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Introduction: Dentofacial abnormalities in growing children are a common
reason for orthodontic referral. Studies have suggested the use of biomarkers
like cortisol to predict puberty stages. The aim of the present study was to
investigate the correlation between salivary cortisol levels and Cervical
Vertebral Maturation Stages (CVMSs) on lateral cephalometry.

Materials and Methods: This cross-sectional study was conducted on 60
male patients aged 8 to 18 years. After preparing unstimulated saliva in the
morning and determining the level and amount of cortisol in saliva by
laboratory method, the level of cortisol in saliva was compared with the
maturity of cervical vertebrae in lateral cephalometric view. Individuals were
divided into four groups (CS-1, CS-2); (CS-3); (CS-4); and (CS-5, CS-6)
based on the CVMS. The collected data were entered into SPSS 18 and
analyzed. A value of P<0.05 was considered statistically significant.
Results: The results showed that the mean salivary cortisol level in the first,
second, third, and fourth groups was 1.37+1.34, 2.29+2.01, 2.62+1.86, and
4.51+2.34, respectively. The mean salivary cortisol level of the fourth group
was significantly higher than that of the first and second groups (P<0.001
and P=0.029, respectively) but compared with the third group, it was not
statistically significant.

Conclusion: Salivary cortisol level increases with the development of the
CVMS from CS-3. Therefore, salivary cortisol levels can be used as an
indicator to determine the growth peak.
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Introduction

Dentofacial abnormalities in growing children are a common reason for referring patients for
orthodontic treatment. These patients may require functional or orthopedic treatments during growth or
orthognathic surgical treatment after growth is complete. ™ Skeletal maturity is a key factor in
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orthodontic treatment planning. @ When growth modification treatment is performed during peak
pubertal growth, the treatment duration is shorter and the results are more successful. ® 4 Various
decisions in the treatment plan, such as tooth extraction or not, treatment with functional appliances,
orthopedic corrections, jaw expansion, and orthognathic surgery, depend on the patient's growth status.
[3,5]

Various indicators have been introduced to estimate the stage of skeletal maturity. Some of these
indicators include height, weight, chronological age, sexual maturity, frontal sinus, biological age or
physiological age, wrist maturity, cervical vertebrae, tooth eruption, stages of dental calcification, and
more recently biomarkers. © The cervical vertebral maturation (CVM) method is used to evaluate
growth stages. Some researchers propose to predict maturation stages by biomarkers. Because lateral
cephalometry alone may not be reliable in suspicious cases, the use of biomarkers along with imaging
increases the accuracy of determining pubertal timing. 278 Biochemical methods are noninvasive and
do not require X-rays. Biomarkers can be measured from various biological fluids such as blood, urine,
gingival crevicular fluid (GCF), and saliva.

Collecting saliva is far less invasive than collecting other body fluids such as GCF, serum, and urine.
(20. 111 Therefore, in addition to the CVM method to validate results, the use of alternative tests such as
salivary cortisol levels has been suggested to evaluate skeletal maturity. © 2 Puberty is essentially a
hormonal phenomenon. Biological changes that occur during puberty include changes in nervous factors
or hormones. The entire endocrine system changes during puberty, and growth, thyroid, and adrenal
hormones are also involved in puberty. [+ 23

Glucocorticoids are one of the hormones that play an important role in growth. Cortisol is the main
glucocorticoid produced and secreted by the adrenal cortex and is regulated by the hypothalamus,
pituitary, and adrenal axis. ! Severe depression, the use of steroid medications, stressors such as exams,
emotional pressure, pain and anxiety, physical and emotional trauma, adrenal disorders, decreased
pituitary activity and other cases lead to a decrease in cortisol levels. (1014

Cortisol can be measured in serum and saliva. Measurement of cortisol level in saliva can replace
measurement of cortisol level in serum because measurement of cortisol level in saliva is a sign of the
free and biologically active part of the hormone and is also a simple, noninvasive, and stress-free
method. 1 Recently, studies have been done on cortisol as a biomarker of skeletal maturity, and the
results of the studies have shown an increase in cortisol levels during puberty, but most of these studies
have been conducted on serum. 12

Since in orthodontics the target population for determining maturity status is children and
adolescents, the use of a minimally invasive method such as salivary cortisol testing may be useful in
obtaining maximum patient cooperation. The aim of the present study was to investigate the relationship
between the salivary hormone cortisol and the assessment of the maturity status of an individual's
skeleton based on the cervical vertebrae using lateral cephalometry.

