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Abstract: The quest for the most precise and non-invasive technology to monitor the pubertal growth
spurt is driven by the role of growth determination in orthodontics. The objective of this study
was to estimate the levels of salivary insulin-like growth factor-1 (IGF-1), IGF-binding protein-3
(IGFBP-3), and cross-linked C-terminal telopeptide of type I collagen (CTX1), and to analyze whether
the levels of these biomarkers vary among different chronological age groups with and without
periodontal disease. Eighty participants were divided into three groups based on their chronological
age: group 1: 6–12 years; group 2: 13–19 years; and group 3: 20–30 years. The assessed clinical
parameters included the simplified oral hygiene index (OHI-S), bleeding on probing (BOP), probing
pocket depth (PPD), clinical attachment loss (CAL), and community periodontal index (CPI). Using
ELISA kits, the IGF-1, IGFBP-3, and CTX1 levels in the saliva samples were estimated. The salivary
concentration of IGFBP-3 was significantly associated with age and gender (p < 0.01). However,
no significance was observed between subjects with and without periodontal disease. Significant
associations existed between the values of IGF-1, IGFBP-3, and CTX1 in saliva among subjects from
the various chronological age groups. Estimation of salivary IGF-1 and IGFBP-3 could serve as a
useful tool in the assessment of growth maturity and bone remodeling patterns during orthodontic
treatment planning.

Keywords: bone remodeling; insulin-like growth factor-1; IGF-binding protein-3; cross-linked
C-terminal telopeptide of type I collagen; periodontitis

1. Introduction

A proper evaluation of the maturational stage during diagnosis and treatment is essen-
tial for successful orthodontic therapy. An integrative collaboration between orthodontic
and periodontal care promotes the attainment of desired outcomes in the clinical manage-
ment of malocclusion. Healthy and sound periodontal tissues minimize the detrimental
implications of excessive bone resorption, which is clinically manifested as gingival reces-
sion, bony defects such as dehiscence, fenestrations, and loss of clinical attachment during
the phase of tooth activation. The relevance of periodontal examination before, during,
and after active orthodontic therapy is highly warranted when dealing with compromised
cases concerning pathologic tooth migration, intra-bony defects, and occlusion-related
damage [1].

Human saliva helps with a variety of other body functions, such as tissue maintenance,
oral protection, swallowing, food taste, and digestion, but in the last ten years, the use
of saliva as a diagnostic tool has grown significantly. Clinicians and researchers employ
human saliva because of its ease of transportability, simple collection techniques, ease of
disposal, cost effectiveness, and increased patient compliance [2]. Salivary diagnostics
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requires appropriate identification and validation of biomarkers for the detection of dis-
eases. Including serum, saliva also has hormones, antibodies, growth factors, enzymes,
microorganisms and their by-products, genetic material (such as DNA and RNA), and
protein molecules that reflect the physiological status of an individual [3].

Periodontal disease is a public health concern due to its high prevalence in adolescents,
adults, and the elderly. Clinical cases of malocclusion are common (88%) and have been
considered as one of the predisposing factors for periodontal disease. Past history of
periodontal disease, poor dental hygiene, and smoking are all variables that make patients
more vulnerable to periodontitis [4]. Active periodontal disease caused by tooth biofilm can
hasten periodontal deterioration by influencing the bone remodeling process. As a result,
monitoring of periodontal indicators in addition to skeletal maturity assessment as part
of a routine orthodontic diagnostic approach is essential to achieving optimal orthodontic
clinical outcomes.

Investigators have elucidated various growth assessment methods to establish the
appropriate timing of tooth movement such as body height, weight, sexual maturation,
frontal sinus, chronological age, physiological age, hand-wrist maturity, cervical vertebrae,
dental eruption, dental calcification stages, and growth biomarkers [5–10]. Although
chronological age can be used to predict adulthood, it is a crude indicator of biological
maturation processes that do not necessarily correspond to a child’s developmental stage.
Despite the fact that bone age assessment is still a standard radiological procedure for
pediatrics, it takes time and requires radiologist expertise, with intra- and interobserver
variability resulting in bone age and chronological age discrepancies [11].

