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Abstract

Background: The anxiety of dental conditions is very common. Salivary alpha amylase (SAA) enzyme, as a non-invasive biomarker,
is considered in assessing dental anxiety.
Objectives: The present study aimed at investigating the relationship between salivary alpha amylase level and dental anxiety be-
fore and after dental restoration.
Methods: In this longitudinal study, which was performed in Babol dental faculty during 2015 and 2016, a total of 99 patients (50
females and 49 males) were selected using simple sampling method. To measure anxiety, the patients completed modified dental
anxiety scale (MDAS) and demographic questionnaire. Unstimulated whole saliva was collected 3 times: at the day of dental exam-
ination in a stress- free condition; immediately before dental restoration; and 15 minutes after dental restoration. Salivary alpha
amylase activity was measured by the Caraway starch-iodine modified method. SPSS 20 software and t test, chi square, Pearson cor-
relation, and ANOVA repeated measurement were used for data analysis.
Results: Levels of salivary alpha amylase increased before dental restoration and reduced after dental restoration (P value < 0.001).
The alpha amylase level before dental restoration significantly correlated with modified dental anxiety scale (P value < 0.001). Levels
of alpha amylase did not show any significant relationship with any of the variables, such as age, gender, level of education, and
dental traumatic experience (P value > 0.05).
Conclusions: Salivary alpha amylase can be used as a reliable objective tool for measuring anxiety of dental treatment.
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1. Background

Dental anxiety is very common among population of
many countries. Several etiologies including internal fac-
tors (personality traits) and environmental factors (age,
gender, education, etc.) are involved in its development
(1-3). Studies have shown that dental anxiety can cause
decayed-missing- filled teeth index (DMFT) increase, re-
strict the provision of oral health care services, increase
in emergency dental referrals, jeopardize dentist-patient
relationship, decrease oral health quality of life, and psy-
chosocial health (1, 3). All these cases lead to a defective cy-
cle that ultimately creates more anxiety in the patient (4).

Among the main benefits of measuring anxiety of the
patients is that the dentist is able to diagnose anxiety for

the patient before treatment, and resolve them as much as
possible. Many studies have been conducted to measure
dental anxiety by various questionnaires including MDAS
(3).

MDAS questionnaire was utilized as a subjective stan-
dard criterion to measure anxiety and it was answered by
the patients. The reliability and validity of this question-
naire have been reviewed and approved in different lan-
guages including Farsi (5-9). However, if some patients are
not able to respond reliably (20% of the patients in this
study), then, this tool will have a limited value (10). Thus,
the utilization of biomarkers is considered as an alterna-
tive objective criterion for measuring the level of anxiety
in recent studies.
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Research on the use of salivary biomarkers, such as
cortisol and Chromogranin A, has been performed to pre-
dict dental anxiety and fear. However, positive relation-
ship between them and the dental anxiety remains un-
clear. Salivary alpha amylase (SAA) was considered as a suit-
able biomarker of sympathetic nervous system activity in
recent years (11).

Alpha amylase enzyme is one of the most important
enzyme compositions in the saliva that accounts for 40%
to 50% of the total salivary proteins, and most of it is se-
creted from the parotid gland. SAA plays an important role
in carbohydrate hydrolysis. Furthermore, alpha amylase
can also play a role in the oral immune system (12).

Anxiety causes activation of the sympathetic ner-
vous system (SNS) and hypothalamic-pituitary-adrenal
axis (HPA). By activating SNS, the release of epinephrine
and norepinephrine is initiated from adrenal center, and
finally norepinephrine increases the secretion of SAA from
parotid and submandibular acinar cells. SAA measure-
ment, when compared to serum catecholamine measure-
ment, is very simple, non-invasive, without stress, and with
high repeatability potential. On the other hand, because
SNS is considered as a rapid response system, it is sug-
gested as a better scale for measuring stress when com-
pared to the HPA system markers (1, 13).

Since the anxiety of dental restorations can probably
cause significant changes in SAA, the present study aimed
at evaluating SAA changes in anxiety before and after den-
tal restoration. Also, this objective criterion was compared
with the standard questionnaire of MDAS.

2. Objectives

The Purpose of present study was to investigate the re-
lationship between salivary alpha amylase level and dental
anxiety before and after dental restoration.

