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Purpose: Dental treatment is a stressful event. The aim of this study was to evaluate the feasibility of 
electroencephalography (EEG) for the measurement of stress the stress of the patient’s ongoing dental treatment. 
Materials and Methods: Real-time brain activity was measured for five healthy subjects (three males and two 
females) under contentious opening mouth conditions and compared with the relaxed conditions for 18 minutes. 
Brain activities were measured under the conditions that subjects were sited on the dental chair in horizontal 
situation. Electroencephalograph (EEG) were used to measure the five type of brain waves: θ, α1, α2, α3, and β.  
Results: In θ wave, α3 wave and β wave, widening gap between opening mouth condition and closing mouth 
conditions were observed with over the time course. This tendency was confirmed by autoregressive moving 
average (ARMA) model and mixed effect modeling. All of the coefficients of opening mouths were statistically 
significant, when closing mouth used as reference. EEG may be useful tool to measure the stress during dental 
treatment. Stress by sitting on dental chair in horizontal situation was depended on personality traits. 
Conclusion: Contentious opening mouth may be stressful; however, the amount of stress may be small. The 
changes can be seen within 18 min. Prolonged chair time for the dental treatment may not be recommended. 

(Asian Pac J Dent 2019; 19: 45-50.) 
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Introduction 
Dental treatment is a stressful event. Multiple factors that induce anxiety were summarized in previous review 

paper [1,2]: previous negative or traumatic experience, vicarious learning from anxious family members or peers, 

vulnerable position of lying back in a dental chair [3-5], sights of needles and air-turbine drills, sounds of 

drilling and screaming, the smell of eugenol and cut dentin, sensations of high-frequency vibrations in the dental 

setting [6-8], fear of pain, blood-injury fears, lack of trust or fear of betrayal, fear of being ridiculed, fear of the 

unknown, fear of detached treatment by a dentist or a sense of depersonalization, fear of mercury poisoning, fear 

of radiation exposure, fear of choking and/or gagging, a sense of helplessness on the dental chair, and lack of 

control during dental treatment [1,9]. These are all negative images of dental treatment. These images induce 

dental anxiety or phobia. The patients with dental anxiety or phobia refused the dental treatment. To recommend 

the dental treatment for these patients, information about stress levels ongoing dental treatment is necessary. 

However, there is little information about the stress levels of the patients. To measure the stress of the patient’s 

ongoing dental treatment, non-invasive and real time monitoring system for measuring stress is necessary. 

 Electroencephalography (EEG) is an electrophysiological monitoring method to record electrical activity of 

the brain. It is typically noninvasive. EEG measures voltage fluctuations resulting from ionic current within the 

neurons of the brain [10]. In clinical contexts, EEG refers to the recording of the brain's spontaneous electrical 

activity over a period of time [10]. EEG is generally used to diagnose epilepsy, sleep disorders, depth of 

anesthesia, coma, encephalopathies, and brain death, tumors, and stroke [11,12]. It can applicable for the 
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response for visual, somatosensory, or auditory stimulus. Therefore, it can applicable for cognitive science, 

cognitive psychology, and psychophysiological research. Therefore, EEG may be feasibility to measure the 

stress of the patient’s ongoing dental treatment. 

 The aim of this study was to evaluate the feasibility of EEG for the measurement of stress the stress of the 

patient’s ongoing dental treatment. To simplify this aim, this study evaluated the real-time brain activity by 

contentious opening mouth conditions and compared with the relaxed conditions. 

 

Materials and Methods  

Subjects 

Five healthy subjects were participated in this study. They were three males and two female, and their ages were 

45, 28, 40, 38, and 33, respectively. As study design was cross over design, brain activities were measured twice 

for every subject. The order to measure the stress conditions were randomly allocated. This study was approved 

by the Ethical Committee of Tsurumi University School of Dental Medicine (Approval Number: 1627). Written 

approval was obtained from the institution where the study was carried out. The participants were informed 

about the study, and written consent was obtained. 

