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Abstract
Background: Dental anxiety in pediatric patients can lead to avoidance of care and
increased stress. While previous research has explored various anxiety-reduction
interventions, the role of environmental modifications, such as thematic design, remains
underexplored. This study examines the impact of a thematic approach in dental
radiology on anxiety and physiological stress markers. Methods: A comparative
observational study was conducted with 42 children (6–14 years) undergoing panoramic
radiographic imaging in a private dental clinic in Istanbul, Turkey. Participants were
assigned to a standard imaging environment or a thematically designed environment.
Anxiety levels and physiological markers, including salivary cortisol, pulse rate,
oxygen levels, and body temperature, were measured before and after the procedure.
Results: No significant differences were observed in pulse rate, oxygen levels, or
body temperature between groups. However, post-procedure salivary cortisol levels
were significantly lower in the thematically designed environment group (p = 0.005),
indicating reduced physiological stress. Conclusions: Thematic modifications in dental
radiology may help lower stress responses, particularly in cortisol regulation. While
broader physiological effects were not observed, the findings highlight the potential of
environmental interventions in pediatric dental care.
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1. Introduction

Dental anxiety and physiological stress are prevalent issues
in dental offices, affecting individuals of all ages. While
multiple factors can contribute to children’s experiences of a
procedure, including how children’s choices are listened to and
considered [1, 2], the negative emotions during a procedure
can have far-reaching consequences, including compromised
oral health, and even the deterioration of overall well-being
[3, 4]. Moreover, dental anxiety is recognized as a barrier to
seeking necessary care, causing some children to completely
avoid treatment [5], with that being a potential predictor of
dental caries incidence [6]. Studies have indicated that 43%
of children exhibited “low to moderate” general dental fear,
with 10% experiencing high dental fear [7, 8]. Stimuli such as
the sight and sensation of the anaesthetic needle, as well as the
sound and sensation of the drill, were identified particularly
fear-inducing [7]. However, within the realm of dental pro-
cedures, radiological imaging has also emerged as a specific
source of anxiety for many patients, necessitating effective
interventions to alleviate their distress [9], and it should not be

underestimated although dental radiology does not make use of
potentially anxiogenic objects and instruments, such as needles
for local anesthesia, burs, and dental handpieces [10, 11].
Research indicates that radiological imaging procedures, such
as intraoral periapical (IOPA) and panoramic radiographic
imaging (PRI), can contribute to heightened anxiety in patients,
not due to the procedures themselves, but rather due to negative
experiences during their execution. The unfamiliarity of the
equipment and potential exposure to radiation, combined with
how the procedure is carried out, may lead to discomfort and
fear [12]. These negative experiences can result in distorted
images, necessitating repeated exposures and increasing radia-
tion exposure for patients [13]. Additionally, such experiences
may contribute to post-traumatic stress syndrome in some
cases [14, 15].

Various interventionmethods have been explored by dentists
to address dental anxiety [16, 17] ranging from sedation and
general anesthesia to positive reinforcement and distraction
(i.e., augmented reality) [18–20]. Recently, alternative ap-
proaches focusing specifically on the psychosomatic aspect of
pain have emerged due to its ability to mitigate the respon-
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siveness focused on the noxious stimulus [21]. One example
is a novel intervention by Yucel et al. [20] that integrates
Augmented Reality applications as a positive environment
distraction into the waiting room, including virtual cartoon-
like characters as video animations projected on walls/ceilings.
Before the treatment, a pre-determined augmented reality (AR)
application is provided through tablets in the waiting room,
alleviating the fear of unknown and promoting distraction.
This intervention aggregated the effects of anxiety-reducing
mechanisms before any treatment among 6–14 years old of
kids. In a similar sense, we present a novel approach known
as dental theming that has gained attention for its potential
to alleviate anxiety and enhance the dental experience. By
creating a dental environment that incorporates supportive
design, conscious choices in office décor and positive dis-
tractions, dental theming may counteract anxiety on a broader
scale and provide both physically and emotionally support-
ive environment for patients undergoing radiological imaging.
Research also indicates that the design of the environment
influences children’s understanding of and navigation within
their surroundings, achieving a positive healthcare experience,
particularly during extended hospital stays [22] and lead to
increased pain tolerance and reduced anxiety [23–25]. In fact,
according to National Health Service (NHS) Estates (2004b)
the design of the environment is a key element that contributes
to children’s “understanding” of, and ability to “navigate”
within their surroundings, and a high-quality environment can
“raise the morale of patients, their parents and families, but
also the morale of staff who work in the hospital” (Alder Hey
Children’s NHS Foundation Trust 2012, p.20). The develop-
ment of a child-centric environment can benefit from the values
and opinions of children themselves; obtained through surveys
or in-person interviews that help to guide the medical design
process. For example, making environments “less scary” and
as a result more child-friendly, is cited as a priority by children
when asked about their experience of healthcare [26].
In healthcare settings, anxiety may lead to a set of physi-