Molecular biology has enabled researchers to shed light on the function of biological
growth mediators such as insulin-like growth factors (IGF-1), IGFBP-3, alkaline phosphatase
(AP), and osteocalcin (OC) in estimating pubertal maturity. Through the use of these
biomarkers in the future, orthodontic treatment may be avoided, incurring undesired
additional radiation exposures. Bone remodeling is influenced by the upregulation of
circulating growth hormone (GH), IGFs, IGFBPs, and locally produced IGFs and IGFBPs
that act on bone matrix receptors to drive osteoblast differentiation [12,13]. IGFs are present
in blood serum, gingival crevicular fluid (GCF), or saliva, and are typically bound to IGFBP-
1 to -6. IGFBP-3 is the predominant IGFBP that regulates the quantity of free, bioactive
IGF-1, therefore playing a role in bone cell proliferation. According to research by Kanbur
et al., the peak of the serum IGF-1/IGFBP-3 molar ratio corresponds to the time when bone
synthesis is accelerated during the pubertal growth spurt. As a result, they came to the
conclusion that the IGF-1/IGFBP-3 molar ratio might be used to predict growth spurts
accurately [14].

There is evidence that the severity of periodontal disease is related with decreased
levels of IGFBP-3 in the blood [15]. The presence of IGF-I and its receptors in periodontal
tissues modulates the immune response by inducing B cell growth, immunoglobulin
synthesis, and interleukin-6 (IL-6) production during inflammation. Disruption of the
homeostasis of osteoclastic and osteoblastic activity is linked to alveolar bone loss. Various
biomarkers of bone turnover include alkaline phosphatase (AP), osteocalcin (OC), C-
terminal propeptide of type I procollagen (PICP), cross-linked C-terminal of type I collagen
(ICTP), cross-linked C-terminal telopeptide of type I collagen (fragments alpha-CTX, beta-
CTX), and N-terminal propeptide of type I procollagen (PINP) [16].

During bone resorption, the insoluble collagen type 1 collagen fragments in the re-
sorption compartment of the osteoclast and the C-terminal telopeptide region of type I
collagen (CTX) are expressed in the body fluids. CTX levels in oral fluids have been shown
to be a predictable diagnostic marker in assessing periodontal disease activity, with good
sensitivity and specificity for detecting increasing bone damage [17]. According to a study
conducted by Joseph et al. in 2019, salivary CTX, OC, and ON (osteonectin) concentrations
can distinguish healthy participants from those with periodontitis [18]. The investigation
demonstrated by Choi YJ et al. 2020 analyzed the role of insulin-like growth factor 1 and
insulin-like growth factor-binding protein-3 in identifying growth hormone deficiency.
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They found that both IGF-1 and IGFBP-3 correlated well with chronological age compared
to bone age and pubertal age, suggesting its future implications as a screening tool [19].

In view of the present literature, it is important to emphasize the importance of
periodontal diagnosis in orthodontic treatment planning and the feasibility of using non-
invasive salivary biomarkers to predict periodontal tissue damage during orthodontic
therapy. Therefore, the present study aimed to evaluate salivary IGF-1, IGFBP-3, and CTX
among children, adolescents, and younger adults and to determine the association of these
markers among the study population with different chronological age groups with and
without periodontal disease.

2. Materials and Methods

This cross-sectional study was conducted at Majmaah University, Zulfi, Saudi Arabia,
between December 2021 and February 2022 after being approved by the institutional ethical
committee of Majmaah University, Saudi Arabia (Research Number: MUREC Nov.08/COM-
2020/8-2; dated 8 November 2020) in accordance with the Helsinki Declaration.

