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Abstract

Introduction and Objective.
with their student years in dental school, This stress, given jts garly onset, ;nay negatively impact
he personal and professional Jives,of these individuals, as well as the gualit
We sought to create an objective scale fo gvaluate the Jevels of stress jin students at different stages

f their clinical work.
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! (Deleted: further stages of the project covering groups of )
// \ Formatted [48D
(Deleted and

(Fnrmatted [49D
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of their gducation, as well as in practicing physicians.

(Deleted:

Materials and Methods. 30 dental students participated, in this study, with 10 students each
selected from junior, mid-senior, and senior classes. They, were randomly divided jnto fwo groups
in which, one
(JINS) smart glasses and Garmin,Vivoactive 3 smartwatches, were psed fo. ,pbtam data, incl

group was, subjected fo stressors while, the pther

electrooculography (EOG), heart rate (HR), and accelerometer (ACC) and gyroscope (GYRO)

feedback, while the subjects, performed a dental exercise on a phantom tooth.

The EOG, ACC, and GYRO signals showed multiple differences jn she measurement of amplitudes
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(Deleted: There were
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[Deleted: participants
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and frequency of gpisodes.
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Conclusion. Our, pilot results show, that electronic tools, like smart, glasses, with software and |

sensors,_are useful for monitoring the stress levels of dental students in preclinical operating

conditions. We would like to further assess the, stress Jevels jn students performing
procedures, on phantom feeth and in later clinical jnteractions with, patients.

Introduction

Dentists experience high levels o
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(Deleted: next during

their student years working with phantom teeth fhrough their preclinical and glinical practice yea

.[1]7 |  Formatted
) ’CDeleted:
Stress yelated to, dental school can negatively, impact a dentist’s personal and professional .. (Deleted; from the
Jife, particularly w 24 . e *(Deleted:
Dphysical or mental factors can, affect an jindividual’s physical and psychological well-being and C[)eleted;
jmay reduce work efficiency,and impact the accuracy of diagnostic,and therapeutic decisions [2,4], (Formatted [132])
L . . L . F d
It is difficult to predict and control reactions to external stressogenic situations. During ( ormatte [133 D

‘(Fnrmatted

stressful conditions, the hypothalamus-pituitary-adrenal (HPA) axis and the sympathetic nervous

[Deleted: environment can have a negative

system (SNS) are [activated. The nervous system becomes aroused in periods of stress or danger,
which affects an individual’s reactions. Responses to stressful situations vary among individuals

(Deteted: on their

. . . . . Deleted:
due to diverse perceptions of circumstances. The stress response is more highly aroused when a [

CFnrmatted

stressor is directed in a personal manner and continues with the ongoing risk of threat [7.8].

Studies have shown that students from medical universities are more prone to psychological«

problems due fo unique,stressors, jncluding the demands pf their gducation and special expectations

compared to students of humanities and technical faculties [3]. Dyrye gt al. (2006) reported fhat

mmedical students gxperience high Jevels of anxiety and depression [9]. Mohannad etal. (201 9) and

Br or

frequently, than in the general population, with evidence of mental health deterioration over the

course, of their medical training [[10, 11]. Faris et al. (2016) emphasized, that the third and fifth years

of dental and medical studies are highly associated with depressive symptoms in students [1].

Dental school is,a significant source pf stress for, dental students who are required, to practice |

(Formatted
in a professional manual workshop for ¢linical work, gstablish direct patient contact, and manage |

patiengstress, These stressors are in addition to theirrigorous educational challenges, whichinclude |

providing care for patients and, performing ,treatfnents that could cause harm jf performed §

Jimproperly.,

Dental, students must, deal with Jife-threatening conditions, work, long hours, undertake, a

demanding workload, and master an, intense theoretical gducation [4]. Studies show that young

dental students can significantly improve complicated fing motor skills, such as performing dental

work while looking in a mirror, with practice [12].

Dental, students appear to be more atzrisk for, stress than students from other faculties,

including medical students, because the need to acquire extensive knowledge is combined with

manual training, which is practiced jn a preclinical simulation center and then in clinical practice

[13].