ological, psychological and behavioral responses (e.g., high
blood pressure, sleeplessness) and cause disorders, diseases
and negative outcomes [27–30]. And, various measures have
been used in the literature to evaluate this phenomenon. These
methods include psychological measures such as question-
naires (i.e., the modified child dental anxiety scale, MCDAS)
and physiological measures, such as blood oxygen levels and
pulse rate. Although psychological measures are commonly
used to detect and monitor anxiety levels, they are criticized
due to their reliability depending on the self-perception and
honesty of the respondents [9]. To obtain a more objective
assessment, blood pressure, pulse rate, the activity of salivary
cortisol, an enzyme released in higher quantities during stress-
ful situations [31], can be measured [9]. Studies have also
validated the utility of salivary cortisol as a biological marker
for detecting dental anxiety [32–34]. Thus, the objective of
this study is to investigate the impact of a thematic approach in
dental radiology on children’s dental anxiety and physiological
stress. Specifically, the study will explore how the design
of the radiological environment influences children’s anxiety
levels and stress responses during dental procedures. By
gaining deeper insights into the effectiveness of this approach

and by combining multiple markers, we hope to inform future
interventions and improve the dental experience for children.

2. Materials and methods

This study was conducted at a private dental clinic in Bahce-
sehir, Istanbul, Turkey. The study duration was two months,
from April 2023 to June 2023. The study included 42 paedi-
atric dentistry patients (53.4% girls and 46.6% boys) aged be-
tween 6–14 years. Participants were allocated to either group
in an alternating manner based on appointment order. The
sample size of 42 pediatric patients was determined to ensure
manageability within the given timeframe and resources, while
still providing a sufficient number of participants to observe
meaningful trends and effects. Additionally, this sample size
aligns with previous studies in the field that have used similar
numbers of participants to study dental anxiety and stress
responses in pediatric patients [35, 36]. Besides, given the
limited sample size, this study is framed as a preliminary inves-
tigation to explore the potential effects of a thematic approach
in dental radiology, with plans to continue and expand the
study in the future.

2.1 Study design
This studywas conducted as a comparative observational study
to assess the effect of a thematic approach used in radiological
techniques on dental anxiety and physiological indicators. The
study includes two groups: one group underwent radiological
imaging in a thematically designed environment, while the
other underwent imaging in a standard environment.

2.1.1 Inclusion criteria
Children aged 6 to 14 years.
Children scheduled for radiological imaging procedures

(e.g., panoramic radiographic imaging).

2.1.2 Exclusion criteria
Children with cognitive or physical disabilities that may inter-
fere with their ability to participate in the study.
Children with a history of dental or medical conditions that

may affect anxiety levels or physiological responses.

2.2 Study procedures
2.2.1 Group allocation
Participants were assigned to either a standard imaging envi-
ronment or a thematically designed environment based on their
appointment schedule at the dental clinic. The thematically
designed environment group received radiological imaging
with the thematic approach, while the standard imaging envi-
ronment group received radiological imaging without any the-
matic elements. Children scheduled for radiological imaging
procedures including panoramic radiographic imaging (PRI)
and intraoral periapical (IOPA) imaging. Both groups were
selected from the same population base.

