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Introduction and aim: Dentistry is a highly demanding profession with a strong mental and physical involvement, possibly generating anxiety. Very few studies assessed psychophysiological activity in dentists, while none tried to relate it with gender during a routine working day. This study aims at evaluating correlations between gender, psychophysiological indexes, and psychological variables.

Materials and methods: Data were acquired at the Dental Clinic of the University of Padua on 20 healthy young dentists (10 M-10F) during a 24 h period of a working day. Physiological variables (measured with E4 Empatica) were electrodermal activity (EDA), heart rate variability (HRV) and heart rate (HR). Participants anxiety was measured through a self-reported scale on patient-relationship anxiety and through the Generalized Anxiety Disorder-7 Questionnaire (GAD-7).
Results: 5 (3F, 2 M) participants over 20 had a GAD-7 score ≥ 10. Female gender, in comparison to Male, was associated with higher perceived patient relationship anxiety (p = 0.002) and lower HRV (p-adj = 0.022). The gender Male, although being associated with lower level of self-reported anxiety (p = 0.002), showed an equal number of subjects with a GAD-7 score ≥ 10 (p = 0.371). No interaction between gender and EDA was found, nor an effect of GAD score on EDA, HRV and HR values. Higher values of EDA were found during sleep time; a difference between sleep time and working time EDA (p = 0.037) and a difference between sleep time and daytime (p = 0.0045). A different HR between sleep and all daytime (p < 0.001) was also highlighted.
Conclusion: 25% of dentists fell within generalized anxiety disorder diagnosis, compared to a maximum of 8.6% in the general population. A possible general biomarker of excessive stress response was measured: a shift of circadian sympathetic activity was found in dentists; a higher activity during sleep in comparison to working time and daytime. The Female gender was associated with higher perceived patient-approach anxiety, lower parasympathetic activity, and a comparable sympathetic activity to the Male gender, thus fostering a possible vulnerability to excessive stress. This study underlines the need to empower the psychological approach to stress and patient-relationship in dentistry.
KEYWORDS
 dentistry, anxiety, stress, gender, psychophysiology


Introduction

Patients’ anxiety for dental procedures is a well-established problem, but who cares about the dentist’s point of view (Armfield and Heaton, 2013)? Stress and anxiety were examined among dental and health professionals and from these studies, it appears that the quality of life of dentists is lower than the general population (Myers and Myers, 2004). Probably this is related to the intrinsic nature of the helping professions (Maslach and Pines, 1977; Rada and Johnson-Leong, 2004), but not solely; being a dentist is a high demanding profession with a strong mental and physical involvement, possibly generating stress and anxiety (DiMatteo et al., 1993). Besides the intrinsic issues of a helping profession, dentists have often to face the management of the dental office. Indeed, the relationship with the patient, the scheduling pressure and the management of employees represent the main causes of stress for dentists (Myers and Myers, 2004). According to some authors, this occupational stress can also lead to a higher risk for cardiovascular diseases (Cutright et al., 1977; Cooper et al., 1978, 1988). The need for professionals to access techniques to manage their stress and improve the communication with the patient is also reported (Moore and Brødsgaard, 2001). It remains to be clarified whether gender differences in anxiety and occupational stress exist. The literature reports a predisposition for anxiety in women, although the factors that may cause this vulnerability remain unclear, Kessler et al. found that the prevalence of a generalized anxiety disorder in women (6.6%) is higher than in men (3.6%) (Kessler et al., 1994; Altemus et al., 2014). Conversely, when anxiety is evaluated in dentists during work, this gender difference seems not to be relevant (Altemus et al., 2014; Davidovich et al., 2015; Asif et al., 2022). The data on anxiety and stress in dentists often derive from questionnaires without ever providing objective measures. However, wearable monitoring devices can measure parameters such as electrodermal activity (EDA), heart rate (HR) and heart rate variability (HRV) and thus provide a step toward an objective psychophysiological measurement of anxiety and stress during the working day (Lu et al., 2020; Posada-Quintero and Chon, 2020; Schuurmans et al., 2020). These psychophysiological data are very important. An increase in HR is associated with increased risk of death (Nauman et al., 2011), more specifically higher HR is associated with both cardiovascular mortality and non-cardiovascular mortality (Woodward et al., 2014; Alhalabi et al., 2017). A reduced HRV is associated with increased cardiovascular risk (Weber et al., 2010), lower resiliency (stress tolerance) in the face of stressful situations (Hansen et al., 2009). Noteworthy longer periods of reduced HRV are associated with worrying, with decreased explicit positive affect, and with increased tension (Verkuil et al., 2016). Furthermore HRV it is highly related to a flexible control over behavior (Thayer et al., 2012), that is hugely important in helping professions such dentistry. The well-known flight or fight memorandum still holds to this day (Cannon, 1915). EDA (being a pure sympathetic index), can provide information on the sympathetic activity and the flight or fight response, because an excessive sympathetic activity can thus fostering healthy related issues (Dickerson and Kemeny, 2004; Andela et al., 2015; Resmini et al., 2016; Richardson et al., 2016; Mohd Azmi et al., 2021). Synthesizing the relevance of all the above-mentioned data, this study aims to investigate the relationships between peripheral psychophysiological parameters measured with a wearable monitoring device and working hours, gender, self-reported anxiety while confronting the patient (VAS-anxiety) and questionnaire measured anxiety (GAD-7) in young dentists.



Materials and methods


Participants and setting

Psychophysiological measures and psychological data were acquired from 20 healthy young dentists with at least 1 year of employment attending a post-graduate course at the Dental Clinic of the University of Padua (Padua, Italy). The age of the 20 participants ranged from 26 to 36 years (M = 28.95, SD = 2.98), 50% were Male. Exclusion criteria were cardiovascular pathologies or psychiatric disorders. Inclusion criteria were being a dentist at the Dental Clinic of the University of Padua, with less than 5 years of clinical experience. Participants enrolled in the present study have signed informed consent prior to participation. The study was approved by the Ethical Committee of Department of General Psychology, University of Padua, n. 3274/2019.



Procedure

Participants were invited and informed about the aim of the study through an information leaflet, and written informed consent was obtained from all subjects after they received all necessary information on the study. Participants were asked to wear a Empatica E4 (Empatica Inc.) wristband, for 24 consecutive hours while they were working, during sleep and during other daytime activities. Furthermore, subjects were asked to fill-in a diary reporting start and end time of the three different conditions (“work,” “sleep,” “daytime”). Data were collected between March and July 2022.



Anxiety assessment

Anxiety levels were scored with the Generalized Anxiety Disorder questionnaire GAD-7 and with a Visual Analog Scale (VAS) about Self Perceived Anxiety (Spitzer et al., 2006; Swinson, 2006; Facco et al., 2011). Anxiety scores during the clinical activity were obtained through a self-reported VAS, stating a single item question: “on a scale from 0 to 10, were 0 is nothing at all and 10 is extremely, how do you rate yourself anxious while relating to patients”? A value of 7 (or more) at VAS analog test was taken as the cutoff in defining subjects anxious in relating to patients (ANX+). Participants that reported a VAS-anxiety<7 were defined “ANX−”. GAD-7 was also used as gold-standard measure to report general anxiety symptoms. A value of GAD ≥10 was considered as a positive GAD and defined as “GAD+,” while a value <10 was reported as “GAD−”.



Physiological assessments

The physiological parameters were obtained through Empatica E4, a wearable device in the form of a wristband that allows for measuring Electrodermal Activity (EDA), blood volume pulse – from which heart rate (HR) and heart rate variability (HRV) are derived, skin temperature, and movement (Garbarino et al., 2014). EDA is a property of the skin that underlines the variation of the electrical conduction in response to sweat secretions and it is a sympathetic index (Boucsein, 2012). HRV is the physiological phenomenon of variation in the time interval between heartbeats. It is a parasympathetic index that reflects vagal activity, it is measured with the root mean square of the successive differences between inter beats intervals (Ernst, 2017; Kim et al., 2018). Participants were asked to wear the Empatica E4 for 24 h on their non-dominant hand. HR was expressed in beats per minute (bpm) and derived through Empatica algorithms to the blood volume pulse. They provide also the inter beats intervals (IBI) from photoplethysmography (PPG) signal. HRV was obtained by extraction of the root mean square of successive differences between normal heartbeats (RMSSD) extracted by first calculating from IBI each successive time difference between heartbeats in ms, over a short-term period of 30 s. Then, each of the values was squared and averaged before the square root of the total was obtained. The sensor used to detect blood volume pulse is a PPG sensor, which is known to be subject to missing data as a result of movement or pressure artifacts (Chen et al., 2015). Artifacts were removed, discarding zero values and other single data point outliers. The analysis of EDA included the extraction of a parameter called skin conductance level (SCL). The electrodes used were silver coated with copper underlay on brass electrodes. The threshold for the amplitude of significant signal was set to a minimum rise of 0.005 μSiemens. SCL values were then normalized using the min-max method. Physiological data were down-sampled to 1hz and labeled as belonging to one of the three monitoring periods (defined as condition “work,” “sleep” and “daytime”). Data of each subject were then aggregated into periods, expressing their mean values.



Statistical methods

As a first step, characteristics of subjects with anxiety (N = 5; GAD≥10) were compared to subjects with no anxiety (N = 15; GAD<10) using independent t tests and a chi-square test, the same analysis was performed splitting groups according to Self-Perceived Anxiety cut-off. We then evaluated if the physiological parameters differed among subjects during the three periods of the day (factor “condition,” 3 levels, within-subjects) and according to the anxiety symptoms reporting both using GAD-7 and Self Perceived Anxiety, (factor “anxiety,” 2 levels, between subjects). The statistical model to test this was a two-way mixed ANOVA model. We then repeated the analysis considering gender differences (factor “gender,” 2 levels, between-subjects) and anxiety symptoms reporting. The analyzes were performed with R version 3.5.1, also used to check for assumptions of normally distributed residuals on all levels of the model. Separate models were considered for each type of parameter (EDA, HR, and HRV). Post-hoc tests were then performed using Tukey for multiple comparisons.




Results

Male and Female groups were comparable (Table 1). An initial qualitative outcome was that 5 participants showed a GAD-7 score ≥ 10 (3F, 2M) and that 10 participants reported a VAS anxiety ≥7 (7F, 3M). Chi-square statistics showed a significant imbalance of Gender distribution as regards Self-Perceived Anxiety [χ2(1,30), p = 0.002], a higher number of women in comparison to men reported anxiety in confronting the patients (Table 2). However, there was no effect of Gender distribution when considering GAD+ vs. GAD-population (p = 0.371; Table 3). Therefore, Two-Way Mixed ANOVA analyzes were performed considering only GAD as anxiety factor.



TABLE 1 Participant characteristics according to gender.
[image: Comparison table of female and male groups, each with 10 participants, showing mean and standard deviation (SD) for age, height, weight, body mass index (BMI), and GAD score. Significant differences found in height and weight. Both groups are comparable according to age, weight, BMI, and GAD score.]



TABLE 2 Gender factor and EDA, HRV, HR values in ANX− and ANX+ dentists.
[image: Table displaying data on gender distribution and physiological measurements related to anxiety. There are two groups: ANX− (VAS-anxiety < 7) and ANX+ (VAS-anxiety ≥ 7), each with 10 participants. Gender distribution shows significant imbalance with more women reporting anxiety (p = 0.002). Measurements include Electrodermal Activity (EDA), Heart Rate (HR), and Heart Rate Variability (HRV), with means, standard deviations, and ranges outlined. No significant differences in EDA, HR, and HRV between groups based on p-values: 0.392, 0.423, and 0.819 respectively.]



