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Ab s t r Ac t
Introduction: Pediatric dentistry has been associated with a lot of fear of pain and anxiety in children toward dental treatment. Therefore, the 
stress factor is higher in children visiting dentists, and this stress may increase or decrease in the subsequent visits depending on the treatment 
modality they are exposed to.
Aim and objectives: The aim of this study is to assess and compare dental anxiety in pediatric patients during noninvasive dental treatment 
using salivary biomarkers (salivary cortisol, salivary α-amylase, and salivary immunoglobulin A (IgA)) and hemodynamic parameters. Also, to 
test the correlation of dental anxiety with all the biomarkers using the Corah’s Dental Anxiety Scale (CDAS).
Study design: Saliva samples were collected from 60 children aged (6–12 years) with at least two or more carious lesions. The stimulated saliva 
samples were collected before and after treatment at the first and second appointments, respectively.
Methodology: Cardiovascular and salivary parameters including oxygen saturation, pulse rate, salivary cortisol, amylase, and IgA were assessed 
and co-related with the CDAS using the pulse oximeter, enzymatic method for amylase, immunoturbitidy method for IgA, and ELISA kit for 
salivary cortisol estimation.
Results: There was a marked increase in salivary cortisol and amylase levels in new patients, while returning patients showed even higher 
cortisol levels and lower amylase levels.
Conclusion: Estimation of salivary biomarkers and hemodynamic parameters proved to be an effective measure for the estimation of dental 
anxiety in pediatric patients.
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In t r o d u c t I o n
Pain and fear, likewise two sides of the coin, are important factors 
producing stress during dental treatment in pediatric patients.1  
Measurement of stress and anxiety becomes important in pediatric 
patients, as this fear acquired in childhood may persist and influence 
adult behavior.2 

Various methods have been used so far for assessing dental 
fear that includes behavior rating scales, psychometric, and 
physiological tests.3  Since rating scales do not provide a direct 
viewpoint of young children as they often misinterpret drawings 
of facial expressions or get confused while filling the questionnaire; 
therefore, physiological tests and assessment of hemodynamic 
parameters such as elevation of heart rate and oxygen saturation 
level are of significant importance.4  It has been observed that stress 
of dental procedures may induce activation of the hypothalamus–
pituitary–adrenal (HPA) axis, thus, releasing different stress 
hormones such as cortisol. Cortisol being measurable in serum, 
urine, and saliva proves to be an efficient method of studying stress 
levels during dental procedures. Moreover, salivary samples can be 
easily obtained in the dental chair in which free cortisol serum levels 
are highly reflected.5  Few studies have been attempted to measure 
physiological stress induced by dental procedures and none of them 
have been found to assess dental anxiety involving physiological 
salivary biomarkers, hemodynamic parameters, and dental anxiety 
evaluation scales altogether in our country. Moreover, it would be a 
pioneer pilot study in a dental setting in Lucknow, UP. Therefore, a 

study was planned with the aim of assessing dental anxiety levels 
by measurement of salivary biomarkers of stress including s-cortisol, 
s-IgA, and s-α amylase; correlation of physiological/hemodynamic 
parameters and psychological parameters (CDAS); and evaluation 
of level of salivary cortisol changes in children during various 
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stages of dental treatment and various types of noninvasive dental 
procedures. Also, to evaluate factors that could affect dental anxiety 
in children in Lucknow, UP.

MAt e r I A l s A n d Me t h o d s

Patient Selection
A preliminary study was planned that comprised 60 children 
between the age group of 6 and 12 years as children above 6 years of 
age have developed the language of expression and would be able 
to read facial expressions. Study subjects were selected randomly 
from the Department of Pedodontics and Preventive Dentistry who 
had come for a routine dental treatment.

A sample size estimation was done by using the GPower 
software (version 3.0). It was estimated for the F  test and analysis 
of variance (ANOVA). A minimum total sample size of 31 was found 
to be sufficient for an α  of 0.05, a power of 80%, and 0.4 as an effect 
size (assessed for salivary cortisol levels from a study conducted 
by Alaki et al.).6 

Only those children who had no previous dental experience, 
with at least two simple occlusal caries not requiring local anesthesia, 
were selected for the study. Children less than 6 years and having 
a history of systemic diseases, under corticosteroid therapy, and 
other medically compromised conditions were excluded from the 
study. The clearance from the ethical committee was taken from 
the Institutional Ethical Committee prior to the study.