3. Materials and Methods

This longitudinal study was performed on patients re-
ferring to Babol dental faculty during 2015 and 2016. The
sample size was determined based on previous studies and
according to a statistical advisor. A total of 99 individuals
(49 males and 50 females) were selected using simple sam-
pling method. After explaining the purpose of the study to
all patients, written consent was obtained from all of them.

Inclusion criteria for this study were as follow: Healthy
adults aged 19 to 51 years who were literate, had no systemic
disease, were not on medication, and needed premolar or
molar composite restoration, with unification of infiltra-
tion injection.

Exclusion criteria from the study were as follow:
Pregnant women, women using oral contraceptive,

women who were in their menstrual cycle, patients who
used inhaled steroids, patients who used any medication
that could affect salivary glands (such as antihypertensive,
antidepressants or antipsychotic drugs), patients with xe-
rostomia, those with smoking and drinking habits, pres-
ence of severe periodontitis, rapidly progressive decay,
presence of any oral lesions, the use of any oral appliance
(such as orthodontics, complete and partial prosthesis),
and patients with spontaneous pain.

The patients were also asked to avoid eating, drinking,
and brushing at least 90 minutes before sampling. To pre-
vent the effects of circadian rhythm of this enzyme, all
samplings were performed at 5 to 7 pm. After signing a con-
sent agreement, the patients filled out the demographic
questionnaire (age, gender, education, history of dental
pain and painful dental extraction) and MDAS question-
naire.

MDAS questionnaire includes 5 questions that mea-
sure anxiety levels in each question on a 5- point scale.
Replies were scored considering the increasing severity of
dental anxiety from 1 to 5, so the attainable score was vari-
able from a minimum of 5 (no distress) to a maximum of 25
(the extreme anxiety). Those with scores of 6 to 11, 12 to 18,
and 19 to 25 were classified as patients with low, moderate,
and severe anxiety (Dental phobia) (3).

After the questionnaires were completed, saliva sam-
ples were collected from patients during 3 times:

1, when the patient referred for initial examination and
took turns for dental restoration while having no stress.
Therefore, alpha amylase level could be considered as a
baseline for each person; 2, immediately before dental
restoration; 3, 15 minutes after dental restoration.

Salivary sampling was performed in such a way that 2
mL of saliva was prepared using spitting method (14). After
collecting saliva in the test tube, it was encoded and sent to
biochemistry laboratory.

Saliva sample was centrifuged for 20 minutes at 3500
rpm until the debris was removed. The supernatant was
transferred into microtubes, encoded, and maintained at
-80°C until test time. To measure SAA enzyme activity,
frozen specimens were kept for about half an hour at room
temperature.

Alpha amylase enzyme activity was determined based
on Caraway starch-iodine modified method. To determine
the activity of alpha amylase, 1 mL of starch substrate was
put in water bath for 5 minutes at 37°C, and then, 20 µL of
centrifuged saliva sample was added to it. After mixing the
sample with a mixer, using the chronometer exactly for 7.5
minutes, the sample was placed in Ben-Murray at 37°C. The
reaction was immediately stopped by adding 1 mL of chlo-
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ride solution and 3 mL of distilled water solution. Absorp-
tion of samples was read at 660 nm wavelength against
distilled water. In this method, color stability term was 60
minutes. Alpha amylase enzyme activity in saliva samples
was calculated by the following formula:

Data were analyzed using SPSS 20 software, and statis-
tical tests of ANOVA repeated measurement and LSD post
hoc test, t test, chi square, and Pearson correlation. P value
< 0.05 was considered as statistically significant.

4. Results

A total of 99 (50 females and 49 males) people partici-
pated in this study, with a mean age of 30.35 ± 9.35. A to-
tal of 44 patients (44.4%) had high school diploma or were
high school dropouts, while 55 patients (55.6%) had college
degrees. In this study, 36 patients (36.4 %) had experienced
painful tooth extraction, 63 (63.6%) did not have such ex-
perience, 70 (70.7%) had a history of dental pain, and 29
(29.3%) had no history of dental pain.

Average scores of MDAS questionnaire was 10.08± 3.77.
There were no significant correlations among age, gender,
education level, history of dental pain, and painful tooth
extraction with average of MDAS questionnaire scores; in
all cases, P > 0.05 value was obtained.