2.2.2 Thematic approach
The thematic approach involved creating an imaging room
that incorporated supportive design, conscious choices in of-
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fice décor, and positive distractions. Specifically, it included
space-themed wall murals, child-friendly artwork, interactive
displays and the use of space characters, designed and manu-
factured by Imagination Design Studios (Figs. 1,2). In addition
to the thematic approach, the following behavior management
techniques were used consistently across both groups:
Tell-Show-Do: Child specialists and dental assistants

explained the imaging procedure to the children using age-
appropriate language, demonstrated the procedure on models
or themselves, and then performed the actual procedure. We
did not systematically include these approaches; it is the
natural way of interacting with pediatric patients in our clinic
and was consistent across both groups.
Positive Reinforcement: Verbal praise and small rewards

(e.g., stickers or small toys) were given to encourage coop-
erative behavior and reduce anxiety.

2.3 Data collection
The primary variables measured were salivary cortisol levels,
pulse rate, blood oxygen level, and body temperature. Wemea-
sured each variable using specific instruments and processes as
described:

2.3.1 Panoramic x-ray and intraoral periapical
imaging
All participants received panoramic x-rays using the Dentsply
Sirona Axeos CBCT Machine.

2.3.2 Physiological indicators
The physiological indicators included salivary cortisol levels,
pulse rate, blood oxygen level, and body temperature. The
following instruments and processes were used:
Salivary Cortisol Levels: Salivary samples were collected

using specialized sterile kits (Salivette®). Participants were
instructed to avoid food intake for at least 30 minutes before
sample collection. Saliva was collected using the passive drool

method (Putnam 2012), where participants allowed saliva to
accumulate in their mouths and then drooled into the provided
tubes. The collected samples were stored in a −60 ◦C freezer
and later transported to the lab for analysis. Salivary cortisol
was measured using the second-generation electrochemilumi-
nescence immunoassay (ECLIA) on a Cobas e411 analyzer,
which is a fully automated analyzer that uses a patented Elec-
troChemiLuminescence (ECL) technology for immunoassay
analysis. The test principle is a 1-step competitive assay
conducted at 37 ◦C for 18 minutes (Cobas e411 analyzer,
Roche Diagnostics GmbH, Mannheim, BW, Germany).
Pulse Rate: Pulse rate was measured using a Braun YK-

81CEU Pulse Oximeter. The oximeter was placed on the
participant’s fingertip, and the pulse rate was recorded before
and after the radiological imaging procedure. The pulse rate
values were recorded in beats per minute (bpm) and analyzed
for pre- and post-procedure differences.
Blood Oxygen Level: Blood oxygen levels were also

measured using the Braun YK-81CEU Pulse Oximeter. The
oximeter was used to measure the oxygen saturation (SpO2)
in the blood before and after the imaging procedure. Blood
oxygen levels were recorded as a percentage and analyzed for
changes pre- and post-procedure.
Body Temperature: Body temperature was measured using

an Omron Gentle Temp 720 Infrared Ear Thermometer. The
thermometer was placed in the participant’s ear to record body
temperature before and after the imaging procedure. Temper-
ature readings were recorded in degrees Celsius and analyzed
for pre- and post-procedure differences.