Study Protocol
The study composed of treatment in two appointments and all 
the appointments were scheduled mainly in the morning to avoid 
irrelevant stress. Also, physiological levels of cortisol are higher in 
mornings. In the first appointment, only oral prophylaxis was carried 
out followed by a restorative procedure in the second appointment. 
The study instructions were explained first to the child’s parent 
and then to the child and written consent was obtained from their 
parents. General and medical history of the patient was taken. Parents 
were allowed to accompany their child during the sample collection.

During the first visit, unstimulated salivary samples were taken 
from all selected children. Each child was instructed to rinse his/
her mouth with water to get rid of debris, sit in an upright position, 
and then spit saliva in the sampling container. New patients were 
instructed in a similar manner to eject their salivary samples in the 
waiting area only and then immediately made seated on the dental 
chair for dental examination followed by oral prophylaxis. After 
the treatment was over, the child was again instructed to rinse his 
mouth with water to remove any fluids or debris, if present, after 
oral prophylaxis and spit saliva in the container (Fig. 1).

The same study subjects were called for the second appointment 
and were asked to eject saliva immediately after getting seated on 
the dental chair. Cavity preparation was done for the children 
followed by glass inomer cement (GIC)/composite restoration. 
Once the treatment was over, the child was again instructed to 
spit saliva in the container. The containers of saliva samples were 
refrigerated at 4°C and analyzed within 14 days. The concentration 
of s-cortisol, s-amylase, and s-IgA were measured by enzyme-linked 
immunosorbent assay (ELISA) per to the instructions from the 
manufacturer (Figs 2 and 3).

Apart from salivary biomarkers, hemodynamic parameters 
such as pulse rate and oxygen saturation were recorded prior and 
post-dental treatment at the first and the second appointment. The 
pulse oximeter was pretested in five patients prior to the conduction 

of the main study and the readings were matched by a manual 
method (Fig. 4). Those five pediatric patients were excluded from 
the main study. Dental anxiety was recorded prior and post-dental 
treatment at both the appointments using the modified CDAS 
(Table 1 and Fig. 5).7 

Data were collected, tabulated, and statistically analyzed using 
the GPower software (version 3.0).

Results
Total 60 pediatric patients participated in the study with a mean age 
of males and females were 7.4 ± 1.27 and 7.3 ± 0.95, respectively. 
No statistically significant difference was found in the mean ages 
of males and females (Table 2).

When intragroup comparison levels of stress markers were done 
prior and post-dental treatment at the first appointment using the 
Wilcoxon-signed pair rank-sum test, results revealed that there was 
a significant decrease in cortisol levels and anxiety post-treatment 
as compared prior to dental treatment, while all other parameters 
such as amylase level, IgA level, oxygen saturation level, and pulse 
rate increased significantly from pre to post (Table 3 and Fig. 6).

When intragroup comparison levels of stress markers were 
done prior and post-dental treatment at the second appointment 
using the Wilcoxon-signed pair rank-sum test, it showed that all the 
parameters such as cortisol level, amylase level, IgA, pulse rate, and 
oxygen saturation increased significantly post-dental treatment as 

Fig. 1: Method of collection of salivary sample

Fig. 2: Measurement of salivary cortisol level
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compared prior to the treatment. It also revealed that the anxiety 
level was higher prior to dental treatment as compared to post-
dental treatment (Table 4 and Fig. 7).

When a comparison was done between the first and the second 
appointment, changes among all the parameters prior to post-
dental treatment differed significantly (Table 5 and Fig. 8).

Prior to the first appointment, a statistically significant 
moderately positive correlation was found between anxiety levels 
and cortisol, amylase, and IgA levels, whereas a weak positive 
correlation was found between anxiety levels (post-) and cortisol 
levels but this was not statistically significant. On the other hand, 
no correlation could be found between anxiety and amylase and 
IgA levels after dental treatment of the first appointment (Table 6).

At the second appointment prior to dental treatment, a 
statistically significant moderately positive correlation was found 
between anxiety and cortisol level, whereas a weak positive 
correlation was seen between anxiety and amylase and IgA levels 
(statistically insignificant). A statistically significant moderate 
positive correlation was found between anxiety level and amylase 
level posttreatment, whereas a statistically significant strong 
positive correlation was found between anxiety and cortisol and 
IgA levels (Table 7).

dI s c u s s I o n
Anxiety and fear of pain during dental treatment play a crucial role 
in creating stress but often remain underemphasized in day-to-day 
dental practice.8  Somatic changes induced by dental anxiety may 
result in the activation of the HPA axis and the sympatho-adrenal-
medullary (SAM) axis, which in turn causes the release of stress 
biomarkers.9  Also, the measurement of salivary concentrations 
allows the determination of rapid changes in the adrenocortical 
activities. Therefore, it has been suggested that these salivary 
concentrations may be also related to the level of dental anxiety.