TABLE 3 Gender factor and EDA, HRV, HR values in GAD − and GAD + dentists.
[image: Table showing data comparing gender and physiological factors between GAD- and GAD+ groups. Gender distribution: 7 females and 8 males in GAD-; 3 females and 2 males in GAD+. Electrodermal activity (EDA), heart rate (HR), and heart rate variability (HRV) means and ranges are detailed, with p-values indicating no significant differences. Chi-squared statistics show no significant correlation. Definitions for GAD- and GAD+ are provided.]


Electrodermal activity

The results of the Two-Way Mixed ANOVA showed that there was a significant main effect of conditions [F (2,54) = 5.2118, p = 0.0085] on physiological value EDA. A pairwise comparisons using t-tests with pooled SD revealed significant pairwise differences between conditions “sleep” and “daytime” (p = 0.0045) and between “sleep” and “work” (p = 0.0367), showing a higher EDA activity during “sleep” in comparison to “daytime” and “work” (Figure 1). There was no interaction effect for EDA, when considering Gender and GAD ± [F (1,56) = 1.1432, p = 0.2896], with GAD+ (Mean 0.095, SD = 0.091) and GAD− (Mean = 0.116, SD =0.116) performing overall similarly during the different conditions (Figure 2).

[image: Scatter plot showing normalized EDA values for GAD-negative and GAD-positive groups during daytime, sleep, and work. Blue represents GAD-negative, and yellow represents GAD-positive. A star marks a significant difference.]

FIGURE 1
 Distribution of normalized EDA during the 3 conditions according to GAD ±. There was no difference between groups according to factor GAD-or GAD+ while EDA values were clearly different during daytime or work in comparison to sleep. Eda values were higher during sleep than daytime and work conditions. * = p < 0.05.


[image: Dot plot showing normalized EDA values by gender. Circles represent individuals, with turquoise for GAD-negative and yellow for GAD-positive. Females and males are compared, showing more variance in EDA among GAD-negative males.]

FIGURE 2
 Graphic distribution of normalized EDA according to GAD  ±  and Gender. No significant interaction was found between Gender, EDA and GAD ±.




Heart rate variability

Analysis on HRV did not show any significant correlation with GAD ± and conditions (Figure 3), nor among GAD ± and gender effect (Figure 4). However, the Tukey multiple comparisons of means showed a statistically significant difference between Male and Female HRV values (p-adj = 0.022), with Females showing a lower HRV in comparison to Males.

[image: Scatter plot showing HRV in milliseconds across three conditions: Daytime, Sleep, and Work. Data is represented by circles, with blue indicating GAD- and yellow indicating GAD+. Both groups are plotted with trend lines.]

FIGURE 3
 Graphic distribution of HRV values during the 3 conditions according to GAD ±.


[image: Scatter plot showing heart rate variability (HRV) in milliseconds across genders, divided into GAD-negative (blue) and GAD-positive (yellow) groups. Data points suggest higher HRV in males compared to females, with lines connecting group means. An asterisk marks a significant difference in the male group.]

FIGURE 4
 Graphic distribution of HRV values according to GAD ± and Gender. A significant different HRV value according to Gender was found. No significant interaction was found between Gender, HRV and GAD±. * = p < 0.05.




Heart rate

A significant main effect of conditions on HR was found [F(2,54) = 25.94, p < 0.001; Figure 5], the pairwise comparisons using t-tests with pooled SD showed a significant difference between “sleep” and “daytime” (p < 0.001) and “sleep” and “work” (p < 0.001). No correlation was found between HR, Gender and GAD ± (Figure 6). Females showed an average HR value 5.59 bpm higher than Males, without reaching the accepted alpha statistical significance level. Tukey multiple comparisons did not show any significative difference between Female and Male HR values (p-adj = 0.057).

[image: Scatter plot showing heart rate (HR in beats per minute) during daytime, sleep, and work for two groups: GAD- (blue) and GAD+ (yellow). Both groups have lower HR during sleep, with GAD+ generally higher across all times.]

FIGURE 5
 Graphic distribution of HR values during the 3 conditions according to GAD ±. *** = p < 0.0001.


[image: Scatter plot showing heart rate (HR) in beats per minute (bpm) across genders, comparing GAD negative (blue) and GAD positive (yellow) groups. Data points are clustered around 80 bpm for both genders, with slight variations between groups.]

FIGURE 6
 Graphic distribution of HR values according to GAD  ±  and Gender. No significant interaction was found between Gender, HR and GAD ±.





Discussion

In this study, several interesting issues have been elucidated. Curiously, neither GAD-7 scores nor self-reported anxiety values interact with the physiological condition in a statically significant way, a result possible due to the limited number of subjects participating. This study nonetheless showed some interesting data from an innovative psychological and physiological perspective. The Female gender is associated with a higher HR (although not statistically significant, but useful, given the consistency of the other parameters, to Figure out a global pattern of activation), higher perceived patient relationship anxiety and, a lower HRV. However, the Male gender although being associated with a lower level of self-reported anxiety, showed an equal number of subjects with a level compatible with a moderate Generalized Anxiety Disorder; a comparable number to the Female group. HR was higher in our Female sample confirming the existing literature, however the difference with the Male sample values was not statistically significant as expected. Maybe this can be attributed to a higher level of anxiety in our Male sample in comparison to the general Male population. Our findings also highlight that women show lower vagal activity compared to men, providing an interesting relationship between self-report anxiety and physiological data. This work underlines differences in HRV values based on RMSSD that are novel compared to the current scientific literature (Koenig and Thayer, 2016). Usually there is no difference between RMSSD according to gender and, if any is reported, Females show higher parasympathetic activity. The current scientific literature has showed the association between an increased morning cortisol concentration and stress levels in dentists (Nijakowski et al., 2022). It has been also highlighted the usefulness of salivary tests to evaluate sympathetic activity (Tammayan et al., 2021). Furthermore in tracking stress the efficacy of oximetry have been already showed (Hunasgi et al., 2018), but no information about dentists’ sympathetic activity during sleep have been previously reported. The present paper highlights differences in EDA circadian rhythms. More specifically dentists maintained a similar sympathetic activity across daytime and working time. In contrast with the literature a higher sympathetic activity was found during the night in comparison to the rest of day (Grassi et al., 2010). This could open some interesting perspectives about EDA values during sleep stages and working day values in order to deepen our understanding of circadian rhythms in dentists that refer to be stressed or actually have anxiety issues. The shift of EDA circadian rhythms (if shown to be consistent by future research) could represent a possible biomarker of work-related stress. Future studies will uncover if in dentists there is any association between nocturnal excessive sympathetic activity, sleep stage, quality of sleep, perceived stress and anxiety. Usually the above-mentioned indexes are associated with bad health and impaired mental health (Sano et al., 2015; Zhang et al., 2018). In the Introduction several important studies were elucidated, that showed the relevance of this psychophysiological perspective, so it will be interesting to evaluate the results of this study not solely according to a Gender comparison but also to the reference population according to age. A comparison with the reference population according to HRV, HR [both defined in Umetani et al., (1998)] and EDA, showed that HRV was higher in our sample 64.041 ms (±19.112) in comparison to 43 ms (±19), reported by the general population paired by age. HR was perfectly in line with the expected results: 79 bpm (±10) in the general population in comparison to 78.444 bpm (±11.311), provided by our sample. EDA values cannot be compared to the general population because a wrist-worn EDA general classification is still lacking, but nonetheless the shift in sympathetic night activity, according to EDA, remains valuable. Noteworthy 50% of participants reported a self-Perceived VAS Anxiety ≥7 and 5 over 20 (3F, 2 M) were compatible with a moderate GAD diagnosis (GAD-7 score ≥ 10). This is more than expected, as reported by Spitzer et al. (2006): the disorder has an estimated current prevalence in the general medical practice of 2.8 to 8.5% and in the general population of 1.6 to 5.0% (Leon et al., 1995; Olfson et al., 1997; Roy-Byrne and Wagner, 2004; Kessler et al., 2005). No interactions between gender and EDA were found, nor an interaction between GAD score and EDA value. It is relevant to underline that probably this lack of interaction may be caused by the limited sample. A further limitation of this study is the impossibility of comparison of self-reported anxiety with gender due to inhomogeneous samples. The relevance of a psychological approach in a very demanding profession such as dentistry was highlighted by the high number of professionals with a moderate generalized anxiety disorder. The Female gender correlation with higher heart rate activity (although non statistically significant), lower parasympathetic activity (HRV) and with comparable sympathetic activity to the Male gender, can thus provide a possible vulnerability to excessive stress. This hypothesis can be confirmed by the higher Female self-reported anxiety related to patient approach. However, this also poses some interrogatives about Males’ perceived stress because GAD-7 Males scores were comparable with Females’ ones and there was no statistically significant difference between Male and Female HR values, giving rise to a question: “Do Females exaggerate perceived anxiety or Males underestimate it?.” Studies with higher numbers are needed to disentangle more clearly the relationship between self-reported anxiety, questionnaires, and psychophysiological activity.
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Aim: To the best of our knowledge, dental school students have never been evaluated for stress, anxiety, burnout, physiological indexes during a 24-h working day, and executive function performance post-work and post-work after returning from vacation; therefore, this research has been conducted.
Methods: Data were acquired at the Dental School of the University of Padua on 16 students in their 4th year, far from the exam session. While performing clinical activity on the dental chair and during a working day, electrodermal activity (EDA), heart rate variability (HRV), and heart rate (HR) were recorded. Participants’ stress was measured with the Perceived Stress Scale (PSS-10 scale) and anxiety with the General Anxiety Disorder Questionnaire (GAD-7) and State–Trait Anxiety Inventory (STAI-Y-2), while burnout with the Maslach Burnout Inventory (MBI-HSS). Executive functions were evaluated using the Tower of London test (TOL-R).
Results: Three students (2F/1M) had a GAD-7 score ≥ 10. Five students (4F/1M) showed trait anxiety. Moderate levels of perceived stress were reported in 85% of participants. MBI-HSS showed that 7 participants scored high on emotional exhaustion and 7 on depersonalization. TOL-R performance (M = 15.85, SD = 4.01) was below the normative value p < 0.00001. A second test, after the holidays, showed normal values. EDA was higher during children’s treatment (p < 0.05), ANOVA showed high HR during working time (p < 0.001), and HRV was higher in males (p < 0.001).
Conclusion: Based on the sample size evaluated, it is reported that being a dental student has a moderate impact on stress, anxiety, and burnout while a strong impact on executive functions buffered by rest.
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 anxiety; dentistry; executive functions; psychophysiology; stress; burnout
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Introduction

Dentistry is a well-established stressful profession, and the sources of stress and anxiety start occurring while attending dental school. Furthermore, anxiety affects clinical decision-making (Pabst et al., 2013; Chipchase et al., 2017).

Both academic and clinical factors represent causes of stress and anxiety during dental school, and the COVID-19 pandemic led to a negative impact on dental students (Alzahem et al., 2011; Agius et al., 2021). Moreover, Guse et al. found that when comparing dental and medical students, the formers were associated with higher levels of stress, probably due to the higher clinical and practical demands of their academic course (Guse et al., 2021).

Many studies tried to assess stress and anxiety among dental students with validated questionnaires such as the Perceived Stress Scale (PSS), Maslach Burnout Inventory (MBI), and General Anxiety Disorder questionnaire (GAD), and others based their evaluations on customized interview questions with the limit of never supplying objective measures (Alzahem et al., 2011; Smolana et al., 2022). Therefore, the heterogeneity of questionnaires and interview questions used in the different studies does not allow for the reaching of solid conclusions (Elani et al., 2014). Despite these limitations, Deeb et al. found that 40% of dental students in their sample encountered the criteria for burnout subscales (Deeb et al., 2018). The beginning of clinical training and contact with patients are the main stressor agents for dental students (de Souza et al., 2023). Female students report more anxiety than male students, and also the prevalence of trait anxiety seems to be higher in female students (Blumer et al., 2019; Capdevila-Gaudens et al., 2021; Braz-José et al., 2022). Many authors agree on the need for interventions to improve stress and anxiety management, such as counseling programs, as it is a relevant issue also after graduation, being dentistry a highly stressful profession (Gorter et al., 2001; Newton et al., 2006; Basudan et al., 2017).