3. Results

Statistical analyses were conducted using IBM SPSS V23
(IBM Corporation, Armonk, NY, USA). Changes in physi-
ological indicators before and after the radiological imaging
procedures were assessed using paired t-tests for normally dis-
tributed data and Wilcoxon signed-rank tests for non-normally

FIGURE 1. Radiography room layout.
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FIGURE 2. Before & after photos for thematic design.

distributed data within each group. Independent t-tests and
Mann-Whitney U tests were used to compare differences be-
tween the standard imaging environment and thematically de-
signed environment groups. Normality was assessed using the
Shapiro-Wilk test, and homogeneity of variances was tested
using Levene’s test (Table 1).
There is no significant difference between the groups re-

garding the pre-fever scores (p = 0.458). Similarly, there
is no difference between post-fever measurements, with a
median value of 37.2 in the standard imaging environment
group and 36.9 in the thematically designed environment group
(p = 0.572). The changes in the pre and post scores do not
differ between groups (p = 0.841). According to within-
group comparisons, there is also no difference in pre and post
measurements for both the standard imaging environment and
thematically designed environment groups (with the p-values
of 0.266 and 0.070, respectively).
There is no significant difference between the groups re-

garding the pre-pulse rates (p = 0.442). Similarly, there is
no difference between post-pulse rate measurements, with a
mean value of 94.73 in the standard imaging environment
group and 97.64 in the thematically designed environment
group (p = 0.387). The changes in the pre and post scores do
not differ between groups (p = 0.751). According to within-
group comparisons, there is also no difference in pre and post
measurements for both the standard imaging environment and
thematically designed environment groups (with the p-values
of 0.565 and 0.248, respectively).
There is no significant difference between the groups re-

garding the pre-oxygen levels (p = 0.438). Similarly, there
is no difference between post-oxygen measurements, with a
mean value of 94.5 in the standard imaging environment group

and 94 in the thematically designed environment group (p
= 0.609). The changes in the pre and post scores do not
differ between groups (p = 0.376). According to within-
group comparisons, there is also no difference in pre and post
measurements for both the standard imaging environment and
thematically designed environment groups (with the p-values
of 0.261 and 0.248, respectively).
There was no significant difference between the groups in

pre-cortisol levels (Mann-Whitney U = 212, p = 0.481). Post-
cortisol levels also showed no significant difference between
the standard imaging environment group (median = 0.2) and
the thematically designed environment group (median = 0.1)
(Mann-Whitney U = 171, p = 0.096).
The results suggest that the thematic approach may have po-

tential benefits in reducing salivary cortisol levels, indicating a
reduction in physiological stress. However, no significant dif-
ferences were observed in other physiological measures such
as body temperature, pulse rate and blood oxygen levels. These
findings highlight the need for further research to explore the
broader impact of the thematic approach on patient stress and
anxiety, as well as its potential application in other clinical
settings.

4. Discussion

Anxiety, characterized by anticipatory fear and physiological
changes, notably in blood pressure, heart rate and salivary
cortisol levels [38, 39], has significance for assessing stress
and anxiety during dental procedures. However, pediatric
patients undergoing tomographic x-rays may exhibit distinct
stress responses compared to patients in other clinical contexts,
as evidenced by previous research [40, 41]. Thus, investigating
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TABLE 1. Changes found in physiological indicators before and after the radiological imaging procedures.
Measure Time Standard Imaging Environment Thematically Designed Environment Test Statistics p

Mean ± s.d. Median (min:max) Mean ± s.d. Median (min:max)

Body Temp

Pre 36.98 ± 0.62 37.1 (35.8:38.11) 36.85 ± 0.56 36.9 (35.8:38.11) 210.5a 0.458

Post 36.63 ± 2.27 37.2 (26.9:38.11) 36.94 ± 0.53 36.9 (35.7:38.1) 218.5a 0.572

Dif (Post–Pre) −0.35 ± 2.23 0.1 (−10.1:0.7) 0.09 ± 0.25 0.1 (−0.6:0.5) 233.5a 0.841

