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Abstract
Background: The purpose of this study was to assess the salivary cortisol and salivary alpha-amylase levels in
children aged between 6 and 9 years, 3 months and 1 year after the successful completion of dental treatment
through either pharmacological or non-pharmacological behavior management techniques.
Methods: A total of 1567 patients aged between 6 and 9 years who had completed dental treatment were screened.
A total of 703 patients who were caries free at the end of 3 months were classified based on Frankl behavior score and
administered the Arabic version of the Children’s Fear Survey Schedule- Dental Subscale (CFSS-DS) and accordingly
allocated to one of three groups; (Phobic Patients, Anxious Patients, Control Group). A total of 183 patients met the
inclusion criteria and were followed up for 1 year. A total of 151 patients completed the study. Patients’ heart rate on
recall, salivary cortisol and salivary amylase were compared between the groups.
Results: The results of the study showed that amylase and cortisol levels had a significant association with the level of
dental fear. The phobic patients had the highest levels of salivary amylase and salivary cortisol levels with no significant
associations observed with either heart rate or extent of dental treatment. Control and anxious patients had
significantly lower amylase levels when compared to phobic patients. There was no significant difference between the
salivary cortisol levels of anxious and phobic patients. These findings were replicated on 1-year recall.
Conclusions: Within the limitations of this study we can conclude that salivary amylase is an indicator of of acute
stress that can differentiate between anxiety and dental fear; while salivary cortisol appears to be a marker of long-term
stress that lacks the sensitivity to differentiate between the two.
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Background
Dental fear remains a significant challenge to obtaining
good oral healthcare with multiple studies showing association between dental fear and reduced dental visits [1–
3]. However, the study of fear remains, to a large extent,
based on subjective analyses and questionnaires.
Specific phobia is defined by the Diagnostic and Statistical Manual for mental disorders (DSM- V) as being
fearful or anxious about, or avoidant of, circumscribed
objects or situations [4] . The DSM- V classifies dental
phobias as a subtype of a specific phobia termed as
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blood-injection-injury (BII) [4]. Despite being regularly
reported in literature there remains difficulty in accurately diagnosing dental phobia and differentiating it from
anxiety and fear [5].
There have been attempts made to study the development of dental phobia and the change in phobic behavior according to the age of the child [6–8]. Researchers
agree that there is a strong relationship between dental
fear and the normal cognitive and psychological development of individuals [9, 10]. Children aged between 6 and
9 years have begun the process of cognitive development
and exhibit both anxiety and phobia. Behavioral scientists have therefore used this age group previously for
the analysis of phobias and behavioral problems [11, 12].
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Salivary cortisol levels provide an accurate, reliable
and non-invasive measure of stress in both adults and
children [13]. Cortisol is a hormone secreted by the
hypothalamus pituitary adrenal axis (HPAA) and has
been used an accurate biomarker in stress research for
over half a century [14]. In dentistry salivary cortisol
has been used to measure the role of stress in the anxiety of dental treatment [15, 16]. Research suggests that
salivary alpha-amylase may serve as a complementary
diagnostic tool to salivary cortisol. While cortisol is
seen as a predictor of long term stress, research suggests that salivary alpha amylase may offer more sensitive readings of short term stress [17–19].
The use of salivary hormones raises certain temporal
and situational issues and diurnal variations in the levels
of hormones, especially cortisol are well documented
[15, 16, 19]. To overcome these the use of midmorning
saliva and protocols for the collection and storage of saliva have been developed [14, 20].
While biomarkers are a useful indicator of long term
stress, heart rate is a far more useful indicator of immediate
fear, anxiety and stress [21]. While there have been studies
that use salivary markers as biomarkers for dental fear, phobia as a specific condition has received less attention. Only
few studies have actually attempted to differentiate between
phobic patients and those who are anxious and have been
successfully managed through behavior modification [22].
The aim of this study was to evaluate salivary cortisol and
alpha amylase levels in patients who are not afraid of the
dentist, patients who have overcome their fear of the dentist
through behavior management and patients who cannot be
managed by non-pharmacological behavior management.
The study also aimed to evaluate the salivary cortisol and
alpha amylase levels in patients before and after behavior
management and to correlate these readings to the outcome of the behavior management.