Stress measurement conditions 

Brain activities were measured under the conditions that subjects were sited on the dental chair in horizontal 

situation. The operators advised the subjects to be relax and eyes should be closed. For the opening mouth 

conditions, Multiple Mouth Opener (Takasago Medical Industry Co., Ltd., Tokyo, Japan) were set in the right 

molar and opening distance were set as 4 mm. For the closing mouth conditions, operators advised the subjects 

to close the mouth. Brain activities were measured by Brain Pro FM-929 (Futek Electronics Co., Ltd., 

Yokohama, Japan). Sensor bands (2 electrodes) were attached to the forehead, and electroencephalograms were 

recorded for 3 min through ear grounding [13-15]. 

Stress measurement 

Electroencephalograph (EEG) were used to measure the five type of brain waves: θ, α1, α2, α3, and β. These five 

brain waves are denoted that: θ, 4-6 Hz, idling, sleepy [16,17]; α1, 7-8 Hz, relax [18]; α2, 9-11 Hz, relax and 

concentrated [18], α3, 12-13 Hz, drowsy [18]; β, 14-23 Hz, active thinking, focus, high alert, anxious so-called 

stress wave [19,20]. These five were recorded every second. It is generally known that observed values of brain 

waves varies between subjects, data is commonly expressed as the percentage of each waves. In this study, data 

were expressed by the percentage of each wave in the total of five waves. 

Statistical analysis 

Data of recorded brain wave every second were transformed into moving average for 3 min. Time series analysis 

were carried out to construct autoregressive moving average (ARMA) model. As the recorded data were nested 

in subjects, and time, mixed effect modeling was carried out to find out the effect of stress under opening mouth. 

Then, average value of every 3 min of five waves described above was used for the outcome variable. These 

analyses were carried out by IBM SPSS Statistics ver 24.0 (IBM, Tokyo, Japan). 

 

Results  
Five brain waves obtained by the average five subjects were graphically illustrated in Fig. 1. Red line denoted 

opening mouth and blue line denoted closing mouth conditions. Solid line denoted the observed values of 3 
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minutes’ moving average of each brain wave. In θ wave, α3 wave, and β wave, widening gap between opening 

mouth condition and closing mouth conditions were observed with over the time course.  
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 These time series data were applied for the time series analysis model to calculate the predictive values of the 

transition of brain waves. Autoregressive moving average (ARMA) model, which consisted of the combination 

of autoregressive and moving average, was applied in this study. The results of the fitness index were shown in 

Table 1. All of the data were significantly fitted for the models, and the p-values were all less than 0.01. 

Predictive values by the results of ARMA models were overwritten on Fig. 1. Broken lines and dot lines denoted 

the predictive values and their upper and lower limit of the confidence intervals. Predictive values were also 

indicated that widening gap between opening mouth condition and closing mouth conditions were observed with 

over the time course in θ wave, α3 wave, and β wave. 

  

Fig. 1  
Transition of brain waves obtained by the average of five 
subjects 
Three minutes’ moving average of each brain wave was 
illustrated.  
A, θ wave; B, α1 wave; C, α2 wave; D, α3 wave; E, β wave 
Red line denoted opening mouth and blue line denoted 
closing mouth. 
In θ wave, α3 wave, and β wave, the difference of the 
widening gap between opening mouth condition and 
closing mouth conditions with over the time course 
Solid line, observed values; Brake line: predictive values; 
Dot line: confidence intervals of predictive values 
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Table 1 Estimated parameters and fitness indexes for the transition of brain waves by  
autoregressive moving average model (ARMA model) 

 
Model fit  Parameter of ARMA model 
SRSquare p-value Parameter Estimate SD p-value 