Test Statistics −1.112d −1.813d

p 0.266 0.070

Pulse Rate

Pre 94.41 ± 10.68 94.41 (78:114) 97.09 ± 12.18 99.17 (77:116) −0.777b 0.442

Post 94.73 ± 9.74 92.53 (80:112) 97.64 ± 12.24 100.36 (80:118) −0.874b 0.387

Dif (Post–Pre) 0.32 ± 2.55 0.5 (−5:5) 0.55 ± 2.15 0.5 (−5:4) −0.319b 0.751

Test Statistics −0.585c −1.188c

p 0.565 0.248

Oxygen

Pre 94.73 ± 3.06 95 (89:99) 94 ± 3.16 94 (89:100) 0.783b 0.438

Post 94.52 ± 3.28 95 (89:99) 94 ± 3.16 94 (89:101) 0.515b 0.609

Dif (Post–Pre) −0.23 ± 0.92 0 (−2:2) 0 ± 0.76 0 (−1:2) −0.894b 0.376

Test Statistics 1.156c 0.000c

p 0.261 1.000

Cortizol

Pre 0.27 ± 0.16 0.3 (0:0.5) 0.24 ± 0.17 0.2 (0:0.5) 212a 0.481

Post 0.22 ± 0.17 0.2 (0:0.7) 0.14 ± 0.13 0.1 (0:0.4) 171a 0.096

Dif (Post–Pre) −0.05 ± 0.15 0 (−0.4:0.2) −0.13 ± 0.15 −0.1 (−0.5:0.1) 195a 0.275

Test Statistics −1.542d −2.825d

p 0.123 0.005
aMann-Whitney U; bIndependent Samples t-test; cPaired samples t-test; dWilcoxon.
s.d.: standard deviation; Dif: difference.

the specific stress response profiles of pediatric patients in
various clinical settings and their intricate connections with en-
vironmental and procedural stressors, as well as stress-related
outcomes, is important for future research and practices. The
current study’s findings provide valuable insights into the
effectiveness of the thematic approach in managing dental
anxiety and its associated physiological manifestations. The
study demonstrated that while pulse rate and body temper-
ature differences between groups were not significant, post-
procedure salivary cortisol levels showed a notable distinc-
tion, suggesting the thematic approach’s potential influence
on cortisol release and stress modulation. However, it is
important to note that we did not systematically categorize chil-
dren’s behavior, such as crying, pain or success rates in image
acquisition, during the radiographic exams. This limitation
highlights the need for future studies to include comprehensive
behavioral assessments to fully understand the impact of the

thematic approach on pediatric dental experiences. Despite
this, the reduction in cortisol levels is a promising indicator
of the thematic environment’s potential benefits in reducing
physiological stress in children.

As of heart rate, it has been a subject of interest in previous
studies which present inconsistent insights with the current
study’s findings. For example, Tucker et al. [42] andGoldstein
et al. [43] found increased heart rates during dental-related
stimuli and emphasized the role of anxiety in influencing heart
rate responses. Additionally, Wannemüller et al. [44] noted
significant heart rate variations in anxious patients even before
entering the dental chair. In terms of body temperature, our
finding is against the evidence that human body temperature
changes in response to stress [45, 46]. Already in 1930,
a case report described the presence of psychogenic fever
[47]. However, human thermoregulation is a complex process
under the control of the central nervous system so it is also
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consistent with research indicating that anxiety is related to
body temperature and interventions targeting stress improve
participants’ stress levels and body temperature [48].
When it comes to salivary cortisol levels, it has been the first

choice of several researchers in the last years since it is rela-
tively easily attainable and it is not an invasive method. Our
findings showed that patients undergoing both tomographic x-
rays and panoramic radiographic imaging (PRI) in a thematic
environment have significantly lower cortisol levels compared
to the standard imaging environment group, underscoring the
role of environmental cues in shaping physiological responses,
which, in turn, influence patients’ comfort and well-being.
This finding from tomography rooms is consistent with previ-
ous studies in other pediatric settings that reported significant
benefits (e.g., lower stress and anxiety, calming effects) as-
sociated with the provision of nature images, artworks, music
and other audio-visual environmental distractions [49–52] as
well as the provision of non-environmental distractions (e.g.,
pet, hypnosis, pre-procedural preparation) [14, 53]. Simi-
larly, other previous studies involving dental procedures with
associated distress and pain, such as third molar extraction,
showed slight alterations in Hypothalamic-Pituitary-Adrenal
(HPA) biomarkers like cortisol [54]. For instance, in [55],
the cortisol levels of thematically designed environment group
were higher than those of the standard imaging environment
group at both the beginning and end of the study. However,
this finding is inconsistent with the study by [56], who did
not observe significant differences in cortisol levels in adults
undergoing routine dental procedures. Similarly [57], found
no significant difference in salivary cortisol levels between the
two groups at the beginning and end of the study.
This reduction in salivary cortisol levels is an important out-

