www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Preoperative dental anxiety across
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undergoing root canal treatment
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Objective Dental anxiety is a significant barrier for patients seeking oral healthcare and can be
influenced by biological, psychological, and demographic factors. This study aimed to investigate how
different phases of the menstrual cycle affect dental anxiety in women immediately before undergoing
root canal treatment, using both psychometric scales and physiological indicators. Gender-based
comparisons were also included for contextual understanding. Methods An analytical cross-sectional
study was conducted with 259 participants (aged 18-50 years, 191 women) requiring root canal
treatment. Women were categorized into menstrual, proliferative, and secretory phases based on
self-reported cycle data. The Severity of anxiety were assessed using the Modified Dental Anxiety Scale
(MDAS) and the State-Trait Anxiety Inventory (STAI), alongside physiological measures such as blood
pressure and oxygen saturation. In addition to Kruskal-Wallis and Chi-squared tests, multiple linear
regression analyses were performed to adjust for potential confounders, including age, education,
preoperative pain, and physiological parameters. Results Women in the menstrual and secretory
phases reported significantly higher MDAS and STAI-T scores compared to men (p <0.001). Regarding
the STAI-S, scores in all three menstrual phases were significantly higher than those of men (p=0.001).
Multiple regression analysis confirmed that these associations remained significant after adjustment
for potential confounders, while age, education, preoperative pain, and physiological parameters
showed no significant effects. Physiological parameters, including blood pressure and oxygen
saturation, showed no significant variations across groups (p >0.05). A strong positive correlation was
observed between MDAS and both STAI-S and STAI-T scores. Conclusion Women in the menstrual

and secretory phases reported higher levels of dental anxiety compared to men, but no significant
differences were observed in physiological markers. These findings suggest that estrogen reduction
during certain phases of the menstrual cycle may increase anxiety and highlight the potential clinical
value of individualized anxiety management during these phases.
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Anxiety is a psychological state characterized by feelings of worry and unease that arise in the presence of
perceived threats, whether real or imagined, and is often associated with the anticipation of a potential future
danger'. Dental anxiety, a specific form of anxiety, affects individuals undergoing dental procedures, often
resulting in delayed or avoided treatment, which exacerbates oral health problems and reduces quality of life. This
possess the potential for creating a vicious cycle between dental problems and treatment avoidance?™. Despite
significant advancements in dental technologies and treatment approaches, fear and anxiety remain prevalent in
many patients, ranking dental anxiety among the top five most common anxiety-inducing situations’.

The origins of dental anxiety are multifactorial. Environmental factors such as the clinical setting, the sounds
and appearance of dental instruments, and the distinctive smells of a dental clinic contribute to heightened
anxiety. Additionally, low pain tolerance, past traumatic dental experiences, and ineffective communication
between patient and dentist—and lack of trust in dentists—may contribute significantly to dentist anxiety®”.
Patients may be more anxious when they feel that the dentist is not establishing a supportive relationship®. These
factors are further compounded by demographic influences such as age, gender, and socioeconomic status. For
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example, younger patients generally report higher levels of anxiety®. Regarding gender differences, substantial
epidemiological evidence from studies and systematic reviews suggests that female patients tend to experience
and report higher levels of dental anxiety than males. This gender disparity has been consistently observed
across populations and age groups'®'%. Various biological, psychological, and sociocultural mechanisms
have been proposed to explain this difference. Biologically, hormonal fluctuations are known to regulate
emotional responses and anxiety sensitivity in women'?. Psychologically, women may exhibit greater emotional
expressiveness'S. From a sociocultural perspective, societal norms may inhibit men from expressing their fears!”.
However, it is important to note that some studies have not reported statistically significant gender differences in
dental fear'®1%, suggesting that individual variability also plays an important role. In a longitudinal study, dental
anxiety has shown that it is associated with depression and anxiety symptoms, especially in women. Findings
show that dental anxiety is related to environmental factors as well as psychological factors®.

