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Effect of Dental Prophylaxis on the Salivary Cortisol Levels
and Alpha-Amylase Activity in Children
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The purpose of this study was to assess the pattern of changes in salivary cortisol, alpha-amylase and total
protein in children undergoing dental prophylaxis, moreover, to investigate the effect of prior preparation to
the intervention. 38 (9-10 year-old) children were equally divided into test and control group. Unstimulated
whole saliva was collected before and after professional dental prophylaxis. Test group participated in a
dentistry-related demonstration.  Changes in salivary alpha-amylase, cortisol and total protein level were
assessed.  The test and the control groups showed divergent salivary cortisol level variations, at the test
group the demonstration provoked a primary increase, which was even more enhanced at the end of
prophylaxis, while the control group presented a reverse, decreasing tendency. Alpha-amylase showed
similar baseline activities at the two groups, with slightly different, but non-significant decrease as test
effect. The statistically significant increase of salivary cortisol and the correlating in-test changes of cortisol
and amylase at the test group in opposite to controls, strongly suggests that the presentation was the actual
stressor in this study.
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Anxiety and stress are frequently related to dental
treatment even in children who did not previously go
through such a procedure. Dental fear and anxiety (DFA) is
regarded as a form of psychological stress, thus, has a
physiological impact on the body, similar to those triggered
by physical challenges [1]. Two primary systems are
particularly involved in setting on the stress response, the
hypothalamus-pituitary–adrenocortical axis (HPA) and  the
sympatho-adrenomedullary system (SAM) [2].

Many studies have shown that various kinds of
psychological stress activate the HPA, which causes an
increase in cortisol secretion in the adrenal cortex. It has
been also suggested that salivary cortisol concentration
may be related to the level of dental anxiety. Moreover,
salivary cortisol concentrations are closely correlated to
serum cortisol levels  [3-6].

Alpha-amylase is one of the major salivary enzymes in
humans, secreted from the salivary glands in response to
sympathetic stimuli [7-9]. Secretion of salivary alpha-
amylase (SAA) is regulated by norepinephrine via the
sympatho-adrenomedullary system and its activity is
reported to increase during distress and decrease during
comfort [2, 10, 11]. It was reported that there was a good
association between the concentration of salivary amylase
and blood levels of cathecolamines [10]. Currently, it is
considered that the measurement of this salivary enzyme
is a reliable biomarker of stress response in clinical settings
as well as being a useful tool for evaluating the SAM system
[2, 12-14].

Thus, salivary cortisol and alpha-amylase, also known
as salivary biomarkers of stress, reliably reflect the HPA
and SAM systems activity, respectively. In addition, the
collection of saliva is a non-invasise method and it therefore
has a major advantage in stress research. It represents a
more practical assessment tool than blood collection due
to elimination of the hyperstress component of the latter
[15, 16].

The purpose of this study was to assess the pattern of
changes in salivary biomarkers (salivary cortisol, alpha-
amylase and total protein) in children undergoing a minor
dental procedure (dental prophylaxis). In addition, we also
investigated the effect of prior preparation to the
intervention. Together with the personal history, the oral
hygiene index and the decayed, missing and filled
teeth (DMFT) index has been assessed and correlated to
both cortisol levels and amylase activity.

Experimental part
A total of 38 healthy children consisting of 20 females

and 18 males, between the ages of 9 and 10 years were
included. The aim of the study and the procedures involved
were explained to the subjects and their parents, after
which the latter gave written consent. The Ethical Research
Committee of the University of Medicine and Pharmacy of
Tîrgu-Mureº approved the study protocol.

The subjects were equally divided into a test and control
group, based on age and gender. No further randomization
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Fig. 1a.-b. Variations of cortisol levels in the test and
control groups. Normalized cortisol activity shown as

ratio (µg/g, 10-6), median (25-75% percentiles,
minimum-maximum). p values calculated according to

the Wilcoxon matched-pairs test.

protocol was applied. A short demonstration about the
necessity of oral hygiene and dental procedures was
presented to the test group before the first saliva collection
and the dental prophylaxis. Saliva samples were collected
before the demonstration to measure the baseline (pre-
demonstration) levels of cortisol, total protein, and also
amylase activity.Professional dental prophylaxis was
performed on both groups and whole saliva samples were
collected before and after (pre- and post-intervention) at
the test group, and controls. Cortisol level (∆ cortisol) and
amylase activity (∆ amylase) variations were defined as
[(post-intervention value) – (pre-intervention value)], also
referred as in-test variations of the two parameters.