Methods
Ethical approval

The study was registered with the research centers of the
King Abdullah International Medical Research Center
(KIAMRC), Riyadh, Saudi Arabia and the Institutional Review Board of the Riyadh Elm University, Riyadh, Saudi
Arabia. Ethical approval was obtained from the Institutional Review Board of the KIAMRC (RC15–007). Written
informed consent was obtained from all parents/guardians
of the children and verbal assent was obtained from the
children prior to examining the child and/or collecting
salivary samples.
Source of patients

The treatment records of patients treated at the dental
clinics of King Abdulaziz Medical City, and the College
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of Dentistry, Riyadh Elm University, Riyadh, Saudi Arabia were screened to locate patients who had successfully completed dental treatment. A total of 1567
records of children aged between 6 and 9 years were
screened for the behavior as recorded in the chart. Behavior screening was done using the Frankl behavior rating scale where by patients were rated on a four point
scale; definitely negative (−-), negative (−), positive (+)
and definitely positive (++).Patients were allocated to
one of three groups;
Control Group (Group A) comprised patients who had
been given a Frankl score of positive (+) or definitely
positive (++) on the first dental visit and had completed
their dental treatment after successful behavior management which included a recommended protocol of tell
show do, followed by administration of the dental treatment. These patients were recalled 3 months after the
completion of treatment and administered an Arabic
version of the CFSS-DS. Patients who scored lower than
20 on the recall visit were assigned to this group.
Anxious Patients (Group B): comprised patients who
had been given a Frankl score of negative (−) or definitely negative (−-) on the first dental visit but had completed their dental treatment after successful behavior
management, which included the combined use of tell
show do, modelling and/or voice control. These patients
were recalled 3 months after the completion of treatment and administered an Arabic version of the CFSSDS. Patients who scored higher than 32 on the recall
visit were assigned to this group.
Phobic Patients (Group C): comprised patients who
had been given a Frankl score of definitely negative (−-)
on two separate occasions and had completed their dental treatment under general anesthesia (GA). These patients were recalled 3 months after the completion of
treatment and administered an Arabic version of the
CFSS-DS. Children who scored above 32 on the CFSSDS in the recall visit were classified as phobic patients
using previously proposed criteria.
Patients with recurrent caries on the recall visit, patients with history of chronic illness or mental illness
were excluded from the study. Out of the 1567 records
screened a total of 183 patients met the initial inclusion
and cross matching criteria. After 1 year a total of 32 patients were lost to follow up (Fig. 1).

Sample size and power

The sample power was calculated using the G power Sample size calculator (Universtat Kiel, Keil Germany). Multiple sample power protocols were calculated for the oneway ANOVA and the Kruskull Wallis test. The protocol
showed that the minimum required subjects for an alpha
of 0.05 with (1-β) of 0.95 and effect size of 0.5 (large effect
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Fig. 1 Selection and Distribution of the study population

size) was 66. The final sample achieved (n = 153) gave an
actual power of 0.987.

(Cobas e411,
Switzerland).

Data collection
Collection and analysis of saliva

Monitoring of the heart rate

Stimulated saliva was collected using the passive drool
method [23] into sterile collection tubes (Greiner BioOne GmbH, Austria). These tubes were stored in a vaccine box (Apex International, Uttar Pradesh, India) at
≈5 °C for half an hour before being transferred to a deep
freezer at -80 °C where they were stored until analysis.
Early morning saliva was collected 3 hours after the patient wakes up, noon saliva was collected at 12 pm and
evening saliva was collected at 8 pm. The saliva cortisol
and amylase levels were then normalized for diurnal
variation using standard protocols [13, 14].
The salivary cortisol was measured using commercially
available chemoimmunoluminiscence assay kits for salivary
amylase and salivary cortisol (Cobas integra400 plus, Roche
Diagnostics, Risch-Rotkreuz, Switzerland) and analyzer

Roche

Diagnostics,

Risch-Rotkreuz,

Heart rate was measured using a pulse oximeter (Beurer,
PO30, Beurer GmbH, Uttenweiler, Germany) and recorded in beats per minute (bpm). Heart rate was recorded in the waiting room prior to the commencement
of treatment. Heart rate was recorded over a 5-min
period at 30 s intervals and the mean heart rate was used
for the analyses.
Administration of Questionnaire and Data Collection

