
175

Evaluation of Stress During Dental Extractions Using Salivary Cortisol Levels 
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Abstract
Anxiety is a frequent problem among dental patients in general and especially children. The presence of dental anxiety in pediatric 
patients is not a dilemma for the patients alone but also for the dental professionals themselves; and sometimes it renders the 
treatment more complicated and tedious to be accomplished successfully.  Fear and anxiety increase the activity of the Hypothalamic 
Pituitary Axis (HPA) which in turn enhances secretion of cortisol. Cortisol also known as the stress hormone, is secreted from the 
adrenal cortex and dispersed to all body fluids, and can be detected in urine, serum or saliva. Heightened cortisol levels are thus 
indicative of increased stress as a result of elated fear and anxiety. Anxiety scales have been used for the assessment of anxiety in 
children. Most successfully used anxiety scale is the modified dental anxiety scale (MDAS). 

120 children who required dental extractions were included in the study of which 60 each belonged to the study and control groups. 
For each of these children saliva was collected to evaluate salivary cortisol levels and MDAS was duly filled with the help of the 
parents to evaluate the anxiety levels.

The results indicated that the salivary cortisol levels and anxiety levels were significantly increased in the study group when compared 
to the control group. A positive correlation can also be seen between the two measurement methods of anxiety levels. 
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Introduction 
Dental environment may be a source of stress for any patient. 
Such stressful conditions may provoke fear and anxiety [1,2]. 
Anxiety is a frequent problem among dental patients in general 
and especially children [3,4]. The presence of dental anxiety 
in pediatric patients is not a dilemma for the patients alone but 
also for the dental professionals themselves; and sometimes 
it renders the treatment more complicated and tedious to be 
accomplished successfully [5,6].

Psychological stress as a result of fear and anxiety 
can produce effects in a variety of physiological systems 
inclusive of the sympathetic or autonomic system and the 
hypothalamus-pituitary-adrenal axis (HPA axis) [7]. Fear and 
anxiety increase the activity of the HPA axis which in turn 
enhances secretion of cortisol. Cortisol also known as the stress 
hormone, is secreted from the adrenal cortex and dispersed to 
all body fluids, and can be detected in urine, serum or saliva 
[8]. Heightened cortisol levels are thus indicative of increased 
stress as a result of elated fear and anxiety [9].

Until now various measures especially in the form of 
anxiety scales have been used for the assessment of anxiety 
in children [10]. Most successfully used anxiety scale is the 
modified dental anxiety scale (MDAS), the original data for 
this modified scale were published in 1995 [11].

Recent literatures have suggested the use of salivary 
cortisol levels as a stress marker. Salivary cortisol levels are 
unaffected by salivary flow rate and are relatively resistant to 
degradation from enzymes [12].  Studies have consistently 
reported high correlations between serum and salivary cortisol, 
indicating that salivary cortisol levels reliably estimate serum 

cortisol levels thereby being conclusive enough that salivary 
cortisol levels reflect stress response in an individual [13,14].

There are relatively very few or no studies that can be 
found in literature which have tried to evaluate and compare 
the use of modified Corah’s dental anxiety scales and salivary 
cortisol as a measure of stress during dental treatment in 
children. Therefore, this study was designed to compare 
salivary cortisol levels and modified Corah’s dental anxiety 
scale with each other in children during dental extractions, one 
of the commonest stress inducing dental procedures. 

Materials and Methods
The study was carried out on children who visited our 
department for their regular checkup and also there were 
children who had come with complaints and needed treatment. 
Informed consent were signed and obtained from the parents. 
The study was also approved by the ethical committee of our 
institution. 

A total of 120 children were included for the study of which 
60 each belonged to the study and control groups respectively. 
Children of both the groups were diagnosed using the WHO 
oral assessment form [15]. All children had teeth which needed 
to be extracted as a result of being grossly decayed and non 
restorable in nature or were having pre-shedding mobility. The 
study group was subjected to extractions as a part of the study 
and children of the control group were subjected to dental 
extractions soon after the completion of the study.

The children were treated in three appointments. In the 
first appointment the children and parents were shown around 
the operatory and intraoral examinations were performed. 
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between two groups in the parameters measured.
One way analyses of variance (ANOVA) were used to 

calculate the test of significance (p value) of all the mean 
change in values between different age groups. All the 
analysis were done using SPSS software version 20. 

Results
Anxiety levels and the mean salivary cortisol levels were 
measured and compared with each other. When anxiety levels 
were measured between study and control groups, the results 
showed that the children belonging to the study group were 
more anxious than the children belonging to the control group 
during all the three different appointments, the results were 
statistically significant (Table 1).