The first time, alpha amylase average was 1348.08 ±
53.93 (U/L), it was 1387.85 ± 48.51 (U/L) in the second time,
and 1331.27 ± 52.94 (U/L) in the third time. There was a sig-
nificant difference among the first, second, and third time
alpha amylase average (P < 0.001) (Figure 1).
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Figure 1. The Mean Level of First, Second and Third Stage of Salivary Alpha Amylase
Activity

No significant relationship was observed among alpha
amylase average of the first, second, and third steps with

gender, history of painful tooth extraction, and history of
dental pain (Table 1).

This correlation was not found with age (P > 0.05). In
this study, given that the number of people with severe
anxiety was small, MDAS was divided based on 2 groups of
low anxiety and sum of moderate and severe anxiety. There
was a significant relationship between the MDAS question-
naire and alpha amylase in the second step (Table 2).

5. Discussion

MDAS questionnaire is used as a subjective criterion to
measure dental anxiety. However, if some patients are not
able to respond reliably, such tools will be of limited value
(10). Thus, the use of biomarkers as an alternative objective
criterion to assess psychological and biological stress that
are easy to use and accurate enough, have been of interest
in recent studies.

Several studies were conducted to evaluate the effect
of various stressors, such as process of bloodletting, stress-
ful videos, intellectual computational processes on alpha
amylase, and cortisol levels in saliva (15-19). Nevertheless,
few studies have examined the effects of stressful dental
procedures on alpha amylase in saliva. In this study, cor-
relation between SAA level with anxiety caused by dental
restoration was examined, and a significant difference was
found between SAA activity before and after dental restora-
tion.

In our study, SAA increased substantially before the
start of dental restoration and rapidly reduced after work.
Results of the study by Furlan et al. on children who un-
derwent dental prophylaxis also showed a higher level of
SAA at the beginning of treatment than at the end of treat-
ment (13). Increase of SAA level before the stressful process
of venipuncture has been reported in another study. This
rate still remained at a high level of 15 minutes after the end
of treatment due to the presence of pain stimulus (15). In
the same study that utilized a corneal transplant surgery
video as stressful process, similar results to the results of
the present study were obtained (17). In the study by Sadi
et al., increase of SAA in patients undergoing routine den-
tal examinations was not observed (1). Various reasons can
justify this lack of correlation in the study by Sadi because
in this study, saliva samples were taken only once and be-
fore examining patients, and the patients had no history
of dental treatment and dental pain. Moreover, they were
aware that they are undergoing a routine dental examina-
tion.

In our study, saliva samples were performed 3 times:
when the patient referred for initial examination and took
turns for dental restoration while having no stress. There-
fore, alpha amylase level could be considered as a base-
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(1)SAA activity

(
U

L

)
=

Absorption tests (saliva)− Blank absorption

Blank absorption
× 1470

Table 1. The Mean Level of the First, Second, and Third Stage of Salivary Alpha amylase (SAA) and Its Correlation with Sex, Painful Extraction Experience, and Tooth Pain
Experiencea

Variable First Stage SAA, U/L Second Stage SAA, U/L Third Stage SAA, U/L

Sex

Male 1341.37 ± 57.15 1387.16 ± 55.44 1333.35 ± 58.8

Female 1354.66 ± 50.29 1388.52 ± 41.18 1329.24 ± 47.00

P value 0.222 0.890 0.702

Painful extraction experience

Yes 1345.94 ± 48.61 1387.19 ± 51.45 1329.64 ± 47.76

No 1349.30 ± 57.09 1388.22 ± 47.18 1332.21 ± 56.04

P value 0.757 0.920 0.918

Tooth pain experience

Yes 1349.80 ± 53.43 1392.87 ± 45.39 1328.83 ± 53.88

No 1343.93 ± 55.88 1375.72 ± 54.27 1337.17 ± 51.03

P value 0.625 0.110 0.478

aValues are expresser ad mean ± SD.

Table 2. The Mean of the First, Second, and Third Stage of Salivary Alpha Amylase (SAA) and Its Correlation with Modified Dental Anxiety Scale (MDAS)a

Variable First Stage SAA, U/L Second Stage SAA, U/L Third Stage SAA, U/L

MDAS

Mild anxiaty 1352.82 ± 55.91 1378.29 ± 52.48 1333.71 ± 57.44

Moderate and severe anxiety 1339.03 ± 49.47 1406.12 ± 33.54 1326.62 ± 43.49

P value 0.229 0.002b 0.494

aValues are expresser ad mean ± SD.
bSignificant.

line for each person; immediately before the beginning of
restoration for measuring SAA level in stressful conditions;
and 15 minutes after the end of the treatment for measur-
ing SAA level after stressful process.