Menstrual cycle phases are another potential influence on anxiety in women?!. The complex relationship
between fear responses and the menstrual cycle can be influenced by psychological factors, individual differences,
and hormonal fluctuations'®. The menstrual cycle, regulated by hormones such as estrogen and progesterone,
affects not only physical health but also emotional and psychological states?!. Research has shown that women
tend to handle stress more effectively during the proliferative (follicular) phase of their menstrual cycle, a time
when estrogen levels are on the rise. However, this changes in the secretory (luteal) phase, when estrogen drops
and progesterone becomes more dominant. These hormonal shifts can reduce emotional stability and heighten
anxiety, which may make dental procedures feel more distressing than usual??. Understanding the influence
menstrual cycle phases on dental anxiety may provide a valuable perspective on the biological underpinnings of
anxiety in dental contexts. Previous research has established links between hormonal fluctuations and anxiety
responses?>?4, but few studies have specifically examined these variations in the context of dental procedures.

Patients are more likely to experience anxiety during interventional procedures such as tooth extraction,
fillings, and root canal treatment, which are commonly associated with painzs‘zs. One of the most widespread
misconceptions among patientsabout root canal treatment is its association with excessive pain®**°. Consequently,
the anticipation of a negative experience may further heighten anxiety levels®!. Therefore, investigating the
relationship between root canal treatment and anxiety is important for understanding patients’ attitudes toward
dental care and for developing more effective anxiety management strategies in clinical practice. Despite
these findings, the relationship between menstrual cycle phases and dental anxiety has not been sufficiently
investigated, especially in the context of endodontic procedures such as root canal treatment. Understanding
the influence of menstrual cycle phases on dental anxiety can provide valuable insights into the biological basis
of anxiety in the dental context. By exploring these understudied areas, the current research may contribute to
the development of more specific treatment approaches that take hormonal influences on dental anxiety into
account. Such insights are particularly important in the context of endodontic procedures, which tend to cause
greater anxiety due to their invasive techniques and close association with pain®.

This study aims to investigate the relationship between menstrual cycle phases and dental anxiety in women
undergoing root canal treatment and to examine gender differences in anxiety. Two null hypotheses were tested:
(1) anxiety severity in female patients does not vary across different phases of the menstrual cycle, and (2) there
is no difference in anxiety severity between male and female patients undergoing root canal treatment.

Materials and methods

Study design and ethical approval

This analytical cross-sectional study was conducted at the Endodontics Clinic of Recep Tayyip Erdogan
University Faculty of Dentistry. Ethical approval was obtained from the Recep Tayyip Erdogan University Ethics
Committee (Approval Number: 2023/185). Data collection took place between September 2023 and October
2024. All participants were informed about the study’s purpose and procedures, and written informed consent
was obtained before participation. All data were gathered through structured interviews conducted by trained
personnel prior to the dental procedures, ensuring accuracy and consistency in the analysis.

Power analysis

A priori power analysis was performed with G*Power 3.1 (one-way ANOVA, fixed effects). Assuming a medium
effect size (Cohen’s £=0.25), a=0.05, and 80% power for four independent groups, the minimum required
sample size was 180 participants (=45 per group). Our final sample comprised 259 participants (64, 64, 63, 68
per group, respectively), providing an achieved power of approximately 0.93. Therefore, the study was adequately
powered to detect medium or larger differences among groups.

Study population
Participants were selected according to predefined inclusion and exclusion criteria to ensure a homogeneous
study population representative of the research objectives. Inclusion criteria required participants to be between
18 and 50 years of age and in need of endodontic treatment for at least one tooth. Female participants were
eligible if they had regular menstrual cycles, defined as occurring every 21 to 35 days with consistent timing. The
menstrual cycles of female patients were calculated using their responses to the questions on the last menstrual
period and average cycle length in the questionnaire. The menstrual cycle phases were divided into three phases:
menstrual phase (Days 1-4), proliferative phase (Days 5-14) and secretory phase (Days 15-28). Male participants
were also included as a comparison group to assess possible gender-based differences in dental anxiety.

Participants were divided into four groups based on gender and menstrual cycle phase:

Group 1: Women in the menstrual phase (n=64).

Group 2: Women in the proliferative phase (n=64).

Group 3: Women in the secretory phase (n=63).
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Group 4: Male participants (1n=68).