The mean salivary cortisol levels were evaluated and 
compared during each appointment, it was found that the 
mean salivary cortisol levels during the first appointment in 
the study and control groups were relatively different but the 
results were not statistically significant (Table 2).

The mean salivary cortisol levels during the second 
appointment in the study and control groups were compared 
and the results suggested that the levels were higher in the 
study group when compared to the control group and the 
results are statistically significant (Table 2).

The mean salivary cortisol levels during the third 
appointment in the study and control groups when compared, 
the results suggest that there is a significant difference between 
the two groups and the results are statistically significant 
(Table 2).

Correlation between anxiety levels and mean salivary 

The children and parents were informed about the extraction 
that they will undergo in the next appointment. In the 
second appointment dental extractions were executed under 
local anesthesia. The third appointment was a follow up 
appointment. During each of these appointments, prior to 
the dental procedure the parents and children were requested 
to fill up the modified dental anxiety scale (English version 
was used) [10] and saliva was collected and stored for 
evaluation of salivary cortisol. Children of the control group 
were explained the same thing as for the study group, saliva 
collected and anxiety scales collected after being duly filled. 
The dental procedure was done on the control group after the 
completion of the study.
Saliva collection and storage

For the collection of saliva the child was seated in the 
coachman’s position, head slightly down and was asked not 
to swallow or move his tongue or lips during the period of 
collection. The saliva was allowed to accumulate in the mouth 
for 5 minutes and he or she was asked to passively drool the 
accumulated saliva into the receiving vessel [16]. 2 ml of 
unstimulated saliva was collected and frozen at -20°C until 
evaluation [17]. All the saliva samples were collected at the 
same time (between 09 am and 12 noon) on all appointments to 
rule out any bias owing to the diurnal variations. The salivary 
cortisol levels were evaluated using Salimetrics™ cortisol 
kit (SALIVARY CORTISOL ENZYME IMMUNOASSAY 
KIT) provided by Salimetrics LLC USA.
Statistical methods
The students paired ‘t’ test was used to determine the p-value 
for the mean, standard deviation and test of significance of 
mean change and whether there was a statistical difference 

Table 1. Anxiety levels between appointments between the study and control groups.

Visit
Anxiety

Total χ2 value
Sig 
‘p’ 

value
No or Mild 

Anxiety
Moderate 
Anxiety

High 
Anxiety

Severe 
Anxiety

Dental 
Phobic

1st app
Control 

36 23 2 0 61

17.528 0.001
59.0% 37.7% 3.3% .0% 100.0%

Study 
20 22 15 3 60

33.3% 36.7% 25.0% 5.0% 100.0%

2nd app
Control 

3 6 22 27 3 61

17.909 0.001
4.9% 9.8% 36.1% 44.3% 4.9% 100.0%

Study 
0 3 17 31 9 60

.0% 5.0% 28.3% 51.7% 15.0% 100.0%

3rd app
Control 

20 21 19 1 61

22.353 0.001
32.8% 34.4% 31.1% 1.6% 100.0%

Study 
1 32 22 5 60

1.7% 53.3% 36.7% 8.3% 100.0%
p>0.05 Not Significant (ns), p<0.05 Significant (s), p<0.001 Highly Significant (hs), p<0.001 Very Highly Significant (vhs)

Table 2. Mean salivary cortisol levels between groups between appointments.

Visit Group N
Mean

Salivary Cortisol 
levels

SD Sig
‘p’ value

1st app
Control 61 0.632 0.0561

0.111
Study 60 0.648 0.0531

2nd app
Control 61 0.640 0.0682

0.001
Study 60 0.806 0.0617

3rd app
Control 61 0.620 0.0701

0.001
Study 60 0.709 0.0486
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cortisol levels suggest that there is a positive correlation 
between the two components during the second and third 
appointment, but during the first appointment there is no 
significant correlation between anxiety levels and mean 
salivary cortisol levels (Table 3).

Discussion
Fear and anxiety of children towards dentists have mostly 
resulted in avoidance of dental care and this avoidance affects 
social interactions and work efficiency and also results in 
regular absence from schools [18,19].  The expectation of 
dental treatment as such can result in an increased level of 
anxiety in children maintaining a high prevalence of dentally 
anxious children within the population [20]. Therefore, 
it is understood that dental fear and anxiety are integral 
components regardless of the advancements in the field. 

Amongst the hormones, Cortisol is a potent stress hormone, 
the secretion of which is regulated by the Hypothalamic 
pituitary axis (HPA-Axis). The secretion of this hormone 
follows a defined diurnal rhythmic pattern with a sharp peak 
in the early morning and with the lowest levels in the late 
evenings and night [21]. There are also increased levels of 
cortisol noted when the body is exposed to exercise, tobacco 
and food apart from an obvious increase when exposed to 
stressful situations [21].