When training in clinical practice, students have direct contact with patients who may be in,

pain and fearful, of dental examinations and procedures [13]. Our, findings support the results

demonstrated by Abu-Ghazaleh et al. (2016),that stress in dental students at the University of Jordan
increased over the years of the clinical training; fifth-year students showed especially hi
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. [255])

Formatted

. [256])

of psychological stress due to an increased awareness of the expectations and responsibilities of / s""@eleted: after graduation by the

their work [14]. The negative impact of depression on dental students is replaced py, stress resulting /- (Formatted

. [257)

“ # CDeleted:

from the need to cope with professional duties and full-time clinical work, and the need to
simultaneously carry out continuing postgraduate gducation [15].,
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Stress, adversely affects the quality of patient care, patient safety, and professionalism, and Formatted

... [259])

Its effects extend, to the community at large [1]. Therefore, given the high rate of depressive CDeleted: It

symptoms_in dental students, stress levels and their, causative factors should be determined and
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preventive measures should be considered [[16]. (Deleted: . In other words,

[Deleted: effect extends

Davidovich et al.’s (2015), research comparing students and experienced professionals

N '(Fnrmatted

.. [261])

sh antly higher
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. [262])

éfﬁdents rely on t . P y

(Deleted: for dental students

and are typically anxious about using dental equipment with precision [[16].,

Formatted

)
... [263])

Piazza-Waggoner et al. and Davidovich et al.’s (2003, 2015), investigations that (Deleted: 13

dental students practicing on patients jn a clinical setting have, a particularly high level of stress

... [264])

during the implementation of procedures related to jnvasive work pon, patients, especially when [

... [265])

practicing on,a child [3, 16],

The, environment jn which students perform their, clinical work js also significant. The, |

)
. [266])
)

possibility of being able fo perform fasks ,jn silence, under, time constraints while being ablg, to Formmticd

... [267])

complete the task satisfactorily, and the knowledge ,on Jhow to ,déal with stressful situations are

(Deleted: on the comparison of the results of

factors that jnfluence a student’s quality of work [17, 18],

(Fnrmatted

... [268])

Several recent studies have investigated the effectiveness of interventions such as (De'e‘ed:

psychoeducational interventions, music therapy, and Progressive Muscle Relaxation (PMR) to cope

with student anxiety or stress before academic exams or evaluations [19, 20, 21].

. [270])
)

Researchers have, not yet confirmed ghat relaxation pr stress management techniques are+

. [269])

effective jn reducing the fear of working in a clinical setting [ 16]. It is difficult to accurately identify

7))

a person’s cognitive, state but it is jmportant fo have, an pbjective yeal time evaluation for dentists

because their, cognitive state can influence their performance,

Researchers typically rely on, psychological measurements to collect data [22, 23]. However,

.. [272])
)

future, research should, determine whether differences in the prevalence of severe depressive
symptoms among students in different disciplines are due to the innate nature of the discipline, the

.. [273])
)

type of curriculum being studied, or, the jntellectual, and manual skills required,[1],

... [274])

Objectives,

. [275])
)

We conducted an arbitrary, measurable study of the arousal level of 30 dental students in

their third, fourth, and fifth years of study. Results were measured by blink occurrence, speed, and

... [276])
)

strength; vertical and horizontal eye movement; head movement (rotation roll, pitch, and yaw), and

changes in heart rate measured by JINS smart glasses and a GPS smartwatch, with and without

.. [277])
)

. [278])

.. [279])
)

... [280])

. [281])

... [282])

. [283])
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stress stimulation. We created our own protocol for stress simulation based on literature data [24, f ,(De]eted:
25]. The first measured stressor was shaping a cavity in a tooth in a limited time under the careful ; 'V:(meaﬁed
supervision of a teacher. The second stressor was creating the shape of a cavity similar to the matrix (meaﬁed

of the cavity. The third stressor was a lack of information on how to prepare the cavity. The control

(Deleted: In this experiment, the

.. [373])
)

group of students without the stress simulation protocol underwent a session of muscle relaxation, (Deleted:

)

(Fnrmatted

.. [375])

music therapy, and were given full information about the task to be performed. We sought to
standardize the measurement method that could be used in further studies using JINS smart glasses.

CDeleted: smartglasses (eye-sensing device for reseg(cﬂprgﬂ

. [374])

Materials and Methods D

. [377)

Technology nsed

)

We used JINS MEME ES R (JINS) smart glasses, with three-point glectrooculography (EOG)

.. [378])
)

And Six-axis sensors (an accelerometer and g gyroscope) fo detect the following actions: blink

occurrence, speed, and strength; vertical and horizontal eye movement; and head movement

.. [3791)
)

[rotation yoll, pitch, and yaw) [26].

... [380])

)

‘articipant’s heart rates (HR) were, measured psing the Garmin,Vivoactive 3, GP

. [381])

aheartfate sensor Jocated on ghe back of the device, which,displayed ghe current h

)

per minute (bpm). A graph of the heart rate was also displayed on the device.

Research group

. [382])
)

The research, participants were 30 third-, fourth-, and fifth-year students (junior, mid-senior,

.. [383])
)

and senior, respectively) of the Dental Division of Silesian Medical University, Katowice, Poland.

... [384])

Ten students were selected, from gach year group, and randomly, classified jnto fwo gquinumerous

)

subgroups: g Management Anxiety Group (MAG) and an Uncontrolled Anxiety Group (UAG).