In total, 110 patients, aged 6–30, who sought orthodontic consultation at the outpatient
department of preventive dentistry, were randomly selected for this study. We excluded
patients with chronic systemic diseases; diseases affecting growth such as vitamin D
deficiency; parathyroid, growth, and thyroid hormone disorders; renal disorder; diabetes;
growth abnormalities; blood disorders; those taking bone metabolism medications for
the past six months; xerostomia; those who reported previous orthodontic treatment;
radiotherapy; pregnant or lactating patients; and smokers. Before being enrolled, each
participant over the age of 14 and the caregivers of participants under the age of 14 signed
an informed consent form. Sixteen subjects refused to cooperate during saliva collection,
and fourteen subjects did not approve of written consent, resulting in a total of thirty
dropouts. All data was recorded and statistically analyzed for 80 subjects.

A personal interview was conducted for all the participants enrolled. Sociodemo-
graphic data comprising age, gender, nativity, previous medical and dental history, a
family history of periodontal disease, and personal oral hygiene habits were electronically
recorded by a single researcher. The subjects were classified into three groups: group 1:
6–12 years old; group 2: 13–19 years old; and group 3: 20–30 years old.

A mouth mirror and a community periodontal index probe (CPI) were used to examine
and record periodontal variables. An intra-examiner calibration value of 0.86 was estimated
using kappa statistics on 15 study subjects assessed by the initial examiner. To evaluate
the oral health status of all study subjects, the simplified oral hygiene index (OHI-S),
bleeding on probing (BOP), probing pocket depth (PPD), clinical attachment loss (CAL),
and community periodontal index (CPI) were estimated [20–22]. Apart from BOP, the
periodontal parameters such as PD and CAL assessed were strictly confined to fully
erupted permanent dentition.

As per the World Health Organization (WHO) 1997 guidelines, the whole dentition
was divided into six sextants. From each sextant, one index tooth was chosen (16, 11, 26, 36,
31, and 46). The scores assigned to the subjects were based on the following criteria: CPI = 0,
normal; CPI = 1, bleeding on probing and no pocket 3.5 mm; CPI = 2, calculus present and
no pocket 3.5 mm; CPI = 3, shallow pocket 3.5–5.5 mm; and CPI = 4, deep pocket 5.5 mm.
The highest score was taken into consideration for the assessment of subjects’ periodontal
status [21].

For the assessment of OHI-S, the lingual and buccal surfaces of teeth 16, 26, 11, and 31,
and the lingual surfaces of teeth 36 and 46 were inspected. The index tooth evaluated for
evaluating the simplified oral hygiene index in the case of deciduous dentition included
the labial surface of 54, 61, and 82, and the lingual surface of 75. In the case of mixed
dentition, the labial surface of 26 and the lingual surface of 46 were also included. Each
subject’s OHI-S score was calculated by adding the debris index and calculus index values.
The debris index and calculus index were calculated by summing the individual values
and dividing them by the total number of teeth evaluated after recording individual tooth
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scores for debris and calculus. The outcomes were divided into three categories: excellent
(0–1.2), fair (1.3–3), and poor (3–16) [20].

The PD measurement was recorded from the gingival margin to the base of the sulcus
by probing all six sites of the tooth (mesiobuccal, mid-buccal, distobuccal, mesiolingual,
mid-lingual, and distolingual). During the process of recording, bleeding at any site was
also noted 10–15 s after probing. The presence of BOP in the specific site was indicated as a
positive sign (+) in the patient data. Patients with BOP in more than 10% of the sites were
categorized as having gingivitis. The distance between the cementoenamel junction and
the base of the gingival sulcus was used to calculate the CAL. Participants with CAL were
considered to meet the criteria for periodontitis.

All participants were instructed to report between the hours of 10 a.m. and 12 a.m.
to standardize the diurnal variation. Before accumulating saliva in the mouth, they were
told to sit straight in a comfortable position and completely rinse their mouths. In total,
5 mL of unstimulated saliva was collected in a graded Eppendorf tube using the spitting
method [23]. All of the tubes were labeled by the primary investigator, and the samples
were stored at −20 ◦C until further analysis.

Within four months, collected samples were tested for IGF-1 and IGFBP-3 using an
enzyme-linked immunosorbent assay (ELISA). To eliminate suspended particles, frozen
saliva was thawed and centrifuged for 10 min at 3500 RPM; the clear supernatant was used
to estimate IGF-1 and IGFBP-3. Commercially available ELISA kits for IGF-1 (Product No.
SEA050Hu) and IGFBP-3 (Product No. SEA054Hu) were obtained from Cloud-Clone Corp,
Katy, TX, USA and were utilized according to the manufacturer’s instructions.

