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Öz

Abstract
Objective: The present study aimed to define the experience and stages of dental 
anxiety in oral and maxillofacial surgery patients using real-time biometric data 
collection tools.
Materials and Methods: In this study, the patient-dentist interaction was divided 
into three sessions: The pre-surgery, oral surgery and post-surgery sessions. A 
software algorithm was used to record the galvanic skin response signals and heart 
rate data of patients when they sat on the dental chair for a tooth extraction 
procedure.
Results: A total of 38 patients with a mean age of 24.8 years were included in the 
study. Fifteen of the participants were men (39.5%) and 23 were women (60.5%). In 
the operative phase, which is the second of the three oral surgery phases, there was 
a statistically significant difference between the mean values of the op galvanic 
skin response and op heart rate (p<0.001). 
Conclusion: Emotional/motivational changes during the oral surgery stages can 
be determined through biometric data analysis. The measurement of biometric 
parameters, combined with the dentist’s experience, can enable the dentist to make 
decisions about preferable procedures and approaches in the treatment of patients 
with dental anxiety.

Amaç: Bu çalışmanın amacı, gerçek zamanlı biyometrik veri toplama araçlarını 
kullanarak ağız, diş ve çene cerrahisi hastaların, dental anksiyete deneyimi ve 
aşamalarını tanımlamaktır.
Gereç ve Yöntemler: Çalışma protokolü ameliyat öncesi, ameliyat ve ameliyat 
sonrası olmak üzere üç bölüme ayrıldı. Hastaların diş çekimi prosedürü sırasında 
galvanik deri tepki sinyallerini ve kalp atış hızı verilerini kaydetmek için bir yazılım 
algoritması kullanıldı.

Gömülü Üçüncü Molar Ameliyatı Sırasında Dental Anksiyete 
Biyometrik Olarak Ölçülebilir mi? Galvanik Deri Yanıtı Tekniği ile 
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Introduction

Dental anxiety is an emotional state during which 
various emotional/motivational changes (concern, 
fear, stress, and/or excitement) are observed. The 
effects of this anxiety can impact both the patient 
and the dentist. The majority of patients experience 
significant general stress due to previous experiences 
or environmental factors. Patients with severe 
anxiety cannot usually suppress their fear, and 
their emotional reactions, such as vomiting, crying, 
screaming, etc., may interfere with the surgical 
intervention. Therefore, general anaesthesia and/or 
sedation may be necessary. A detailed examination 
of the patient and the selection of an appropriate 
approach may help prevent the use of general 
anaesthesia and sedation; that is, it may allow for the 
intervention to be conducted under routine clinical 
conditions. Unnecessary and high-risk procedures are 
thus avoided, and an atmosphere of mutual trust is 
established between patient and dentist (1-4).

Electrodermal activity (EDA) known as galvanic 
skin response (GSR) enables the measurement of 
unconscious behaviours that cannot be voluntarily 
controlled. The skin is the largest organ of the body, 
and it reacts to all cognitive and emotional stimuli 
through an unconscious system controlled by the 
autonomous sympathetic nervous system. These 
reactions can be observed through changes in skin 
conductance, making the GSR technique an ideal 
biometric data collection tool for the investigation of 
emotional/motivational changes (5).

Compared to studies in the literature that are 
generally focused on the causes of anxiety, this 
study has a unique mixed-method design and 
interdisciplinary approach. The biometric recording of 
patients’ anxiety characteristics and the comparison 
of the results with other reliable and validated anxiety 
scales are distinctive features of this study. In addition, 
this study represents a comprehensive attempt to 
improve data reliability through correct interpretation 

of the objective numeric data obtained from the 
interventions and the detailed interviews carried 
out after the interventions. The objective numeric 
assessment of the predictive data can contribute to 
developing a suitable dental treatment approach for 
patients with dental anxiety.

In this study, the following questions were 
explored:

• Can surgery for impacted tooth be considered 
as having different anxiety stages? Which stages 
specifically (pre-surgery session, oral surgery session, 
or post-surgery session) have an effect on patients’ 
anxiety level?