The demographic data of the child was collected by administering a questionnaire to the father and the mother.
The questionnaire contained questions regarding the age,
sex, taking other medication, The next part of a questionnaire filled by the dentist during the clinical examination
contained Behavior management, Pulse rate, Number of
carious teeth, Number of recurrent carious teeth, Plaque
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accumulation, Number of SSC,Recall visit by month. The
last part consisted of the CFFS-DS questionnaire that was
administered to the child. The Children’s Fear Survey
Schedule- children’s subscale (CFSS-DS) is a subjective
measure of dental fear that has been validated in Arabic
and has been found to be useful in the measurement of
fear in children [24]. The tool has been previously used to
differentiate between fearful and phobic dental patients.
The questionnaire also served as a means of obtaining informed consent.
Statistical analyses

Given the predisposition of salivary biomarkers to exhibit
skew, an analysis of skew was done on the cortisol and
amylase values of the population. No significant skew was
found in the distribution of either cortisol (skew = 0.12) or
amylase (skew = 0.09), thus allowing for the use of parametric statistics. The values of salivary cortisol and amylase were compared between the groups using a one-way
ANOVA and Tukey’s post hoc test. Gender differences
were analyzed using the t test. All statistical analyses were
carried out using the SPSS ver.21 data processing software
(IBM Corp, Armonk, NY).

Results
Of the 1567 records screened at the dental clinics of
King Abdulaziz Medical City, and the Riyadh Colleges
of Dentistry and Pharmacy in Riyadh a total of 151
patients completed the recall evaluation. There were
77 girls and 74 boys with a mean age of 7.43 (SD =
1.2). The patients were aged between 6 years and 9
years and though the males were slightly older than
the females, there was no significant difference in age
between the genders (p = 0.089). Although, there were
more females (n = 77) than males (n = 74) the chi
square test showed these differences to be statistically
insignificant.
The average heart between different groups was 97.3
(SD = 13.77) with the highest heart rates observed with
anxious patients. The one-way ANOVA showed these
differences to be significant at both the 3 month and the

1-year findings (Table 1). The Tukey’s post hoc test
showed that significant differences existed between the
control and the anxious patients (p < 0.05). Interestingly
no significant differences existed between the control
and the anxious patients at 3 months (p = 0.115) or at
the 1 year follow up visit (p = 0.130. Similarly, no statistically significant difference between the anxious and the
phobic patients was observed at 3 months (p = 0.404) or
at 1 year follow up (p = 0.089).
When the salivary amylase levels between the among
different groups was tabulated at 3 months it was observed that the phobic patients had the highest levels of
salivary amylase, followed by the anxious patients with
the control group having the lowest levels of salivary
amylase. The one-way ANOVA found that these differences were statistically significant (p = 0.029). The findings were replicated at the 1 year follow up visit, and
although the amylase levels of the anxious patients
showed some reduction, the overall difference among
groups remained statistically significant (Table 2). When
the differences between groups was compared using the
Tukey’s post hoc test it was observed that phobic patients had significantly higher amylase levels when compared to control and anxious patients at both the 3
month and 1 year recall periods(p < 0.05). No significant
differences were observed between the anxious patients
and the control patients at both 3 month (p = 0.597) or
1 year (p = 0.492) recall measurement.
The salivary cortisol levels varied significantly across
groups. The control group had the lowest levels of salivary
cortisol while the patients classified as phobic had the
highest levels of salivary cortisol (Table 3). The one-way
ANOVA showed that there was a significant difference
among the groups at both 3 months and 1 year post treatment (Table 3). The Tukey’s post hoc demonstrated that
the cortisol levels of the control group were significantly
lower than those of the anxious and phobic patients (p <
0.05). There was no significant difference between the salivary cortisol levels of anxious and phobic patients at either the 3 month follow up (p = 0.212) or at the 1 year
follow up (p = 0.126).

Table 1 Mean heart rate (bpm) across different groups at 3 month recall and 1 year recall
Measurement time

Group

N

Mean

Std. Deviation

F

Sig*

3 months

Controla

61

91.53

11.14

5.547

0.005**

Anxious

61

102.40

16.55

Phobicb

61

98.15

11.03

Controla

52

92.35

12.22

4.382

0.008**

Anxiousab

50

106.11

14.53

Phobicb

48

99.12

13.21

ab

1 Year

*Calculated using the one-way ANOVA
**Differences significant at p < 0.05
a,b
Groups with different superscripts show significant difference at p < 0.05 when compared using the Tukey’s post-hoc test
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Table 2 Mean salivary amylase (pcg/l) levels across different groups at 3 month recall and 1 year recall
Measurement time