In addition to questionnaires, a psychophysiological measurement of stress and anxiety can be performed by monitoring psychophysiological variables such as electrodermal activity (EDA), heart rate (HR), and heart rate variability (HRV) (Queirolo et al., 2023). EDA is an index of pure sympathetic activity, which shows the activation of the “fight or flight response,” while HRV is a pure parasympathetic index that is directly proportional to a better ability to manage stress and healthy conditions (Tiwari et al., 2021; Rahma et al., 2022). These indexes are of paramount importance and extensively validated in the literature in relation to stress and affective responses with HRV a little ahead of EDA. Several meta-analyses and systematic reviews support that HRV is an index of wellbeing and is lowered in anxiety or stress-related disorders (Thayer et al., 2012; Cheng et al., 2022; Peabody et al., 2023). EDA, although extensively validated, is still on the rise for ecological applications outside of lab applications (Posada-Quintero and Chon, 2020; Zhu et al., 2023). However, it must be underlined that models for stress detections based on EDA usually reached 82.6% accuracy (Klimek et al., 2023). With limitations of consensus on the threshold adopted and filtering used, there are also some interesting studies that support EDA as the moderator between depression and suicidal ideation in patients with anxiety and depressive symptoms (Sarchiapone et al., 2018; Pruneti et al., 2023). These parameters can be measured with wearable monitoring devices and can provide data for psychological-related issues (Hickey et al., 2021) and the evaluation and monitoring of work-related performance (Bhoja et al., 2020; Claverie et al., 2020). Particularly, psychophysiological variables are gaining interest in the assessment of stress and burnout in the field of occupational medicine (De Looff et al., 2018). Recent findings in Dentistry suggest that they can also supply information to assess dental anxiety in patients (Drury and Simonetti, 2019; Košir et al., 2021; Torres-Gomez et al., 2021).

The aim of this study is to examine psychophysiological parameters during working hours, psychological data, and executive functions in dental students, comparing their physiological parameters during the day (working hours activity, daytime, i.e., non-working hours activity, and sleep), and investigate if there is any difference between those working with adults (C.rossa group) and those working with pediatric patients (Treviso group). Furthermore, as a secondary outcome, this study aims to explore gender differences according to physiological or psychological data.



Materials and methods

Psychological data and physiological measures were recorded from 16 healthy dental students attending the Dental School of the University of Padua (Padua, Italy) between 31 October 2022 and 22 December 2022 for the first part, far from exam sessions and the retest of TOL-R after summer holidays far from exam sessions. Exclusion criteria were cardiovascular diseases or psychiatric disorders. A diary with relevant information was also compiled by participants to assess if there would have been any excessive stress during the day or working activity. The inclusion criteria were being a dental student at the Dental Clinic of the University of Padua, attending the pedodontics unit, or a general dentistry office with adult patients. The age of participants (11 females and 5 males) ranged from 23 to 32 years. This study is composed of a mixed design: a within-participants study and a between-subjects study. The physiological activity of each participant was evaluated according to three periods: working time, daytime, and sleep during 24 h. Furthermore, students were also divided into two groups: 8 worked in the pedodontics office with pediatric patients (Treviso group; younger than 14 years) and the other 8 spent the working day in a general dental office (C.rossa group; with adult patients). Written informed consent was obtained from all the participants. Data were acquired between September 2022 and January 2023. The study was approved by the Ethical Committee of Azienda Ospedale—Università di Padova, n. 278n/AO/23.


Evaluation of stress

The stress levels of participants were measured through the Perceived Stress Scale (PSS-10). Scores ranging from 0 to 13 are considered low stress. Scores ranging from 14 to 26 are considered moderate. Higher than 26 would be considered high perceived stress. This scale reflects the perceived stress levels in the last month.



Evaluation of anxiety and burnout

Anxiety levels of participants were measured with the State–Trait Anxiety Inventory Y2 (STAI-Y2) (Spielberger, 1989) and the Generalized Anxiety Disorder questionnaire (GAD-7) (Spitzer et al., 2006). Maslach Burnout Inventory HSS questionnaire was also administered to participants (Maslach and Jackson, 1981). The subjects can be defined as anxious with STAI-Y-2 scores equal to or greater than 44, while regarding the GAD, different thresholds define normal, moderate, or severe generalized anxiety. The GAD value that the literature describes as the cutoff for a diagnosis of generalized anxiety disorder is a value equal to or greater than 10. Burnout is a multidimensional phenomenon. Suggestion of possible burnout syndrome is suspected when someone shows high levels of emotional exhaustion and depersonalization accompanied by low levels of personal realization (Maslach and Jackson, 1981; Maslach, 1993). MBI-HSS Italian’s normative data suggest high emotional exhaustion when the scores are equal to or above 23, high depersonalization when scores are up or above 6, and low professional realization when scores are lower or equal to 31 (Sirigatti and Stefanile, 1993).



Evaluation of cognitive performance

The Tower of London test (TOL) at the end of a regular day of work and after the summer holidays is the only evaluation that was repeated to explore if resting activities could buffer their very low executive performance in the first instance. This cognitive test evaluates executive functions, a set of modules very sensitive to excessive stress that regulate the cognitive system’s planning, control, inhibition, and coordination processes (Schnirman et al., 1998; Boccia et al., 2017).



Physiological measures

Physiological parameters were obtained using Empatica E4, a wearable device in the form of a bracelet that measures electrothermal activity (EDA), blood pulse volume—from which heart rate (HR) and heart rate variability are derived (HRV)—temperature, and movement (Garbarino et al., 2014). EDA is a property of the skin that highlights the variation of electrical conduction in response to sweat secretions and is a pure sympathetic index (Boucsein, 2012). HRV is the physiological variation of the time interval between heartbeats. It is a parasympathetic index that reflects vagal activity and is measured by the root mean square of successive differences between the beat intervals (Shaffer et al., 2014; Ernst, 2017; Kim et al., 2018). This monitoring device was worn by students on their non-dominant hands for 24 h during a working day, and they were asked to report the start and the end of their activity during the day. The 24 h were divided into three monitoring periods called conditions: “work,” “sleep,” and “daytime.” We assume that daytime temporization reflects a similar physiological activity to a non-working day. HR was expressed in beats per minute (bpm) and derived through Empatica algorithms from the blood volume pulse. From inter beats intervals (IBI) and photoplethysmography (PPG) signal, HRV was extracted as the root mean square of successive differences between normal heartbeats (RMSSD) by first calculating from IBI each successive time difference between heartbeats in ms, and then over a short-term period of 30 s. Then, each squared and averaged value was obtained before the square root of the total was derived. The sensor used to detect blood volume pulse is a PPG sensor, which is known to be subject to missing data due to movement/pressure artifacts (Chen et al., 2015). Artifacts were removed, discarding zero values and other single data point outliers. The analysis of EDA resulted in the extraction of the skin conductance level. The electrodes used were silver coated with copper underlay on brass electrodes. The threshold for the amplitude of the significant signal was set to a minimum rise of 0.005 μSiemens. EDA values were then normalized using the min-max method. Physiological data were down-sampled to 1 Hz and labeled as belonging to condition “work,” “sleep,” or “daytime.” Data of each subject were then aggregated into periods and groups expressing their mean values.



Statistical methods

As a first step, the characteristics of the subjects with anxiety were compared with those without anxiety using dependent t-tests and a chi-squared test. We then next evaluated whether working with children or adults presents some differences. Then, we evaluate if physiological parameters (independently of working setting) differed between subjects during the three periods of the day (“condition” factor, 3 levels, within-subjects), according to anxiety symptoms reported using GAD-7 and STAI-Y2 (factor “anxiety,” 2 levels, between subjects) or gender differences (factor “gender,” 2 levels, female or male). The analyses were performed with R version 3.5.1, which was also used to test the hypothesis of normally distributed residuals on all levels of the model. Separate models were considered for each parameter type (EDA, HR, and HRV).




Results

Welch’s t-test and the χ-squared test related to EDA, HR, and HRV according to STAY or GAD-7 values did not show any significant outcome. Pearson correlation test analyzing anxiety or stress and executive performance did not show any significant outcome.


Stress

Fourteen participants showed moderate stress perceived levels, 1 participant showed high perceived stress levels, and only 1 subject scored low on the stress perceived scale (Mean = 19,56, SD = 4.098). The diaries showed five stressful complaints during working activity compared to 7 in non-working activity.



Anxiety

Approximately 31.25% of participants (4 F, 1 M) showed levels adequate for trait anxiety diagnosis measured with the STAI-Y2 questionnaire (mean = 40.5625, SD = 7.8057). The two groups (adult/pediatric patients) did not show differences in the distribution of trait anxiety. The chi-square statistic (Anxiety-Gender) was not significant. GAD questionnaires revealed that three subjects (2 F, 1 M) showed levels of anxiety above the cutoff for the diagnosis of a moderate generalized anxiety disorder (GAD-7 ≥ 10).



Burnout

Five participants showed both high levels of emotional exhaustion and depersonalization. Seven participants showed high levels of emotional exhaustion, 7 showed high levels of depersonalization, and 3 showed low levels of personal realization. None showed high emotional exhaustion, depersonalization, or low levels of personal realization.



Electrodermal activity

Welch’s two-sample t-test showed a significant difference (t = −2.6598, df = 32.593, p-value = 0.01203, 95% confidence interval − 2.3586374 to −0.3136082) among EDA values of students in the dental office working with adults (mean = 0.7474038) and pediatric patients (mean = 2.0835266) (Figure 1).
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FIGURE 1
 Electrodermal activity, EDA, comparison between Croce Rossa group (dental student dealing with adults) and Treviso (dental student dealing with children) p < 0.05.




Heart rate

Welch’s two-sample t-test did not show a significant difference between the two groups (adults/pediatric patients). The ANOVA showed an effect of daytime versus night-time status independently of group pertinence, sex, or anxiety: heart rate during working hours was higher than during sleep and non-working daytime status (p < 0.001) (Figure 2).

[image: Box plot showing average heart rate (mean_hr) for males and females during daytime, sleep, and work. Females generally have higher heart rates across activities. Male heart rates are lower, especially during sleep. Outliers are indicated.]

FIGURE 2
 Heart rate, HR, according to anxiety levels and conditions: no effect have been found for anxiety levels on physiological data, but there is a difference between HR in relationship to work vs. sleep and work vs. daytime, p < 0.001.




Heart rate variability

Welch’s two-sample t-test did not show a significant difference between the mean HRV values of the two groups (adults/pediatric patients). On the other hand, the ANOVA showed a higher parasympathetic tone in men (p < 0.001) than in women regardless of working conditions (day, work, and sleep) (Figure 3).

[image: Box plot comparing mean heart rate variability (mean_hrv) across different times: daytime, sleep, and work, for two genders, female and male. Males generally show higher variability, especially during sleep. Outliers are present in each group.]

FIGURE 3
 Heart rate variability, HRV. Analysis of variance in relationship to being female or male in three different times: daytime = non-working activities, sleep, and working activities = dental students working in the Dental Clinic. It is possible to appreciate that male independently of conditions express higher parasympathetic activity, p < 0.001.