• Are the results of dental anxiety scales (DAS) 
consistent for every patient in the clinical practice?

• Does the patient-dentist interaction affect the 
anxiety of the patient during surgery?

The main objective of this study is to determine 
and define the experience and stages of dental anxiety 
for oral and maxillofacial surgery patients, using real-
time biometric data tools. In addition, this study 
addresses appropriate management of the patient-
dentist interaction.

Materials and Methods

The study sample consisted of patients who were 
older than 18 years, had no systemic disorders, were 
not under psychiatric treatment and had applied to 
the Department of Oral and Maxillofacial Surgery in 
the Faculty of Dentistry at Aydın Adnan Menderes 
University. Patients who received medical treatment 
and who had a local pathological condition at the site 
of the impacted tooth were excluded from the study. 
The study group was limited to optimise the surgical 
conditions and to standardise the interventions for 
the biometric analysis of patients’ dental anxiety 
levels. We included patients who had impacted 
teeth with vertical and mucosal retention in the 
mandible according to the Pell-Gregory classification. 
All patients were informed about the objective of 
the study and the details of the intervention, and 

Bulgular: Çalışmaya ortalama yaşı 24,8 yıl olan 38 hasta dahil edildi. Katılımcıların 15’i erkek (%39,5), 23’ü kadındı (%60,5). 
Çalışmanın ameliyat bölümü operasyon fazında galvanik deri yanıtı ve kalp atış hızı ortalama değerleri arasında istatistiksel olarak 
anlamlı fark vardı (p<0,001). 
Sonuç: Ağız cerrahisinin aşamalarındaki duygusal/motivasyonel değişiklikler biyometrik veri analizi ile belirlenebilir. Diş hekiminin 
deneyimi ile birlikte biyometrik parametrelerin ölçümü, diş hekiminin, diş anksiyetesi olan hastaların tedavisinde tercih edilen 
prosedürler ve yaklaşımlar hakkında kararlar almasını sağlayabilir.
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only patients who had given their written consent 
were included in the study. This study followed the 
Declaration of Helsinki regarding medical protocol and 
ethics, and the regional Ethical Review Board of Aydın 
Adnan Menderes University Faculty of Dentistry, 
approved the study (protocol no: ADÜDHF 2019/066, 
date: 17.04.2019).

In this study, patient-dentist interaction was 
divided into three sessions: the pre-surgery session, 
the oral surgery session, and the post-surgery session. 
The study procedures are shown in detail in Table 1. 
In this study, our approach was interdisciplinary and 
involved of the perspectives of both dentistry and 
communication sciences.

Pre-surgery Session
The pre-surgery session refers to the period before 

the patient was taken into the operating room. In this 
period, the first interview with the patient and the 
Modified Dental Anxiety scale (MDAS) survey were 
conducted. Also, participatory action research (PAR) 
was started to determine the overall anxiety level of 
the patient. 

Oral Surgery Session 
All surgical interventions were carried out in 

a single-unit treatment room with standardised 
illumination, and patients were situated in the room 
individually. The patients were isolated from stimuli 
except for the surgical intervention so that only 
the anxiety related to the surgical stages could be 
examined. The surgical intervention was divided into 
three phases: the pre-operative phase (pre-op), the 

operative phase (op) and the post-operative phase 
(post-op). As shown in Table 1, each phase was 
divided into subphases. Biometric data was collected 
using GSR in all subphases of the oral surgery session, 
while observation was carried out with PAR at the 
same time.

Post-surgery Session
The post-surgery session refers to the period 

following the surgical intervention, when the 
embedded third molar tooth extraction was 
completed. In this session, the state-trait anxiety 
inventory (STAI) was administered to determine the 
patient’s anxiety status; in addition, a general analysis 
of the patient’s anxiety status using PAR and an in-
depth interview were conducted, and a cross-check 
of the STAI was carried out.