)

articipation,in the study program was determined by the schedule of didactic cl.

with the start date of, the experiment. Study subgroups were randomly assigned, from a closed pool

.. [386])
)

of tickets marked MAG or UAG,,

)

JThe MAG yeceived a session of PMR and music therapy, detailed and p

)

about fhe fask jo e performed (analysis of the 3D model, and measurements of, the yange, she

... [387])

... [389])

and depth of the footh’s cavity, both without any time Jimiti, and recommendations to fully
gconcentrate pn precision, shape ymodeling. Relaxation procedures were guided by an experienced

physiotherapist [27]: subjects were placed in a room with dimmed lights and sat in chairs to relax

the main muscle groups and relieve tension. Relaxing music, was also played from a portable audio

)
... [390])
)

system using a CD played at a volume of 50-60 DB.

.. [391])
)

The UAG was, not given any jnformation or recommendations and, did pot undergo

... [385])

Jrelaxation fraining. The UAG, was, given a time limit, to, prepare the cavity. The procedure was

... [388])

conducted under careful teacher supervision but without assistance. The teacher was tasked with

... [392])

informing the students of the passing time at 10 second intervals as well as evaluating their work

)

using the phrase: ‘It’s bad, not good. hurry up’[24.25]

... [393])
)

. [394])
)

.. [395])
)

... [396])
)
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)

.. [398])
)
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All participants were, equipped with 4 set ,0f monitoring devices, (the smart glasses an (Formatted [s0s))
smartwatch), during ghe gavity, preparation procedure o measure,the, vital signs that defined their|  (Formated j509)
stress jntensity. . (eletea:

CDeleted:
Experiment [Deleted:

Students vere asked fo perform the preparation of a gavity jn a standard phantom molar, tooth 36, ‘ (F'" matted [514))

of a 1:1 scale (Frasaco GmbH, Germany) with limited or unlimited fime, depending on the group they were o [De'eted: )

assigned to. The ynatrix with the putline of the cavity was prepared beforehand (Figure 1). (Deleted: smartglasses

They,used a Round End,Taper NTI Rotary Dental Instruments burr with head Jength, 4 mmgx

diameter, 009 mmy, grit, medium.

The participants p ith high s
iminute) and water cooling. A pattern of the cavity outline was presented on a model (Figure 2)

prepared psing a 3D printer (Formlabs 2). The model was, characterized by the following features:

magnification, x10, material: Photopolymer Resin Black FLGPBKO04, volume: 389.82 ml, layer i
thickness: 0.025 mm, number of Jayers: 3312, print time: 57 h 13 min.

.. [515

[516D

After a one-week period, the participants switched experimental groups, and performed, the

)

Same o

. [517])
)

same jndividual. ,

. [518])
)

Data acquired from the smart glasses worn during the experiment were divided into three

. [519])

parts:

)

1. electrooculography (EOG)

II.  acceleration (ACC),

...[520])
)

III.  gyroscope (GYRO).

)

)

The data collected during the first four seconds of the experiment (when the participant

started the procedure) and the last four seconds (when the procedure was completed) were not used

.. [522])
)

for analysis, as the largest change in values were observed during that time.

.. [523])

...[524])

. . S |
60, experiments were conducted and one common episode that caused rapid rises of*
amplitude in a signal was chosen to properly evaluate the results. Consent for the experiments was

)

issued by the Ethical Commission of Medical University of Silesia with, resolution pumber f

KNW/0022/KB1/79/18 on October 16, 2018. All participants gave their written consent prior to |f

...[525])
)

the start of the study,

. [526])
)

Statistical procedures

. [521])

Statistical analysis was performed psing, Statistica Version, 9.0 (MUS Katowice, Poland). if

. [5271)

Results are presented as mean and standard deviation (SD). Statistical analysis of HR values

revealed that all distributions were normally distributed, Differences among, groups were analyzed |g

.. [528])
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wsing the Student’s t-test. A Shapiro-Wilk test of normality was performed. A one-way analysis of
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[639D

variance, was used to compare the groups. Fisher's LSD variant was used for two-tailed post hoc D
... [640

tests in justified cases of this test (two cases,).