The saliva sample solution and 200 µL (microliters) of the standard solution were
pipetted into each well of the pre-coated ELISA plate and incubated at 37 ◦C for 1 h. Each
well had its clear liquid removed. Then, 200 µL of the kit’s “prepared detection reagent A”
was added. This was combined, incubated for 1 h at 37 ◦C, aspirated, and washed 3 times.
After this, 200 µL of “prepared detection reagent B” was added, incubated for 30 min at
37 ◦C, then aspirated, and cleaned 5 times. In total, 180 µL of substrate solution was added
to this and incubated for 10–20 min at 37 ◦C. Thereafter, 100 µL of stop solution was added,
and the optical density (OD) was measured at 450 nm with an ELISA reader [24].

The participants’ data was summarized using appropriate statistical techniques. The
study’s continuous variables, such as age and biochemical parameters, were summarized
using the mean and standard deviation. The frequency and percentage were chosen as
summary measurements for categorical variables. We compared the biochemical parame-
ters between groups using an independent t-test and one-way ANOVA with Tukey post
hoc tests. We also used the Pearson and Spearman correlation to evaluate the correlation
between the age and clinical parameters with the biochemical parameters. Multiple linear
regression was used to assess the relationship between the biochemical parameters and
variables (age, sex, and periodontitis). SPSS version 28 (IBM Corp. Armonk, NY, United
States) was used for all analyses, and the statistical significance was set at the 5% level.

3. Results

Out of 110 subjects, aged 6 to 30, data from 80 included participants was considered
for the analysis. Table 1 describes the demographic characteristics of the participants.
The majority of the participants were older than 20 years (n = 39) and belonged to the
female gender (n = 50) from rural areas. However, participants older than 20 years had a
significantly higher proportion of periodontitis compared to other age groups.

More participants from rural backgrounds had gingivitis and periodontitis (63.2%
and 66.7%) compared to urban (36.8% and 33.3%), but the differences in the results were
not found to be statistically significant. The proportions of female participants diagnosed
with gingivitis (52.6%) and periodontitis (58.3%) were higher than the percentages of male
participants (47.4% and 41.7%), but the differences were not statistically significant.
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Table 1. Demographic characteristics of the participants.

Variable Class

Periodontal Disease
Total
(n)%

p Value
(Chi-Square Test)Normal

(n)%
Gingivitis

(n)%
Periodontitis

(n)%

Age

6–12 years
20 2 0 22

0.006 *

40.8% 10.5% 0.0% 27.5%

13–19 years
10 7 2 19

20.4% 36.8% 16.7% 23.8%

≥20 years
19 10 10 39

38.8% 52.6% 83.3% 48.8%

Gender

Male
16 9 5 30

0.504
32.7% 47.4% 41.7% 37.5%

Female
33 10 7 50

67.3% 52.6% 58.3% 62.5%

Location

Urban
14 7 4 25

0.793
28.6% 36.8% 33.3% 31.3%

Rural
35 12 8 55

71.4% 63.2% 66.7% 68.8%

* Statistically significant.

We compared the biochemical parameters IGF-1, IGFBP-3, IGF-1/IGFBP-3 molar ratio,
and collagen telepeptidase-1 (CTX1) between the age groups using one-way ANOVA
with Tukey post hoc tests (Table 2). Levels of IGF-1, IGF-1/IGFBP-3 ratio, and CTX1
showed statistically significant differences between the different chronological age groups.
In comparison to the 6–12 age group, the levels of IGF-1, IGFBP-3, and IGF-1/IGFBP-3
molar ratio in the saliva of 13–19-year-olds were significantly higher. Levels of CTX1 were
significantly higher among ≥20 years group.

Table 2. Comparison of biochemical parameters between different age groups.