Modified Dental Anxiety Scale 
The DAS, which was developed by Corah (6), is 

one of the oldest and most frequently used scales to 
measure dental anxiety. Humphris et al. (7) improved 
certain deficiencies of the DAS and developed the 
MDAS. The validity and reliability of the Turkish version 
of this modified scale, which enables a more accurate 
assessment of dental anxiety, was established (8). 
MDAS uses a 5-point Likert scale (1= not anxious, 2= 
slightly anxious, 3= fairly anxious, 4= very anxious, 
and 5= extremely anxious), the total score is between 
5 and 25 points.

State-trait Anxiety Inventory 
The (STAI-I, STAI-II) was developed by Spielberg 

et al. (9). Öner and Le Compte (10) adapted it to the 

Table 1. Methods and stages of the procedure

Pre-surgery 
session

Oral surgery session Post-surgery 
sessionPre-operative phase Operative phase Post-operative phase

Modified Dental
Anxiety scale 

P1. Unit preparation
P2. Surgical field 
preparation
P3. Surgeon preparation

P4. Local anaesthesia
P5. Waiting anaesthesia
P6. Incision
P7. Tooth extraction
P8. Bleeding control
P9. Suturation
P10. End of extraction

P11. Surgery information
P12. Post-operative information
P13. End of surgery

State and trait 
anxiety inventory 

-

Galvanic skin response 
(SCL)
&
Heart rate (HR-bpm)

Galvanic skin response 
(SCL)
& 
(HR-bpm)

Galvanic skin response 
(SCL) 
&
(HR-bpm)

-

 PAR PAR PAR PAR
PAR

In-depth interview
SCL: Skin conductance level, PAR: Participatory action research, HR: Heart rate
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Turkish language and conducted reliability and validity 
tests for the Turkish version. This inventory has two 
20-item scales. The anxiety state scale has a 4-point 
Likert scale, in which 1= not at all, 2= somewhat, 3= 
moderately so and 4= very much so. The trait anxiety 
scale is also based on a 4-point Likert scale that 
assesses the frequency of impressions, thoughts and 
behaviours, in which 1= almost never, 2= sometimes, 
3= often and 4= almost always (11,12).

Galvanic Skin Response 
The GSR device, which measures EDA, was 

designed for maximum patient comfort. It has only 
a few connection electrodes and can be easily be 
applied to patients to collect biometric data. Data 
were recorded with a Shimmer GSR+ device and 
analysed simultaneously with the Consensys PRO 1.5.0 
software package (13). The Shimmer GSR+ equipment 
has three channels generating simultaneous feedback. 
Two of these channels record electrodermal skin 
conductance level (SCL) signals through the hand 
electrodes connected to the first and middle fingers, 
and the third channel collects cardiac volume data 
from an infrared sensor attached to the left earlobe 
and converts this data into heart rate (HR) data with 
the help of a software algorithm. We began recording 
the SCL of patients, which reveals changes in patients’ 
emotions, as soon as they sat in the dental chair for 
the tooth extraction procedure (Figure 1). 

“Motivational” is the adjective used in the GSR 
literature to refer to a patient’s emotional state 
(anxiety, fear, excitement, concern, etc.). A change 
of emotion is described as a change of motivational 

status. Change is measured by an electrodermal data 
collection method. The MDAS and the STAI are also 
administered to identify a change in anxiety state, 
comprising a mixed method approach. Thus, as can 
be seen in the research, it is possible to identify in 
which stages a patient’s emotional/motivational state 
variable changes to anxiety.

In-depth Interview 
According to the mixed-method research design, 

both quantitative and qualitative data were obtained 
from the participants. Observation and in-depth 
interview techniques were implemented to collect 
the qualitative data. Observation is not only a 
fundamental data collection method within traditional 
field research but is also one of the key elements of 
user research in the context of human-computer 
interaction. On the other hand, in-depth interviews 
are based on mutual verbal communication, during 
which the investigator can create a conversational 
atmosphere using predetermined topic areas to obtain 
in-depth information about the behaviours, opinions, 
emotions and beliefs of participants (14). This method 
was used as an additional tool to differentiate anxiety 
from other moods. In our study, in-depth interviews 
were carried out in the post-surgical session to support 
the detection of the patient’s anxiety status using GSR. 
Through in-depth interviews, it is also possible to find 
and clarify which emotional changes in the patient’s 
status of surgical operations correspond to.