) CDeleted: Differences in the UAG and MAG groups bgtmp])
Results /(Formatted .. [642])
CDeleted: values were analyzed using the t-student test, [643
A. HR Data

... [644])

The Student’s t-test was used to evaluate the differences in the before and after yesults from ;*
the UAG and MAG groups. Statistically, significant differences were only found jn the mid-senior /(Fﬂrmaﬁed [645D
UAG (p=0.02) (Table 1). The heart rate in this group, gradually decreased while performing the - ~ CDeleted: only
dental task, which implies that stress management training is pseful for less experienced students. (Fﬂrma“ed [646D
_:'[Deleted: Mid )
(Fnrmatted [647D

The ANOVA test was used to compare HR yvalues among the UAG and it revealed significant

differences between the year groups (Figure 3). The post hoc test results show that significant [Deleted; group
differences occurred between the third- and fourth-year groups (Table 2). '.’(Fnrmatted [643])
(Deleted: Heart

The results of the ANOVA test in the UAG show significant differences jn HR betweenmr*
groups, The post hoc test results show, significant differences when comparing juni
seniors, and mid-seniors, and seniors, with mid-seniors, Mid-year seniors had, a lower HR than s SOD
juniors, and seniors, There is no statistically significant difference in HR, between juniors, and | (Deteted: Table 1. Mean, standard deviation (SD). medius 1))
seniors(Figure 4, Table 3)., j 652D

)

. [653])
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Formatted [(,49D
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No statistically significant results were obtained for the MAG (MAG before,p=0.69, MAG
after, p = 0.13). The anti-stress training jndicates, that HR values did not differ significantly.,

B. Data from EOG,

Data were collected on blinks, squinting of gyes, and probable change of sight directions,
There were higher amplitudes and ymore frequent gpisodes demonstrated, by seven participants i
the UAG (Figure 5), while their counterparts jn the MAG received Jower scores (Figure 6). Ther

... [656
were more frequent blinks and squints, and higher muscle fension jn gyes in the UAG, (Deleted: years (see

The number of episodes of saccades and blinks was determined as the number of local (Fnrmaﬁed' — — - [657D
maxima of the moving average of the EOG_H signal. EOG_H was used to find these episodes %;)eletet ’dm principle, the significant difference concerpss SB
because, according to the producers of the JINS glasses, the greatest changes in EOG while blinkin, (Fnrmaﬁed = [659 D

occur in the horizontal component of this signal. The signal processing steps are as follows: ormare . [060
CFnrmatted [661D

1. Zero-phase 3rd order band-pass Butterworth filter (frequency range 1-35 Hz). Filtration was (De'eted’ years

performed in MATLAB R2019b using the filtfilt function. The frequency range of the band- (F'" matted [662D

pass filter was chosen based on [28]. (Deleted: state hat the
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R

2. Median filtration using 5th order median filter.
Moving average FIR (finite impulse response) filter (window-width of 45 samples).
Finding local maxima using findpeaks function (Figure 7).
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Based on the comparison of the mean number of peaks, mid-senior and senior MAG students had

i\ Deleted: , ...and

.. [725
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a lower number of peaks than students from the UAG. The MAG had a higher number of peaks
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than the UAG in junior-level students (Table 4).

(Fnrmatted

.. [727])

(Deleted: the accelerometer and gyroscope.
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C. Data from ACC and GYRO (Formatted
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CDeleted: groups (UAG and MAG), the average
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Data from the gyroscope were observed as tilts of the head along each plane of the body.<

Accelerometer data were collected from movements of the, head, and their acceleration, and jntensity. The (Fnrmaﬁed

. [731])

complete information about the dynamics of the head movements was acquired from both the

(Deleted: Standard
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accelerometer and gyroscope, C
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. [733])
)

The average acceleration (ACC) of juniors and seniors in the UAG and MAG on the x- and -~ //( Formatted

y-axes was higher in the UAG than in the MAG, but was lower on the z-axis. The amplitude of the ] (Deleted:

. [734])
)

gyration on x-axis head tilts were larger for all students (junior, mid-senior, and senior) in the UAG ~ // CFnrmatted

. [735])

than for the MAG. (Deleted:
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The standard, deviations of the head yotation angles were high when considering the average- (Formatte
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The ACC X signal was used in further analyses because of the differences in amplitude

. [7371)
)

among all study groups (Figures 8-9). ‘[Fnrmatted

. [738])
)

Each, of the students, who took part in the examination was added to the histogram. Three
ranges were proposed from minimum to maximum, ACC_X, with the arousal flagged, The mean |:

.. [739])

values of ACC_X signal amplitudes were calculated for each of the students from the UAG and |

)

MAG jn order to compare his/her stress management abilities (Table 6),
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1. _-1509 to -726; low Jevel of arousal;
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2. _-726,to 57.7: normal Jevel of arousal;

. [742])

3. ,57.7,to 841, high Jevel of arousal;

. [744])

Students were classified as having a particular range, of arousal based on their, medium

values, The greatest, number of students were characterized by normal arousal levels in both the

UAG and MAG, High Jevel of arousal, was observed in three participants: fwo seniors from the

JUAG and one senior from the MAG (Table 7).

Simultaneous movements of both eyes in the same direction are called saccades. Typical
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