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Objective: Anxiety due to the dentist and dental treatment is a 
problem encountered in many children. The aim of the present 
study is to determine salivary nitric oxide, lactoferrin, α-amylase 
and cortisol levels of children in primary and mixed dentition, and 
to evaluate their relation with stress due to dental treatment.

Material and Method: The study consisted of 50 children in pri-
mary and mixed dentition. The children were evaluated clinically 
and according to Frankl Behavior Rating Scale. Salivary flow rate 
was calculated, and nitric oxide, lactoferrin, α-amylase and cortisol 
levels were measured in saliva.

Results: 68% percent of the children were found to be negative 
according to the Frankl Behavior Rating Scale (category 2), and 
significantly decreased salivary flow rate was evident in these chil-
dren when compared with children that were categorized as com-
pletely negative (category 1). The DMFT+dft index was 7.56±4.29, 
and positive correlations were found between DMFT+dft indices 
and salivary nitric oxide, lactoferrin, cortisol and α-amylase levels 
(p<0.05). These parameters were not different between genders. 
Positive correlations were found between salivary nitric oxide and 
α amilase, cortisol and α amilase, cortisol and lactoferrin; and also 
between α-amilase and lactoferrin levels (p<0.05).

Conclusion: Salivary lactoferrin, α-amylase and cortisol may be 
suggested as important parameters of oral health.
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Amaç: Diş hekimi ve diş tedavisine bağlı anksiyete birçok çocukta 
karşılaşılan bir sorundur. Bu çalışmanın amacı, süt ve karışık diş-
lenme dönemindeki çocuklarda tükürük nitrik oksit, laktoferrin, 
α-amilaz ve kortizol seviyelerini tespit etmek ve diş tedavisinden 
kaynaklanan stresle ilişkilerini değerlendirmektir.

Gereç ve Yöntem: Çalışma süt ve karışık dişlenme dönemindeki 
50 çocuktan oluşmaktadır. Çocuklar klinik olarak ve Frankl Davranış 
Değerlendirme Ölçeğine göre değerlendirildi. Tükürük akış hızı he-
saplandı ve tükürükte nitrik oksit, laktoferrin, α-amilaz ve kortizol 
seviyeleri ölçüldü.

Bulgular: Çocukların %68'i Frankl Davranış Değerlendirme Öl-
çeğine göre negatif (Kategori 2) olarak bulundu ve bu çocuk-
larda, tamamen negatif olarak sınıflandırılan çocuklarla karşı-
laştırıldığında (Kategori 1) anlamlı derecede azalmış tükürük 
akış hızı belirlendi. DMFT + dft indeksi 7,56±4,29 idi ve DMFT + 
dft indeksleri ile tükrük nitrik oksit, laktoferrin, kortizol ve α-a-
milaz seviyeleri arasında pozitif korelasyon bulundu. Bu para-
metreler cinsiyetler arasında farklı değildi. Tükürük nitrik oksit 
ile amilaz, kortizol ve amilaz, kortizol ve laktoferrin ve ayrıca 
a-amilaz ve laktoferrin seviyeleri arasında pozitif korelasyon 
bulundu.

Sonuç: Tükürük laktoferrin, α-amilaz ve kortizol, ağız sağlığı ve 
anksiyete için önemli parametreler olarak önerilebilir.

Anahtar Kelimeler: Anksiyete, biyokimyasal belirteçler, tükürük
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INTRODUCTION

The importance of saliva as a non-invasive diagnostic fluid 
has increased in recent years. Accordingly, there is constantly 
increasing evidence supporting the use of saliva as a non-in-
vasive tool for monitoring biomarkers in health and patholog-
ical human status (1). Saliva has unique functions to maintain 
dental health and in protecting against the harmful effects of 
microorganisms.