Sympathetic system is known as a nervous system with
fast response to stressful stimuli. Due to stressful stim-
uli, activity of this system causes increase of plasma nore-
pinephrines. Also, salivary glands that are the main SAA se-
creting source and have a large number of beta adrenergic
receptors are stimulated by plasma norepinephrines. As a
result, stimulation of the sympathetic system causes rapid
increase in production and release of the SAA. Moreover, al-
pha amylase is reduced by elimination of stressful stimuli
(17, 20).

According to the results of this study, in those with

higher anxiety level (according to the results of MDAS ques-
tionnaire), more increase was observed in the alpha amy-
lase level before dental restoration. However, there was no
change in baseline alpha amylase level and alpha amylase
level after dental restoration.

In another study, similar to our study, showed a clear
correlation between STAI questionnaire scores and the SAA
level before displaying the corneal surgery film (15). In an-
other study, which used a mental arithmetic task process
as stressful stimuli, a significant relationship was found
between Spielbergers state-trait anxiety inventor (STAI)
scores and SAA level before a stressful process. STAI is
a standard questionnaire that measures general anxiety)
(17). However, Sadi et al. did not find any correlation be-
tween scores of the Corah’s DAS and SAA questionnaires (1).
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This lack of relationship may be due to sampling saliva in
a non-stressful situation and lack of dental pain history of
the participants under study.

In this study, MDAS questionnaire was used to measure
dental anxiety level. The questionnaire was filled by indi-
viduals and it was a subjective measure of personality char-
acteristics of dental anxiety. On the other hand, the main
systems associated with stress in human body are HPA and
SNS. Catecholamines is the serologic mediator’s activity of
the sympathetic system. Two major markers are found in
saliva, which are associated with these 2 systems. Cortisol
is related to HPA systems, and alpha amylase is associated
with SNS system. Several studies have shown that cortisol
shows a less increase in stimulation time and reach its peak
in a longer time than SAA, as the sensitivity of sympathetic
system is higher than HPA system. Thus, SAA level repre-
sents individual’s response to stress more accurately and
sensitively (17, 21). Therefore, it can be stated that there is a
relationship among personality characteristics, with more
anxiety and alpha amylase rate that represents SNS system.

Based on results of the present study, no correlation
was observed between factors of age, gender, education,
and a painful dental extraction with MDAS questionnaire
mean scores.

According to a study, no significant relationship was
observed between anxiety level based on Corah’s DAS ques-
tionnaire mean score with age, gender, and race (1).

Results of the study by Oktay et al. indicated no re-
lationship between education level and age with dental
anxiety based on scores of Corah’s DAS questionnaire, but
women and those with past traumatic experience showed
higher levels of anxiety (22).

Contradiction in the results of these studies could
prove that anxiety is a multifactorial process, and un-
known genetic and environmental factors can affect it; on
the other hand, the differences among the design of the
studies, different age groups, and different cultures can
also cause these inconsistencies, which need to be further
examined in future studies.

In this study, results indicated that such factors as age,
gender, history of painful tooth extraction, and history of
dental pain did not affect SAA level.

Noorani et al. observed no differences in SAA activity in
5 to 12 year old children in both genders (11). Nonetheless,
in a research using a corneal transplant surgery video as
stressful stimuli, the researchers obtained a more increase
in SAA level in younger men (12). The reason for this dif-
ference was the type of stressful stimulus, time, and con-
ditions of the study. In a study by Koh, evidence of the im-
pact of age on SAA activities was found (15). Lack of relation-
ship between these factors and level of SAA in the present
study suggest that tooth restoration as a stressful process

itself increases actual SAA activity and possible factors con-
founding SAA activities such as age, gender, and history of
painful tooth extraction; moreover, history of dental pain
did not have much impact on alpha amylase.

Limitations of this study were the absence of people
with severe anxiety (according to MDAS questionnaire).
Therefore, it is best to use more individuals with severe
anxiety in future studies. Also, in this study, the flow rate
was not investigated. However, the relationship between
flow rate and the alpha amylase has been reported to be
contradictory in different studies (23).

5.1. Conclusions

The present study demonstrated that SAA activity was
higher among those participants with greater MDAS score.
No significant relationship was observed between SAA
level and the scores of the MDAS questionnaire with the
variables of age, gender, education, and traumatic dental
experience. SAA can be considered as one of the valuable
indicators of dental anxiety.
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