Parameter Age (Years) n Mean Std.
Deviation Std. Error

95% Confidence Interval
for Mean p Value

(One Way
ANOVA)Lower

Bound
Upper
Bound

IGF-1

6–12 †¥ 22 0.99 0.82 0.17 0.63 1.35

<0.001 *13–19 ¥ 19 1.82 0.65 0.15 1.51 2.14

≥20 † 39 1.73 0.76 0.12 1.49 1.98

IGFBP-3

6–12 † 22 3.32 0.56 0.12 3.07 3.57

<0.001 *13–19 †¥ 19 4.17 0.27 0.06 4.04 4.30

≥20 ¥ 39 3.56 0.57 0.09 3.38 3.75

IGF-
1/IGFBP-3

6–12 †¥ 22 0.29 0.23 0.05 0.19 0.39

0.001 *13–19 ¥ 19 0.44 0.16 0.04 0.36 0.52

≥20 † 39 0.49 0.19 0.03 0.42 0.55

CTX1

6–12 † 22 1.41 0.51 0.11 1.19 1.64

<0.001 *13–19 ¥ 19 2.14 1.57 0.36 1.38 2.89

≥20 †¥ 39 3.85 2.03 0.33 3.19 4.51

The same superscript in front of 2 age groups († or ¥) in column 2 indicates the difference is statistically significant
between respective groups as found in the post-\ hoc test (Dunnette) * Statistically significant.
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There was a significant positive correlation between the levels of IGF-1 and IGFBP-3
and IGF-1 and IGF-1/IGFBP-3 molar ratio, with an R-value of 0.453 and 0.939, respectively.
A significant positive correlation was found between various chronological age groups and
salivary IGF-1, IGF-1/IGFBP-3 molar ratio, and CTX-1, except IGFBP-3 (Figure 1).
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Table 3 shows a comparison of the salivary levels of the parameters analyzed between
males and females. None of the biochemical parameters were different between the sexes
except IGFBP-3, which was significantly higher among males.

Table 3. Comparison of the biochemical parameters among genders.

Parameters Gender N Mean Std.
Deviation

Std. Error
Mean

p Value
(Independent

t Test)

IGF-1
Male 30 1.76 0.89 0.16

0.069
Female 50 1.42 0.75 0.11

IGFBP-3
Male 30 3.92 0.32 0.06

<0.001 *
Female 50 3.47 0.66 0.09

IGF-
1/IGFBP-3

Male 30 0.44 0.22 0.04
0.449

Female 50 0.41 0.21 0.03

CTX1
Male 30 3.12 2.24 0.41

0.243
Female 50 2.56 1.74 0.25

* Statistically significant.
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In Figure 2, biochemical parameters are compared between subjects with healthy peri-
odontium, gingivitis, and periodontitis. There were no differences in any of the biochemical
parameters between these groups. The levels of CTX were higher among participants with
periodontitis. However, the difference was not statistically significant (p = 0.075).
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No significant correlation was found between the clinical parameters, OHI-S, BOP,
PPD, CAL, CPI, and salivary parameters estimated (Table 4).

Table 4. Correlations of the clinical parameters with the biochemical parameters.

Parameters OHI -S BOP PPD CPI CAL

IGF-1
Correlation Coefficient 0.167 0.127 0.118 0.154 0.078

Sig. (2-tailed) 0.138 0.261 0.295 0.174 0.489

IGFBP-3
Correlation Coefficient 0.157 0.078 0.106 0.138 −0.148

Sig. (2-tailed) 0.164 0.493 0.350 0.224 0.189

IGF-1/IGFBP-3
Correlation Coefficient 0.147 0.119 0.080 0.157 0.116

Sig. (2-tailed) 0.193 0.293 0.479 0.163 0.306

CTX1
Correlation Coefficient −0.154 −0.084 −0.141 −0.173 0.190

Sig. (2-tailed) 0.171 0.457 0.211 0.125 0.092
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Multiple linear regression analysis with the biochemical parameters as the dependent
variable and age, gender, and periodontal condition as the independent variables showed
that age was a significant predictor of IGF-1, IGF-1/IGFBP-3, and CTX-1 (p < 0.001). Gender
was a significant predictor of IGFBP-3 (p = 0.006). However, none of the biochemical
parameters were significantly related to periodontal disease severity (Table 5).