The composition of saliva consists of hormones, peptides, 
electrolytes, mucus, antibacterial compounds and different 
enzymes, as well as organic and inorganic compounds (2). 
Cortisol is one of the most important steroid hormones de-
tectable in saliva (2). Lactoferrin and α-amylase, together with 
immunoglobulins, are the markers of mucosal immunity that 
are detectable in saliva. Lactoferrin is available in a variety of 
body fluids, including saliva. It is an iron-binding glycoprotein 
and protects the organism from infectious diseases by direct-
ly passing pathogens such as bacteria through the oral cavity 
viruses. Lactoferrin is present in the first line of defense in the 
face of pathogens in the mouth mucosa (3).

Nitric oxide (NO) is a short-lived gas that acts as a strong re-
active radical, NO takes part in the defensive mechanisms of 
the oral cavity. Accordingly, antimicrobial effects of salivary NO 
metabolites, nitrates and nitrites, on protection against oral 
diseases, have been shown in recent years (4).

Cortisol, the main glucocorticoid of the organism, is an import-
ant component of the reactions called ‘stress response’, and can 
be reliably detected in saliva. Salivary cortisol is measured and 
used as a biomarker of psychological stress. On the other hand, 
salivary cortisol does not only reflect the hypothalamus-pi-
tuitary-adrenal axis (HPAA); different factors regulating HPAA 
reactivity such as the hippocampus, hypothalamus, pituitary 
and adrenals, as well as their modulators, receptors, or binding 
proteins, have all been reported to affect salivary cortisol mea-
surements (5).

α-Amylase is an enzyme found in saliva that digests starch. 
Salivary α-amylase has also been shown to play a role in the 
digestive function, as well as the ability to fight bacteria in the 
mouth (6). In recent years, salivary α-amylase has been shown 
to be closely related to stress like cortisol, and has been sug-
gested to increase in patients with chronic psychosocial stress, 
and may be used as a biomarker of chronic stress (7).

Dental anxiety, which is a major problem in pediatric dentistry, 
is more specific and important than general anxiety, and is a 
reaction to bad dental experiences. Dental fear and anxiety are 
problems that affect large populations, especially children (8). 
Avoidance of treatments and dental care may lead to serious 
consequences that adversely affect the oral health of the pa-
tients. It is important for dentists to identify the fearful patient 
group and patients who need special attention. Children ex-
press their anxiety in different ways, and dental anxiety in chil-
dren should be assessed as early as possible (8).

Many methods have been developed for evaluating dental fear, 
in order to obtain the feelings hidden unconsciously. Detecting 
the anxiety level of patients and treating them accordingly, will 
have a positive effect on the patient’s treatment experience 
and dental health (9). We hypothesized that biochemical pa-
rameters, such as cortisol, α-amylase, lactoferrin and nitric ox-
ide, might be related to anxiety levels in children.

In this study, we aimed to evaluate the levels of salivary NO, 
lactoferrin, α- amylase and cortisol in children with primary and 
mixed dentition, and to assess the link between their behavior, 
evaluated according to the Frankl Behavior Rating Scale.

MATERIAL AND METHOD

Subject Population
The study consisted of 50 children (30 girls and 20 boys), in pri-
mary (n=25, aged 5-7 years) and mixed (n=25, aged 9-11 years) 
dentition, who visited the Department of Pedodontics in Mar-
mara University School of Dentistry. Children who did not have 
past systemic illness and undergoing any dental treatment, nor 
were taking drugs at least 6 months, were included the study.

Calculation of DMFT+dft Index
According to the clinical examination conducted at Marmara 
University School of Dentistry Pedodontic Clinic, for the perma-
nent teeth of children; DMFT index was calculated by number 
of decayed, missing and filled permanent teeth, and dmft for 
number of decayed, missing and filled primary teeth. The chil-
dren that were selected for this study at the Pedodontics clinic 
had not started treatment yet, had no systematic disease, and 
had not used antibiotics for the last month.

Frankl Behavior Rating Scale
Behavior assessment of the children was done using the Frankl 
Behavior Rating Scale (10).

Category 1: Absolutely negative: The child refuses treatment 
fearfully and shows a marked negative.

Category 2: Negative: The child is reluctant to accept treatment 
and there is a sign of negative attitude although it is not evi-
dent.

 Category 3: Positive: The child accepts the treatment but there 
is a sign of being undecided. They listen to the dentist’s mes-
sage, but there are some suspicions.