θ 
Close 0.573 <0.001 

Intercept 0.08 0.001 <0.001 
Time 3.50×10-5 1.17×10-6 <0.001 

Open 0.891 <0.001 
Intercept 0.09 0.001 <0.001 
Time 1.90×10-4 2.64×10-6 <0.001 

α1 
Close 0.283 <0.001 

Intercept 0.15 0.001 <0.001 
Time −1.90×10-5 1.15×10-6 <0.001 

Open 0.27 <0.001 
Intercept 0.15 0.001 <0.001 
Time −2.40×10-5 1.52×10-6 <0.001 

α2 
Close 0.95 <0.001 

Intercept 0.3 0.001 <0.001 
Time −1.30×10-4 1.13×10-6 <0.001 

Open 0.371 <0.001 
Intercept 0.24 0.001 <0.001 
Time −4.70×10-5 2.41×10-6 <0.001 

α3 
Close 0.27 <0.001 

Intercept 0.2 0.001 <0.001 
Time −1.60×10-5 9.99×10-7 <0.001 

Open 0.889 <0.001 
Intercept 0.19 0 <0.001 
Time 4.80×10-5 6.66×10-7 <0.001 

β 
Close 0.641 <0.001 

Intercept 0.31 0.001 <0.001 
Time −6.10×10-5 1.78×10-6 <0.001 

Open 0.069 <0.001 
Intercept 0.3 0.001 <0.001 
Time 1.60×10-5 2.26×10-6 <0.001 

Data were significantly fitted for the models, and all p-values were less than 0.01. 
 

Table 2 Results of mixed effect modeling 

  Fixed effect model Random effect model 

  Coefficient 95% CI p-value Coefficient 95% CI p-value 

θ 
Intercept 0.15 0.143 - 0.156 <0.001 0.15 0.066 - 0.233 0.008 
Opening mouth −0.087 −0.012 <0.001 −0.087 −0.008 <0.001 
Time 1.0×10-4 1.0×10-4 -1.0×10-4 <0.001 1.0×10-4 −2.0×10-4 - 4.0×10-4 0.359 

α1 
Intercept 0.142 0.138 - 0.146 <0.001 0.142 0.031 - 0.253 0.024 
Opening mouth 0.002 −0.008 0.329 0.002 0.001 - 0.003 <0.001 
Time −2.0×10-5 −3.0×10-5 - −1.0×10-4 <0.001 −2.0×10-5 −9.0×10-5 - 4.0×10-5 0.419 

α2 
Intercept 0.245 0.241 -0.249 <0.001 0.245 0.207 - 0.283 <0.001 
Opening mouth 0.015 0.012 -0.019 <0.001 0.015 0.013 - 0.018 <0.001 
Time −9.0×10-5 −1.0×10-4 - −8.0×10-5 <0.001 −9.0×10-5 −2.0×10-4 - 5.0×10-5 0.155 

α3 
Intercept 0.205 0.202 - 0.208 <0.001 0.205 0.156 - 0.254 <0.001 
Opening mouth −0.017 −0.006 <0.001 −0.017 −0.003 <0.001 
Time 2.0×10-5 9.0×10-6 - 2.0×10-5 <0.001 2.0×10-5 −9.0×10-5- 1.0×10-4 0.68 

β 
Intercept 0.314 0.308 - 0.320 <0.001 0.314 0.145 - 0.483 0.007 
Opening mouth −0.024 −0.01 <0.001 −0.024 −0.004 <0.001 
Time −2.0×10-5 −4.0×10-5 - −9.0×10-6 0.001 −2.0×10-5 −2.0×10-4 - 1.0×10-4 0.648 

For opening mouth, closing mouth was used as reference. The coefficients of brain waves were statistically significant. 
 

 The results described above were depended on time series analysis. By the time series analysis, factors that 

affected on the transitions could not be statistically evaluated. Therefore, multilevel modeling was applied to 

calculate the effect of opening mouth for the transitions of brain waves. The results were shown in Table 2. For 

fixed effect models, coefficients of opening mouth of all of the brain waves were statistically significant. Then, 

random effect models were constructed by using time for random variable. The coefficients of opening mouth of 

all of the brain waves were also statistically significant. 
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Discussion 

In this study, opening mouth clearly affected the brain waves. Dental anxiety and phobia are a frequently 

encountered problem in dental offices. These patients need to be identified and their concerns should be 

addressed. The etiologies of dental anxiety and phobia are consisted of multiple factors: previous negative 

traumatic experience or lack of understanding, and the vulnerable position of lying back in a dental chair etc. 