Group

N

Mean

Std. Deviation

F

Sig*

3 months

Controla

61

36,381.83

2832.02

3.693

0.029**

Anxiousab

61

48,540.68

4943.94

Phobicb

61

69,986.58

2302.06

Controla

52

36,212.35

1992.72

4.082

0.007**

Anxious

50

47,206.11

2014.83

Phobicb

48

71,949.42

1813.21

1 Year

a

*Significance calculated using one way ANOVA
** Differences significant at p < 0.05
a,b
Groups with different superscripts show significant difference at p < 0.05 when compared using the Tukey’s post-hoc test

Discussion
Child dental fear is one of the major problems that dentists face in practice and has been linked to poor dental
health [1, 6, 7]. Previous studies have shown that dental
fear and the behavioral problems it causes are linked to
the age of the child [25–27]. It is therefore reasonable
that any study that aims to study dental fear must focus
on a fixed age group. The age group 6–9 years has been
used by several previous authors and has been proposed
as an age where cognitive development begins to manifest itself [28].
Demographically this study found more females than
males in the anxious group, a finding that is supported
by previous studies [29, 30]. This is however contrary to
other studies done on school children which have reported no difference in anxiety between girls and boys
[25–27]. This study found no significant difference in
age across which could be attributed to the strong age
matching that was done during the stage of cross matching. The fact that we found no age difference in fear
among the different groups of this study seems to validate our rationale of choosing the age of 6-9 years as a
homogenous study group.
The rationale for choosing heart rate as an indicator
was based on previous studies which have demonstrated its usefulness in measuring the degree of
stress and anxiety in patients undergoing dental treatment [31–33] . Our findings of significant differences

in measurements of heart rate between the control
and the anxious patients, in the waiting area prior to
dental treatment, seem to confirm that patients who
are anxious face increases in heart rate even when
not in the dental chair. Interestingly the patients classified as phobic using the CFSS-DS did not have a
significantly higher heart rate than the control group.
These findings need to be interpreted with caution, as
the current study only observed the dentist’s perception of the child’s behavior and not the actual subjective feelings of the child. Furthermore the current
study measured heart rate in the waiting area, unlike
the study by Wannemueller et al. which looked at the
heart rate in response to a specific stimulus [22].
Our rationale in choosing children 3 months after
dental treatment was to abolish any possible confounding factor of dental problems. Furlan et al., showed that
salivary cortisol and alpha-amylase levels (salivary biomarkers) and heart rate in children undergoing a minor
dental procedure (dental prophylaxis) were not influenced by treatment [31]. The same study also showed
that heart rate was the only significant predictor of acute
dental stress [31].
Salivary biomarkers have been proposed as a valuable tool for evaluating anxiety-producing events, such
as dental treatment, in children [34]. Our decision to
use salivary alpha amylase (sAA) as a biomarker in
this study was based on previous research which has

Table 3 Mean salivary cortisol levels (pcg/l) across different groups at 3 month recall and 1 year recall
Measurement time