Category 4: Absolutely positive: The child is in good agreement 
with the dentist and is involved in the dental procedures.

Collection of Saliva
Two hours before salivary collections, the children were re-
quested to avoid eating food and drinking beverages. Whole 
saliva was collected by spitting into a tube. Saliva samples 
which were collected from children with dental examinations 
done by a pedodontist, were stored at -20˚C until analyses were 
made in the Basic Medical Science, Department of Biochemis-
try.
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Salivary Flow Rate Measurement
The salivary flow rate of the samples was calculated as saliva 
volume (mL) collected per minute, using saliva collection vol-
ume and saliva collection time.

Determination of Nitric Oxide
Nitric oxide (NO) determination is based on reducing nitrate to 
nitrite by vanadium (III) chloride. In an acidic media, nitrite and 
sulfonylamide reacted with N-(1-Naphtyl) ethylenediaminedihy-
drochloride, and complex diazonium compound was formed. 
The colored complex was measured at 540 nm by a spectropho-
tometer, and the results were expressed as µmol NO/dL (11).

Determination of Lactoferrin
The salivary lactoferrin level was measured by ELISA commer-
cial kit, using lactoferrin- specific polyclonal antibody (Catalog 
no: EL 2011-1 AssayMax Human Lactoferrin ELISA KIT 96 Test 
Assaypro, St. Charles, MO, USA). The process followed the man-
ufacturer’s instructions. Briefly, standard and diluted samples 
were adsorbed in a polystyrene 96 well microplate and incu-
bated for 2h at 25ºC. After five-times repeated washing of wells 
with wash buffer, a biotinylated lactoferrin antibody was added 
to each well, and incubated for 1h.

After washing the microplate, 50 µl of streptavidin-peroxidase 
conjugate was added per well, and incubated for 30 min. Sub-
sequently, the third washing was applied. 50 µl chromogenic 
substrate was used per well for detection, and incubated for 15 
min. After 50 µl of stop solution was added, the plate was read 
at a wavelength of 450 nm, using on a microplate reader.

Determination of α-Amylase
The α-amylase assay was performed using a commercial kit 
(Catalog no: 1-1902 Salivary Alpha-amylase kinetic Research, 
Salimetrics, LLC, USA). The process followed the manufacturer’s 
instructions. Briefly, the plate reader was set to incubate at 37ºC. 
Controls and samples were adsorbed in 96 well microtiter plates. 
320 μl of the preheated (37ºC) α-Amylase Substrate was added 
to each well simultaneously, using a multichannel pipette.

Then, a timer was started immediately, and mixed (500 rpm) at 
37ºC. The plate was transfered to the reader in time, the Optical 
Density (OD) was read at a wavelength of 405 nm exactly 1 min.

After saving the 1 min. OD readings, the plate was transfered to 
the reader again, the OD was read at a wavelength of 405 nm 
exactly 3 min., and saved.

Determination of Cortisol
The Cortisol level in saliva was assessed using the commercial 
kit by EIA (Enzyme Immun Assay) method (Catalog No:1-3102 
Salivary ER Cortisol EIA Kit Diagnostic, Salimetrics, State Col-
lege, PA). All reagents were brought to room temperature and 
mixed before use. Standards and samples were adsorbed in 96 
well microtiter plates, then 200 μl of diluted enzyme conjugate  
were added to each well. After, the plate was mixed on a plate 
rotator for 5 min. at 500 rpm, and incubated at room tempera-
ture for 1h. After washing the plate 4 times, 200 μl of TMB Sub-
strate Solution were added to each well and mixed on a plate 
rotator for 5 min. at 500 rpm, then, the plate was incubated in 
the dark (covered) at room temperature for 25 min. After 50 µl 
of stop solution were added, the plate was mixed on a plate 
rotator for 3 min. at 500 rpm, and read at a wavelength of 450 
nm, using on a microplate reader.