The Modified Dental Anxiety Scale is the most frequently 
used dental anxiety questionnaire in the UK and the most 
commonly followed also in the rest of the world [22]. It is a 
brief, 5 item questionnaire with a consistent answering scheme 
for each item ranging from ‘Not Anxious’ to ‘Extremely 
anxious’. The responses are summated together to create a 
Likert scale with a minimum score of 5 and a maximum score 
of 25 [23,24].

Dental extraction is a simple dental procedure which can 
easily reflect elated levels of anxiety in children and adults 
alike. In our study we tried to evaluate, compare and correlate 
salivary cortisol levels with the profoundly used modified 
dental anxiety scale.

The results of this study suggested that the anxiety levels 
were more in the study group than the control group. Children 
within the study group were more anxious compared to the 
control group maybe because of the reason that the control 
group was aware that they would be subjected to the dental 
procedure only at a later stage and not immediately like the 

study group. This difference in anxiety levels score is more 
prevalent during the second appointment when the procedure 
of dental extraction was performed under local anesthesia. It 
is a well recognized fact that the use of local anesthesia can 
increase levels of fear in any individual, therefore the results 
reflect the true state anxiety of the children who were to be 
subjected for the procedure when compared to the control 
group. The anxiety levels at all three appointments were 
greater in the study group when compared to the control 
group. These findings are similar to studies which had reported 
similar findings in adults where Corah’s dental anxiety scales 
were and self reporting anxiety scales were used to evaluate 
anxiety levels in the study subjects [25].

The mean salivary cortisol levels when compared between 
both the groups during each appointment also is suggestive 
of the fact that the levels of cortisol are more in the study 
group when compared to the control group. The observed 
results were also statistically significant except for in the first 
appointment where though the cortisol levels were at a higher 
level in the study group but the same was not statistically 
significant. But in the next two appointments the results were 
highly significant similar to that found using the anxiety 
scales. It is expressed that the cortisol levels are reflective 
of stress in any individual so the results corroborate the fact 
that these children were stressed which resulted in the elated 
levels of the hormone. The results of the present study are in 
concurrence with the findings reported in similar studies when 
done in adults where it was found that there is an elevated 
adrenal response to dental extraction procedures [26,27].

Keeping the objective of this study which was to compare 
and correlate the mean salivary cortisol levels and the anxiety 
levels in children it is seen evidently that there is a positive 
correlation between both the components during the second 
and third appointment except for the first appointment. The 
lack of a significant correlation during the first appointment 
can be due to the fact that in the first appointment there 
was only an explanation of the procedure rendered to both 
the groups followed by just a simple intraoral evaluation 
which possibly could not increase the anxiety or stress 
levels to a significant level when compared to the following 
two appointments.  There is a definite and strong positive 
correlation during the next two appointments especially during 
the second appointment when the children were subjected to 
the procedure in the study group and an explanation of the 
same was given to the children of the control group. 

Table 3. Correlation between salivary cortisol levels and anxiety scores at 1st appointment, 2nd appointment and 3rd appointments between 
study and control groups.

Group Variables N Spearman R t-value Sig p-level

Study 1st app(b/w salivary cortisol and anxiety) 60 0.6174 5.9768 0.00001*

2nd app b/w (salivary cortisol and anxiety) 60 0.7245 8.0055 0.00001*

3rd app (b/w salivary cortisol and anxiety) 60 0.3984 3.3076 0.0016*

Control 1st app(b/w salivary cortisol and anxiety) 60 0.3490 2.8358 0.0063*

2nd app b/w (salivary cortisol and anxiety) 60 0.2164 1.6881 0.0968

3rd app (b/w salivary cortisol and anxiety) 60 0.0591 0.4509 0.6537

Total 1st app(b/w salivary cortisol and anxiety) 120 0.4764 1.8854 0.0867

2nd app b/w (salivary cortisol and anxiety) 120 0.4320 5.2036 0.00001*

3rd app (b/w salivary cortisol and anxiety) 120 0.2926 3.3235 0.0012*
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We need to perform more studies of similar kind in 
different dental procedures on a larger population to truly 
understand the correlation between these two measures of 
anxiety levels.

Conclusions
The levels of anxiety when measured using both the mean 
salivary cortisol levels and the modified dental anxiety levels 
showed an increased level in children to be subjected to the 
dental extractions procedure.

There is a significant positive correlation between both 
the salivary cortisol levels and anxiety levels measured using 
modified dental anxiety scale.

What This Paper Adds
Very few studies have compared and correlated the anxiety 
levels measured using modified dental anxiety scale and mean 
salivary cortisol levels. Therefore this paper provides scope 
for future research on the same basis.
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