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KEYWORDS Abstract Background: Growth incidents usually progress in a fairly expected sequence; however,
Saliva; their timing and pattern vary across individual subjects. Biochemical biomarkers have an associa-
Biomarker; tion with bone metabolism and produce signals which stimulate the growth and development of
Dehydroepiandrosterone various craniofacial structures. Steroid dehydroepiandrosterone sulfate (DHEA-S) plays a major
sulfate DHEA-S; role in the initiation of growth hormone actions which has a significant role in promoting and accel-
Skeletal maturity indicator; erating skeletal maturation during puberty. The aim of this study was to investigate the correlation
Growth assessment; between salivary DHEA-S levels and cervical vertebral maturation (CVM) stages throughout the

Cephalometric radiograph circumpubertal developmental period.

Methods: One hundred forty-one participants (70 males and 71 females), between 7 and 23years
of age, were categorized into six cervical stages (CS) based on lateral cephalograms. Using a passive
drooling technique, unstimulated whole saliva samples were collected from all enrolled subjects.
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DHEA-S levels were analyzed using the enzyme-linked immunosorbent assay (ELISA) and corre-

lated with the six CVM stages.

Results: One-way analysis of variance ANOVA showed that the mean salivary DHEA-S levels
at CS 3 and CS 4 were significantly different from the values recorded at other stages, and the two
stages were statistically significant from each other. Pearson linear correlation of mean salivary
DHEA-S levels from CS 1 to CS 6 showed a significant positive correlation.

Conclusion: Salivary DHEA-S can be used as a non-invasive indicator for detecting the pubertal

growth spurt.

© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Growth and development of craniofacial structures is a com-
plex phenomenon. Growth incidents usually possess an
expected sequential progression, with variations in their timing
and pattern among individual subjects (Santa Maria et al.,
2021). This is especially true with regard to several factors that
can affect the individual onset of puberty, such as genetics, eth-
nicity, nutrition, and socioeconomic status (Mehta et al.,
2022). Patel et al. describe physiological age as ‘“‘the matura-
tion degree of different tissue systems of an individual* which
can be estimated by sexual maturation characteristics (pu-
berty), somatic or morphologic age, and skeletal maturation
and dental development (Patel et al., 1980). Studies have
shown that the skeletal maturation assessment based on cervi-
cal vertebral examination is the most widely used indicator
(Amasya et al., 2020). The cervical vertebral maturation
method relies on inter-stage comparisons of the shape and
depth of the inferior concavity and the height and shape of
the cervical vertebrae bodies to different growth phases
(Baccetti et al., 2005). However, the disadvantage of this
method is the challenge of visualizing the subtle changes in
the vertebrae, due to an improper neck posture while taking
the radiograph, or blocking out of the cervical vertebrae struc-
tures by the thyroid collar (Rainey et al., 2016; Dhiman et al.,

2015). Therefore, detecting skeletal maturation using biochem-
ical markers has recently become the focus of an increasing
number of studies, especially since they overcome the previ-
ously mentioned limitations (Tsagkari et al., 2022). Biomark-
ers have been associated with bone metabolism and cartilage
development and production of signals that stimulate growth
and development of craniofacial structures and mandibular
condyles (Gv and Tripathi, 2021).

The 19 carbon (C19) steroids dehydroepiandrosterone
(DHEA) and DHEA- sulfate (DHEA-S) are the most abun-
dant steroid hormones in the body, they are produced and
secreted from the adrenal cortex into the circulation (Remer
et al., 2004). These sex steroids play major roles in stimulating
reproductive glands to produce the sex steroid hormones:
testosterone and estrogen (Rosenfield, 2021). In growing indi-
viduals, the progressively increasing level of DHEA-S can lead
to an increase in linear growth velocity and advanced bone age
(Klinge et al., 2018).