Statistical Analysis
For all statistical analysis, GraphPad Prism 5.0 (GraphPad Soft-
ware, San Diego, USA) was used. All data were expressed as 
mean ± standard deviations (SD). The Kruskal Wallis test was 
used for the comparison of groups of data, followed by Dunn’s 
multiple comparison tests. An unpaired, two tailed Student's T 
Test was used to compare two independent groups. Correla-
tion analysis of clinical and laboratory data was performed by 
Spearman test. A value of p<0.05 was considered significant.

RESULTS

Anxiety Results
The results of the Frankl Behavior Rating Scale, which assessed 
fear situations of the children participating in the study before 
and during dental procedures, are shown in Table 1.

According to Frankl Behavior Rating Scale results, category 1 (ab-
solutely negative) is 10%, category 2 (negative) is 68%, category 
3 (positive) is 22% and category 4 (absolutely positive) is 0%.

Clinical and Biochemical Results
The salivary flow rate and DMFT+dft index, NO, lactoferrin, 
α-amylase and cortisol values of the children participating in 
the study are given in Table 2. The children’s salivary flow rate 
averaged 0.57 ± 0.34 ml/min and the DMFT+dft index aver-
aged 7.56 ± 4.29. The lowest value of these parameters was 0, 
the highest were 1.5 and 17, respectively. The average, lowest 
and highest levels of NO (µmol/dL): 193.0±55.09; 122.26 and 
286.78 respectively, lactoferrin (ng/mL): 8.93±3.75; 3.73 and 
16.26 respectively, α-amylase (U/mL): 57.37±30.33; 22.30 and 
123.3 respectively, and cortisol (ug/dL): 0.64±0.22; 0.25 and 
0.99 respectively. There was no significant difference between 
girls and boys in terms of the parameters examined (Table 2).

The comparative results of salivary flow rate, DMFT-dft index 
and salivary nitric oxide, cortisol, α-amylase and lactoferrin 
values of children participating in the study, according to the 
Frankl Behavior Rating Scale, are given in Figure 1. Salivary flow 
rate decreased significantly in the Frankl 2 group compared to 
the Frankl 1 group (p=0.004) (Figure 1a).
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Table 1. The results of the Frankl Behavior Scale

Category %

1 10% (n=5)

2 68% (n=34)

3 22% (n=11)

4 0
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Table 2. The salivary flow rate and DMFT+dft index, nitric oxide, lactoferrin, α-amylase and cortisol values of the children

Average
(n=50)

Lowest Level 
(n=50)

Highest Level 
(n=50)

Girls
(n=30)

Boys
(n=20)

Salivary flow rate (mL/min) 0.57±0.34 0 1.5 0.53±0.35 0.63±0.34

DMFT+dft 7.56±4.29 0 17 7.87±4.31 7.1±4.33

Nitric oxide (µmol/dL) 193.0±55.09 122.26 286.78 191.0±57.73 190.5±52.63

Lactoferrin (ng/mL) 8.93±3.75 3.73 16.26 8.97±3.54 8.87±4.16

Α-Amylase (U/mL) 57.37±30.33 22.30 123.3 58.05±32.62 56.35±27.32

Cortisol (ug/dL) 0.64±0.22 0.25 0.99 0.65±0.23 0.62±0.21

Table 3. The results of correlation between the parameters examined

Salivary flow rate 
(mL/min) DMFT-dft

Nitric Oxide 
(µmol/dL)

Lactoferrin 
(ng/mL)

α-Amilase 
(U/mL)

Cortisol
(ug/dL) 

Salivary flow rate (mL/min) -0.106 -0.066 -0.094 -0.163 -0.035

DMFT-dft -0.106 0.902* 0.890* 0.884* 0.882*

Nitric Oxide (µmol/dL) -0.066 0.902* 0.105 0.937* 0.204

Lactoferrin (ng/mL) -0.094 0.890* 0.105 0.820* 0.810*

α-Amilase (U/mL) -0.163 0.884* 0.937* 0.820* 0.849*

Cortisol (ug/dL) -0.035 0.882* 0.204 0.810* 0.849*

p<0.001

Figure 1. The comparative results of salivary flow rate, DMFT-dft index and salivary nitric oxide, lactoferrin, α-amylase and cortisol val-
ues of children according to the Frankl Behavior Rating Scale.***p<0.01 compared with the Frankl 1 group



Except that, there was no significant difference between sali-
vary parameters according to the Frankl 1, 2 and 3 scale. Ac-
cording to the Frankl Behavioral Rating Scale, there are no chil-
dren in the definite positive group (Frankl 4), therefore, they are 
not included in the table. No significant difference was found 
between the groups when the examined parameters were clas-
sified for the Frankl Behavioral Rating Scale (p>0.05).