Participatory Action Research 
PAR is a technique in which the researcher is 

involved in the field as a participant, plays an active 
role in the actions of the research and conducts 
processes in the name of observing the data. In this 
method, it is possible to adapt the researcher to the 
field with multiple roles (15). This method was first 
coined action research by Lewin (16) (1951). In this 
method, the investigator can play more than one role 
in the research field. In our study, the dentist who 
performed the surgical operation was also a participant 
observation researcher. In addition to performing the 
embedded tooth operation, the dentist monitored the 
patient’s GSR data and observed the patient’s general 
emotional/motivational status. The other researcher 
checked and recorded the GSR data and supervised 
the flow of the mixed-method approach, observing 
the condition of the patient and the procedure carried 
out by the dentist. 

Figure 1. Galvanic skin response skin conductance response 
measurement of a patient during the oral surgery
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Statistical Analysis
The G-Power v3.1.9.2 software package was used 

to calculate the sample size. Relevant studies in the 
literature were explored, and we referred to the study 
conducted by Najafpour et al. (17), which was similar 
to our study. The effect size, which was obtained with 
the study data, was too high (0.905), so we referred 
to an effect size of 0.50; consequently, the sample 
size was calculated to be 38. The type 1 error rate 
was set to 0.05, and the power of the study was set 
to 0.95 by G-Power analysis. The Lilliefors-corrected 
Kolmogorov-Smirnov test was used for the normal 
distribution analysis. As some data were not normally 
distributed, we used non-parametric tests for the 
analysis. We used the Spearman’s correlation test to 
determine the direction and degree of the relationship 
between the variables and the Friedman test (two-
way analysis of variance by ranks) to investigate the 
differences between the pre-op, op and post-op data. 
The Bonferroni test was used as a post-hoc test for 
multiple comparisons according to the results of 
the Friedman test. The chi-square test was used to 
compare patients’ anxiety levels before and after the 
oral surgery. The two-way repeated-measures ANOVA 
was used to analyse the effect of variables such as age, 
gender, duration, MDAS and STAI on SCL and pulse 
values. Considering the ANOVA results, the Bonferroni 
test was used to perform paired comparisons.

Results

A total of 38 patients were included in the 
study with a mean age of 24.8 years (18-39 years). 
Fifteen were men (39.5%), and 23 were women 
(60.5%). According to the STAI, 10 participants (26%) 
experienced a high level of trait anxiety and 10 
participants (26%) experienced a moderate level of 
trait anxiety, while 18 participants (48%) had no or 
only mild anxiety. Regarding patients’ STAI scores for 
state anxiety, 27 participants (71%) had no or only 

mild state anxiety during the dental intervention, 
three participants (8%) had moderate state anxiety, 
and eight participants (21%) had a high level of state 
anxiety during the dental intervention. An analysis 
of patients’ scores on the STAI state and trait scales 
using Spearman’s Correlation test showed a positive 
and moderate correlation between these two scores 
(p<0.001). These findings indicate that patients’ 
anxiety level increased significantly during the 
dental intervention with an increase in the general 
level of anxiety; in addition, individuals with general 
anxiety experienced more anxiety during the dental 
intervention (Table 2).

A two-way repeated measures ANOVA was used 
for each variable as well as HR and GSR values to 
analyse the relationship between the GSR and HR 
values and the independent variables. According 
to the patients’ MDAS scores, 24 of the participants 
(63.2%) had no anxiety (MDAS<15), and 14 (36.8%) 
had anxiety (MDAS>15). Although there was no 
statistically significant correlation between patients’ 
MDAS scores and the change in their GSR values 
(p=0.464), we determined a statistically significant 
correlation between MDAS scores and HR values 
(p=0.008). We also found a statistically significant 
correlation between age and GSR values (p=0.011). 
However, there was no statistically significant 
correlation between age and HR values (p=0.231). 
Regarding the gender of the participants, there was 
no statistically significant correlation between gender 
and GSR values (p=0.732), but there was a statistically 
significant correlation between gender and HR values 
(p=0.002). According to the findings, HR changed 
more among women compared to men. We did not 
detect any statistically significant correlation between 
the STAI scores and the changes in GSR and HR values 
(p>0.05) (Table 3).