Exclusion criteria were created to minimize confounding factors that could affect anxiety or vital signs.
Patients were excluded if they were currently taking antidepressants, anxiolytics, or hormonal treatments
(oral contraceptives, etc.) that could affect anxiety or hormonal balance. Additionally, patients with systemic
conditions, including cardiovascular, endocrine, or neurological disorders, were not included. Individuals with
diagnosed psychiatric conditions, such as generalized anxiety disorder or depression, were also excluded to avoid
interference from pre-existing anxiety or mood disorders. Pregnant women were excluded due to significant
hormonal changes unrelated to the menstrual cycle that could impact anxiety levels.

Demographic data collection

Demographic data, including age, gender, and education level, were collected to characterize the study
population and control for potential confounding factors. Age was recorded both as a continuous variable
and as a categorical variable (18-35 years and 36-50 years), while education level was categorized as primary
school, high school, or university. The presence of preoperative pain (yes/no) was also documented to assess its
possible impact on anxiety levels. All demographic information was obtained using a structured questionnaire
administered prior to the dental procedures.

Anxiety assessment with vital anxiety indicators
In addition to self-reported anxiety scales, vital physiological parameters were recorded as objective measures
of anxiety. These included:

Systolic and Diastolic Blood Pressure: Blood pressure was measured using an manual aneroid
sphygmomanometer [Erka Perfect Aneroid, German made]. Normal blood pressure is below 120/80 mmHg™®.
For healthy adults, systolic blood pressure of 120-139 mmHg and/or diastolic blood pressure of 80-89 mmHg is
considered high®*. Oxygen Saturation (SpO2): Oxygen saturation was assessed using a fingertip pulse oximeter
(Respirox, Jiangsu, China) to monitor potential respiratory changes associated with anxiety. Normal oxygen
saturation in healthy adults typically ranges from 85 to 99%3>%, although low oxygen saturation values may
indicate respiratory changes that may be associated with anxiety states®’.

Anxiety assessment with self-reported anxiety scales

Severity of anxiety were assessed using two validated scales: STAI (State-Trait Anxiety Inventory) and MDAS
(Modified Dental Anxiety Scale). Both the MDAS and STAI were used to examine the relationship between
dentistry-specific and general anxiety. Including the STAI allowed for assessment of broader psychological
anxiety traits that may impact dental experiences. The MDAS is a five-item questionnaire that evaluates dental-
specific anxiety. Each item is scored on a 5-point Likert scale ranging from 1 (“not anxious”) to 5 (“extremely
anxious”), with total scores ranging from 5 to 25. The MDAS is simple to administer and provides a reliable
measure of anxiety related to dental treatments®-*". MDAS scores between 5 and 10 suggest low anxiety, while
scores from 11 to 18 indicate moderate levels. A score of 19 or more points to high dental anxiety that may
require attention’. The STAI consists of two subscales: the STAI-S, which measures anxiety in response to
current situations, and the STAI-T, which evaluates general anxiety as a personality trait. Both subscales contain
20 items each, with scores ranging from 20 to 80 for each scale. Scores>40 on the STAI-S indicate clinically
significant state anxiety, while scores>45 on the STAI-T suggest high trait anxiety?!*2. These scales are widely
used for their comprehensiveness and reliability*>. For this study, validated and reliable Turkish versions of both
scales were utilized: the MDAS validated by Tunc, et al.** and the STAI validated by Oner, et al.** ensuring their
applicability and accuracy in the Turkish population. Participants completed the MDAS and STAI questionnaires
before their dental procedures in a calm clinical environment to minimize external influences on their anxiety.

Statistical analysis

All statistical analyses were conducted using Jamovi software (version 2.3.28). The Shapiro-Wilk test was used to
assess the normality of continuous variables. Non-normally distributed data were analyzed using non-parametric
tests. The Kruskal-Wallis test was employed to compare continuous variables, such as MDAS and STAI scores,
systolic and diastolic blood pressure, and oxygen saturation, across the four groups. When significant differences
were detected, post-hoc pairwise comparisons were performed using the Dwass-Steel-Critchlow-Fligner test.
Categorical variables, such as preoperative pain presence and education level, were analyzed using the Chi-
squared test. Results were reported as medians and interquartile ranges (IQR) for continuous variables and as
frequencies and percentages for categorical variables. Statistical significance was defined as p <0.05.

Results
Demographic variables (age, education, pre-operative pain) were evenly distributed across all menstrual-phase
groups and men (all p>0.05), confirming a well-matched sample (Table 1).