The results of correlation between the parameters examined 
are given in Table 3. There was a significant and positive cor-
relation between DMFT+dft and salivary NO, lactoferrin, α-am-
ylase and cortisol values (r=0.902, r=0.890, r=0.884, r=0.882, 
p<0.001). In addition, there was a significant and positive cor-
relation between salivary nitric oxide and α-amylase (r=0.937, 
p<0.001), between cortisol and α-amylase (r = 0.884, p<0.001), 
between cortisol and lactoferrin (r=0.810, p<0.001) and be-
tween α-amylase and lactoferrin (r=0.820, p<0.001).

DISCUSSION

The results of the Frankl Behavior Rating Scale showed that 
the highest ratio of children is in category 2, which means the 
majority of the children participating in the study (68%) were 
reluctant to accept treatment and they were showing a sign of 
negative attitude, although not obvious.

This negative attitude may be related to the high DMFT+dft in-
dex and low salivary flow rate in this group, compared with the 
Frankl 1 group. 

The results of our study also showed significant correlations 
between salivary NO, lactoferrin, cortisol, α-amylase levels and 
DMFT+dft indexes in children. It was shown that dental caries 
affect the immune system by causing inflammation, and lead 
to increase in various salivary biomarkers (12). The correlation 
between DMFT+dmft indices and salivary proteins in our study 
is consistent with this information. Salivary flow rate, NO, lacto-
ferrin, α-amylase and cortisol levels were not different between 
girls and boys. As supported by the results of our study, anxiety 
due to the dentist and dental treatment is a common problem 
in children. As completely negative children would be expect-
ed to have more decreased salivary flow rate than negative 
children, the low number of children in category 1 and catego-
ry 2 may have caused this finding. According to our literature 
search details, in the present study, the relationship between 
dental anxiety and salivary NO was investigated for the first 
time in the literature. There was no correlation between the re-
sults of the Frankl Behavioral Rating Scale and the salivary NO 
levels of the children participating in the study. The low num-
ber of patients participating in the study may be the reason for 
no significant correlation between saliva NO and anxiety. It was 
reported that NO is one of the agents involved in neurotrans-
mitter dysfunction during anxiety and depression, and if anx-
iety and depression are an adaptation, NO may be involved 
during this adaptation (13). Also, it was shown that salivary NO 
levels of patients with periodontitis were higher than healthy 
individuals (14).

Because of individual differences in salivary secretion rates 
and gingival health, salivary antimicrobial factors show indi-
vidual differences. There was a positive and strong correlation 
between saliva lactoferrin levels and the DMFT+dft index in 
our study. Felizardo et al. reported that 58.8% of the children 
did not have decay in their teeth and 63.3% of them had car-
ies experience, and their lactoferrin concentration correlated 
positively with both DMFT and restored teeth number (15). 
Sikorska et al. (16) determined saliva lactoferrin levels in chil-
dren aged 15 years, and reported that there was a significant 
relationship between caries surface index and saliva lactoferrin 
levels. As one of the defence factors in saliva, the direct bac-
teriostatic effect of lactoferrin, is not only depriving the most 
important elements necessary for bacteriological growth by 
binding the bacterium, but it is also achieved by destroying the 
outer membrane of the bacterium and building up NO in the 
macrophages (16).

It has been shown that a high α-amylase concentration in sa-
liva affects oral health positively, and is associated with both 
physical and physiological stress conditions (6). In our study, it 
was found that salivary α-amylase correlates strongly with the 
DMFT-dft index and salivary NO. It was reported that α-amylase 
may play a role in plaque formation (17). Plaque formation and 
damage caused by bacteria may lead to increase NO in oral tis-
sue. This relationship may be the cause of salivary α-amylase 
DMFT-dft index and NO correlation.