As described above, in this study, the patient-
dentist interaction was divided into three sessions-pre-
surgery, oral surgery, and post-surgery. Oral surgery 

Table 2. Scores of MDAS, STAI state and Trait scales 

MDAS STAI state STAI trait

Score No (<15) Yes 
(>15)

1st level
(20-37)

2nd level
(38-44)

3rd level
(45-80)

1st level
(20-37)

2nd level
(38-44)

3rd level
(45-80)

Frequency (n) 24 14 27 3 8 18 10 10

 % 63.2 36.8 71.1 7.9 21.1 47.4 26.3 26.3
MDAS: Modify Dental Anxiety scale, STAI: State-trait anxiety inventory
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session was divided into three phase and each phase 
was divided into three, seven, and three sub-phases 
respectively. The mean values for patients during 
the oral surgery session are shown in Figure 2. While 
there was a significant difference between the GSR 
values in the pre-op phase (p<0.001), no significant 
differences were found between the changes in the HR 
values (p=0.544). According to the paired comparison 
of the pre-op GSR values, there was a statistically 
significant correlation between unit preparation (P1) 
and surgeon preparation (P3) (p<0.001). However, we 
did not determine a statistically significant correlation 
between P1 and surgical field preparation. We 
noticed that P3 was responsible for the significant 
difference. The last level of the pre-op phase (P3) had 

a statistically high value compared to the other levels 
(Figure 3).

In the op, which is the second sub-phase of the 
oral surgery session, the changes in the GSR and HR 
values were compared. According to the results of 
the Friedman test, there was a statistically significant 
difference between the mean values of op GSR 
and op HR (p<0.001). The changes in GSR and HR 
values during the sub-phases of the oral surgery are 
presented in Figure 4. 

The results of the Friedman test revealed a 
statistically significant difference between the post-
op GSR and HR values (p<0.001). The surgery (P11) 
values were significantly higher than the end of 
surgery (P13) values, and there was a statistically 

Table 3. Tests of between-subjects effects of each parameters

Mean square F p Partial eta squared

MDAS
GSR 8,560 0,548 0.464 0,015

HR 11749,821 7,958 0.008 0,181

Age 
GSR 157,266 4,308 0.011 0,275

HR 7602,440 1,504 0.231 0,117

Sex
GSR 1,880 0,119 0.732 0,003

HR 15555,460 11,347 0.002 0,240

STAI
GSR 36,157 2,538 0.093 0,127

HR 4608,136 2,896 0.069 0,142

Educational status
GSR 16,624 1,087 0.379 0,116

HR 625,845 0,331 0.855 0,039
STAI: State-trait anxiety inventory, MDAS: Modify Dental Anxiety scale, HR: Heart rate, GSR: Galvanic skin response

Figure 2. Mean values of the oral surgery session and the 
reaction of each level
GSR: Galvanic skin response, HR: Heart rate, SCL: Skin conductance 
level

Figure 3. Mean values of the pre-operative phase of the oral 
surgery session and the reaction of each level
GSR: Galvanic skin response, HR: Heart rate, SCL: Skin conductance 
level, Pre-op phase: Pre-operative phase
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significant difference between information P11 and 
P13 (p<0.001) (Figure 5). 

Discussion

It is well known that anxiety and fear are common 
experienced by patients during dental treatments, 
and they create a disadvantageous stress for patients. 
Ayaz and Varol (3) reported that the concepts of 
anxiety and fear are often intermixed and used 
interchangeably; however, the meaning and content 
of these emotions is different. Fear is defined as a 
subjective emotion, which emerges as a reaction 
against a known danger. On the other hand, anxiety 
is defined as a state of concern and uneasiness in the 
presence of an unknown danger or threat (2,3,18). 

