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Abstract: To examine the effects of stress, bruxism, malocclusion, and oral habits on the incidence of temporomandibular disorders 

(TMDs) using a classification tree method (CTM). We obtained data from a total of 1.338 patients: 669 who had TMDs and 669 who but 

haven’t TMDs. We recorded interview data on stress and oral habits, and during oral examination, noted malocclusions, bruxism, and 

any sign of poor oral habits. All data were subjected to CTM analyses. The TMD rate was highest in stressed patients (96.8%),  and 

significantly lower in stress-free patients (25.3%) (P < 0.001). TMD was evident in all patients exhibiting both stress and bruxism 

(100.0%). In stressed patients lacking bruxism, the effects of malocclusion on TMD were significant (P < 0.001). CTM analyses showed 

that the most significant factor affecting TMD was stress, followed by bruxism and malocclusion. This is the first report to use CTM to 

define factors affecting TMD. 
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1. Introduction 
Temporomandibular disorders (TMDs) include 

conditions of the masticatory muscles, the 

temporomandibular joint (TMJ), or both, and constitute a 

subgroup of musculoskeletal disorders (Scrivani et al., 

2008). The most important signs and symptoms of TMD 

are joint pain during mandibular function, restricted 

mandibular movement, limited mouth-opening, jaw-

locking when the mouth is open or closed, and a noisy 

TMJ during jaw movement (Mujakperuo et al., 2010; 

Leite et al., 2013). Traditionally, these disorders have 

been the concerns of dentists. Several epidemiological 

studies on the prevalence of TMD in children and 

adolescents have been published, and rates of 9.8–80% 

have been reported. However, the prevalence in Turkey 

remains poorly known. Approximately 75% of the 

general population exhibits at least one sign of TMD and 

approximately 33% has at least one symptom (List et al., 

1999; Luther et al., 2016), but only 25% are aware of the 

symptoms and signs and report them to specialists (List 

et al., 1999). 

The aetiology of TMD is both complex and multifactorial. 

Many factors including bruxism and other parafunctional 

habits, occlusal abnormalities, psychological features, 

and biological parameters can contribute to its 

development (Al-Ani et al., 2004; Chisnoiu et al., 2015). 

However, the detailed aetiology of the condition remains 

unknown. Therefore, TMD is difficult to diagnose and 

manage. Successful management requires identification 

and control of risk factors. An understanding of TMD 

aetiology is extremely important in this context. 

Oral parafunctional habits are generally considered to 

contribute to the aetiology of TMDs and have been 

studied in children and adults. Tooth-clenching and 

grinding (bruxism), nail-biting, and gum-chewing are the 

most common such factors reported (Michelotti et al., 

2010). Epidemiological studies have found associations 

between oral parafunctions and TMD signs and 

symptoms. Widmalm et al. (1995) reported that 

parafunctional habits, particularly bruxism, may be risk 

factors for TMD. However, few other studies have found 

any statistically significant associations between 
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parafunctional habits and TMDs (Castelo et al., 2005; van 

der Meulen et al., 2006). Over the past 20 years, many 

studies have investigated the relationship between stress 

and TMD (Kanehira et al., 2008; Mottaghi et al., 2011). 

Stress is significantly associated with TMD symptoms 

and parafunctionality (Kanehira et al., 2008). Matsuka et 

al. (2008) compared factors contributing to TMD and 

concluded that psychological features were the most 

important. Deleeuw and Bertoli (2005) found that stress 

were significantly associated with the incidence of TMD. 

Occlusion is also a major aetiological factor; different 

types of malocclusion are associated with various TMD 

signs and symptoms. The most common such factors are 

a large overjet, an anterior open bite, a posterior 

crossbite, and Angle Class II or III dental relationships. An 

extensive systematic review reported significant 

associations between the presence of some occlusal 

factors (a skeletal open bite, a unilateral crossbite, the 

absence of five or more teeth, a deep overbite, and a 

severe overjet) and TMD signs and symptoms 

(McNamara Jr et al., 1995). Tagkli et al. (2017) reported 

that patients with normal occlusion had fewer TMD 

symptoms than those with any type of malocclusion, 

either treated or untreated. 

Data mining (often termed knowledge discovery) is a 

powerful statistical method; a large dataset gathered 

from different perspectives can be summarised and 

analysed to yield useful practical information revealing 

important relationships (Kantardzic, 2008). Technically, 

data mining features the discovery of correlations or 

patterns among dozens of fields in large relational 

databases (Ito et al., 2011). Classification and Regression 

Tree (CART) analysis, a data mining technique, is 

innovative, powerful, and of significant clinical utility. 

CART analyses use a decision tree to classify data. The 

trees are clear and easy to interpret. Thus, they are 

widely used in medicine (D’Alisa et al., 2006; Barlin et al., 

2013; Patel et al., 2014;  Zimmerman et al., 2016), biology 

(Vayssières et al., 2000), and psychology (Rosenfeld and 

Lewis, 2005). They have recently been used in dentistry 

(Ito et al., 2011; Arino et al., 2016; Machuca et al., 2018). 