Physiological anxiety markers—oxygen saturation and systolic/diastolic blood pressure—remained stable
across groups (oxygen sat. p =0.724; systolic p=0.079; diastolic p=0.145), indicating no meaningful phase- or
sex-related variation (Table 2).

Psychometric analysis showed that MDAS and STAI-T scores were significantly higher in the menstrual and
secretory phases than in men (MDAS: p <0.001; STAI-T: p <0.01), with no differences for the proliferative phase
(p>0.05). State anxiety (STAI-S) was consistently elevated in women versus men (p <0.05) but did not fluctuate
across phases (Table 3; Fig. 1).

Correlation analysis revealed a very strong positive relationship between systolic and diastolic blood pressure
(rho=0.723, p<0.001) and moderate-to-strong associations among the anxiety scales (rho=0.332-0.478, all
p<0.001), whereas other variable pairs showed weak, non-significant correlations (Fig. 2).
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Menstrual phase (N=64) | Proliferative phase (N=64) | Secretory phase (N=63) | Male (N=68) | p-value
Age 0.339!
Mean (SD) 30.9 (9.2) 30.0 (8.1) 27.7 (7.0) 29.8 (10.0)
Range 18.0-49.0 18.0-50.0 18.0-46.0 18.0-50.0
Age range 0.115%
18-35 (n=193) 46.0 (23.8%) 49.0 (25.4%) 53.0 (27.5%) 45.0 (23.3%)
36-50 (n=66) 18.0 (27.3%) 15.0 (22.7%) 10.0 (15.2%) 23.0 (34.8%)
Education Level 0.9932
Primary school (n=33) | 7.0 (21.2%) 8.0 (24.2%) 8.0 (24.2%) 10.0 (30.3%)
Highschool (r=80) 19.0 (23.8%) 20.0 (25.0%) 21.0 (26.2%) 20.0 (25.0%)
Unversity (n=146) 38.0 (26.0%) 36.0 (24.7%) 34.0 (23.3%) 38.0 (26.0%)
Pain before operation 0.1012
No (n=184) 40.0 (21.7%) 47.0 (25.5%) 42.0 (22.8%) 55.0 (29.9%)
Yes (n=75) 24.0 (32.0%) 17.0 (22.7%) 21.0 (28.0%) 13.0 (17.3%)
Total (N=259) 64.0 (24.7%) 64.0 (24.7%) 63.0 (24.3%) 68.0 (26.3%)

Table 1. Participants’ demographic characteristics according to menstrual cycle phases and gender groups
(Menstrual, proliferative, secretory, and Male). ! Kruskal-Wallis test, > Chi-squared test, Abbreviations: SD,
standard deviation; N, number of participants

Oxygen saturation | Systolic | Diastolic

Menstrual phase (n=64) 98.0 (0.5) 11.0 (2.0) | 7.0 (2.0)
Range (Min-Max) 95.0-100.0 8.0-16.0 |5.0-10.0
Proliferative phase (n=64) | 98.0 (1.0) 11.0 (2.0) | 7.0 (2.0)
Range (Min-Max) 91.0-99.0 8.0-15.0 |5.0-10.0
Secretory phase (n=63) 98.0 (1.0) 11.0 (2.0) | 7.0 (2.0)
Range (Min-Max) 94.0-100.0 9.0-14.0 |5.0-9.0
Male (n=68) 98.0 (0.0) 11.0 (1.0) | 7.0 (1.3)
Range (Min-Max) 95.0-100.0 9.0-14.0 | 5.0-50.0
p-value 0.724 0.079 0.145

Table 2. Comparison of vital physiological indicators (Oxygen saturation and blood Pressure) among
menstrual cycle phases and male Participants. All values are presented as median (interquartile range).
Kruskal-Wallis test applied.