Physiologic stress in response to stimuli is a highly subjective 
emotion. Physiological stress can be researched through many 
factors and also a lot of methods; one of them is probabilistic 
through statistical studies. Statistical methods can be used to see 
the effect of stress on physiological factors.10  Literature has also 
suggested that invasive techniques like venipuncture for blood 
sample collection raise the physiological biomarkers by inducing 
anxiety followed by increasing the serum cortisol levels in pediatric 
patients. Therefore, noninvasive methods have been preferred.6 

Collection of saliva is a simple, noninvasive, and a stress-free 
procedure. Also, it is shown that cortisol levels in saliva closely 
mirror serum-free cortisol levels and are independent of the flow 
rate. Therefore, considering such advantages, our study included 
measurement of cortisol levels in saliva of pediatric patients.11  
Keeping this in mind, the circadian rhythm pattern is followed by 
the cortisol hormone, i.e., levels being the highest in the morning; 
therefore, all the treatment appointments were scheduled at 
morning hours (9 am–11 am). Additionally, these slots were 
considered more favorable for the pediatric patients as well as 
their parents.12 

Figs 3A and B: Measurement of salivary α amylase and salivary IgA level

Fig. 4: Measurement of hemodynamic parameters using the pulse 
oximeter

Table 1: Corah’s dental anxiety scale—score and severity

Score Severity of anxiety
0–4 Patients with no fear
5–8 Some fear
9–12 Anxious-avoidant attitudes
13–16 High intensity of anxiety without somatic complaints
17–20 High intensity of anxiety and somatic symptoms
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Fig. 5: Corah’s dental anxiety scale—questionnaire
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In the present study, salivary cortisol and anxiety levels were 
the highest prior to dental treatment at the first appointment and 
reduced significantly at the end of the first appointment. This could 
be due to the fact that the child may be stressed in anticipation of 
what will happen after entering the dental examination room and 
being seated on the dental chair. The high level of stress causes an 
extreme increase in adrenal hyperactivity, which leads to increased 
secretion of cortisol level. Therefore, the increase in salivary cortisol 
level is related to the level of dental anxiety, this finding is agreed 
with Benjamins et al.13  There was no significant difference found 
in the mean cortisol level between new and the same returning 
patients at the second appointment, which may be explained by the 
fact that children tend to adapt to the stressful procedures during 
the second appointment. This is in accordance with the studies 
conducted by Benjamins et al.,13  Mayer and Weber,12  Padmanabhan 
et al.,14  and Akyuz et al.,15  but this was in disagreement with a study 
conducted by Alaki et al., which suggested higher stress levels in 
children returning for the second dental visit.6 

A marked significant difference was noted in the cortisol levels’ 
posttreatment in the second appointment in which restorative 
procedures were done. This could be related to the unpleasant 
sounds of air rotor along with suction and drilling for a longer period 
of time. This could have resulted in an increased level of anxiety, 
directly elevating the levels of salivary cortisol.14 

This study also showed significantly increased salivary amylase 
levels in patients while being seated on the dental chair. This 
may be attributed to the fact that the child seems to be more 
stressed seeing new people, strange images, unpleasant odor, 
dental instruments, and equipment at dental operatory. Similar 
results were obtained in various studies conducted by Nater and 
Rohleder,16  Alaki et al.,17  Reis et al.,18  and Alaki et al.6 

A dental examination may act as a stressor which activates the 
autonomic nervous system leading to the release of epinephrine 
and norepinephrine. The latter is known to increase salivary 
amylase from acinar cells of the parotid and submandibular salivary 
glands. Salivary amylase was significantly increased in returning 
patients too, which may be a reflection of previous cumulative 
experience.16  The sound and possible discomfort with some dental 
procedures may have increased the stress level. Also, the new 
feeling caused by unknown procedures resulted in sympathetic 
activation.18 

Table 2: Demographic information of the patients included in the study

Sex N Mean Std. deviation p  value
Age Males 10 7.40 1.265 0.882, NS

Females 10 7.30 0.949

Table 3: Comparison of the mean scores of salivary biomarkers pre- and posttreatment at the first appointment

Intragroup comparison of pre and post levels of stress markers at the first appointment