Cognitive performance

Cognitive performance at the Tower of London test at the end of a working day was deficient; 13 out of 16 subjects performed below-average scores (Mean = 15.87, SD = 4.01) and 62% of our sample showed a performance at least below 1.5 SD and 37% more than 2 SD below average (Figure 4). TOL-R validated values are 22.6 with SD = 4.7, and it has shown to be psychometrically superior about reliability in comparison to TOL (Schnirman et al., 1998). Given the result, we also investigated participant commitment to doing the test, and only one dental student declared to have provided a low effort doing the test. Therefore, we administered the TOL-R also after the summer holidays to understand if this drop in cognitive performance was due to excessive workload as suggested by the questionnaires. Data showed that cognitive performance, after holidays, returned to normal value (Mean = 19.56, SD = 4.81). We also checked with the F-test for equality of variances (after checking the Kolmogorov–Smirnov normal distribution of our TOL-R scores). Our sample population’s variance ratio is considered equal to the TOL-R population’s variance ratio, the p-value was 0.5242 (p (F ≤ 1.3737) = 0.7379), and F = 1.3737 in the H0 regions of acceptance [0.4301, 2.6517]. Therefore, their low performance cannot be explained by a difference in variance between the two samples, but they pertain to two different groups with the same variance. Given the assumption, we calculate a one-tail T-test to evaluate the magnitude of the difference between TOL-R validation values and the data provided by our sample. The values from TOL-R validation are greater than those of our sample p < 0.00001 T = 5.1059 region of acceptance H0 [−inf., 1.682], the effect size d is large 1.58, indicating that the magnitude of the difference between the averages is large.
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FIGURE 4
 (A) Dentists’ Tower of London Revised (TOL-R) score, showing the densities of post-work scores. The Green line represents the mean of normal Normative value for TOL-R (22.6). Participants showed a mean of 15.87 and a comparable SD in comparison to normative values 4.87 vs. 4.01. From this image, it is possible to appreciate that no participant reaches the mean of normative value. (B) T-test between pre-holidays and post-holidays Tower Of London-Revised (TOL-R) cognitive performance.





Discussion

Several studies tried to measure stress in dentists with both objective and subjective parameters (DiMatteo et al., 1993; Moore and Brødsgaard, 2001; Myers and Myers, 2004; Newton et al., 2006; Bodner, 2008; Tammayan et al., 2021). Very few have tried to investigate the physiological and psychological activity in an entire working day (Queirolo et al., 2023). However, no study, to the best of our knowledge, has ever addressed a class of young students in a holistic evaluation through the psychological, physiological, and executive functions conundrum.

Starting from the analysis of psychological data, the fact that working with patients is an anxiety-producing event is confirmed (Enkling et al., 2006). Significant is the fact that as many as 31.25% of dental students have an STAI-Y2 score that demonstrates trait anxiety, in agreement with the largest meta-analysis carried out in 2019 (Quek et al., 2019), which showed anxiety disorders in 33.8% of medical students (95% confidence interval, 29.2–38.7%). The prevalence of generalized anxiety disorder in our sample was 18.75%, while among the medical professionals, it ranges from 2.8 to 8.5% and from 1.6 to 5% in the general population (Leon et al., 1995; Olfson et al., 1997; Roy-Byrne and Wagner, 2004; Kessler et al., 2005).

The two groups showed different sympathetic activities, as shown in Figure 1. Working in contact with children (Treviso group) caused greater sympathetic activity, probably because relating to a child is more complex than with a collaborating adult (C.rossa group). In the within-participants analysis, heart rate was shown to be different in the working condition compared to both the non-working daytime condition and the sleeping condition, with average levels close to tachycardia in the working condition (Figure 2). This demonstrates the considerable cardiovascular effort these young students are subjected to. It should be remembered that a higher heart rate is associated with a higher chance of death from both cardiovascular and non-cardiovascular causes (Woodward et al., 2014; Alhalabi et al., 2017).

The Tower of London test showed below-average scores, with a small number of subjects (2) meeting the normative values at the end of a working day (Figure 4). This has huge implications demonstrating how much stress, subcomponents of burnout, and anxiety can alter planning ability and mental organization. Executive skills are the hallmark of the functioning of the prefrontal cortex. The dependence of cognitive fatigue due to work is also confirmed by normal values post-holidays. A higher level of stress corresponds to worse performances in identifying and treating caries and/or other oral pathologies. Until 2018, no one cared about this relationship when Plessas et al. highlighted a “gap” in the literature (Plessas et al., 2018). A subsequent study filled the pre-existing “gap” demonstrating that stress measured with VAS in relation to time pressure is an important marker of poor clinical performance (Plessas et al., 2019). Using anxiety or perceived stress, we did not find any significant correlation with executive functions; nonetheless, their executive performance was below normative values, and they have already demonstrated moderate stress and a high prevalence of general anxiety disorder and anxiety. The secondary outcome, to investigate the presence of gender differences, has reported that female students had a lower parasympathetic tone regardless of the condition analyzed (daytime, work, and sleep), as shown in Figure 3. This finding contrasts with the current literature, which shows a higher parasympathetic tone in female than in male (Koenig and Thayer, 2016).

The study we have conducted concretely demonstrates that a lower cognitive performance is associated with stress biomarkers (lower HRV in Females, higher EDA in dental students working with pediatric patients, and higher HR in all groups during working time).

The limited sample suggests being cautious to generalize the data to the general population; furthermore, it is difficult to understand what has contributed to the actual situation. Longitudinal studies, therefore, are needed. Another weakness resides in the fact that no correlation between anxiety or stress and executive performance was found; for anxiety, this probably resides in sample limitations, while for stress, it is because all subjects scored high in their perceived stress levels and were quite homogeneous in this sense; furthermore, the distribution of perceived stressful events was quite the same across the working day and non-working day activities and above all, no complaint suggesting a non-routinary day of work has been reported by participants.

The data presented in this study highlight the complex relationship between stress, anxiety, burnout, and executive functions. Our data showed that general anxiety disorder and trait anxiety appear to be very common in dentistry and can be found in dental school attendance periods. Quite all participants referred to moderate perceived stress levels, but more than half showed a performance in executive function far lower than expected, highlighting the difference between the perception of stress and performance in people perceiving being moderately stressed. This study also highlights that subcomponents of burnout can be detected already from attending dental school. In comparison with the data presented by Deeb, our research on a whole class of dental students highlights 43.75% of emotional exhaustion and the same percentage for depersonalization, and we also evaluate personal realization (18.75% of our sample showed low personal realization) that relates to mastery and social connections. We did this investigation because burnout can be buffered by personal realization; in fact, being in an environment that promotes development and a caring and positive attitude can significantly impact stress-related issues (Karasek, 1979; Karasek and Theorell, 1990). Although based on a small sample size, our study underlines that burnout is a multidimensional construct and that the data presented by Deeb suffer from inflation because of methodological issues: proxy questions, partial evaluation where personal realization was not taken into account, and data of participants with all the three subcomponents of burnout were not provided (it is necessary to meet all the three subcomponents criteria for a burnout diagnosis). This data supports the necessity of psychological counseling and the urge to implement stress management, which has been shown to be useful in the general population (O’Toole et al., 2018; Vos and Vitali, 2018; Nakao et al., 2021), in dentists (Chapman et al., 2017), and probably also in young dental students.



Conclusion

From the data, although on a limited sample, appears that a dental student loving his/her future job can buffer the effect of emotional exhaustion and depersonalization on self-perceived stress to manifest the burnout syndrome. However, if dental students are stressed, personal realization cannot alter the deficit in goal-oriented behavior, i.e., it is confirmed that performance is affected by fatigue or stress and loving his/her job is not enough to buffer and therefore refrain from poor executive performance. A deficit in those skills that allow an individual to anticipate, plan, set goals, implement goal-directed projects, monitor, and self-regulate their behavior to adapt it to new conditions is of paramount importance because being a dentist requires these functions as a prerequisite. It is very important to underline that executive performance went back to normative values after the holidays, highlighting the relevance of rest. The interplay between cognitive workload (deficient performance at the Tower of London revised), anxiety, burnout, and stress is supported also on a physiological basis as the HR during working day was higher than daytime HR. Dentists working with children and, more specifically, females appear to be more at risk. This is the consequence of a higher sympathetic activity, a higher heart rate, and a lower parasympathetic tone. From a general overview, it is possible to sustain that being a dentist is stressful both from a psychological as well as a physiological perspective. All these data show the urge for psychological counseling, training in stress management, the importance of a global approach that can allow for improving performance through improving subjective wellbeing, and prove the relevance of rest.
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Aim: This study aims to explore the effect of hypnosis on dentists’ physiological stress management.
Methods: The study included 20 dentists (mean = 30, SD = 7.37) from the Dental Clinic of the University of Padua. Stress assessment was performed by recording several physiological parameters, including heart rate (HR), heart rate variability (HRV), electrodermal activity (EDA), skin conductance responses (SCRs), and the administration of the psychological stress perceived stress scale (PSS-10). Following hypnosis induction, participants were led to recall and relive a previously agreed-upon, pleasant experience, while the related psycho-physiological changes were monitored. The hypnosis session was planned on a regular working day. Physiological parameters were recorded using the Empatica E4 wristband and eSense galvanometer. Measurements were taken at baseline, during hypnosis, and after dehypnotization.
Results: Participants exhibited moderate stress levels before hypnosis (mean PSS-10 = 17.1 ± 8.1). After hypnosis, a significant and large decrease in SCRs (T-test = 3.24, DF = 19, p = 0.002, as shown also by Cohen’s d = 0.724) and an increase in EDA (Wilcoxon = 50, DF = 18, p = 0.00355) were recorded, while HRV did not show significant changes. Friedman ANOVA for repeated measures models, and Nemenyi post-hoc correction indicated that the condition (basal, hypnosis, and post-hypnosis) significantly affected SCR levels (p = 0.00008), especially in the pre vs. post (p = 0.012313) and in the hypnosis vs. post comparisons (p = 0.00005819). Friedman ANOVA for repeated measures models and Durbin–Conover indicated that conditions (basal, hypnosis, or post-hypnosis) also influenced EDA levels, while HRV did not show any significant change (tested with ANOVA repeated measures). Pearson’s correlation showed that PSS-10 levels were inversely correlated with SCRs in hypnosis (p = 0.019, DF = 18, R = −0.51). A linear regression model fitting delta SCRs (post-pre physiological activation) showed that SCR-pre explained part of the outcome (R = 0.647, R^2 adj = 0.386, AIC = 99.6, F = 13, RMSE = 2.51, p = 0.002). Regarding subjective perception, 18/20 participants reported feeling better, 2 reported no difference χ2 = 29.2, p = 0.00000047, df = 2. Furthermore, the Bayesian paired samples T-test comparing SCR-pre vs. post showed a BF+₀ = 20.7, error % = 0.000824, which strongly indicates the superiority of the effectiveness of training in comparison to null hypotheses (>20 times probable than an effect than no effect).
Conclusion: Our data suggest that hypnosis could be a valuable resource for stressed dentists. Longitudinal controlled studies and larger samples are necessary to corroborate our results and to check the durability of effects over time. Anyway, our results suggests that a short session of hypnosis (or perhaps, self-hypnosis) during a regular working day may help relieve the sympathetic stress response.
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Introduction

Dentistry is a stressful and highly demanding profession that requires strong mental and physical involvement from the dental school and may result in stress and anxiety (Collin et al., 2019; Queirolo et al., 2023; Meyerson et al., 2022). In fact, during clinical practice, dentists have to face infectious, chemical, and physical risks, as well as psychosocial stress (Moore and Brødsgaard, 2001; DiMatteo et al., 1993). According to Myers et al., the main stressors for dentists are the run behind the schedule and the management of difficult and uncooperative patients (Myers and Myers, 2004). They may, in turn, challenge psychophysical homeostasis by sudden requests that may exceed the subject’s resilience (a complex concept in medicine and psychology) and dentists’ available resources (Angeler and Allen, 2016; Facco, 2020; Angeler et al., 2018). In this regard, the Karasek–Theorell model of job-related mental strain seems valuable, but does not take into account the physical stress-related components (Karasek, 1979). In general, the literature focuses primarily on psychological aspects: for instance, Moro et al. found a 13% prevalence of burnout syndrome in dentists; while lower than in nurses and other doctors, burnout among dentists is relevant because it can worsen both dentists’ health and patients’ dental care (Moro et al., 2022). Indeed, excessive stress may affect decision-making and working performance (Chipchase et al., 2017; Plessas et al., 2018). A cross-sectional survey by Hopcraft et al. reported a current or previous self-reported depression in 26% of dentists, anxiety disorders in 23.1%, and both anxiety and depression in 6.1% (Hopcraft et al., 2023), while in the survey of Collin et al. 44% of respondents felt that work-related stress surpassed their ability to cope (Collin et al., 2019). COVID-19 pandemic contributed to worsening the working conditions of dentists as well (Owen et al., 2022).