DHEA sulfate (DHEA-S) is the sulfated form and immedi-
ate  metabolite of dehydroepiandrosterone (DHEA)
(Temerdashev et al., 2021). Although DHEA and DHEA-S
possess similar biological behaviors and both can be easily
assayed, DHEA-S provides a more integrative measurement
and is always preferred to be measured than DHEA
(Maninger et al., 2009; Srinivasan and Premkumar, 2012). This
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Table 1 Sample distribution by sex and cervical maturation stages.

Cervical maturation stages

CS1 CS2 CS3 CS 4 CS 5 CS 6
Male 13 12 13 11 12
Female 11 12 11 12 12

is mainly due to the higher circulating level of DHEA-S than
DHEA: approximately 100-1000 times higher (Rosenfeld
et al., 1972).

Several studies have been conducted to assess the DHEA-S
levels in serum as a skeletal maturation indicator based on
hand and wrist or cephalometric radiographic techniques
(Anusuya et al., 2020; Srinivasan and Premkumar, 2012;
Venkatagiriappa et al., 2016). The majority of these studies
found that for both genders DHEA-S levels progressively
increase from pre-puberty through adulthood as skeletal mat-
uration progressed (Srinivasan and Premkumar, 2012;
Venkatagiriappa et al., 2016). Only one study has been con-
ducted to measure the relationship between the level of salivary
DHEA and cervical vertebral maturation (Ganesan, 2016).
Nevertheless, the findings reported in the literature highlight
the fact that DHEA-S can be a more valuable tool for assess-
ing skeletal maturation than DHEA (Temerdashev et al.,
2021). In addition, several studies have proposed that
DHEA-S can be accurately and reliably measured from saliva
(Dismukes et al., 2016; Heaney et al., 2012; Whetzel and Klein,
2010). Another study examined the correlation between serum
and saliva levels of DHEA-S and reported a positive correla-
tion between the two techniques, with higher sensitivity in
the salivary approach (El-Gharib and El-Din Hazaa, 2014).
The aim of the current study was to investigate the correlation
between salivary dehydroepiandrosterone sulfate levels and
cervical vertebral maturation stages throughout the circumpu-
bertal developmental period.

2. Material and method

2.1. Sample description

This cross-sectional clinical study involved one hundred and
forty-one participants (70 males and 71 females), between 7
and 23 years of age, who were categorized into six groups
according to their cervical vertebral maturation stage. The dis-
tribution between the groups was matched for sex (Table 1).
The study was conducted at the Orthodontic Clinic in the Den-
tal University Hospital of King Saud University, Riyadh,
Saudi Arabia. The protocol was approved by the Ethics Com-
mittee of College of Dentistry, King Saud University (PR
0113) and the Institutional Review Board approval (IRB #E-
20-5285). Informed consent to participate in the study was
obtained from all subjects; for those who were under 18 years
of age, the informed consent was signed by the accompanying
legal guardian. The inclusion criteria were Saudi subjects
requiring orthodontic treatment with normal periodontal con-
ditions (generalized probing depth < 3 mm, plaque and gingi-
val indices of 1, with no radiographic evidence of periodontal
bone loss) (Loe, 1967). Any subjects diagnosed with systemic
diseases, craniofacial abnormalities, oral infections, and/or

under medications that affect bone growth and metabolism
including bisphosphonates and antiepileptic drugs were
excluded. In addition, smokers and those with self-reported
pregnancy or lactation were excluded. After determining the
eligibility, subjects were scheduled for saliva samples and stan-
dardized lateral cephalometric radiographs.

2.2. Salivary samples and biochemical assays

All of the scheduled subjects were instructed to refrain from
tooth-brushing, food, and drinks for at least 1.5 h prior to sal-
iva collection (Alhazmi, 2017; Henson and Wong, 2010). Using
a passive drooling technique, unstimulated whole saliva was
collected during the second visit by asking the subjects to rinse
their mouths with distilled water, wait for 5 min, and then sit
quietly and drool saliva into a 15 ml collection tube after swal-
lowing. A sample volume of 1-5 ml was collected, labeled with
subject’s initials, and a serial number. All samples were col-
lected during the period from 8:00 am to 11:00 am, then trans-
ported in an ice container to the Molecular and Cell Biology
laboratory in the College of Dentistry, King Saud University.