MDAS State Anxiety Scale | Trait Anxiety Scale
Menstrual phase (n=64) 12.5(5.3)* | 41.0(11.5)? 42.0 (11.5)?
Range (Min-Max) 5.0-24.0 20.0-68.0 27.0-62.0
Proliferative phase (n=64) | 10.0 (6.3)% | 38.5 (9.5)* 41.5 (10.5)®
Range (Min-Max) 0.0-25.0 20.0-65.0 26.0-64.0
Secretory phase (n=63) 12.0 (6.0)* | 40.0 (10.5)* 43.0 (11.0)*
Range (Min-Max) 0.0-23.0 20.0-68.0 25.0-62.0
Male (n=68) 8.5(7.0)° | 34.5(13.0)° 39.0 (10.3)°
Range (Min-Max) 5.0-22.0 20.0-57.0 25.0-54.0
p-value <0.001 0.001 0.020

The results of the multiple regression analysis presented in Table 4 demonstrate that, even after adjusting for
demographic and physiological variables, being in the menstrual or secretory phase is independently associated
with significantly higher dental (MDAS) and general anxiety scores (STAI-S, STAI-T). Specifically, the menstrual
phase was associated with an average increase of approximately 3.5 points in MDAS (p <0.001), while both the

Table 3. Comparison of anxiety scale scores (MDAS, state and trait anxiety) among menstrual cycle phases
and male Participants. Values are presented as median (IQR). Kruskal-Wallis test used for group comparisons.

Pairwise comparisons performed using Dwass-Steel-Critchlow-Fligner method. Different superscript letters (a,
b) indicate statistically significant differences between menstrual cycle groups (p <0.05). Abbreviations: MDAS,
Modified Dental Anxiety Scale; STAI, State-Trait Anxiety Inventory; IQR, interquartile range.
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Fig. 1. Distribution of Anxiety Scale Scores (MDAS, STAI-S, STAI-T) by Menstrual Cycle Phase and Gender
among a Sample of Male and Female Dental Patients (n=259) in Turkey (MDAS; range 5-25), State Anxiety
Scale (STAI-S; range 20-80), Trait Anxiety Scale (STAI-T; range 20-80). Data presentation: Boxes show
median and interquartile range (IQR); whiskers indicate minimum and maximum values.

menstrual and secretory phases significantly elevated anxiety scores across all models. In contrast, age, education
level, preoperative pain, blood pressure, and oxygen saturation did not show any significant associations with
anxiety outcomes. Overall, cyclical hormonal status accounted for about 4-6% of the variance in anxiety scores.

Discussion

This study investigates the relationship between menstrual cycle phase and dental anxiety in women undergoing
root canal treatment, while also examining gender differences in anxiety severity. The findings revealed that
women experienced significantly higher dental anxiety compared to men, particularly during the menstrual and
secretory phases, when anxiety was measured by the MDAS, STAI-S, and STAI-T. However, no major significant
changes were observed in anxiety levels across the different menstrual phases. Additionally, demographic
characteristics and vital anxiety indicators (blood pressure and oxygen saturation) did not show statistically
significant differences between the groups.

In the study, the vital signs (blood pressure and oxygen saturation) of women before the procedure were not
affected by the different phases of the menstrual cycle and were similar between women and men. This finding
suggests that these values are not significantly affected by anxiety in healthy individuals and that there is no
statistically significant difference between men and women. Although there are studies in the literature that
support the findings of the study and show that there is no relationship between anxiety and blood pressure
changes?®, some studies investigating the relationship between blood pressure and dental anxiety have reported
that the dental clinic environment and the treatment process can lead to significant increases in blood pressure*¢7,
Anxiety attacks can contribute to the development of a persistent risk for cardiovascular disease, which can be
dangerous especially for people with hypertension. Although studies showing that oxygen saturation is not
affected by dental treatment support the current findings***’, changes in respiratory patterns caused by anxiety
may lower oxygen saturation, potentially disrupting respiratory function and creating a vicious cycle’!.

In the present study, women were found to have higher anxiety scores than men across all types of scales.
These findings are consistent with several previous studies that reported higher levels of dental anxiety among
women, such as those by Khan, et al.>2, Doerr et al.>*, Marakoglu et al.>, and Muglali et al.>>. However, opposing
findings have also been reported in the literature, with some studies indicating no significant gender-based
differences in dental anxiety®®->%. This difference between studies may be due to the methodological methods
used, such as the study design, sampling techniques, anxiety measurement tools, and psychosocial and cultural
differences of the study population. It should be noted that these differences are not universal and may vary
in different sample groups. Indeed, preschool children, in whom social behaviors have not yet emerged, tend
to express dental anxiety in a similar way>. Therefore, multifaceted studies that consider both biological and
sociocultural factors are needed to more accurately assess gender-based anxiety differences. Our results align with
the general trend in the literature suggesting that women exhibit greater anxiety responses than men. Although
this gender difference was found to be statistically significant in our study, the extent to which it is clinically
meaningful remains a complex issue that requires further evaluation. While higher anxiety scores may indicate
increased psychological distress, they do not necessarily imply observable treatment-avoidance behaviors or
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Fig. 2. Network Graph of Correlations Among Anxiety Scales and Physiological Indicators Using Spearman’s

Rho in a Sample of Male and Female Dental Patients (n=259) in Turkey.