Materials & Methods

The present study was approved by the Ethics Committee of Babol University of Medical Sciences
(IR.MUBABOL.HRI.REC.1400.109). In this cross-sectional study, sixty 8-18-year-old male patients
who needed orthodontic treatment and lateral cephalometric radiography were referred to the
Orthodontic Department of the Faculty of Dentistry in Babol. All participants were selected with full
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knowledge of the study conditions. They or their parents (for those under 18) signed a written consent
form.

All boys were apparently healthy. Exclusion criteria were patients with systemic diseases, long-term
medication use, congenital and hereditary diseases, smoking, developmental disorders, trauma to the
jaw or face, periodontal disease, depression, anxiety within the past 24 hours, and a history of
neuropsychiatric medication use.

The head was in the Natural Head Position (NHP) during radiographs. Lateral cephalometric
radiographs taken (70BD- NewTom Go, Imola, Italy) to determine Cervical Vertebral Growth Stages
(CVMSs) were evaluated separately by two orthodontists. If two experts disagreed on the CVMS, both
experts agreed with each other after consultation.

The valuation of the CVMS was based on the classification of Baccetii et al. (16). In this way, patients
were divided into four groups: CS-1, CS-2; CS-3; CS-4; and CS-5, CS-6 (Figure 1).

Figure 1. An example of lateral cephalometric radiographs examined in the present study at each of the six
maturation stages of cervical vertebrae (A: CS-1, B: CS-2, C: CS-3, D: CS-4, E: CS-5, F: CS-6)

Sampling

On the same day that the lateral cephalometric radiograph was taken, saliva samples were collected
from the patients under almost the same conditions and at the same time of day (the patient fasted
between 8 and 10 am). First, the patients' mouths were rinsed with physiological serum and then their
unstimulated saliva was collected in an amount of 2-5 ml using the spitting method. On the same day,
the tubes were centrifuged at a speed of 3000 rpm for 15 minutes and the clear liquid above the tube
was separated and frozen. Then, they were kept in the freezer at -20 degrees Celsius until the day of the
experiment.

Measurement of cortisol level

On the day of the test, the samples were first brought to room temperature along with the ELISA kit
(which was in the refrigerator at 2-8 degrees Celsius). The samples were centrifuged at a speed of 3000
rpm for 15 minutes according to the instructions of the manufacturer of the ELISA Kit, and the liquid at
the top of the tube was separated. The method and kit used were the same for all samples. In this
experiment, the Enzyme immunoassay (EIA) kit from ZELL BIO, Germany with the number ZB-
S11003M-H9648 was used. Finally, the samples were entered into the ELISA reader and the result was
read at a wavelength of 450 nm according to the manufacturer's instructions.
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Statistical analysis

The resulting data were entered into SPSS 18 (IBM, Armonk, New York) and analyzed using the
ANOVA with Tukey's post hoc test. A value of P<0.05 was considered statistically significant.

Results

In the present study, sixty 8-18-year-old male patients with a mean age of 12.36+2.27 years were
examined. The frequency of CVMSs and the mean salivary cortisol level in each group are shown in
Table 1.

Table 1. Frequency of individuals by cervical vertebral growth stage and comparison of their salivary cortisol levels

. . . 95% confidence interval for
Cervical vertebral Mean cortisol level inthe  Standard mean cortisol level

Frequency Percentage  gr6,p (nanograms/ml)  deviation

maturation stage

Lower limit Upper limit

Cs-1,CS-2 18 30 1.37 1.34 0.7 2.04
Cs-3 13 21.666 2.29 2.01 1.07 3.5 ..0.001
Cs-4 19 31.666 262 1.86 1.72 3.51

CS-5,CS-6 10 16.666 451 2.34 2.84 6. 18
* ANOVA test

** Statistically significant

The mean salivary cortisol level of the patients indicated a statistically significant difference in the
boys with different CVMSs (P<0.001). The lowest concentration of salivary cortisol was found in the
CS-1, CS-2 stages and the highest concentration in the CS-5, CS-6 stages, and as the CVMS developed,
the salivary cortisol level increased (Diagram 1).