Samples were centrifuged using a centrifuge machine
(Eppendorf Centrifuge 5427 R, Sigma-Aldrich Chemie GmbH,
Taufkirchen, Germany) and stored at —80 °C (Voegtline and
Granger, 2014). DHEA-Sulfated analysis was performed in
triplicate using enzyme-linked immunosorbent assay (ELISA)
analysis (MyBioSource, Southern California, San Diego
(USA) (MBS288469, 2021).

2.3. Cervical vertebral maturation stages classification

All lateral cephalometric radiographs were taken by the same
operator using the same machine (Planmeca ProMax, Plan-
meca Oy, Helsinki, Finland) in a natural head position with
settings of 68 kV, 13 mA, and an exposure time of 16 s. Assess-
ment of the cervical vertebral maturation stage was carried out
by two examiners using the Baccetti et al. method (Baccetti
et al., 2005).

2.4. Statistical analyses

The sample size estimation performed at the 5% level of signif-
icance (o0 = .05) with a power of 90% showed that a minimum
of 10 subjects per CS group is necessary.

The statistical analysis was performed using GraphPad
Prism software (version 9.3.1; Sigma Software Distribution,
Ashburton, Devon, United Kingdom). Descriptive statistics
were presented as percentages, tables, ranges, means, medians,
and standard deviations. One-way analyses of variance
(ANOVA) was used to measure the difference in concentration
mean for salivary DHEA-S among CVM stages and post hoc
Bonferroni analysis was done to detect the differences between
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Table 2 Descriptive statistics of DHEA-S for each cervical stage and P value of comparisons (one way ANOVA).

n Mean SD Median Maximum Minimum E* P
CS 1 24 2.2 0.4 2.5 2.9 1.2
CS2 24 2.8 0.5 2.8 3.4 1.6
CS3 22 6 0.6 6 7 5 430.7 .0001
CS 4 24 6.9 0.6 6.9 8 5.7
CS S5 23 8.6 0.5 8.7 9.7 7.8
CS 6 24 9.2 0.7 9.4 10 8
*Calculated using the repeated measures ANOVA.
Significant at P < 0.05.
DHEA-S Table 4 Pearson correlation coefficients of DHEA-S with
10 cervical vertebral maturation stages (CVMS).
| CVMS vs DHEA-S CS 1-6
1 R +.94
. Strength of relationship % R2 .89
J P value (2-tailed) .004
_E' 5 Correlation significance Yes
g i P < 0.05 is significant.
. observer and inter-observer reliabilities were measured using
4 the kappa statistic.
0 T T T T T T 3. Result
€Cs1 €S2 CS3 CS4 CS5 CS6 - nesulis
Mean (SD) values of salivary DHEA-S were 2.2 (0.4) ng/mL in
CVM Stages CS 1, 2.8 (0.5) ng ng/mL in CS 2, 6 (0.6) ng/mL in CS 3, 6.9
Fig. 1 Mean DHEA-S (ng/mL) for each cervical stage. (0.6) ng/mL in CS 4, 8.6 (0.5) ng/mL in CS 5, and 9.2 (0.7)

Table 3 Bonferroni multiple comparison test for mean
DHEA-S levels at the different cervical stages.