Predictor MDAS B (95% CI) p-value | STAIS B (95% CI) p-value | STAIT P (95% CI) p-value
Age (years) -0.01 (—0.08 to 0.06) 0.80 -0.02 (-0.15 t0 0.12) 0.79 0.03 (-0.09 to 0.15) 0.63
Menstrual phase +3.45 (+1.78 to +5.12) | <0.001 | +6.20 (+3.09 to +9.32) | <0.001 | +3.39 (+0.60 to +6.18) | 0.018
Proliferative phase +1.47 (-0.18 to +3.11) | 0.081 +3.92 (+0.85 to +6.98) | 0.013 +2.13 (- 0.62 to +4.88) | 0.130
Secretory phase +2.57 (+0.91 to +4.24) | 0.003 +4.65 (+1.54 to +7.76) | 0.004 +4.09 (+1.30 to +6.88) | 0.004

Primaryschool education | —0.59 (—2.64 to +1.46) | 0.57 +0.94 (-2.89 to +4.78) | 0.63

—2.02 (-5.46 to +1.42) | 0.25

University education +0.62 (—0.69 to +1.93) | 0.36 —0.04 (—2.48 to +2.41) | 0.98

+0.93 (~1.28 to +3.14) | 0.41

Preoperative pain (yes) +0.69 (- 0.62 to +2.00) | 0.30 +1.15 (- 1.30 to +3.60) | 0.36

+0.12 (-2.07 to +2.30) | 0.91

Systolic BP (mmHg) +0.38 (—0.08 to +0.83) | 0.10 +0.40 (—0.44 to +1.24) | 0.35

-0.28 (—1.03 to +0.46) | 0.46

Diastolic BP (mmHg) -0.03 (—0.24 to +0.19) | 0.82 —0.25 (- 0.65 to +0.14) | 0.22

—0.16 (-0.52 to +0.20) | 0.38

Oxygen saturation (%) +0.08 (-0.47 to +0.62) | 0.79 —0.28 (- 1.30 to +0.74) | 0.59

—-0.83 (-1.74 to +0.07) | 0.078

Table 4. Multiple linear-regression models for anxiety outcomes (1 =258). (reference = male patients,

high-school education, no pre-operative pain)
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disruptions in clinical procedures. The observed gender disparity in anxiety may reflect deeper emotional
and psychological mechanisms shaped by biological, social, and cultural factors. For example, the concept
of “gendered behavior” suggests that emotional responses such as fear and anxiety are influenced by societal
expectations; men may downplay anxiety to conform to traditional male norms, whereas women may feel more
comfortable expressing such emotions'’. Muris, et al.%, also found that gender role orientation significantly
influences fear responses, with female gender being positively associated with anxiety. Furthermore, it is widely
recognized that women tend to exhibit greater emotional openness than men, which may further contribute to
differences in reported anxiety levels®!. tudies that holistically address these multifaceted and complex gender-
related factors may provide deeper insights into the origins of these differences. Given that female patients may
experience higher levels of anxiety compared to male patients in clinical practice, adopting more empathic
communication strategies and developing sensitive approaches throughout the treatment process may enhance
patient satisfaction and treatment compliance. In the present study, the higher anxiety scores observed in female
participants may be attributable to the interaction of one or more of these factors. Accordingly, the second null
hypothesis of the study, which stated that “there is no difference in terms of fear and anxiety between male and
female patients undergoing root canal treatment,” was rejected.