As a whole, these disorders are associated with a high risk of maladaptive coping behavior, such as anxiolytic, antidepressant, alcohol and drug abuse, poor health, lower life expectancy, and suicidal thoughts. Many findings agree on the need for education and intervention programs to support the mental wellbeing of dental practitioners (Özarslan and Caliskan, 2021). Among these, hypnosis may help relieve anxiety and post-traumatic stress disorder as well as improve resilience (Facco, 2020; O’Toole et al., 2016; Leo et al., 2024).

According to the American Psychological Association (APA), hypnosis is “A state of consciousness involving focused attention and reduced peripheral awareness characterized by an enhanced capacity for response to suggestion” (Elkins et al., 2015). This definition, though correct, ignores the intimate psychosomatic nature of hypnosis, i.e., its capacity to modulate the somatic and neurovegetative regulation, as well as stress reactions. During hypnosis, the subject is driven to mental imagery by focused attention and absorption, resulting in so-called plastic monoideism—i.e., a powerful image perceived as if it were almost real and experienced with psychosomatic participation, a fact yielding measurable physical changes (Williamson, 2019). There is increasing evidence of the effectiveness of hypnosis for sedation and analgesia in dentistry, surgery, and invasive procedures (Tieri et al., 2023; Queirolo et al., 2024; Girón et al., 2024; Hansen et al., 2024). Actually, hypnosis can relieve dental anxiety and phobia, allowing for facing oral surgery in full wellbeing and cardiovascular stability, and is the best option in selected cases (Tefikow et al., 2013; Steenen et al., 2024; Noergaard et al., 2019; Facco et al., 2021). The effects of hypnosis in pain and psychosomatic disorders depend on the modulation of several brain areas and circuits, including prefrontal cortex, insula and anterior cingulate cortex, engendering a partial deactivation of the default mode network and an increased connectivity between the salience network, the central executive network and involved motor areas (Casiglia et al., 2020; De Benedittis, 2024; Flammer and Alladin, 2007; Flammer and Bongartz, 2003; Thompson et al., 2019; Wolf et al., 2022; Sim et al., 2024). Interestingly, besides patients, hypnosis can be potentially useful for dentists too.

The effects of hypnosis can be studied by the analysis of psychophysiological variables, such as heart rate variability (HRV), heart rate (HR), and electrodermal activity (EDA), besides validated questionnaires and fMRI (Boselli et al., 2018; Yüksel et al., 2013). These parameters may detect the activity of the autonomic nervous system, providing information about the sympatho-vagal balance, which reflects the ability to adapt to the environmental requests and, in this context, the effects of hypnosis on both the patient and the dentist (Thayer et al., 2009; Hickey et al., 2021; Koenig and Thayer, 2016; Queirolo et al., 2024; Gullett et al., 2023; Fernandez et al., 2022). EDA allows for continuous monitoring of skin electric conductance, which depends on the activity of sweat glands; therefore, it is a sympathetic index, the fluctuation of which reflects the activation or suppression of the sympathetic nervous system (SNS) (Kasos et al., 2022; Posada-Quintero and Chon, 2020; Queirolo et al., 2024). There is some evidence that hypnotic relaxation is paralleled by increased parasympathetic activity and reduced activity of SNS, a fact explaining the effectiveness of hypnosis in the treatment of conditions associated with strong SNS activation (De Benedittis, 2024; Kekecs et al., 2016; Kasos et al., 2020).

Despite an extensive literature search, we found no studies specifically investigating the relationship between hypnosis and dentists’ stress, which may be due to the general lack of high-quality studies in this area (Fisch et al., 2017; Whitehouse et al., 1996; Cardeña et al., 2013). Moreover, it is often the case that both medical doctors and dentists are more focused on caring for others than seeking care for themselves.

Hypnosis and self-hypnosis have been reported to reduce perceived stress, alleviate symptoms of burnout, and enhance overall wellbeing. Currently, only a few randomized controlled trials (RCTs) have examined the use of hypnosis to reduce occupational stress, and although the evidence is limited in quality, the findings so far are promising (Fisch et al., 2017; Whitehouse et al., 1996; Cardeña et al., 2013). Notably, some evidence has emerged suggesting that a significant number of healthcare professionals would have welcomed hypnosis as a tool for managing the stress associated with the COVID-19 pandemic (Wozniak et al., 2022). However, the practice remains rare; in one survey, only 23 out of 1,247 healthcare workers reported using hypnosis as a complementary therapy (Aveni et al., 2016). This underutilization highlights the need for further exploration in this field and serves as the rationale for conducting the present research.

This study aims to evaluate how stress management resources can be modulated by hypnosis through SNS monitoring in dentists before, during, and after an anxiolytic hypnosis session.



Materials and methods

This prospective study was approved by the Ethical Committee of the Department of Brain and Behavioral Sciences, University of Pavia (Prot. n. [1] 131/23). The participants enrolled in this study were dentists below 45 years of age, who signed an informed consent prior to participation. Data were collected between 1 June 2024 and 31 July 2024. Hypnosis sessions were planned during a routine working day between 2 p.m. and 4 p.m. The psychological and physiological data were recorded with the following protocol:

	a. 3-min baseline recording of the sympathetic and parasympathetic activities with Empatica E4 wristband and eSense galvanometer;
	b. perceived stress evaluation by the Perceived Stress Scale (PSS-10);
	c. a 10-min hypnotic session, recollecting pleasant memories, during which the sympathetic and parasympathetic activities were recorded;
	d. a 3-min recording of sympathetic and parasympathetic activities after dehypnotization;

At the end, participants were asked “how do you feel?,” with three possible answers: equal, better, or worse.


Exclusion criteria

Psychiatric or cardiovascular disorders (i.e., hypertension), presence of a relevant trait anxiety ≥40 evaluated with STAI-Y-2, and experience with hypnosis.



Sample size

A sample size of 19 was suggested by a priori power analysis to reliably detect an effect size of δ ≥ 0.6 with probability greater than 0.8, assuming a one-sided criterion T-test allowing for a maximum Type I error rate of a = 0.05. Therefore, 20 participants were enrolled, also considering a possible dropout of 5%.



Physiological variables

EDA is a property of the skin reflecting the stress-related changes in electrical conduction in response to sweat secretions. Human sweat glands have sympathetic cholinergic innervation originating from the sympathetic branch of the nervous system. There are at least three possible pathways that may lead to EDA phase alterations: (1) frontal, premotor cortex, and basal ganglion; (2) limbic system and hypothalamus; and (3) the reticular formation in the brainstem. Therefore, EDA allows monitoring of SNS activity changes before, during, and after hypnosis.

The EDA electrodes were applied on the non-dominant hand, on the distal phalanges. EDA was sampled at 4 Hz with the eSense Mindfield galvanometer and extracted as the mean value of electrodermal activity after data preprocessing, excluding 0 data points and spikes. Furthermore, a derived parameter, named skin conductance responses (SCRs), has been analyzed using the eSense algorithms. The available data in the literature suggest that a relaxed frame is between 0 and 5 SCR/min. Values in the range 5–9 indicate a mild arousal (which can contribute to increasing performance) (Boscolo et al., 2024), while higher values (in the range 10–16 SCR/min) are related to an increasing level of stress (De Benedittis, 2024; Boucsein, 2012).

HRV is a parasympathetic index reflecting central autonomic network modulation that may be measured in several different ways (Thayer and Lane, 2000; Thayer and Lane, 2009; Shaffer and Ginsberg, 2017; Beauchaine and Thayer, 2015; Thayer et al., 2012). Here, the root mean square of successive differences (RMSSDs) between normal heartbeats was chosen as the HRV index, given its high correlation with the high frequency part of the spectral analysis, which reflects vagal activity and can be calculated with a simple procedure. From photoplethysmography (PPG), inter-beat intervals (IBIs) were derived, and HRV was extracted as the root mean square of RMSSDs by calculating each successive time difference between heartbeats in ms from IBIs and then over a short-term period of 30 s.



Perceived stress

The subjective perception of stress level was measured through the PSS-10, a test recording the perceived stress levels in the last month. Scores in the range 0–13 indicate low stress, those in the range 14–26 indicate moderate stress, and scores higher than 26 indicate high stress.



Hypnosis

The participants were asked about previous peaceful subjective experiences. Following the induction of hypnosis, the participants were led to be absorbed in the previously agreed mental image, realizing the so-called plastic monoideism, a term introduced by James Braid in 1843 and endorsed by Franco Granone in the latter 20th century–it indicates a deep concentration in an imaginative hypnotic task engendering a powerful plastic idea perceived with psychosomatic participation—i.e., yielding both psychological and physical, measurable effects (Casiglia et al., 2019).



Statistical analysis

Continuous data were presented as mean ± standard deviation (SD), when normally distributed, or as the median, when non-normally distributed. The Shapiro–Wilk test was used to test normality. Categorical data were summarized using absolute and relative frequencies. To compare paired data, the t-test or the Wilcoxon matched-pairs test was applied. Pearson’s or Spearman’s coefficient was used to check correlations between different parameters. The normality of residuals and homoscedasticity of variance were checked before fitting ANOVA models. A repeated measures ANOVA with condition levels (“pre,” “hypno,” “post”) was used to determine whether the primary outcomes (dependent variables: physiological variables; SCRs, EDA, and HRV) significantly differed across the three conditions. The acronym SCR-𝚫 was used to indicate the difference between data recorded at the end and the beginning of the work shift. The primary outcome will also be explored using Bayesian analysis, as it provides several advantages over traditional frequentist methods. Bayesian analysis allows for the incorporation of prior knowledge, while it offers a more intuitive understanding of the probability of hypotheses, and is particularly useful when dealing with small sample sizes, where frequentist methods may be less reliable. Furthermore, Bayesian analysis directly estimates the probability of a hypothesis, which is more interpretable in decision-making contexts. We specify that our pre-determined comparisons were SCR-pre being higher than SCR pre was higher than SCR post, and HRV in the hypnosis condition was higher compared to the other conditions. We also expected a difference according to the three conditions, with SCRs in hypnosis as well as EDA increasing from baseline.




Results

11 women and 9 men (mean = 30, SD = 7.37) were enrolled in this study.

As expected, the participants showed a huge decrease in sympathetic activity in the post compared to the pre-condition (t = 3.24, p = 0,002, Cohen’s d = 0.724) (Figure 1). While frequentist statistics focuses on the probability of the data to give a hypothesis (p-value), Bayesian statistics calculates the probability of a hypothesis given the data (posterior probability). This provides a more intuitive understanding of how likely a hypothesis is after seeing the data, which is often more relevant for decision-making. The Bayesian paired samples T-test showed a BF+₀ = 20.7, error % = 0.000824, which strongly indicates the superiority of the effectiveness of the intervention in comparison to the null hypothesis (Table 1).

[image: Scatter plot showing stress responses per minute under three conditions: scrpre, scrhypno, and scrpost. Each condition displays individual data points and an error bar representing mean and variability, with scrhypno having a slightly higher mean stress response.]

FIGURE 1
 Relationship between condition (pre, hypnosis, or post) and SCRs, Friedman’s ANOVA (p = 0.00008). SCR-pre vs. post hypnosis in 20 subjects (T-test = 3.24, p = 0.002, Cohen’s d = 0.724).




