCLs and produced lesions with acute angles [31]. 

This study demonstrates that the frequency, duration of toothbrushing, and carbonated drink 
consumption in the NCCL group was higher compared to the control group. Lussi et al. [32] 
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described that the consumption of acidic diets and tooth brushing frequency were associated with 
increased tooth wear in a six-year clinical study. Abfraction is a wedge-shaped cervical condition; 
researchers suggest it is the effect of concentrated stress at the cervical region due to non-axial 
occlusal forces [17]. 

According to the T-Scan manufacturer’s instruction, the recommended average OT and DT are 
0.2 and 0.4 s, respectively [33]. However, Ma et al. [34] showed OT of 0.34 s and DT of 100 s in 
participants with angles class I occlusion, while Lin et al. [35] reported average OT and DT of 0.47 
and 0.89 s, and Haralur et al. [36] described the OT and DT of 0.69 and 0.79 s, respectively, in normal 
dentate subjects with healthy temporomandibular joints. In this research, NCCL participants 
presented extended occlusion time and disocclusion time during all mandibular excursive 
movements. Lee et al. [16] hypothesized that the horizontal occlusal forces originated from 
mastication, bruxism, and para-functional activity create a fulcrum area in the cervical area. These 
forces caused stress and torque in the tooth cervical area, leading to the disruption of the thin 
crystalline structure of enamel [37]. Finite Element Analysis study reported the occlusal forces during 
inner loading and lateral excursion promoted the concentration of stress in the cervical region. The 
outer load seemed to be more decisive in affecting the biomechanical behavior of the lower premolars 
[38]. Hence, a longer excursive lateral DT led to non-axial load for an extended duration. The results 
of the study are in agreement with the findings of Soares et al. [39], who stated that the oblique load 
to tooth promoted stress in the cervical region, consequently leading to the initiation and progression 
of NCCL. The study of Romeed et al. [40] also agrees with the findings of our study; they reported 
that the maximum stress concentration at the CEJ was generated by lateral loading occlusal forces. 
Occlusal trauma and group function during lateral excursive movement was recognized as a 
significant factor for the occurrence of NCCL [41]. The presence of an even small NCCL at the cervical 
area is predicted to accelerate the progression of the lesion and predispose the teeth to fracture. 
Hence, dentists are recommended to restore NCCL lesions at an early stage to stop their progression. 
Composite resin is a restoration material of choice for NCCLs [42]. The management of NCCLs 
includes the restoration of lost tissue besides the control of all other etiological factors and the 
rectification of occlusal forces [7]. 

The limitations of the study include the small sample size and the fact that it examined a single 
population. Authors recommend longitudinal studies to evaluate the progress of NCCLs due to 
occlusal interferences. Longitudinal studies are also required to test effective restorative treatments 
and manage other etiological factors. 

5. Conclusion 

Within the limitations of the study, the following conclusions were drawn. The use of a hard 
toothbrush and of the horizontal brushing technique were recorded more frequently for the NCCL 
participants. The mean occlusion time was longer for these subjects compared to the control group. 
Among the dynamic occlusal parameters, left lateral disocclusion time and right lateral disocclusion 
time were significantly associated with NCCL. 

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1. Clinical examination 
data sheet. 
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