Bayındır et al. (19) defined dental anxiety as a high 
level of uneasiness, which develops as a result of fear 
and concern during the dental treatment and cannot 
be openly expressed. Bulut et al. (11) identified the 
factors that cause the emergence of anxiety, such as 
long and exhausting therapeutic procedures, sounds 
created by the equipment, previous unpleasant 
experiences and social experiences.

Several scales have been developed and 
implemented in collaborations between different 
disciplines to define and assess dental anxiety. Several 
studies focused particularly on the definition and 
understanding of dental anxiety (6,7,11,20-24). Ay et 
al. (2) conducted a study to define and treat dental 
anxiety; they suggested that the most important factor 
was the necessity to focus on the cause of fear and 
anxiety. As a result of the individual characteristics 
of dental anxiety, it is important to understand the 
specific and individual relationship of anxiety with 
the distinct phases of the procedure to elucidate the 
definition, clinical presentation and prevention of 
dental anxiety. 

The biometric data collection method enables the 
mathematical definition of anxiety levels (25,26). Like 
other autonomous processes (e.g. body temperature, 
heart rhythm, blood pressure, etc.), sweating cannot 
be controlled consciously. Skin conductance is also 
affected by this autonomous sweating process 
and can be tracked with a GSR. The autonomous 
sympathetic system, which can trigger a fight-or-flight 
reaction depending on the stimuli, functions as an 
automatic warning mechanism with the help of the 
centres managed unconsciously by the sympathetic 
nervous system. Since 1972, several research articles 
have been published that focused on the reactions 
of the sympathetic nervous system, and they have 
recorded these reactions using the GSR method. 
Therefore, GSR has become one of the most reliable 
measurement techniques in the technical and 
scientific literature (27). Our emotional stimulation 
level changes in response to the environment. If 
something frightening, threatening, or amusing 
occurs, the emotional response increases the activity 
of the eccrine sweat glands. Skin conductance is not 
under conscious control. Instead, it is autonomously 
modulated by the sympathetic activity, which shapes 
human behaviour along with cognitive and emotional 
reactions. Therefore, skin conductance provides 

Figure 4. Mean values of the operative phase of the oral 
surgery session and the reaction of each level
GSR: Galvanic skin response, HR: Heart rate, SCL: Skin conductance 
level 

Figure 5. Mean values of the post-operative phase of the oral 
surgery session and the reaction of each level
GSR: Galvanic skin response, HR: Heart rate, SCL: Skin conductance 
level, Post-op phase: Post-operative phase 
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a direct perspective on autonomous emotional 
regulation (28). Research has confirmed that this 
reaction is related to emotional stimulation (5,28,29). 
It should be noted that both positive (“happy” or 
“cheerful”) and negative (“threatening” or “sad”) 
stimuli increase excitability and skin conductance. 
Therefore, the GSR signal represents the intensity, not 
the type of emotion. 

Only a few studies have focused on the 
implementation of GSR in dentistry. Caprara et al. (25) 
conducted a study on the objective measurement 
of dental anxiety using GSR; they reported that 
their objective was to determine whether the weak 
electric current caused by anxiety could be objectively 
measured. In the study, three different measurements 
were performed: first, a standard anxiety survey was 
administered; second, the galvanic skin conductance 
was measured; finally, false replies to three questions 
were recorded (25). Najafpour et al. (17) conducted a 
study on 151 paediatric patients and evaluated GSR 
measurements. They stated that GSR provided reliable 
and realistic data for determining dental anxiety. In 
their study, Casap et al. (30) investigated the effects of 
informed patient consent on stress levels during third 
molar extraction with the help of the electrodermal 
skin response technique.

In the present study, STAI and MDAS scales, which 
have up-to-date literature support, were used, and 
GSR was added to the study to collect biometric data. 
The emotions and thoughts of patients can change 
over the course of a dental procedure, and scales 
cannot always capture data with a uniform accuracy. 
The most significant disadvantage of the scales is 
their subjectivity. With the help of the objective data 
collected with the biometric method, the accuracy 
of existing anxiety scales can be tested. In this study, 
we had the opportunity to compare MDAS and STAI 
data with the biometric data. It was expected that the 
GSR and HR values would increase when the patient 
experienced continuous anxiety according to the 
STAI scale (STAI-2, state anxiety) and the MDAS score 
was above the threshold (>15). We were not able to 
demonstrate any effect of anxiety determined with 
MDAS and STAI on the changes in the SCL values.