Table 5. Multiple regression of age, gender, and periodontal conditions with the levels of the
biochemical parameters.

Dependent
Variable

Independent
Variable

Standardized
Coefficients

Beta

95% Confidence Interval
Sig.Lower

Bound
Upper
Bound

IGF-1

(Constant) 1.353 0.584 2.123

Age 0.332 0.012 0.069 0.006 *

Gender −0.181 −0.661 0.051 0.092

Periodontitis −0.004 −0.259 0.251 0.974

IGFBP-3

(Constant) 4.185

Age 0.173 −0.005 0.036 0.137

Gender −0.375 −0.714 −0.202 <0.001 *

Periodontitis −0.147 −0.300 0.066 0.208

IGF-
1/IGFBP-3

(Constant) 0.276

Age 0.343 0.003 0.018 0.005 *

Gender −0.060 −0.119 0.067 0.578

Periodontitis 0.016 −0.062 0.071 0.895

CTX1

(Constant) 0.943

Age 0.530 0.092 0.217 <0.001 *

Gender −0.110 −1.223 0.342 0.266

Periodontitis −0.066 −0.733 0.389 0.543
* Statistically significant.

4. Discussion

The health of periodontal tissues can influence the success of orthodontic treatment.
A periodontal marker that can assess periodontal health will be very helpful for the en-
hancement of clinical examinations for periodontal diseases that often go unnoticed. It is
particularly important when planning orthodontic treatment for aged patients who may be
suffering from early stage periodontal disease. The malalignment of teeth can influence
the severity of periodontal disease, thus emphasizing the importance of a multidisci-
plinary approach. Furthermore, studies have shown that patients with severe malocclusion
have lower oral health-related quality of life scores than those with less critical treatment
needs [4]. It is therefore imperative to assess gingival and oral hygiene and the health of
the attached gingiva in orthodontic patients. The present study evaluated the markers of
IGF-1, IGFBP-3, and CTX1 among young adults seeking orthodontic treatment.

For an orthodontist, the adolescent growth spurt coincides with periods of rapid
growth because the best time to modify facial growth is at the onset of the growth spurt
when the levels of facial growth are at their maximum [25]. In response to growth hormone,
IGF-1 (Somatomedin C) is produced in the liver, which is crucial for bone formation. To
obtain the best results in orthodontics and orthognathics, the estimation of IGF-1 could also
identify growth abnormalities and anticipate skeletal development through puberty. The
comparison of the salivary levels of IGF-1 and IGFBP-3 between different age groups in this
study demonstrated significantly higher levels among the 13–19-year age group, compared
to both the 6–12-year and ≥20-year age groups. These results are in accordance with



Children 2022, 9, 1301 9 of 12

previous studies. Almalki et al. (2022) demonstrated that quantitative estimation of IGF-1
and IGFBP-3 in saliva and their molar ratio can play an essential role in the assessment of
bone maturity. They found that from prepuberty to the onset of puberty, salivary IGF-1
levels increased gradually before a sharp decline at the pubertal peak [13].

The dominant binding protein for IGF-1 in the blood is IGFBP-3. Despite its protective
function of blocking IGF-1’s mitogenic effect on cell growth, IGFBP-3 provides a precise
estimate of the amounts of free IGF-1 present in biological fluids. By directly interacting
with extracellular and cell surface molecules on mineralized tissues, IGFBPs also perform
independently of IGF-1, establishing their involvement in bone modeling. The significant
increase in salivary IGFBP-3 between the ages of 13 and 19 years in this study is consistent
with the findings reported by Juul et al. in 1995, where they reported a peak in serum
IGFBP-3 levels during pubertal age [26].

Considering the fluctuation of IGF-1 and IGFBP-3 levels in saliva with chronological
age, gender, height, and body mass index, calculation of the molar ratio of IGF-1 to IGFBP-3
would provide a good indication of the increase in free biologically active IGF-1. The
increase in the salivary IGF-1/IGFBP-3 molar ratio between the ages of 13 to 19 years in this
study is consistent with the results reported by Kanbur NÖ et al., where a maximal increase
in the serum IGF-1/IGFBP-3 molar ratio influenced the onset of the pubertal growth spurt,
which is congruent with the accelerated rate of skeletal development during puberty [14].