come, suggesting that the thematic approach may effectively
reduce physiological stress markers. However, we did not
observe significant changes in other physiological indicators
such as pulse rate and body temperature. This may indicate
that while the thematic approach can influence cortisol levels,
its impact on other physiological stress responses might be less
pronounced or requires further investigationwith larger sample
sizes and more detailed behavioral assessments. The thematic
approach’s ability to modulate post-procedure cortisol levels
within the thematically designed environment group highlights
its potential to influence stress responses, even though such
effects might not be immediately apparent in other physiolog-
ical markers. This observation could imply that the thematic
approach’s effect might be more nuanced and selective, partic-
ularly concerning the neuroendocrine response linked to stress.
The neurohormonal system releases certain cytokines during
stressful situations, which can activate the immune system, and
hormones like cortisol can have both inhibitory and stimulatory
effects on the Locus Coeruleus and RapheMagnus [58], which
are areas in the brain involved in regulating body temperature
and heart rate. In this sense, the release of that cortisol may
have played a regulatory role in this particular situation and
blocked the increase in other physical indicators. However,
the thematic approach has definitely an untapped potential
to improve radiography environment pleasantness, increasing
the sense of environmental control, reducing patient stress
responses, making pediatric patients happier and increasing

parent willingness to recommend and return to the facility.
However, its effects on stress responses need further evalu-
ation, both in radiography settings and other settings where
longer and more stressful procedures are performed.
While our study highlights the potential of the thematic

approach to reduce cortisol levels, the clinical impact of this
finding should be interpreted with caution. The observed
reduction in cortisol suggests a stress-reducing effect, but
additional research is needed to confirm whether this translates
into improved clinical outcomes, such as enhanced patient
cooperation during procedures and overall dental experience.
Future studies should include comprehensive behavioral as-
sessments and larger sample sizes to further elucidate the
clinical significance of these findings and provide a more
robust theoretical foundation. Besides, regarding temperature,
it is important to consider the environmental climate control, as
physiological adaptation occurs concurrently with the stress-
ful stimulus. The controlled climate conditions of the clinic
likely played a role in maintaining stable body temperature,
potentially masking any subtle changes that might occur due
to stress.
Despite the promising findings, this study has several limita-

tions. Firstly, the study was conducted in a single dental clinic,
which may not represent broader clinical settings. Secondly,
the short duration of the study might not capture long-term
effects of the thematic approach on dental anxiety and phys-
iological stress. Future research should involve larger, more
diverse populations and extended follow-up periods to validate
and expand upon these findings.

5. Conclusions

Our study aimed to evaluate the impact of a thematic approach
on reducing dental anxiety and physiological stress indicators
in pediatric patients undergoing radiographic imaging. The
results demonstrated that the thematic environment led to a
significant reduction in salivary cortisol levels, indicating a
decrease in stress. However, no significant changes were
observed in other physiological measures such as heart rate,
blood oxygen levels, and body temperature. This suggests that
while the thematic approach may effectively reduce cortisol
levels, its impact on other stress markers might be limited or
require further investigation.
Given these findings, the thematic approach shows promise

as a method to alleviate stress in pediatric dental settings.
However, the clinical significance of reduced cortisol levels
needs further exploration to determine if it translates into
improved overall dental experiences and patient cooperation.
Future research should incorporate larger sample sizes, com-
prehensive behavioral assessments, and controlled environ-
mental factors to fully understand the broader impact of the
thematic approach.
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