Experimental sessions took place in the morning
(between 9 and 11 a.m.) to minimize the effects of diurnal
changes. Salivary alpha-amylase activity has a pronounced
and distinct diurnal rhythm with a strong drop in activity in
the first hour after awakening and a steady increase
towards the evening. It is independent of the diurnal rhythm
of free cortisol, but it is influenced by age [3, 17].

Subjects were instructed on the method of saliva
collection, which lasted for 5 min in both sessions.
Immediately after collection, the two saliva samples from
each subject were stored at -20° C until the samples were
analyzed.

Quantitative determination of salivary cortisol (mg/mL)
was performed by a saliva specific ELISA method with the
Salivary Cortisol Enzyme Immonoassay Kit, a product of
Salimetrics-USA. The Kinetic Enzyme Assay Kit of
Salimetrics-USA was used for the analysis of salivary alpha-
amylase (expressed as U/mL). Meanwhile the salivary total
protein level was determined with the Bradford micro-
method and expressed as g/L. Since the distribution of
cortisol concentrations and amylase activity were non-
gaussian,  non-parametric tests were applied in  statistical
evaluation: the Mann-Whitney U test was used in between-
group comparison of parameters, the Spearman rank was
applied for correlation analysis, while the Wilcoxon
matched-pairs test served for intra-group comparisons. The
treshold of statistical significance was set to p ≤ 0.05.

Results and discussions
A wide range-variability of salivary amylase activity and

cortisol levels was registered. The changes in normalized
salivary cortisol, α-amylase are shown in (fig.1a.-b.) and
(fig.2a.-b.). Concentration of salivary total protein initially
was significantly different between the two groups, and
showed only slight in-test variations. In order to overcome
variability due to dilution/concentration of saliva, cortisol
levels and amylase activities were normalized to the
concentration of total proteins.

Salivary cortisol
The initial levels of salivary cortisol were somewhat

higher at the test group than at the contol group (0.159 vs.
0.133, p=0.07)  (table 1 and table 2). The post-
demonstration cortisol levels at the test group were
significantly higher than baselines of controls (0.192 vs.
0.133, p<0.001) and tended to a significant increase at
the end of the prophylaxis. Concerning cortisol level
variations, the post-intervention values of test group were
significantly higher than at baseline and post-demonstration
(0.211 vs. 0.191 and 0.159, p=0.006 and p=0.015) (fig.
1a., table 1). Contrarily, a decrease with tendency to
significance was observed at controls (0.133 vs. 0.118,
p=0.058) (fig.1b., table2). 63% patients of the test group,
but only 21% of controls showed an increase in normalized
salivary cortisol levels after prophylaxis.

Amylase activity
Although amylase activity at baseline tended to a

statistical difference in favour of controls, the normalized
values were similar. At the test group, the demonstration
provoked a slight, but non-significant increase in activity
(2.41 vs. 2.25, p=0.16), followed by a drop from the
beginning to the end of the prophylaxis (2.41 vs. 1.99,
p=0.63), a trend also observed at the control group (2.61
vs. 2.16, p=0.42) – all variations being without significance
(table 1 and 2, fig. 2a.-b.).

The post-intervention values were comparable between
the test and control group.  An in-test raise of amylase
activities were detected at 58% of the test group members
and 42% of the controls (fig. 2a.-b.).
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Fig. 2a.-b. Variations of amylase activity in the test and
control groups. Normalized amylase activity shown as

(U/mg), median (25-75% percentiles, minimum-maximum).
p values calculated according to the

Wilcoxon matched-pairs test

Table 1
 BASELINE AND PRE-INTERVENTION
PARAMETERS IN THE STUDY GROUPS

Correlations of salivary cortisol and amylase
The influence of the DMFT index, an important covariate

of the stress markers, has been correlated to the salivary
cortisol levels and amylase activity, and also their variations.
No important correlation with the aforementioned
parameters has been assessed.

Furthermore, we could not detect any significant
correlation between the oral hygiene index and initial, final
levels or variations of cortisol and amylase.