[1-6]. Stress during the dental treatment can be the trigger of dental anxiety or phobia, the stress under the dental 

treatment should be minimized. The objective assessment of stress has been developed. Blood pressure, pulse 

rate, pulse oximetry, finger temperature, and galvanic skin response can greatly enhance the diagnosis and 

enable categorization of these individuals as mildly, moderately, or highly anxious or dental phobic [1,21]. 

These devices take advantage of measuring the subtle changes vital reactions. Among them, galvanic skin 

response has been validated as an accurate method in measuring dental anxiety. In addition to these devices, 

Electroencephalography (EEG) are also available to measure the stress [22-24]. The advantage of EEG is that it 

can measure and monitor real time changes of the stress during dental treatment. And it can measure 

simultaneously stress and relaxation. 

 As shown in Fig. 1, α1 and α2 waves, which denote the relaxation status, were decrease in accordance with the 

laps of time when compared with the baseline. However, ranges of changes of these waves were small. For θ 

wave, which also denote the relax conditions, changes of opening mouth conditions were almost stable. In 

contrast, changes of closing mouth condition were clearly increased. These results indicated that sitting on dental 

chair in horizontal situation were not so stressful. Previous report had shown that the vulnerable position of lying 

back in a dental chair was the etiology of dental anxiety [3]. The difference of the results may derive from 

personality traits. For α3 and β wave, even the ranges of changes were small, the difference between opening 

mouth conditions and closing mouth conditions were clear. In addition to these graphical analyses, these results 

were confirmed by statistical modeling. All of the coefficients were statistically significant. Therefore, 

contentious opening mouth may be stressful, however, the amount of stress may be small.  

 Electroencephalography (EEG) may be useful tool to measure the stress during dental treatment. Stress by 

sitting on dental chair in horizontal situation was depended on personality traits. Contentious opening mouth 

may be stressful; however, the amount of stress may be small. The changes can be seen within 18 min. 

Prolonged chair time for the dental treatment may not be recommended. 

 
Acknowledgment   
This study was supported by JSPS KAKENHI Grant Numbers 17K12030. 
 
Conflict of Interest 
The authors declare no conflict of interest exists. 
 

References 

1. Armfield JM, Heaton LJ. Management of fear and anxiety in the dental clinic: a review. Aust Dent J 2013; 58: 390-407. 
2. Appukuttan DP. Strategies to manage patients with dental anxiety and dental phobia: literature review. Clin Cosmet Investig 

Dent 2016; 8: 35-50. 
3. Seeman K, Molin C. Psychopathology, feelings of confinement and helplessness in the dental chair, and relationship to the 

dentist in patients with disproportionate dental anxiety (DDA). Acta Psychiatr Scand 1976; 54: 81-91. 
4. Benjamins C, Schuurs AH, Kooreman T, Hoogstraten J. Self-reported and physiologically measured dental anxiety, coping 

styles and personality traits. Anxiety, Stress, and Coping 1996; 9: 151-62. 
5. Locker D, Shapiro D, Liddell A. Overlap between dental anxiety and blood-injury fears: psychological characteristics and 

response to dental treatment. Behav Res Ther 1997; 35: 583-90. 
6. Ost LG, Hugdahl K. Acquisition of blood and dental phobia and anxiety response patterns in clinical patients. Behav Res 

Ther 1985; 23: 27-34. 
7. Walsh LJ. Anxiety prevention: Implementing the 4 S principle in conservative dentistry. Auxiliary 2007; 17: 24-6. 