Collection of saliva is easier and less invasive than blood collec-
tion in children. The determination of salivary cortisol can pro-
vide great convenience, especially in field studies, large cohort 
studies and studies with children, due to stress-free collection 
and working conditions. Considering the correlation between 
saliva and blood, saliva can be used as an alternative to blood 
in free cortisol measurements (18).

In our study, cortisol levels in saliva samples collected from 
children participating in the study were examined to investi-
gate the stress that the dental examination environment cre-
ated. Sadi et al. (19) did not find any relationship between sal-
ivary cortisol levels and the patient’s anxiety levels, also there 
was no correlation between salivary cortisol levels and those 
determined by the Frankl Behavior Rating Scale in this study. 
The lack of correlation between the Frankl Behavior Rating 
Scale and salivary cortisol and α-amylase may depend on the 
measurement method used to determine stress. The Frankl Be-
havior Rating Scale method is open to interpretation since it is 
observational. The grouping may vary according to the observ-
er (20). Since children cannot express themselves as clearly as 
adults, the grouping of their current situation may vary.

A positive correlation between salivary cortisol levels and DM-
FT+dft indeces was found in our study. Rai et al. evaluated sali-
vary cortisol levels in children with rampant caries (21).

These children reported acute pain and distress prior to dental 
treatment, and an increased level of cortisol was recorded in 
their saliva. Also, after dental treatment, a decreased level of sal-
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ivary cortisol, which was attributed to the absence of pain and 
reduced level of stress, was observed in their study. Additionally, 
Patil et al. (22) found a correlation between salivary cortisol and 
stress in dental procedure of healthy children undergoing rou-
tine dental procedures. Dental treatment is generally considered 
stressful and anxiety producing. These emotional states lead 
biochemical changes, such as elevation of salivary cortisol. Also, 
this may affect dental fear, and lead to the refusal of dental treat-
ment, which may cause an increase in caries. Measurement of 
salivary cortisol is an accurate way of measuring adrenocortical 
function, and may be used as an index for stress (23).

Additionally, in the present study, a significant and positive cor-
relation was found between salivary cortisol and α-amylase val-
ues. The role of salivary α-amylase in stress was investigated, and 
it was demonstrated that stress causes a significant increase in 
salivary α- amylase levels (24). Dental treatment itself can induce 
anxiety and fear in children, and these emotions cause signifi-
cantly increased levels of salivary α-amylase immediately after 
dental treatment (25). Also salivary α-amylase was suggested as 
a marker of the autonomic nervous system response to stress in 
youth and adults (26). Unlike most salivary analytes that are ac-
tively transported or passively diffused into saliva from plasma, 
salivary α-amylase is locally produced in the oral mucosa of the 
salivary glands. The salivary glands are innervated by sympa-
thetic and parasympathetic nerves, and salivary secretions from 
the glands arise in response to neurotransmitter activation. This 
suggests that salivary α-amylase may be a noninvasive marker of 
psychosocial stress autonomic activity (27).

A significant and positive correlation detected between α-am-
ylase and lactoferrin is another important finding of our study. 
Lactoferrin is an important constituent of the innate immune 
system. Stressful conditions can affect the immune response, 
and stress may lead to physiobiochemical alterations in the 
constituents of saliva (28). Furthermore, dental caries may be 
suggested as being a triggering factor for a nonspecific im-
mune response, and may lead to an increase in levels of these 
salivary proteins (29).

The limitation of the present study is the lack of children in cat-
egory 4 according to the Frankl Behavior Rating Scale. Finding 
a study group as ‘positive children’ was not very applicable. 
It was very difficult to find enough children to make up this 
group because a ‘completely positive group’ means that the 
children loved the dentist treatment.

CONCLUSION

Our findings show the potential of salivary nitric oxide, lacto-
ferrin, cortisol and α-amylase to reflect oral health. However, 
more studies are needed to prove the interaction of these pa-
rameters with dental anxiety in children.
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