Bonferroni multiple Mean difference between P value
comparison test for DHEA-S 2 groups (ng/mL)

CS1vsCS2 —0.5111 .1091
CS1vsCS3 —3.843 <.0001
CS1vsCS4 —4.596 <.0001
CS1vsCSS5 —6.390 <.0001
CS1vsCS6 —6.913 <.0001
CS2vsCS3 —3.332 <.0001
CS2vsCS 4 —4.085 <.0001
CS2vsCS5 —5.879 <.0001
CS2vsCS6 —6.402 <.0001
CS3vsCS4 —0.7527 .0039
CS3vsCSS5 —2.547 <.0001
CS3vsCS6 —3.070 <.0001
CS4vsCSS5 —1.794 <.0001
CS4vsCS6 —2.317 <.0001
CS5vsCS6 —0.5229 .0948

P < 0.05 is significant.

the groups. Pearson correlation analysis was performed to
determine the relationship between mean salivary DHEA-S
levels and the cervical skeletal maturational stages. Intra-

ng/mL in the CS 6 (Table 2). The salivary DHEA-S level
increased progressively from its lowest value at CS 1 and shar-
ply increased in the transition stage at CS 3, followed by a
gradual increase till reached its peak at CS 6. The highest mean
DHEA-S value was observed in CS 6 (9.2 ng/mL), whereas the
lowest mean was observed in CS 1 (2.2 ng/mL). The mean sali-
vary DHEA-S levels are plotted against the cervical vertebral
maturation stages (Fig. 1).

One-way ANOVA post-hoc Bonferroni analysis showed
that the mean salivary DHEA-S level at CS 3 was significantly
different from the values recorded at the other stage and sim-
ilarly DHEA-S level was statistically significant at CS 4 from
the other CVM stages (P < 0.05), (Table 2). There was an
insignificant difference in the DHEA-S values between CS 1
and CS 2, and between CS 5 and CS 6 (P < 0.05), (Table 3).

Pearson linear correlation of mean salivary DHEA-S levels
from CS 1 to CS 6 showed a strong positive correlation with a
coefficient of 0.94, the correlation coefficient was statistically
significant at P < 0.05. Inter- and intra-examiner reliability
tests between the examiners’ readings showed good agreement
(kappa, 0.91-0.94) (Table. 4).

4. Discussion

Assessment of skeletal maturation plays an important role in
optimal orthodontic diagnosis and treatment planning (Santa
Maria et al., 2021). According to Baccetti et al, the ideal bio-
logic indicator of an individual’s skeletal maturity should be
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categorized by the following characteristics: efficiency in iden-
tifying the peak of mandibular growth, reliability of the data
interpretation, simplicity, and non-requisite of additional radi-
ation exposure (Baccetti et al., 2005). Recent studies have
emphasized the potential of using biomarkers as a useful diag-
nostic tool for predicting the skeletal maturation stages (Gv
and Tripathi, 2021). DHEA and DHEA-S biomarkers have
been reported to play a major role in stimulating growth and
proliferation of epiphyseal cartilage and initiation of growth
hormone action (Srinivasan and Premkumar, 2012). This
study demonstrated a positive correlation between the salivary
DHEA-S levels and CVM stages throughout the circumpuber-
tal growth phases.