Here, we employed the classification tree method (CTM) 

to analyse aetiological factors in patients with TMDs. We 

also sought interactions among such factors. The results 

can be used to identify those at higher risk for TMD. 

 

2. Material and Methods 
We obtained data from a total of 1.338 patients: 669 had 

TMDs and 669 received routine treatment for dental 

problems and did not have TMDs. Each participant 

underwent a full TMD examination. Interviews explored 

stress and oral habits (bruxism, biting of foreign objects, 

nail-biting, bottle-opening with the teeth, and gum-

chewing). In intraoral examinations, tooth wear, soft 

tissue signs of bruxism (linea alba), and tongue 

indentations were noted to establish whether 

parafunctional activities were associated with the 

anamnestic and clinical findings of TMD. In addition, 

malocclusion was noted as present or absent. All patients 

were aged 18–60 years old. The exclusion criteria were 

an age outside this range, receipt of TMD treatment 

elsewhere, receipt of orthodontic treatment, edentulous 

status, any central or peripheral neurological disorder, 

and/or a history of trauma. 

CTM examines discrete dependent variables and the 

relationships between independent and dependent 

variables (Yamauchi et al., 2001; Chang et al., 2006) 

represented by visual nodes (Hebert et al., 2006). The 

initial node, termed the root node, is the most 

heterogeneous. The following nodes (the child nodes) are 

more homogenous, and the terminal node is the most 

homogenous (Camdeviren et al., 2007). The root node 

includes all dependent and independent variables. The 

aim is to homogeneously separate the terminal node 

from the child nodes at the highest level, and to exclude 

variables that are not related to the dependent variables. 

Such processing is termed splitting. We used the CTM to 

evaluate the effects of independent variables 

(malocclusion, bruxism, parafunction, and stress) on 

TMD and interactions among the factors. 

The growth method featured chi-square automatic 

interaction detection (CHAID). This identifies the 

independent (predictor) variable exhibiting the strongest 

interaction with the dependent variable. The algorithm 

selects a set of predictors, examines their interactions, 

and predicts the optimal value of the dependent variable, 

eventually creating a classification tree. All statistical 

analyses were performed using SPSS ver. 15.0 for 

Windows. A P-value < 0.05 was considered statistically 

significant. 

2.1. Ethical Consideration 

This study was approved by the Human Ethics 

Committee (Approval number: 218/3-13) and was 

performed in accordance with the Declaration of 

Helsinki. 

 

3. Results 
Table 1 lists subject age and sex and the incidences of 

stress, psychological problems, malocclusion, bruxism, 

and poor oral habits. TMD incidence was not associated 

with age, sex, or any psychological problems (all P > 

0.05). Thus, these factors were not included in the 

decision tree. The optimum tree is shown in Figure 1; it 

predicts TMD by reference to stress, bruxism, 

malocclusion, and poor oral habits. Node 0 (the root 

node) contains descriptive TMD statistics, and was the 

most heterogeneous node (Figure 1). Stress, 

malocclusion, bruxism, and poor oral habits were 

significantly associated with the incidence of TMD (all P < 

0.001); stress was the most significant factor. Thus, 

stress constituted the terminal node. The other factors 

formed child nodes in which stress was present or 

absent. TMD was most prominent in stressed patients 

(Node 1; 96.8%), and significantly less common in those 

without stress (Node 2; 25.3%) (P < 0.001).  
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Table 1. Descriptive statistics and the effects of various factors on temporomandibular disorders 

Aetiological factor 

Group 

TMD Control 

n % n % 

669 50 669 50 

Yes No 

Poor oral habits 472 35.3 866 64.7 

Malocclusion 532 39.8 806 60.2 

Psychological problems  168 12.6 1170 87.4 

Bruxism 294 22.0 1044 78 

Stress 462 34.5 876 65.5 

 Mean SD Mean SD 

Age 33.23 12.789 33.91 13.082 

Sex Female Male 

         n                        %         n                       % 

724 54.1 614 45.9 

TMD= temporomandibular disorders, SD= standard deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Optimal regression tree. 
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TMD was detected in all patients with both stress and 

bruxism (Node 4; 100.0%), but was significantly less 

prevalent in stressed patients without bruxism (92.0%) 

(P < 0.001). In patients who were stressed and did not 

exhibit bruxism, the effects of malocclusion on TMD were 

significant (P < 0.001). TMD was detected in 97.9% of 

patients with malocclusion (Node 8) and in 86.0% 

without malocclusion (Node 7), a significant difference (P 

< 0.01). 

Malocclusion and poor oral habits were associated with a 

higher rate of TMD in non-stressed patients (P < 0.001). 