TABLE 1 Aggregated data in all conditions, expressing mean, median, SD and range of the following variables: electrodermal activity (EDA), heart rate variability (HRV), heart rate (HR), skin conductance responses (SCRs), and Perceived Stress Scale score (PSS-10) in 20 participants submitted to a session of hypnosis.
[image: A table displays various variables measured at three stages: pre, during hypnosis, and post. The columns list the mean and standard deviation, median, and range for each variable. Variables include PSS-10, SCR, HRV, HR, and EDA, with detailed numeric values for each. The data indicates changes in these metrics across different hypnosis phases, providing statistical insights into their variation.]

Figure 1 also shows the effect of condition (pre, hypnosis, or post) on the SCR variable (χ2 = 18.9; p = 0.00008) measured with Friedman’s ANOVA (due to the violation of the homoscedasticity of variance despite the Shapiro–Wilk normality test being respected). Table 2 also reports a post-hoc comparison showing the differences between pre and post and hypno vs. post conditions. A negative moderate correlation between SCR-hypno and PSS-10 scale was found by Pearson’s test (R = −0.51, DF = 18, p < 0.0019) as reported in Figure 2. Although all possible correlations were searched, no other significant correlation was found.



TABLE 2 SCR Friedman’s ANOVA for repeated measures statistics and multiple comparison Nemenyi post-hoc correction.
[image: Table presenting results from a repeated measures ANOVA (Friedman), with χ² = 18.9 and significant p-value = 0.00008. It includes multiple comparison Nemenyi post-hoc corrections for pairs SCRpre—SCRhypno, SCRpre—SCRpost, and SCRhypno—SCRpost. Rsum differences, Q values, lower and upper confidence intervals, and p-values are displayed, indicating significant differences, especially between SCRpre—SCRpost and SCRhypno—SCRpost, marked by asterisks.]

[image: Scatter plot showing a negative correlation between variables labeled "scrhypno" and "pss". Data points are spread with a downward sloping trend line indicating an inverse relationship.]

FIGURE 2
 Correlation between SCR hypno and PSS-10 scale: Pearson’s (R = −0,517, DF = 18, p = 0.019).


EDA was not normally distributed. The analysis revealed a slight increase in EDA during hypnosis, followed by its marked decrease in the post condition (Wilcoxon = 50, DF = 18, p = 0.0035), while Friedman’s ANOVA was significant (p = 0.015). Post-hoc comparison using Durbin–Conover tests showed a difference between EDA pre vs. hypno (p = 0.003) and hypno vs. post (p = 0.044) (Figure 3). No effect of the condition (pre, hypnosis, or post) on HRV was found; however, the result of ANOVA for repeated measurements was close to the significance level (p = 0.054).

[image: Scatter plot showing EDA (electrodermal activity) across three conditions: EDA pre, EDA hypno, and EDA post. Each condition has a cluster of data points, mean value represented by a bold mark, and error bars indicating variability. EDA measurements range from 0 to over 20 µS. Conditions are labeled on the x-axis.]

FIGURE 3
 EDA before, during, and after hypnosis (Friedman’s ANOVA for repeated measurements). Chi-squared (χ2 = 8.40, p = 0.015).


No effect of the condition (pre, hypnosis, or post) on HR was found.

A regression model to check if pre-hypnosis SCR value could explain the final improvement (i.e., SCR-𝚫) –explained less than 40% of the variance, R^2 = 0,386, AIC = 99.6, F = 13, RMSE = 2.51, p = 0.002. The subjective perception of stress improved in 18 out of 20 participants (χ2 = 29.2, p = 0.00000047, DF = 2).



Discussion

Dentists, as well as other health professionals, including physicians and nurses, are subjected to relevant stress in their profession. In our sample, dentists’ stress levels were mild in basal conditions, both on a physiological (SCR-pre = 5.3) and a psychological level (PSS-10 = 17.6); these data confirm the previous literature about dentists’ stress as well as the positive effect of hypnosis in decreasing it (Myers and Myers, 2004; O’Toole et al., 2016; Cooper et al., 1988). The physiological component of the effects of hypnosis, i.e., the SCR decrease, has turned out to be even larger than the predicted one in the a priori power analysis. Similarly, the sample size was overestimated because the effect Cohen’s d = 0.724 was larger than the predicted one, 0.6, i.e., even a smaller sample size could have reached the minimum threshold to show a significant effect.

To our knowledge, no similar studies have been published so far on the effects of hypnosis on dentists’ stress. Interestingly, our data show an increased sympathetic tonic component associated with a decreased phasic component, i.e., an increase of approximately 25% of the former and a decrease of approximately 50% of the latter. This ostensible contradiction (i.e., the opposite deviation of two indexes of sympathetic activity) may arguably be explained in terms of challenge vs. threat. The increased sympathetic response may result from both challenge and threat, the former not being negative. Challenge is marked by an adaptive response (e.g., sports competition) where personal resources are superior or equal to the demands, while threat engenders a maladaptive approach entailing an imbalance between them. As a result, successful challenges are associated with increased catecholamine release and related increase in HR, cardiac output, and decreased total peripheral resistance, in turn rearranging the distribution of blood flow to allow for improved circulation in the brain, heart, and muscles. Enduring threats activate the pituitary-adrenocortical axis besides the medullo-surrenal component, resulting in increased peripheral resistance and decreased cardiac output, a fact leading to worse performance. Furthermore, the subject’s sympathetic activation depends on the subject’s motivation and how the task is perceived (i.e., as a challenge or threat) prior to performance, allowing at least partly to predict it.

According to Blascovich and Tomaka (Shaffer and Ginsberg, 2017), an increase in tonic sympathetic activity (as defined by EDA) may occur in both challenge and threat. EDA has two components—a slow-changing tonic one –dependent on environmental conditions (such as temperature and humidity) as well as individual level of arousal—and a phasic one (SCR); the latter is fast-changing and reflects the activation of the sympathetic nervous system in response to several events, including emotional stimulation and related attentional load. The scientific literature mostly relies on EDA, but with some new promising algorithms, it is possible to deconvolute the raw EDA signal to better recognize the small peaks of the fast component. It is reasonable to argue that the phasic component may be more sensitive to challenge and transient threatening stimuli—a fact allowing it to immediately fit with changing events in real life—while the tonic one is more relevant in hardships, especially when perceived as enduring threats. If this is the case, life’s adversities can be interpreted as challenges or threats according to both environmental conditions and individual standpoint and resilience, including the capacity to improve it (Facco, 2020). Given the different speed response of the two components, the tonic one seems to be less suitable than the phasic one for an immediate reaction to stimuli.

Unlike other reports (De Benedittis, 2024; Yüksel et al., 2013), in our study, no HRV increase was found; a possible explanation is that HRV can be estimated by several indexes—e.g., SDNN, PNN50, lambda 25, LF, and HF (Hautala et al., 2010; Tulppo et al., 2005; Hayano et al., 2011; Shaffer and Ginsberg, 2017)—the meaning of which is still uncertain (e.g., the LF/HF ratio) and does not seem to closely reflect the sympathovagal balance (Billman, 2013; Rahman et al., 2011; Martelli et al., 2014).

In a previous study, 91% of dentists were stressed by anxious patients, while, unsurprisingly, hypnosis was not used in their clinical practice to manage patients and/or as self-hypnosis to relieve stress. Accordingly, only 2% of general dentists practice hypnosis, though it has proved to be time and cost-effective in invasive procedures, surgery, and in dentistry, allowing for effective management of patients’ anxiety and phobia in a few minutes (Facco et al., 2021; Rosendahl et al., 2023; Mcknight-Hanes et al., 1993; Burghardt et al., 2018). In our sample, even a single 10-min session proved to be enough to relieve dentists’ stress during a routine working day, suggesting that it could also be implemented as self-hypnosis (Hill et al., 2008).

The main limitations of this study are the small sample size and the only evaluation of the immediate effects of a single session of hypnosis. Second, no control group was used, and although we adopted a within-subject pre-post design in which each participant served as their control, the absence of an active or inactive control group makes it difficult to draw causal conclusions. Nevertheless, these findings offer preliminary insights into the potential mechanisms by which hypnosis may influence stress regulation in real-life professional settings and provide a rationale for future confirmatory studies using larger samples and randomized controlled designs. The aforementioned limitations, however, are balanced by a Bayesian Factor estimate >20, with a very small error associated with the measure. This result can help mitigate the limits of frequentist tests on small sample sizes, decreasing Type I and Type II errors. This is a strong result according to the Jeffreys scale, where a value >10 indicates strong evidence for the alternative hypothesis, i.e., it is 20 times more probable that there is an effect of treatment than there is no effect (Jeffreys, 1961). Further studies on larger samples are required to check: a) the relationship between psychological, neurovegetative, and neurophysiological data (e.g., EEG and event-related potentials; Rosendahl et al., 2023; Mcknight-Hanes et al., 1993; Burghardt et al., 2018). The pre-post design of this study has not explored the duration of the effects of hypnosis over time, but suggests that a 10-min session of hypnosis may positively affect the psychophysical regulation of dentists. Further studies using more than one session or self-hypnosis are required to check whether hypnosis may allow for steady improvements and to evaluate possible effects on executive functions and resiliency.
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choosing a career path.

[ have a set time frame in which to make a 339 (173%) | 666 (339%) | 455 (232%) | 348 (17.7%) 156 (79%) | 335+119
decision about my choice of career path.
Lam getting lots of support to achieve my goal of | 572 (29.1%) | 689 (35.1%) | 411 (209%) | 204 (10.4%) 88 (45%) 374112
choosing a career path.
Overall Score (Range: 6-30) 21.93+391
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Variable

Gender

Outcome

Female

Self-
efficacy
2667474

Professional
expectations

32.35+5.20

Personal
expectations
1471358

21902392

Male

2697 =449

32.18+5.16

14.86 +352

2198388

2022

2662+3.99

32.58+5.69

14.40 £ 4.19

2152+ 404

Age group <22 years 2665478 | 0327 32392510 0.472 14.85 £ 351 0179 | 2186=396 | 0.411
>22 years 2690 =451 32.18+5.30 14.61 £3.63 2201383
Academic year First year 2721+503 | 0123 33052457 0.039 15.54 £3.08 <0.001 | 2261+376 | 0.006
Second year 2679+471 32432498 15.02+342 2210+374
‘Third year 2635504 3218558 14.63 £3.68 2147405
Fourth year 2690 %422 32.01+5.04 14.42 £3.64 2185+385
Fifth year 2656+4.53 3178535 1433372 2153 =407
Sixth year 27.27+449 33.025.59 1516 +3.38 2197361
Internship 2602496 31.80+5.09 14.55+3.38 2159452
Graduatedt 2664 =406 3199553 1414395 2230385
FGraduation year | 2020 2873+294 | 0268 33.82+5.06 0.306 14.45 +4.87 0216 | 2482+244 | 0078
2021 25925443 30.75+593 1327 £3.76 2219405

Clinical Student

2664 %457

3207536

14.49 £3.68

2172+397

2023 27072373 3234447 15.00 =334 2286319
Clinical training | Pre-clinical 2699+487 | 0.046 3277+ 4.80 0.018 1527 £327 <0.001 | 2234+376 | 0.001
Student

Nationality

International
Student

27.95+4.69

<0.001

32.89+5.19

0.013

15.46 = 3.66

<0.001

2265375

Domestic Student

2658+4.64

32225518

14.64£354

21822392

Economic level

Low Income

2647 £5.11

<0.001

3168 5.64

<0.001

15.00 =353

0.006

2057 =494

Lower-middle
Income

2590477

30.83+578

14.02+382

2088 =420

Upper-middle 2752+456 3279+538 14.83£353 2256+370

Income

High Income 2655+ 4.60 32512472 1491 £3.48 21952376
Region Africa 2609+487 | <0.001 31325579 <0.001 1423 £384 <0.001 | 2068 =441