Group

N

Mean

Std. Deviation

F

Sig*

3 months

Controla

61

5.0434

3.053

3.693

0.000**

Anxiousb

61

9.8059

7.063

Phobicb

61

12.6056

4.813

a

4.082

0.000**

1 Year

Control

52

5.6434

1.753

Anxiousb

50

10.9059

6.883

Phobicb

48

11.6056

2.713

*Significance calculated using one way ANOVA
** Differences significant at p < 0.05
a,b
Groups with different superscripts show significant difference at p < 0.05 when compared using the Tukey’s post-hoc test
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shown that stress causes a significant increase in sAA
levels [18, 35].
Previous studies demonstrated a positive correlation
between stress, anxiety, and salivary cortisol levels [36,
37]. We found that while the salivary cortisol levels
seemed to increase with the fear score there was no significant difference between patients classified as anxious
and those classified as phobic. This seems to suggest
that while amylase is an indicator of fear cortisol may be
an indicator of anxiety. However, attempts to correlate
cortisol levels to chronic anxiety have given variable results. One of the limitations of using salivary cortisol as
a biomarker is the large number of confounding factors.
Furthermore, existing literature as often failed to discern
between acute fear and chronic anxiety.
Benjamins et al. showed that salivary free cortisol concentrations were significantly elevated if the patients
manifested anxiety according to the scores on the Dental
Anxiety Scale (DAS) [38]. More recent work in adults
however has found no significant correlation between
the DAS score and salivary cortisol levels [39]. One of
the limitations of the current study is that unlike the
previously mentioned work the final behavior of the
child was measured using the Frankl scale, an objective
measurement that doesn’t make allowance for the subjective fear experience by the child.
Our results demonstrated that the cortisol levels of the
control group were significantly lower than those of the
anxious and phobic patient. However, we found no significant difference between the salivary cortisol levels of
anxious and phobic patients. This further validates the
theory that expression of fear is a result of the activation
of the sympathetic response [22].
In using the CFFS-DS as tool for measuring the extent
of fear and phobia we were building on the work of ElHousseiny et al. [24] and TenBerge et al. [26]. The salivary
biomarker findings of this study indicate that there is
some merit to classifying patients as anxious or phobic
based on their fear score. The amylase and cortisol levels
seen in our patients seem to demonstrate that not only is
dental phobia distinct from dental fear and/or anxiety, but
it also manifested differently in terms of biomarkers secreted. The key necessity of any successful biomarker is
stability. The one-year findings of our study showed that
both salivary cortisol and salivary amylase; though different in what they measured, were able to provide a stable
reading that was not significantly altered with time.
The current study was limited by a lack of
standardization of behavior management techniques
and initial behavior rating. Furthermore, the use of the
Frankl rating score as an initial screening tool instead
of a more specific scale was based on the need to access
the records of the treating clinicians. In order to obtain
the sample desired, we had to forgo calibration and/or
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standardization of the behavior diagnosis and management technique used. However, in order to overcome
this the screening of dental anxiety was done by a single calibrated examiner (HA) and in a setting removed
from the dental clinic.
An alternate method to improve calibration has been
the pooling of data into fearful and non-fearful groups,
thus avoiding the challenges of defining the difference
between phobic and anxious patient (19,31,33). However, the current study aimed to establish that patients
who score differently on anxiety scales exhibit distinct
profiles of salivary cortisol and salivary amylase. The
findings of this study would need to be expanded upon
by future researchers to further explore the link between
the two.
Despite these limitations, the results of the study provide clinical implications for researchers who seek to
apply behavior modification techniques on children with
dental phobia and dental anxiety. The potential of salivary cortisol and salivary amylase as biomarkers for stress
research in controlled exposure studies could be the
focus of further studies.

Conclusion
Within the limitations of the study we can conclude that
there is a definite relationship between dental fear and assays ofsalivary cortisol and salivary amylase in children
aged between 6 years and 9 years. In this age group salivary cortisol seems to serve as an assay of dental fear but
cannot differentiate between patients who are anxious and
those who are phobic. Salivary amylase has poor correlation with anxiety scores but appears to be effective at detecting dental phobia in children aged between 6 years
and 9 years.
Abbreviations
BII: Blood Injection Injury; bpm: Beats per Minute; CFSS-DS: Children’s Fear
Survey Schedule- Dental Subscale; DAS: Dental Anxiety Scale; DSMV: Diagnostic and Statistical Manual for mental disorders; GA: General
Anesthesia; HPAA: Hypothalamus Pituitary Adrenal Axis; sAA: Salivary Alpha
Amylase
Acknowledgements
The authors are grateful to the research center at the Riyadh Elm University
for logistical support and statistical consultation. This study was made
possible by funding from the King Abdullah International Medical Research
Center, National Guard Health Affairs, Kingdom of Saudi Arabia.
Authors’ contributions
SCP conceptualized the study and provided the data management and
statistical data analysis. MA was responsible for the logistics of the study,
data collection and analysis of salivary samples. HOA was responsible for
data collection, patient follow up and patient management. All authors
contributed equally to the preparation of this manuscript. All authors have
read and approve the manuscript.
Funding
Funding for this study was provided through a research grant of the King
Abdullah International Medical Research Center (RC15/007/R). The role of the

AlMaummar et al. BMC Oral Health

(2019) 19:211

funding agency in the study design was limited to reviewing the protocol
prior to IRB approval.
Availability of data and materials
Data and additional material will be made available on request from the
authors.
Ethics approval and consent to participate
Written informed consent was obtained from the parents of the children
and ethical approval was obtained from of the King Abdullah International
Medical Research Center (RC15–007). Ethical approval included the access to
the blinded hospital records of the children. Verbal assent was obtained
from all children before their participation in the study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
National Guard Health Affairs, Riyadh, Saudi Arabia. 2Resident in Pediatric
Dentistry, Saudi Board in Pediatric Dentistry, Riyadh, Saudi Arabia. 3Room No
1012, Schulich School of Medicine and Dentistry, Western University, London,
ON, Canada.
1