P=0.001
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2.62
2.29
1.37] i
0
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Cervical vertebrae

Diagram 1. Salivary cortisol levels of subjects according to cervical vertebral maturation stage

Pairwise comparison of CVMS in terms of salivary cortisol levels revealed a statistically significant
difference between CS-1,CS-2 and CS-5,CS-6 as well as CS-3 and CS-5, CS-6 (P<0.001 and P=0.029,
respectively). Although the difference between CS-4 and CS-5, CS-6 was not statistically significant.
(Table 2).
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Table 2. Pairwise comparison of salivary cortisol levels of individuals by cervical vertebral maturation stage

Difference in 0 i i i i
Growth stage of Growth stage of . 95% confidence interval for the difference in
mean cortiso i
i the compared mean cortisol level of two groups *Blvallle
ical verteb ical verteb level of two
cervical vertebrae  cervical vertebrae imi imi
groups Lower limit Upper limit
CS-3 -0.92 -2.69 0.86 0.527
CS-1,CS-2 CS-4 -1.25 -2.85 0.36 0.181
CS-5,CS-6 -3.14 -5.06 -1.21 **<0.001
CS-4 -0.33 -2.09 1.43 0.96
CS-3
CS-5,CS-6 -2.22 -4.28 -0.17 **0.029
CS-4 CS-5,CS-6 -1.89 -3.8 0.01 0.052

* Tukey HSD post hoc test
** Statistically significant

Discussion

The results of the present study suggested that the mean salivary cortisol increased with the
development of CVMS and reached its maximum at the CS-5, CS-6 stage. However, the difference in
salivary cortisol levels was significantly higher only at the CS-5, CS-6 stage than at the CS-1, CS-2 and
CS-3 stages. Of course, the difference in cortisol level in this stage compared with CS-4 was not
significant. It seems that with the last CVMS, the salivary cortisol concentration increases dramatically,
reaching almost three times the value in the first CVMS.

Due to the direct correlation between the salivary cortisol level and the CVMS, this finding can be
used to determine the completion of the cervical vertebral growth, i.e., to confirm the end of the
individual's growth period. However, because the difference in mean cortisol levels in the lower CVMSs
is not significant, this index may not be able to distinguish the lower CVMSs from each other. However,
this issue needs further investigation in future studies.

Sowmya et al., in a study on the salivary cortisol level and its relationship with the cervical vertebral
maturation stage in girls, concluded that salivary cortisol levels reach their maximum during puberty. !
The results of their study are consistent with the present study despite the difference between the sexes.
In another study, Titman et al. reported that age and salivary cortisol levels are very strongly related to
age. For every year that age increases, salivary cortisol levels increase by 11%. 7]

Although their study did not examine CVMSs and the present study focused on CVMSs rather than
age, it was impossible to accurately compare the results of the two studies. However, from the point of
view that people with a higher CVMS have a higher mean age, the results of their study can be
considered in line with the present study.

Kiess et al. suggested that the highest level of salivary cortisol was found in children younger than
one year and the lowest level was observed in 1-5-year-old children, and after five years, salivary cortisol
levels also increased with age. 8 Moreover, the correlation of salivary cortisol level with pubertal stage
was similar to that with age. First, it decreases from the first to the second stage and then increases until
the fifth stage, with the difference that the highest salivary cortisol level is in the fifth developmental
stage.
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Their study did not mention how to classify the stages of maturity. Moreover, in the current study,
the CVMS was not investigated. In addition, in the present study, the minimum age of the participants
was eight years, and there was no information on individuals younger than eight years. Despite these
differences, the findings of both studies are consistent with the increase in salivary cortisol levels with
increasing age. Despite an extensive database search, very few studies were found that examined the
relationship between salivary cortisol levels and CVMS exclusively in boys. Even in the systematic
review published by Khade et al., only one study was found that examined the relationship between
salivary cortisol and CVMS. B

In general, the studies that have investigated salivary cortisol levels indicate a direct relationship with
age, which is also confirmed in the present study. In this way, salivary cortisol level can be considered
as an indicator of a person's growth rate and determination of the end CVMSs.

Very few studies have examined the relationship between salivary cortisol levels and CVMS
exclusively in boys. Furthermore, there is no specific numerical value for normal salivary cortisol levels
during developmental stages; this could be a topic for future research. Additionally, since parts of this
study were conducted during the COVID-19 pandemic, we were unable to ensure that all of our sample
groups were exactly the same in terms of numbers.

Conclusion

Salivary cortisol level increases with the development of CVMS. Hence, the lowest mean salivary
cortisol level was observed in the CS-1, CS-2 stage and the highest in the CS-5, CS-6 stage. The
difference in mean cortisol level between the different CVMSs was statistically significant. Therefore,
salivary cortisol level can be used as an indicator to determine the end CVMSs.
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