In this study, we tried to find out which emotional/
motivational changes were experienced during 
which stages of the dental intervention. In addition, 
these mood changes became distinguishable as fear, 

concern, or anxiety and, thus, showed how the patient-
dentist interaction should be during the anaesthesia 
and extraction and in the following stages as well as 
demonstrating that appropriate communication was 
needed. It was expected that different emotional/
motivational factors would underlie psychosomatic 
and anxious reactions during the key stages of the 
oral surgery and that these would be reflected by the 
biometric data. 

Each phase within the three sessions of the patient-
dentist interaction was divided into levels according 
to the implemented processes. We evaluated the 
changes within the timeframe of each phase/level 
and investigated whether they affected the level of 
anxiety in patients. Data in the pre-op phase tended 
to anxiety increase gradually. This increase may be 
interpreted as an increase in stress as the time for 
the oral surgery came closer. The difference between 
the GSR and HR values and the elapsed time during 
the op confirms that the level of anxiety increased 
with the prolongation of the surgery, peaked at a 
certain time during the tooth extraction (P7), and 
continued at a high level; then it started to decline 
at the end of the surgery (P10). The decline of the 
anxiety level with the progress of the surgery may 
reflect the patient’s emotions and thoughts related 
to the establishment of trust with the dentist, getting 
used to the environment, and the completion of the 
surgery. The decline in the GSR and HR values in the 
post-op session may be interpreted as the level of 
anxiety declining gradually after the completion of 
the surgery. These findings were supported by both 
values. The in-depth interviews confirmed these 
findings. It was observed that patients started to feel 
anxiety during the application of the anaesthesia and 
suffered from thoughts such as “What is going to 
happen to me?”, and they experienced curiosity and 
anxiety again towards the end of the intervention.

In the pre-clinic study, the patients who did 
not show any significant numerical changes in the 
emotional/motivational variables according to the 
biometric data were identified, and these patients 
were considered to be the placebo group (15). It was 
reported that the psychosomatic reactions of patients 
could be manipulated, and the level of anxiety could 
be decreased with the appropriate approach to the 
patient on the part of the dentist (31). It was observed 
that the patient group which explained as placebo 
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patient before was large, and that patients who 
demanded sedation and/or general anaesthesia could 
not be managed properly by clinically inexperienced 
surgeons; thus, the need for anaesthesia and the 
related risk factors increased. The psychosomatic 
mood changes in the placebo patients, which until 
now could only be diagnosed by an experienced 
dentist, became detectable with biometric data 
collection. 

It was observed that certain words used by the 
surgeon during the operation had a negative impact 
on the psychosomatic state of the patients. These 
words, known as triggering words, may cause severe 
anxiety. Therefore, it was emphasized that the 
operation should be managed by the dentist with 
carefully selected communication tools. 

Conclusion

It was noticed that patients’ emotional/
motivational changes during the phases of the 
operation could be identified using the analyses of 
their biometric data. The simultaneous measurement 
of biometric parameters may, in tandem with 
the dentist’s experience, enable the dentist to 
decide during the operation which procedures and 
approaches should be used with patients with dental 
anxiety. Regarding oral surgical interventions, an 
important step was taken toward the use of minimal 
surgical approaches instead of the use of additional 
sedation and/or general anaesthesia with the use of 
GSR and its components. Furthermore, we believe 
that this approach will also contribute to increasing 
patients’ trust and interaction with the dentist. In 
future studies, the emotional/motivational findings 
during the stages of oral surgery can be investigated, 
and procedure packages based on the patient-dentist 
interaction can be implemented to determine a 
suitable surgical approach for patients with dental 
anxiety. Moreover, further studies are required to 
investigate the integration of biometric data collection 
devices into dental units so that dentists have the 
possibility of instantly using current data to adjust 
their approach to patients with dental anxiety. 
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