Received: 4 August 2018 Accepted: 27 August 2019

References
1. Schuller AA, Willumsen T, Holst D. Are there differences in oral health and
oral health behavior between individuals with high and low dental fear?
Community Dent Oral Epidemiol. 2003;31(2):116–21.
2. Armfield JM, Slade GD, Spencer AJ. Dental fear and adult oral health in
Australia. Community Dent Oral Epidemiol. 2009;37(3):220–30.
3. Armfield JM, Stewart JF, Spencer AJ. The vicious cycle of dental fear:
exploring the interplay between oral health, service utilization and dental
fear. BMC Oral Health. 2007;7:1.
4. APA. Diagnostic and statistical manual of mental disorders DSM-V. 5th ed.
Association AP, editor. Arlington: American Psychiatric Publishing; 2013.
5. Oosterink FM, de Jongh A, Hoogstraten J. Prevalence of dental fear and
phobia relative to other fear and phobia subtypes. Eur J Oral Sci. 2009;
117(2):135–43.
6. de Jongh A, Muris P, ter Horst G, Duyx MP. Acquisition and maintenance of
dental anxiety: the role of conditioning experiences and cognitive factors.
Behav Res Ther. 1995;33(2):205–10.
7. Krikken JB, de Jongh A, Veerkamp JS, Vogels W, Cate JM, van Wijk AJ.
Longitudinal changes in dental fear and coping behavior in children,
adolescents, and young adults with cleft lip and/or cleft palate. Cleft Palate
Craniofac J. 2015;52(4):e73–80.
8. Poulton R, Waldie KE, Thomson WM, Locker D. Determinants of early- vs
late-onset dental fear in a longitudinal-epidemiological study. Behav Res
Ther. 2001;39(7):777–85.
9. Carlsson SG, Wide Boman U, Lundgren J, Hakeberg M. Dental anxiety a joint interest for dentists and psychologists. Eur J Oral Sci. 2013;121(3
Pt 2):221–4.
10. Hagglin C, Carlsson SG, Hakeberg M. On the dynamics of dental fear: dental
or mental? Eur J Oral Sci. 2013;121(3 Pt 2):235–9.
11. Coric A, Banozic A, Klaric M, Vukojevic K, Puljak L. Dental fear and anxiety in
older children: an association with parental dental anxiety and effective
pain coping strategies. J Pain Res. 2014;7:515–21.
12. Corkey B, Freeman R. Predictors of dental anxiety in six-year-old children:
findings from a pilot study. ASDC J Dent Child. 1994;61(4):267–71.
13. Jessop DS, Turner-Cobb JM. Measurement and meaning of salivary cortisol:
a focus on health and disease in children. Stress (Amsterdam, Netherlands).
2008;11(1):1–14.
14. Hellhammer DH, Wust S, Kudielka BM. Salivary cortisol as a biomarker in
stress research. Psychoneuroendocrinology. 2009;34(2):163–71.
15. Blomqvist M, Holmberg K, Lindblad F, Fernell E, Ek U, Dahllof G. Salivary
cortisol levels and dental anxiety in children with attention deficit
hyperactivity disorder. Eur J Oral Sci. 2007;115(1):1–6.