The current study assessed the DHEA-S levels in saliva
among Saudi population grouped into 6 stages based on
cephalometric radiographs. The data clearly display that there
was a progressive rise in salivary DHEA-S levels as skeletal
maturation progressed. The results also showed that DHEA-
S levels were low in the initiation stage at CS 1 and sharply
increased in the transition stage at CS 3 followed by a gradual
increase as skeletal maturation progressed, almost reaching the
highest value in the completion stage at CS 6 with a mean
value of 9.2 ng/mL. Among all the CVM stages, there was a
statically significant difference in the means of salivary
DHEA-S levels, except between CS 1 and 2 and between CS
5 and 6. Multiple previous studies have reported a similar
trend of DHEA and DHEA-S levels in serum, where they
found a sharp increase just before puberty followed by a pro-
gressive increase until the early twenties (Srinivasan and
Premkumar, 2012; Venkatagiriappa et al., 2016). Srininvasan
and Premkumar assessed the DHEA-S levels in serum as a
skeletal maturation indicator among three groups: pre-
pubertal, pubertal, and post-pubertal based on hand and wrist
radiographs. Their findings confirmed the outcomes of the cur-
rent study, as they found a statistically significant increase in
serum DHEA-S levels from pre-pubertal to post-pubertal
groups (Srinivasan and Premkumar, 2012). Venkatagiriappa
et al. used the blood spot collection technique to evaluate
the level of DHEA-S based on hand and wrist maturity index
and they observed a similar increase pattern, but this increase
was statistically insignificant. They explained the difference in
their results could be attributed to the extensive variation of
the DHEA-S values found in all their study groups
(Venkatagiriappa et al., 2016). Only one study has gone
beyond previous reports and showed a different pattern of
DHEA-S levels in serum. They found that the highest mean
values of DHEA-S were observed in pubertal phases at CS 4
and 3 in males and females, respectively, with a statistically sig-
nificant difference among each CVM stage except between CS
5 and 6 (Anusuya et al., 2020). Sangeeth, K et al. found a pos-
itive correlation between salivary non-sulfated DHEA levels
and CVM stages. Although their results were in accordance
with those of the current study, their study subjects were allo-
cated to only three groups only: pre-pubertal, pubertal, and
adult groups (Ganesan, 2016). In addition, several studies have
shown that the DHEA-S biomarker is considered a more pre-
cious measure for evaluating skeletal maturation than DHEA
(Maninger et al., 2009; Rosenfeld et al., 1972; Srinivasan and
Premkumar, 2012), as DHEA-S has a great abundance and a
long terminal half-life compared to DHEA (Valenti et al.,
2009). Only one study assessed the relationship between sali-
vary DHEA-S levels and skeletal maturation (Sultana et al.,

2021), however, their sample included only children which
doesn’t represent the complete pattern and duration of the cir-
cumpubertal growth phases.

The discrepancy between the studies could be attributed to
the differences in sample populations and ethnicity. Moreover,
the present study is the first to exclude subjects with periodon-
tal problems or smokers. As several studies have found a sig-
nificant positive correlation between the aforementioned
subjects and DHEA-S activity (Brand et al., 2011; Cakmak
et al., 2014; Mudrika et al., 2014; Van Voorhees et al., 2013).

Although the diurnal rhythm of DHEA-S is much more
stable than DHEA (Dismukes et al., 2016). Several studies
have demonstrated diurnal rhythm of salivary DHEA-S levels
(El-Gharib and El-Din Hazaa, 2014; Whetzel and Klein, 2010).
Whetzel et al have studied the secretory pattern of DHEA-S
and they found early morning saliva collection contains high
levels of DHEA-S compared with the rest of the day
(Whetzel and Klein, 2010). Therefore, in order to overcome
the diurnal variations among our subjects, saliva samples were
collected early in the morning.

The current study has performed the analysis using the
ELISA technique that was advocated by other previous stud-
ies, due to the analytic sensitivity, specificity, and availability
of the DHEA-S ELISA kit (El-Gharib and EI-Din Hazaa,
2014). Furthermore, the alternative assay method is the
radioimmunoassay technique (IR) which needs special labora-
tories for radiation control, which is not simply obtainable (El-
Gharib and El-Din Hazaa, 2014).

The current study confirms the possibility of using salivary
DHEA-S as a noninvasive indicator for detecting the pubertal
growth spurt. There were a few limitations of the study; the
sample included only Saudi subjects and was conducted within
a departmental clinic at a single University, thus the results
cannot be generalized. Although the study included a large
number of subjects, future studies with a population of more
diverse ethnicity are necessary to validate the potential use of
salivary DHEA-S as a biomarker for skeletal maturity, in
addition to determining whether a particular salivary biomar-
ker is superior to another.

5. Conclusion

e There was a progressive rise in salivary DHEA-S levels as
skeletal maturation progressed.

e Among all the cervical maturation stages, there was a statis-
tically significant difference in the means of salivary
DHEA-S levels, except between CS 1 and 2 and between
CS 5 and 6.

e The mean salivary DHEA-S levels showed a strong positive
correlation with the cervical maturation stage.

e Salivary DHEA-S can be used as a noninvasive indicator
for detecting the pubertal growth spurt.
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