Asia Pacific

2604+484

31.09%5.65

14.64 £3.49

2139+406

Europe

2687 +4.60

3246+ 493

14.68 +351

2212373

South America

2810434

3429+ 4.67

16.69 = 2.96

23.16 =340

North America

2605523

33.38+7.05

15.48 +3.28

2286512

Financial aid

No Aid

26.66+4.63

0052

32.18+5.26

14.68 £3.59

0.110

2184390

Aid Received

27.07+480

3273+4.90

15.01 +3.46

2222+394

Career Planning
Training

Not Received

2604 %455

<0.001

3177511

<0.001

14.46 £ 356

<0.001

21285392

Received

2847 450

3361 +5.14

15.46 +3.49

2348+342

Mann-Whitney (U) and Kruskal-Wallis (H) tests were used with a significance level (p) < 005
Bald font rafies W the siom St i slekistioally sisatfcat
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Demographic characteristics

Age (years), mean (range)
Gender

o Male

o Female

Marital status.

o Single

o Married

Years of practice, mean (range)
Holds position in the Jordanian Dental Association or
Medical Syndicate
Specialization

o General dentistry

o Periodontist

o Orthodontist

o Prosthodontist

o Endodontist

o Maxillofacial

‘Type of practice

o Private

Public

o

°

Both private and public
o Military

o Both private and military

© Not stated

Number of patients seen in a week

o 11-20

o 21-30

o 31-40

o 41and above

Health status

o Very good to excellent health

o Being treated for high blood pressure

© Type 1 diabetes

Feeling vulnerable to COVID 19 infection
o No

o Yes

N=10

35.8 (28-56)

4
6

117 (3-30)
3
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Age Group Gender

Geographic Region Economiclevel  Nationality Academic Year

Planning  Financial

Career
Training

Female

Male

<22years

>22 years

Firstyear

Second year

Third year

Fourth year

Fifth year

Sixth year

Internship
Graduated
International Student
Domestic Student
Low Income
Lower-middle Income
Upper-middle Income
High Income

Africa

Asia Pacific

Europe

South America

North America ]

No Aid
Aid Received
Not Received

Received

Q
xR

i
8

I

IWI'I
I

M Undecided M General Dentistry M Specialty Dentistry M Business = Academia M Public Health
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L. In rekation to Jordan, what do you think of the country’s response to the
pandemic?

2. What do you think of the current movement restrictions?

3. How do you feel about the restrictions on dentists and on your service?

4 What has been the impact of this restriction on your dental practice,

professional and personal life? Give examples.

5. During this restricted movement period:
a. How did this affect your work practices and workload?
b. What were the challenges and how did you overcome these challenges?

6. Are you receiving support from the health service or from your professional

association? If so, please elaborate

Transitioning back to the “new normal” dental practice

7. Ifthe restrictions are lified in the next month and a vaccine is sill not available,
what do you think is required to practice safely? Discuss personal safety for
yourself and for your staff.

8. What alternate ways do you have to mitigate any emerging risks if there is a
shortage of available equipment?

9. Based on your current experiences, how can you influence policy
development for dental practice in Jordan, to be better prepared for a

pandemic response in the future?
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Variable

Outcome

Female

Frequency
(%)/Mean + SD
1411 (718%)

Male

553 (28.2%)

Years

22422285

Academic year

First year

314 (16%)

Second year

340 (17.3%)

‘Third year

361 (18.4%)

Fourth year

362 (18.4%)

Fifth year

297 (15.1%)

Sixth year

101 (5.1%)

Internship/Vocational
Training

51 (26%)

Graduated

138 (7%)

*Graduation year

2020

11 (0.6%)

2021

48 (24%)

2022

50 (2.5%)

2023

29 (1.5%)

Clinical training

Pre-clinical Student

654 (33.3%)

Clinical Student

1,310 (66.7%)

Nationality

Student

256 (13%)

Domestic Student

1,708 (87%)

Economic level

Low Income

74 (3.8%)

Lower-middle Income

308 (15.7%)

Upper-middle Income

627 (31.9%)

High Income

955 (48.6%)

Africa

284 (14.5%)

Asia Pacific

174 (8.9%)

Europe

1,357 (69.1%)

South America

128 (6.5%)

North America

21 (1.1%)

Financial aid

No Aid

1,520 (77.4%)

Aid Received

444 (22.6%)

Career planning
training

Not Received

1,389 (70.7%)

Received

575 (29.3%)
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Test: 2.4238977313290517
pvalue: 0.02159410786509534

Degrees of Freedom: 30
Confidence Interval 95°%: (-7.13990910316916, -0.6100908968308403)
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Psychophysiological wellbeing

Introduction

Dentistry is a well stressfull profession, but
what about dental students el being ?To
answer this question a whole class of 16
students pertaining to the Clinical dentistry of
the University of Padua were recruited.

Matherial and methods

Physiological data for 24 h on a working day were
recorded with Empatica E4. Heart rate, Heart rate
variability and Electrodermal activity were evaluated

The following questionnaires were administered:
State trait anxiety inventory 2

General anxiety disorder 7

Maslach Burnout inventory HSS

Perceived Stress scale-10

Evaluation of executive functions was performed with
Tower of London Revised computerized test pre and
post summer holidays immediatly after having finished
aworking day

a Class of Dental Students Atten

g Dental School

Trait anxiety ( STAKY-2 > 44) and moderate general
anxiety disorder (GAD-7 210) were frequent 5/16
and 3/16 participants respectively. Moderate
perceived stress levels was found in 14/16
participants (Mean=19,56, SD=4.098). Before
holidays executive performance (M=15.85 SD
4.01) was far below normative values (M=22.46,
SD 4.7) and post holidays it returned to normative
values (M=19.56, SD=4.81). ANOVA (p<0.001)
reported Heart rate was higher during working
activity,closed to tachycardia. Working with
pediatric patients produced higher electrodermal
activity than working with adults (p<0.05). HRV
was lower in Female in comparsion to Male
(p<0.01) independently of time conditions. None of
our students possessed allthe criteria for a
burnout diagnosis, however 7/16 of participants
showed simultaneously emotional exhaustion and
depersonalization; two of the three

criteria. Probably their passionis is what refrain
them to develop a burnout syndrome, in fact only
3/16 scored low on personal realization. Our
research highlights that being a dental student can
heavily influence cognitive performance and
mental wellbeing. Cognitive performance can be
buffered by rest.

Conclusion
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Variable Mean and SD Median

PSS-10 17.0£8.1 15
SCR-pre 53133 52 [Min: 1—Max: 11]
SCR-hypno 68+20 67 [Min: 2.6—Max: 12]
SCR-post 29£28 28 [Min: 0—Max: 9.5]
HRV-pre 546215 ms 553 [Min: 21.6—Max: 99.4]
HRV-hypno 549£12.7 ms 523

HRV-post 4804149 ms 499 [Min: 27.5—Max: 78.2]
HR-pre 7734 10.6 bpm 751 [Min: 61.7—Max: 94.8]
HR-hypro 76282 bpm 742 [Min: 62—Max: 95.7]
HR-post 754+ 7.8 bpm 735 [Min: 66.1—Max: §9.6]
EDA-pre 52:28p8 44 [Min: 23—Max: 125]
EDA-hypno 764848 69 [Min: 1.2—Max: 21.6]
EDA-post 65+44p5 56 [Min: 1.1—Max: 21.1]

Pre, before hypnosis; Hypno, during hypnosis; post, after dehypnotization.
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Variable General dentistry B Specialty dentistry p. Business 3 Academia Public Health

Gender Female 395 (28.0%) 0924 732 (51.9%) 0353 44 (3.1%) <0.001 50 (3.5%) 0937 28 (20%)
Male 156 (28.2%) 274 (49.5%) 39 (7.1%) 20 (3.6%) 16 (2.9%)

Age group <22 years 284 (24.8%) <0.001 593 (51.9%) 0.491 51 (45%) 0540 44 (3:8%) 0421 24 (21%) 0619
>22 years 267 (32.5%) 413 (503%) 32 (3.9%) 26 (32%) 20 (2.4%)

Academic year First year 78 (24.8%) <0.001 173 (55.1%) 0.003 9 (2.9%) 0.185 7 (22%) 0119 2 (0.6%) 0506
Second year 87 (25.6%) 160 (47.1%) 23 (68%) 14 (41%) 9 (2.6%)
‘Third year 86 (23.8%) 192 (53.2%) 18 (5.0%) 16 (4.4%) 9 (2.5%)
Fourth year 114 (31.5%) 184 (50.8%) 14 (3.9%) 12 (3.3%) 9 (2.5%)
Fifth year 112 (37.7%) 129 (43.4%) 8 (2.7%) 7 (24%) 9 (3.0%)
Sixth year 35 (34.7%) 50 (49.5%) 3 (3.0%) 2 (2.0%) 220%)
Internship 7 (13.7%) 33 (64.7%) 3(5.9%) 5 (98%) 1(20%)
Graduated* 32 (232%) 85 (61.6%) 5 (3.6%) 7 (5.1%) 3(22%)

FGraduation year 2020 2 (18.2%) 0788 7 (63.6%) 0752 1(9.1%) 0367 0 (0.0%) 0534 0 (0.0%) 1.000
2021 10 (208%) 32 (66.7%) 12.1%) 3 (63%) 1(21%)
2022 14 (28.0%) 28 (56.0%) 12.0%) 4 (8.0%) 120%)
2023 6 (20.7%) 18 (62.1%) 2 (6.9%) 0 (0.0%) 1(3.4%)

Clinical training Pre-clinical Student 165 (25.2%) 0.049 333 (509%) 0849 32 (49%) 0299 21 (3.2%) 0551 11 (1.7%) 0237
Clinical Student 386 (29.5%) 673 (51.4%) 51 (3.9%) 49 (3.7%) 33 (25%)

Nationality Student 82 (32.0%) 0129 135 (52.7%) 0.604 11 (43%) 0952 3(12%) 0.027 2 (0.8%) 0091
Domestic Student 469 (27.5%) 871 (51.0%) 72 (4.2%) 67 (3.9%) 42 (25%)

Economic level Low Income 11 (14.9%) <0.001 45 (60.8%) <0.001 2(27%) 0919 1(1.4%) <0.001 9 (122%) <0.001
Lower-middle Income 68 (22.1%) 147 (47.7%) 13 (42%) 29 (9.4%) 12 (3.9%)
Upper-middle Income 144 (23.0%) 358 (57.1%) 29 (4.6%) 22 (3.5%) 14 22%)
High Income 328 (34.3%) 456 (47.7%) 39 (4.1%) 18 (1.9%) 9 (0.9%)

Region Africa 60 (21.1%) <0.001 133 (46.8%) <0.001 13 (46%) 0682 23 (8.1%) <0.001 17 (6.0%) <0.001
Asia Pacific 31 (17.8%) 100 (57.5%) 5 (2.9%) 9 (52%) 7 (4.0%)
Europe 431 (31.8%) 678 (50.0%) 61 (45%) 34 (25%) 13 (1.0%)
South America 20 (15.6%) 86 (67.2%) 3(23%) 3 (23%) 6 (4.7%)
North America 9 (429%) 9 (429%) 1(48%) 1(48%) 1(4.8%)

Financial aid No Aid 420 (27.6%) 0.440 783 (51.5%) 0.633 63 (4.1%) 0740 47 (3.1%) 0.037 34 22%) 0985
Aid Received 131 (29.5%) 223 (502%) 20 (45%) 23 (5.2%) 10 (2.3%)

Career planning training | Not Received 380 (27.4%) 0285 701 (505%) 0299 60 (4.3%) 0749 52 (3.7%) 0505 36 (2.6%) 0102
Received 171 (29.7%) 305 (53.0%) 23 (4.0%) 18 (31%) 8 (1.4%)

Chi-squared (z°) and Fisher's exact tests were used with a significance level (p.) < 0.05.