Otsuka et al.                      Asian Pac J Dent 2019; 19: 45-50 

 50 

8. Oosterink FM, de Jongh A, Aartman IH. What are people afraid of during dental treatment? Anxiety-provoking capacity of 67 
stimuli characteristic of the dental setting. Eur J Oral Sci 2008; 116: 44-51. 

9. Hmud R, Walsh LJ. Dental anxiety: causes, complications and management approaches. J Minim Interv Dent 2009; 2: 
67-78. 

10. Trinka E, Leitinger M. Which EEG patterns in coma are nonconvulsive status epilepticus? Epilepsy Behav 2015; 49: 203-22. 
11. Petit D, Gagnon JF, Fantini ML, Ferini-Strambi L, Montplaisir J. Sleep and quantitative EEG in neurodegenerative disorders. 

J Psychosom Res 2004; 56: 487-96. 
12. Perry A, Saunders SN, Stiso J, Dewar C, Lubell J, Meling TR, et al. Effects of prefrontal cortex damage on emotion 

understanding: EEG and behavioural evidence. Brain 2017; 140: 1086-99. 
13. Nakagawa S, Tsuruoka S. Effect of a new emotional robot therapy for demented elderly patients -using the automatic 

generation of face movie. Aust J Basic Applied Sci J 2015; 9: 495-502. 
14. Hoki Y, Sato K, Kasai Y. Do carpets alleviate stress? Iran J Public Health 2016; 45: 715-20. 
15. Komori T, Tamura Y, Mitsui M, Matsui J, Uei D, Aoki S. A preliminary study to investigate relaxation and sleep-inducing 

effects of cedrol. Open Access J Sci Tech 2016; 4. doi:10.11131/ 2016/101228. 
16. Klimesch W. EEG alpha and theta oscillations reflect cognitive and memory performance: a review and analysis. Brain Res 

Brain Res Rev 1999; 29: 169-95. 
17. Craig A, Tran Y, Wijesuriya N, Nguyen H. Regional brain wave activity changes associated with fatigue. Psychophysiol 

2012; 49: 574-82. 
18. Klimesch W. alpha-band oscillations, attention, and controlled access to stored information. Trends Cogn Sci 2012; 16: 

606-17. 
19. Takahashi K, Saleh M, Penn RD, Hatsopoulos NG. Propagating waves in human motor cortex. Front Hum Neurosci 2011; 5: 

40. 
20. Halder S, Agorastos D, Veit R, Hammer EM, Lee S, Varkuti B, et al. Neural mechanisms of brain-computer interface control. 

Neuroimage 2011; 55: 1779-90. 
21. Caprara HJ, Eleazer PD, Barfield RD, Chavers S. Objective measurement of patient's dental anxiety by galvanic skin 

reaction. J Endod 2003; 29: 493-6. 
22. Giannakakis G, Grigoriadis D, Tsiknakis M. Detection of stress/anxiety state from EEG features during video watching. Conf 

Proc IEEE Eng Med Biol Soc 2015; 2015: 6034-7. 
23. Hernandez-Gonzalez M, Hernandez-Arteaga E, Guevara MA, Almanza-Sepulveda ML, Ramirez-Renteria ML, Arteaga-Silva 

M, et al. Prenatal stress suppresses the prefrontal and amygdaline EEG changes associated with a sexually-motivated state 
in male rats. Physiol Behav 2017; 182: 86-92. 

24. Marshall AC, Cooper NR. The association between high levels of cumulative life stress and aberrant resting state EEG 
dynamics in old age. Biol Psychol 2017; 127: 64-73. 

 
Correspondence to: 

Dr. Yoshiaki Nomura 
Department of Translational Research, Tsurumi University School of Dental Medicine,  
2-1-3, Tsurumi, Tsurumi-ku, Yokohama 230-8501, Japan 
Fax: +81-45-573-2473  E-mail: nomura-y@tsurumi-u.ac.jp 

Accepted April 19, 2019. 
Copyright ©2019 by the Asian Pacific Journal of Dentistry.    Online ISSN 2185-3487, Print ISSN 2185-3479 
 