Page 7 of 8

16. Kanegane K, Penha SS, Munhoz CD, Rocha RG. Dental anxiety and
salivary cortisol levels before urgent dental care. J Oral Sci. 2009;51(4):
515–20.
17. Nater UM, La Marca R, Florin L, Moses A, Langhans W, Koller MM, et al.
Stress-induced changes in human salivary alpha-amylase activity -associations with adrenergic activity. Psychoneuroendocrinology. 2006;
31(1):49–58.
18. Nater UM, Rohleder N, Gaab J, Berger S, Jud A, Kirschbaum C, et al.
Human salivary alpha-amylase reactivity in a psychosocial stress
paradigm. Int J Psychophysiol. 2005;55(3):333–42.
19. Rashkova MR, Ribagin LS, Toneva NG. Correlation between salivary
alpha-amylase and stress-related anxiety. Folia Med. 2012;54(2):46–51.
20. Pani SC, Al Odhaib M. The impact of dental treatment on the salivary
cortisol levels of children with severe early childhood caries. Eur Arch
Paediatr Dent. 2013;14(5):307–12.
21. Pani SC, AlGarni B, AlZain LM, AlQahtani NS. Assessment of the
impact of stress and anxiety on pain perception in patients
undergoing surgery for placement of their first dental implant. Oral
Health Dent Manage. 2014;13(2):464–8.
22. Wannemueller A, Adolph D, Joehren HP, Blackwell SE, Margraf J.
Psychophysiological reactivity of currently dental phobic-, remitted dental
phobic- and never-dental phobic individuals during exposure to dentalrelated and other affect-inducing materials. Behav Res Ther. 2017;90:76–86.
23. Putnam SK, Lopata C, Fox JD, Thomeer ML, Rodgers JD, Volker MA, et
al. Comparison of saliva collection methods in children with highfunctioning autism Spectrum disorders: acceptability and recovery of
cortisol. Child Psychiatry Hum Dev. 2012;43(4):560–73.
24. El-Housseiny AA, Alamoudi NM, Farsi NM, El Derwi DA. Characteristics
of dental fear among Arabic-speaking children: a descriptive study.
BMC Oral Health. 2014;14:118.
25. El-Housseiny AA, Merdad LA, Alamoudi NM, Farsi NM. Effect of child
and parent characteristics on child dental fear ratings: analysis of
short and full versions of the children’s fear survey schedule-dental
subscale. Oral Health Dent Manage. 2015;14:245–46.
26. ten Berge M, Hoogstraten J, Veerkamp JS, Prins PJ. The dental
subscale of the Children's fear survey schedule: a factor analytic study
in the Netherlands. Community Dent Oral Epidemiol. 1998;26(5):340–3.
27. ten Berge M, Veerkamp JS, Hoogstraten J, Prins PJ. Childhood dental
fear in the Netherlands: prevalence and normative data. Community
Dent Oral Epidemiol. 2002;30(2):101–7.
28. Blomqvist M, Ek U, Fernell E, Holmberg K, Westerlund J, Dahllof G.
Cognitive ability and dental fear and anxiety. Eur J Oral Sci. 2013;
121(2):117–20.
29. Arapostathis KN, Coolidge T, Emmanouil D, Kotsanos N. Reliability and
validity of the Greek version of the Children's fear survey scheduledental subscale. Int J Paediatric Dent Br Paedodontic Soc Int Assoc
Dent Children. 2008;18(5):374–9.
30. Nakai Y, Hirakawa T, Milgrom P, Coolidge T, Heima M, Mori Y, et al.
The Children's fear survey schedule-dental subscale in Japan.
Community Dent Oral Epidemiol. 2005;33(3):196–204.
31. Beck FM, Weaver JM 2nd. Blood pressure and heart rate responses to
anticipated high-stress dental treatment. J Dent Res. 1981;60(1):26–9.
32. Myers DR, Kramer WS, Sullivan RE. A study of the heart action of the
child dental patient. ASDC J Dent Child. 1972;39(2):99–106.
33. Guinot Jimeno F, Yuste Bielsa S, Cuadros Fernandez C, Lorente
Rodriguez AI, Mercade Bellido M. Objective and subjective measures
for assessing anxiety in paediatric dental patients. Eur J Paediatr Dent.
2011;12(4):239–44.
34. Furlan NF, Gaviao MB, Barbosa TS, Nicolau J, Castelo PM. Salivary cortisol,
alpha-amylase and heart rate variation in response to dental treatment in
children. J Clin Pediatr Dent. 2012;37(1):83–7.
35. Nater U, Rohleder N. Salivary alpha-amylase as a non-invasive biomarker for
the sympathetic nervous system: current state of research.
Psychoneuroendocrinology. 2009;34(4):486–96.
36. Shah B, Ashok L, Sujatha G. Evaluation of salivary cortisol and psychological
factors in patients with oral lichen planus. Indian J Dent Res. 2009;20(3):288.
37. Miller CS, Dembo JB, Falace DA, Kaplan AL. Salivary cortisol response to
dental treatment of varying stress. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 1995;79(4):436–41.
38. Benjamins C, Asscheman H, Schuurs AH. Increased salivary cortisol in severe
dental anxiety. Psychophysiology. 1992;29(3):302–5.

AlMaummar et al. BMC Oral Health

(2019) 19:211

39. Sadi H, Finkelman M, Rosenberg M. Salivary cortisol, salivary alpha amylase,
and the dental anxiety scale. Anesth Prog. 2013;60(2):46–53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