The menstrual cycle is regulated by two important ovarian hormones, estrogen and progesterone. Estrogen
affects a wide range of tissue types to variable degrees, initiating or modulating a multiple biological events.
Progesterone also affects many tissues, but its effects are more limited and less extensively studied. Fluctuations
in the levels of these two hormones lead to significant changes in the female body, with both physical and
emotional consequences®!. Especially during the secretory phase, when progesterone levels are high and
estrogen levels are low, anxiety sensitivity can intensify fear responses®. The secretory phase is associated
with a variety of premenstrual symptoms, such as mood swings and physical discomfort, due to hormonal
fluctuations®. During this phase, women have been observed to exhibit increased sensitivity to negative
emotional stimuli and heightened emotional perception, possibly due to the regulatory effects of progesterone
on emotional processing®. This phenomenon may be linked to increased amygdala reactivity during the luteal
phase. Glover, et al.?? stated that low estrogen levels are associated with impairments in fear inhibition and
suggested that hormonal fluctuations may affect the ability to regulate fear responses. Similarly, Carpenter, et
al.%® reported that fear responses may vary across different phases of the menstrual cycle. In addition, conditions
such as premenstrual syndrome (PMS) have been reported to lead to heightened panic and anxiety during the
premenstrual phase and contributing to increased fear responses®®®’. The strong correlations were identified
between measures of general anxiety (STAI-S, STAI-T) and dental anxiety (MDAS), highlighting the close
relationship between these variables. These results suggest that hormonal fluctuations may affect the severity
of dental anxiety in women, whereas the general pattern of state anxiety remains constant across the menstrual
cycle. On the STAI-S scale, which assesses the patient’s current state of anxiety, anxiety severity was similar in
women in different menstrual phases but significantly different from men. On the other hand, on the STAI-T
scale, which assesses overall anxiety levels, no significant differences were observed between women or between
women and men in the proliferative phase. These findings suggest that women’s mood changes may be influenced
by menstrual periods. Questionnaires that include questions directly related to dental treatment, such as the
MDAS, may produce different anxiety scores in response to the unknown, whereas scales that assess general
anxiety about life, such as the STAI, may produce different responses. This difference may be due to patients’ lack
of knowledge about dental treatment.

The increase in dental anxiety observed during menstrual and secretory phases in the study is consistent
with current understanding of the anxiolytic effects of estrogen through neuromodulation. In women, there is
an interaction between estrogen and serotonin that affects mood, cognition and various physiological processes.
Hiroi, et al.%® showed that estrogen differentially activates tryptophan hydroxylase-2 (TpH2) in specific brain
regions, thereby regulating serotonin levels. This effect is thought to result from estrogen’s modulation of
neurotransmitter systems, particularly its role in balancing GABAergic and glutamatergic transmission in the
brain®. The proliferative phase, characterized by high estrogen levels, showed anxiety scores similar to those of
male participants, suggesting that estrogen may have a protective effect against dental anxiety. This finding is
consistent with the study by Renczés, et al.”°. Similarly, Khaleghi, et al.”! showed that higher estrogen levels were
associated with a decrease in anxiety-like behaviors. Accordingly, the first null hypothesis of the study, “Fear and
anxiety of female patients undergoing root canal treatment do not vary according to menstrual cycle phases”
was rejected.

Study strengths

Despite these limitations, our study represents an important step in understanding the effects of menstrual cycle
phases on dental anxiety and may provide a foundation for future research in this area. Our comprehensive
assessment approach included both self-reported anxiety measures (MDAS, STAI-S, STAI-T) and objective
physiological indicators (blood pressure and oxygen saturation), providing a multidimensional view of anxiety
responses. Furthermore, our focus on root canal treatment provides valuable insights for endodontists and
general dentists performing root canal treatments. Third, the interaction of menstrual periods with individual
biological and psychological factors (e.g. stress, sleep patterns) was not considered. As fluctuations in estrogen
and progesterone levels may have different effects on anxiety among individuals, not controlling for these factors
may limit the generalizability of our findings. Finally, our study focused on a specific clinical scenario (root canal
treatment) and may not be generalizable to other dental procedures or contexts. Furthermore, the relatively
homogeneous nature of our findings from a single institution may limit the generalizability of our findings to a
broader population. Future research should aim to clarify these questions using detailed sociodemographic data,
personal information on the persons life and laboratory findings (blood, saliva) to clearly define the menstrual
cycle.
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Study limitations