In the test group, there was an association between
cortisol and amylase variations (positive correlation
between D cortisol and D amylase, r=0.50, p=0.029).

Many studies have shown that psychological stressors,
such as academic examination period [15,18],
psychosocial stress [19-21], suspense video viewing [2,
22] and dental procedures [6, 23-25] can induce significant
increases in salivary cortisol and amylase levels. Takai et

al. [2] have clearly shown that the salivary amylase level
increased more significantly and reacted more rapidly than
cortisol by psychological stressor, suggesting that it is a
better index of stress.

Miller et al. demonstrated that salivary cortisol levels in
dental treatment are the highest in patients undergoing
tooth extraction compared to other procedures such as
prophylaxis, restorative treatments and examination. They
investigated the adrenal stress response to various dental
treatments in healthy adults and reported that cortisol levels
measured at the start of a dental procedure decreased in
patients undergoing non-invasive dental procedures, such
as routine examinations. Conversely, cortisol levels at the
end of tooth exctractions were elevated compared with
baseline cortisol [1, 11, 26]. In addition, recent studies have
reported significantly higher salivary α-amylase levels in
children before dental treatment compared to afterward,
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Table 2
POST-TEST COMPARISON OF PARAMETERS

BETWEEN GROUPS

which indicates that anticipation of treatment may cause
an exacerbated salivary α-amylase response [11, 23, 27].

In our study, dental prophylaxis was supposed to
represent the stressor, being applied on both test and
control groups, respectively. Oral prophylaxis is a
noninvasive, relatively easy and ethical procedure, which
is considered to be painless even in children with severe
dental caries. Therefore it was assumed that alteration in
salivary cortisol and amylase levels would be due to stress
and not pain [28]. In addition, the members of the test
group were informed about dental hygiene as well as
different dental treatments before the prophylactic
intervention took place.

In our study, the step-by-step increase of cortisol levels
in the test group from the beginning to the end-point by our
oppinion points to the suspicion that the presentation prior
to the intervention had a stressing effect. This was also
supported by the fact that in the meantime, the control
group displayed a tendency for statistically significant
decrease in the cortisol level.

This presumption was also enforced by the observations
made on the variation of α-amylase within and amongst
the two groups. Although the baseline levels were similar
in the two groups, the test group presented a slight initial
increase of α-amylase after the demonstration, followed
by a non-significant decrease at post-intervention, whilst
the control group also showed a drop in the level of this
enzyme. This is similar to Takai et al.‘s observation, where
it was suggested that the enzyme was a soothing or
relaxation index and that the amylase measurement would
be a powerful tool for psychological research [2]. Amylase
activity, as a quickly reacting stress marker, is reasonably
enhanced even in the pre-intervention period.

Kambalimath et al. have revealed no significant
differences in the mean salivary cortisol levels between
caries and cariesfree groups before subjecting the children
to dental prophylaxis. Although a significant increase in
post-fluoride treatment salivary cortisol levels was reported
at the first appointment irrespective of the caries activity in
children, this trend was not evident in the second
appointment in both groups. These results suggest that
the stressors selected for the study were indeed
appropriate, whilst also suggesting that children are able
to adapt to the stressors by the second appointment [28].
Based on salivary alpha-amylase activity changes, Arhakis
et al. also reported that dental treatment involving local
anesthesia in naive children appeared to be less stressful
after 3 sessions [24].

The inverse relationship between the control and test
group in our study may be also due to a complex interplay
of factors which in turn affects the behavior of children
during treatment. Overcoming fear may require more

mental activity by the brain’s cortex, which may
subsequently cause more stimulation of autonomic
nervous system. This will result in higher alpha-amylase
levels in children with a more positive behavior [14].

Conclusions
The step-by step increase of salivary cortisol levels

during the demonstration and prophylaxis in the test group
was in contrast with the slight initial increase and than fall
of amylase activity. This highlights the fact that the
prophylactic intervention itself was not stressful for the
subjects, but moreover, had a soothing effect. Above all,
the statistically significant increase of the salivary cortisol
in the test group strongly suggests that the presentation
was in fact the real stressor in this study. Due to the complex
interplay of factors affecting child behavior during
treatment, further studies on larger samples are required
to be able to draw more appropriate conclusions.
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