Bbd St v s A alioas: ik ncwskstiutically sisathicunt:





OPS/images/froh-06-1577870/froh-06-1577870-t006.jpg
Variable Outcome Agencies of career planning training
Dental Reg. dental p. | Nat dental associations
Schools associations
Gender Femile 127 Gua%) | 0155 | 481 GeIN) | 008 350 015%) o 515 686%) 0| 0% | D00
bk 159 88.4%) 166 Go%) [EYA) E) 19 (259%
Ty Zyan o ey | oam |3 aow) | o2 B =3 15 095%) s |35 (a7%) |0
Er a1 o03%) 5 (615%) 1 ai%) E) 251 (09%)
Readem e Pt yer Bsaon | @mo |10 i) | oS 78 (4% 3 15 wo%) o | 0w
Second yar 96(7.1%) 111 G2o%) 0% 14 Gen) 7 0s5%)
Thisdyer 312 sa1%) B1Ge3%) 102 aa.3%) 150 16%) 1 G63%)
Fourh year 2w 105 Go0%) 5 %) 19 Ga%) 113 612%)
i yer 200 95 20%) @ e 103 (47%)
Swah yor 1310 EX) EXer) ) 356179
merbip ) E) e 18 (53%) 18 053%)
Gradutol® s 1) 5o 7 s 15 315%) )
Fondmton yur ) sesw | omi [ @ | o a8 wm v v | zusaw | o
01 0 E75%) 17 65.4%). 15 (313%) 2 (158%) 17 654%)
) o) 13 ason) 1 @08 17 Gu0%) 1s G20%)
) 2w 10 615%) sa07) 50109 ez
ik aiing Predinicd Suden | 1004w | 061 | 2 (a3w) | 075 1 02%) [y 5 0969 @i [ 196 (00% | a0
il Stdent 104 (95%) 5 (27%) e ErD) 03 (35%)
Natombty ol St |23 0L0%) | 0514 | so @aen) | 0812 5 @m st 52 a2 wm [ maosw | o
Domesic Suden | 1552 (697%) So1 (2% 5 s 8 0% 50 (2%)
Feonomic o Tow Income oo | eso | moim | oo 25 %) o 7 e e | rwow | oo
Lo e Inme | 257 (3.4%) 112 Gea%) 75 o) 107 617%) 1 (99%)
ppormidde Tocome | 512 (86.4%) 256 (108%) 1ot Ga %) 2 686%) 208 (332%)
High Income. 907 (95.0%) 25 (6a%) | 208 2L8%) 05 @24%) 277 (90%)
Tegon ey Bown) | @so |11 sax) | oo 7 s o 102 G%) w1 | @00
i Pt 152(67.4%) EX) 35 001 ) @662
Farope 120 017%) 1 (20%) 26 010%) 550 005%) X
South Ametcs 3 (s83%) EXE) o) @ ) aw
Norh Amerea D52 HET) 265%) HIED) HIE)
Finnil 4. No A L Gom) | o7is | ot uaw) | orm 357 5% 3 @1 695%) ams | ws o | 0om
Nl Reeved 7 w0.4%) 15 22%) 115 as%) 130 (03%) 165 G67%)
e planning raing | Not Reaeved 126 GL%) | ows | s Gosw) | oo Eee) [y 550 096 s s (20% | adet
Receved 500 57.0%) 215 Gs1%) ey 51 w02 151 (37%)
Variable Outcome Agencies of career planning training Preferred media of career planning training
Reg. Dent. Students Ass. | p.  Nat. Dent. Students Ass. _ p._ Webinars _p. | Podcasts _ p. _Blogs
Gender Fensk 389 076%) a0 56 (9% 015 | 75 (s19% | om0 | ©90L%) | 098 | 37 Gem | <on
e 15 C2%) 199 (60%) 255 (161%) 151 @) 101 185%)
e <tyeas 7 60%) W 157100 O | s esw | een | w0 | 0B | mim | o
B 218 55%) 305 (7.1%) 56 (555%) 315 (03%) 57 (2%)
Rendem e Fintyar 0 55%) s 2 (8% oo | Do) | amn | 105w | oo | ssma% | os
Second year 8 (253%) 132 (38.8%) 153 (450%) 95 (27.9%) 2oL
T year 102 G338 1w (07%) 150 (9% 103 (s3%) 0 @19
Fourh yar 8 03%) 12 (9% 194 (536%) 115 G29%) 52,05
Fith yesr 3% ) 157 (29%) 9830% CIEE)
S par 25 057%) 5 (a5 o) B EX)
Inarmsbpy @ 19.673%) 5 61%) 185 e
Gratused® 38 5% E) e B 5003
Fondmion yw | 200 ) o e wn | swssw | o | 20sm | om | e | e
E 15 613%) 15 9% ) 5 s To@osw)
ET) 12 @u0%) 15 G50%) ) B ason) 1108,
ET) 7o 7 1) HEE) EE)
kel aining | Preclnial Siodent Ios G.4%) 50 25 Ga) o | omaaw | <amn | w0 Gos | o7z | e @ssw | oa
Clinkd Sudem 315 066%) 508 (38.5%) 05 (535%) 50 9% 314 (010%)
Natomity Inematons Sudet ) e o) o | wrarw | o | s | oen | s | s
Domeste Stadent w5 253%) e 1 510%) BT 1 015
Feonomic o Lo tcame ) s EXoE) G | seusew | omr | tseow) | oo | 1s(em% | ows
Tower midde income 7 as5%) 111 Goo%) 15 (105%) 52.99%) 75 @47
pper-miale ncome 168 Go3%) 226 360%) 4 533%) i @) 1 @)
High tncome u 5% 395 i) 53 516%) 0 ) 216 (26%)
Tegon i 76 (5%) i 113695%) o | m@ow | ol | sieasy | ol | msn |
o e 15 5%) YT Bwm [Er) [IEnT)
Farope 350 @559 EIEG) @5 (s11%) 12 o) @60
Souh Ania 7 9% 51 %) CIn) 5052 Een)
Nonh Americs ) qe) o) ) Q)
Finil e No Al 358 055%) 555 8.5%) 775 510%) e Esw | 00 | 3 oun | 0se
A Recaived 127 Gan) 177 (9% 215 (150%) 12 G20%) 7).
73 6% 551 595%) 713 (513%) o ew | oon | a9 0sin | 03
12 0173 206 G362%) 75 (3%) 51 0s3%) 132 308

Variable

Outcome

Preferred media of career planning training

E Workshop p. UG course p.
5 @37%) 569 (61.6%) 3 (3% ost2
bale 51 7%) 338 (61.1%) 36 20%)
e grap 2y 255 @32%) 0505 5 E1%) o 7 (6% i
Smyan 01 @is%) 5165 9 20%)
Academic e Fist yar 75 %) o504 171 (545%) o0z 206 (656%) o707
Second yaur 71209 153 se.%) 216 (635%)
Thid yar o) 218 @01%) 20 (@7%)
Fourh yar EXor) FEyeEn) m e
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Variable Received career planning Preferred timing of career planning training in dental school
training?

No Yes Upon entry Beginning of clinical Towards graduation
(freshman years) years (e.g., 3rd, 4th Yr.) (senior years)

Gender Female 1,002 (71.0%) 409 (29.0%) 502 (35.6%) 698 (49.5%) 211 (15.0%)
Male 387 (70.0%) 166 (30.0%) 176 (31.8%) 274 (49.5%) 103 (18.6%)

Age group <22 years 802 (702%) 341 (29.8%) 0522 484 (423%) 547 (47.9%) 112 (9.8%) <0.001
>22 years 587 (71.5%) 234 (28.5%) 194 (23.6%) 425 (51.8%) 202 (24.6%)

Academic year First year 201 (64.0%) 113 (36.0%) 0.006 171 (54.5%) 124 (39.5%) 19 (6.1%) <0.001
Second year 233 (685%) 107 (31.5%) 148 (43.5%) 173 (50.9%) 19 (5.6%)
‘Third year 278 (77.0%) 83 (23.0%) 123 (34.1%) 198 (54.8%) 40 (11.1%)
Fourth year 273 (75.4%) 89 (24.6%) 107 (29.6%) 185 (51.1%) 70 (19.3%)
Fifth year 204 (68.7%) 93 (31.3%) 72 (242%) 151 (50.8%) 74 (249%)
Sixth year 71 (70.3%) 30 (29.7%) 22 (21.8%) 56 (55.4%) 23 (22.8%)
Internship 33 (64.7%) 18 (353%) 8 (15.7%) 25 (49.0%) 18 (35.3%)
Graduated* 96 (69.6%) 42 (304%) 27 (19.6%) 60 (43.5%) 51 (37.0%)

HGraduation year 2020 5 (45.5%) 6 (54.5%) 0317 3 (27.3%) 6 (54.5%) 2 (18.2%) 0.648
2021 34 (70.8%) 14 (29.2%) 6 (12.5%) 22 (45.8%) 20 (41.7%)
2022 37 (74.0%) 13 (26.0%) 12 (240%) 19 (38.0%) 19 (38.0%)
2023 20 (69.0%) 9 (31.0%) 6 (20.7%) 13 (44.8%) 10 (345%)

Clinical training Pre-clinical Student 434 (66.4%) 220 (33.6%) 0.003 319 (48.8%) 297 (45.4%) 38 (5.8%) <0.001
Clinical Student 955 (72.9%) 355 (27.1%) 359 (27.4%) 675 (51.5%) 276 (21.1%)

Nationality International Student 163 (63.7%) 93 (363%) 0.008 91 (35.5%) 128 (50.0%) 37 (145%) 0764
Domestic Student 1,226 (71.8%) 482 (28.2%) 587 (34.4%) 844 (49.4%) 277 (16.2%)

Economic level Low Income 49 (66.2%) 25 (33.8%) 0.009 22 (29.7%) 34 (45.9%) 18 (24.3%) 0337
Lower-middle Income 224 (72.7%) 84 (27.3%) 103 (33.4%) 156 (50.6%) 49 (159%)
Upper-middle Income 414 (66.0%) 213 (34.0%) 212 (33.8%) 306 (48.8%) 109 (17.4%)
High Income 702 (73.5%) 253 (26.5%) 341 (35.7%) 476 (49.8%) 138 (14.5%)

Region Africa 200 (70.4%) 84 (29.6%) 0472 101 (35.6%) 139 (48.9%) 44 (155%) 0057
Asia Pacific 122 (70.1%) 52 (29.9%) 55 (31.6%) 81 (46.6%) 38 (21.8%)
Europe 964 (71.0%) 393 (29.0%) 483 (35.6%) 672 (49.5%) 202 (14.9%)
South America 85 (66.4%) 43 (33.6%) 33 (25.8%) 72 (56.3%) 23 (18.0%)
North America 18 (85.7%) 3 (14.3%) 6 (28.6%) 8 (38.1%) 7 (33.3%)

Financial aid No Aid 1,097 (722%) 423 (27.8%) 0.009 499 (32.8%) 772 (50.8%) 249 (16.4%) 0014
Aid Received 292 (65.8%) 152 (34.2%) 179 (40.3%) 200 (45.0%) 65 (14.6%)

Chi-squared () and Fisher's exact tests were used with a significance level (p.) < 0.05.
Beld St rafts: o thi villme ik wrw iatitieatly snitioart.
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Preferred career pathways

General dentistry Specialty dentistry Business Academia Public health
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Variable

Which career path is your first
preference upon graduation?

Clinical Dentistry (General
Practice)

Frequency
(%)

551 (28.1%)

Clinical Dentistry
(Specialty Practice)

1,006 (51.2%)

Business/Entrepreneurship

83 (4.