To standardize the study, we selected women with regular menstrual cycles, but the menstrual cycle was recorded
by calculating the endometrial phase based on the calendar reported by the women. This is a limitation of the
study as it requires calculations based only on the time frame provided by the patient. Given that hormone
levels can vary significantly between individuals and may be influenced by multiple factors, this approach
may affect the internal validity of our findings. Future studies should include serum or salivary hormone
level measurements to more accurately define menstrual cycle phases. Second, a limitation is the exclusion of
postmenopausal women from our study. Including these groups would provide valuable comparative data on
anxiety levels. This limitation represents an important area for future research. Third, a limitation of the study
is that certain individual and environmental factors that can influence anxiety were not controlled for. General
stress levels, previous dental experiences, sleep quality, and lifestyle habits (such as caffeine consumption and
physical activity) may act as potential confounders affecting the relationship between menstrual cycle phases
and anxiety levels. Future studies that comprehensively evaluate such individual differences may contribute to a
more accurate and in-depth understanding of the association between the menstrual cycle and anxiety.

Additionally, our study design did not include baseline anxiety measures taken at a time other than the dental
appointment. This limitation makes it difficult to distinguish between trait anxiety and state anxiety resulting
from the dental procedure. Future studies should consider including baseline measures taken days before the
dental appointment to better isolate the effects of the dental context from general anxiety tendencies. Although
this study found significant associations between menstrual cycle phases and dental anxiety levels, it is important
to recognize that the cross-sectional design limits the ability to draw causal inferences. A longitudinal approach
following the same individuals at different stages of the menstrual cycle would have reduced interindividual
variability and allowed for a more controlled assessment of hormonal effects. However, this method was not
feasible due to practical limitations in the clinical setting in which the study was conducted. These limitations
included the need for multiple root canal sessions per participant, difficulties in matching treatment dates to
specific menstrual phases, and the risk of participant withdrawal from the study. Therefore, a cross-sectional
design was chosen because it allowed data to be collected from a larger and more diverse sample within a limited
time period. Future studies should consider adopting a longitudinal design for a more accurate assessment.

Furthermore, this study included physiological parameters such as blood pressure and oxygen saturation to
complement self-reported anxiety measures, it is important to acknowledge that these are indirect and relatively
nonspecific indicators of acute psychological stress. More sensitive biomarkers such as heart rate variability
(HRV) or salivary cortisol levels could have provided a more nuanced understanding of the physiological
response to anxiety. However, due to practical constraints in the clinical setting and the need for non-invasive,
easily applicable methods, these more advanced biomarkers were not employed. Future studies should consider
incorporating HRV monitoring or salivary cortisol analysis to better capture physiological responses associated
with acute dental anxiety.

Moreover, this study assessed anxiety levels only in the preprocedural period. While this approach was
chosen to capture anticipatory anxiety and to minimize disruption during clinical care, it does not account for
dynamic changes in anxiety that may occur during or after the dental procedure. Intraprocedural assessments
were not conducted due to the invasive nature of root canal treatment, which made it impractical to administer
questionnaires during treatment. Postprocedural assessments were also avoided to minimize recall bias. Future
studies could incorporate multiple time-point measurements, including during and after the procedure, to more
comprehensively assess anxiety trajectories.

Lastly, menstrual cycle phases were determined based on participants’ self-reported calendar data, including
the date of the last menstrual period and average cycle length. This approach may be prone to recall bias, as
participants may not accurately remember or report this information. Such misclassification could potentially
affect the internal validity of the phase-based comparisons. Future studies should consider integrating hormonal
validation (e.g., salivary estradiol or progesterone levels) to more precisely determine menstrual phases and
minimize recall-related errors.

Conclusion

Our findings indicate that women are especially vulnerable to heightened dental anxiety during both the
menstrual and secretory phases of their cycle, regardless of age, education, preoperative pain, or physiological
status. Recognizing these cyclical patterns offers clinicians a valuable opportunity to anticipate and address
anxiety-related challenges in female patients. By taking menstrual cycle phase into account when planning and
delivering dental care, practitioners can develop more individualized approaches that improve patient comfort,
satisfaction, and overall treatment outcomes.

Data availability

The datasets generated and/or analyzed during the current study are not publicly available considering that we
have not required consents to publish this data, but are available from the corresponding author on reasonable
request.
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