N Minimum Maximum Mean Std. deviation p  value
Cortisol 1 pre 20 0.11 0.19 0.1540 0.03085 <0.0001, S
Cortisol 1 post 20 0.10 0.16 0.1255 0.02305
Amylase 1 pre 20 429.1 451.2 440.455 7.8589 <0.0001, S
Amylase 1 post 20 471.1 477.2 474.315 1.9778
IgA 1 pre 20 1114.1 1120.3 1117.300 2.1357 <0.0001, S
IgA 1 post 20 1115.2 1121.1 1118.185 2.0841
Pulse 1 pre 20 78 82 79.30 1.174 <0.0001, S
Pulse 1 post 20 80 86 82.10 2.382
Oxy 1 pre 20 108 112 109.70 1.750 <0.0001, S
Oxy 1 post 20 108 120 112.80 3.397
Anxiety 1 pre 20 4 5 4.75 0.444 <0.0001, S
Anxiety 1 post 20 3 4 3.85 0.366

Fig. 6: Graphical representation of salivary biomarkers and hemodynamic parameters between the study group during pre- and posttreatment 
at the first appointment
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The higher levels of salivary IgA were also found reflecting 
the adaptive physiological responses of the children to previous 
cumulative experience. Higher concentrations of s-IgA in children 
with caries were obtained which may be due to increased antigenic 
load, leading to high production of antibodies. These results were 

too in agreement with studies produced by Al Amoudi et al.19  and 
Alaki et al.6 

Other physiologic parameters such as oxygen saturation and 
pulse rate increased significantly from the first appointment to the 
second appointment. Dental anxiety may be the reason for such an 

Table 4: Comparison of the mean scores of salivary biomarkers pre- and posttreatment at the second appointment

Intragroup comparison of pre and post levels of stress markers at the second appointment

N Minimum Maximum Mean Std. deviation p  value
Cortisol 2 pre 20 0.10 0.15 0.1140 0.01729 <0.0001, S
Cortisol 2 post 20 0.21 0.43 0.3205 0.06117
Amylase 2 pre 20 472.1 478.3 475.360 1.9535 <0.0001, S
Amylase 2 post 20 551.1 559.1 555.090 2.8168
IgA 2 pre 20 1116.1 1121.7 1118.785 2.0223 <0.0001, S
IgA 2 post 20 1200.6 1210.8 1206.470 3.2561
Pulse 2 pre 20 84 88 85.70 1.625 <0.0001, S
Pulse 2 post 20 90 110 97.50 8.205
Oxy 2 pre 20 100 110 104.50 3.487 <0.0001, S
Oxy 2 post 20 120 136 127.20 5.207
Anxiety 2 pre 20 4 5 4.20 0.410 0.180, NS
Anxiety 2 post 20 4 5 4.35 0.489

Fig. 7: Graphical representation of salivary biomarkers and hemodynamic parameters between the study group during pre- and posttreatment 
at the second appointment

Table 5: Comparison of the mean scores of salivary biomarkers pre- and posttreatment between the first and the second appointment

Comparison of difference in level of markers (from pre to post) between the first and the second appointment

N Minimum Maximum Mean Std. deviation p  value
Diff. cortisol 1 20 0.00 0.05 0.0285 0.01496 <0.0001, S
Diff. cortisol 2 20 −0.30 −0.11 −0.2065 0.05163
Diff. amylase 1 20 −43.00 −24.30 −33.8600 6.27429 <0.0001, S
Diff. amylase 2 20 −82.00 −77.00 −79.7300 1.41722
Diff. IgA 1 20 −2.00 −0.20 −0.8850 0.43198 <0.0001, S
Diff. IgA 2 20 −92.90 −84.20 −87.6850 2.26908
Diff. pulse 1 20 −6.00 0.00 −2.8000 1.76516 <0.0001, S
Diff. pulse 2 20 −24.00 −4.00 −11.8000 7.19356
Diff. Oxy 1 20 −8.00 0.00 −3.1000 1.99737 <0.0001, S
Diff. Oxy 2 20 −30.00 −16.00 −22.7000 3.96166
Diff. anxiety 1 20 0.00 2.00 0.9000 0.44721 <0.0001, S
Diff. anxiety 2 20 −1.00 1.00 −0.1500 0.48936
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co n c lu s I o n
The study focuses on the importance of monitoring the stress 
levels in pediatric patients during dental treatment using salivary 
biomarkers and hemodynamic parameters along with dental 
anxiety. Estimation of salivary cortisol levels with amylase and 
other physiologic parameters proved to be valid and effective in 
assessing dental anxiety in children. Thus, a rapid evaluation of 
these biomarkers could help to monitor stress among pediatric 
patients thereby reducing the fear and anxiety while undergoing 
dental treatment.

lI M I tAt I o n s
Sample collection of saliva for estimating salivary biomarkers is 
easy to perform but requires laboratory support which may not 
be possible for all clinical and practice situations.
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