TMD incidence was higher in stress-free patients with 

than without malocclusions (Node 6, 30.8%; Node 5, 

23.0%, respectively) (P < 0.05). Poor oral habits were 

associated with a higher incidence of TMD in patients 

without stress but with malocclusion (P < 0.001). TMD 

was detected in 15.1% of patients with poor oral habits 

(Node 10), being more common in such patients than in 

those without such habits (Node 9; 26.4%). 

We used CHAID to grow the tree. We employed risk and 

classification data to evaluate model performance. The 

risk estimate was 0.177, indicating that the category 

predicted by the model was wrong in 17.7% of cases. 

Thus the model classified approximately 82.3% of TMD 

cases correctly. Thus, 82.3% of the variation in TMD is 

explained by the independent variables that had 

significant effects on tree growth. 

 

4. Discussion 
It is essential to understand the aetiology of TMD to 

identify and manage pathological factors. Stress, bruxism, 

malocclusion, oral habits, age, sex, and physiological 

problems are among possible TMD predictors. Four 

factors were significantly associated with TMD; these 

were stress, bruxism, malocclusion, and poor oral habits. 

CTM is not widely used in dentistry but finds many 

applications in biology and medicine. We use this method 

to identify the most important aetiological factors of 

TMD. 

The effects of stress on TMD were more significant than 

those of bruxism, malocclusion, or poor oral habits; 

stress lay nearest to the root node (and was thus the 

terminal node). This node was rather homogenous in 

structure and could be separated into two different 

nodes (1 and 2). The highest TMD rate (96.8%) was 

evident in stressed patients (Node 1), being only 25.3% 

in stress-free patients (Node 2). Stress has been 

considered important in terms of TMD onset. Many 

studies have evaluated the importance of stress in this 

context; some have found relevant associations 

(Vanderas and Papagiannoulis, 2002; Uhac et al., 2003; 

Deleeuw and Bertoli, 2005; Kanehira et al., 2008). List et 

al. (1999) found that psychosocial factors, such as 

increased stress, played more prominent roles than 

dental factors in adolescents with TMD. Filho et al. 

(2007) concluded that stress can strongly predispose one 

to TMD and inhibit recovery. 

Oral parafunctional habits involve the mouth, tongue, and 

jaw, and may include bruxism, nail-biting, gum-chewing, 

pencil- or pen-chewing, tongue-thrusting, and thumb-

sucking. Of these, bruxism has been considered 

significant in terms of TMD development (Gavish et al., 

2000; Sato et al., 2006). Michelotti et al. (2010) found an 

association between tooth-clenching⁄grinding and disc 

displacement; daytime bruxism was significantly more 

common among TMD patients than controls. Melchior 

found that bruxism, but not gum-chewing or 

onychophagia, affected TMD progression and/or non-

remission (Melchior et al., 2012). Cortese and Biondi 

reported that various dysfunctions and parafunctions 

were significantly associated with TMD symptoms 

(Cortese and Biondi, 2009). We found that bruxism 

significantly affected the incidence of TMD, which was 

92% in stressed patients lacking bruxism (Node 3). TMD 

was present in all patients exhibiting both stress and 

bruxism (Node 4; 100%). In addition, poor oral habits 

were associated with a higher incidence of TMD in stress-

free patients without malocclusion. However, TMD was 

detected in 15.1% of patients who engaged in nail-biting, 

gum-chewing, or biting of foreign objects. 

The aetiological importance of certain occlusal factors in 

terms of TMD development has been studied (Pullinger 

and Seligman, 2000; Egermark et al., 2003), but the 

results are controversial. An extensive systematic review, 

concluded that significant associations were evident 

between certain occlusal factors (a skeletal open bite, a 

unilateral crossbite, the absence of five or more teeth, a 

deep overbite, and a severe overjet) and TMD signs and 

symptoms (McNamara Jr et al., 1995). Pullinger et al. 

(1993) found only a weak correlation between occlusion 

and TMD; the incidence of TMD was affected only slightly 

by occlusal factors such as an open bite, an overjet > 6–7 

mm, contact/intercuspal retrusion with sliding > 4 mm, a 

unilateral lingual cross-bite, five or more missing 

posterior teeth, faulty restorations, and ill-fitting 

prostheses. Seven years later, the same researchers 

estimated that occlusal factors contributed about 10–

20% to the total spectrum of aetiological factors 

differentiating healthy persons from those with TMD 

(Pullinger and Seligman, 2000). We found that 

malocclusion significantly affected TMD. The TMD rate 

(30.8%) was higher in stress-free patients with than 

without malocclusions; 97.9% of stressed patients 

without bruxism had malocclusion and TMD. 

We examined the effects of various factors on TMD and 

interactions among the factors. Stress was more 

important than bruxism, malocclusion, or oral habits. 

CTM can be used when several factors must be examined 

together, particularly if the dataset is large. 
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