Except for IGFBP-3, there was a significant positive correlation between salivary IGF-1,
IGF-1/IGFBP-3 molar ratio, and CTX-1 in various chronological age groups. No gender
differences in the salivary IGF-1, IGF-1/IGFBP-3 molar ratio, or CTX-1 were observed
in this study except for the levels of IGFBP-3, which were significantly higher among
males. The results of this study are consistent with the study carried out by Lofqvist
C et al., who found that blood IGFBP-3 levels increased with age in boys but remained
constant in girls during mid-pubertal growth. Evidence-based research demonstrates that
different nutritional variables and IGF-1 bioavailability are altered by IGFBP-3 promoter
polymorphisms, resulting in a variable concentration of IGFBP-3 [27].

The severity of periodontal tissue destruction depends on the chronicity of the peri-
odontal disease, which was found to be rare among the younger age group, which could be
the possible reason for significantly higher levels of CTX1 among the chronologic age group
of more than 20 years. The demographic and clinical data estimated in this study represent
more subjects affected by periodontitis in this age group compared to the other age groups.
The findings of this study are in accordance with the study reported by Betsy et al., where
the CTX concentrations in saliva were higher in subjects with periodontitis compared to
healthy subjects [18]. The positive correlations of salivary CTX with age observed in the
present study corroborate the findings reported by Mishra et al. [16]. Among all the bio-
chemical parameters, only the CTX level was higher among participants with periodontitis.
As a marker of bone turnover, serum C-telopeptide cross-link of type 1 collagen (sCTX) is a
highly sensitive indicator of increased bone resorption. Investigators have reported linking
elevated CTX levels with increased periodontal disease severity [28,29].

Inflammation has a negative effect on the growth marker-binding protein IGFBP.
However, in this study, the correlation between the clinical parameters assessed using
OHIs, BOP, PPD, CAL, and CPI with biochemical parameters did not demonstrate any
significant association. These findings were contradictory to the findings reported by
Takenouchi et al., where they found a positive correlation between the concentration
of IGFBP-2 and the probing depth and gingival index but not for IGFBP-3 [30]. It has
been shown that IGFBP-3 regulates epidermal homeostasis by localizing to the nucleus of
numerous cultivated cell lines, including epidermal keratinocytes, perhaps by influencing
the early stages of keratinocyte terminal differentiation. These findings indicate that IGFBP-
3 is linked to periodontal tissue homeostasis rather than being engaged in periodontitis
progression. Since the study participants in this study belonged to younger age groups,
it is considerably rare for them to have severe generalized periodontitis. The possible
reason for the significant rise in the levels of IGFBP-3 could be its influence on tissue
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homeostasis. However, further studies are warranted to substantiate the reported findings.
Another contributing factor that could affect the findings reported in this study might be
the significantly higher proportion of periodontitis participants aged more than 20 years
compared to other age groups.

Age was a significant predictor of IGF-1, IGF-1/IGFBP-3, and CTX-1 in a multiple
linear regression analysis using biochemical parameters as the dependent variable and
age, gender, and periodontal condition as the independent variables. Gender was found to
be a significant predictor of IGFBP-3 levels. A comparison of the biochemical parameters
IGF-1, IGF-1/IGFBP-3, and CTX1 found no statistically significant difference between sexes.
Though surprising, it is possible as the sample had almost twice the number of females
compared to males in all the age groups, whose growth period is earlier than males of the
same chronological age.

In the multiple regression analysis, age to a greater extent and gender to some extent
influenced the levels of biochemical parameters but periodontal conditions did not. In
addition to bivariate analysis, this further confirms that in growing phases, the levels
are unreliable. Thus, interpretation of these marker levels should be made with caution.
However, the drawback of this study is the lack of sufficient samples pertaining to severe
generalised periodontitis and the decreased expression of these markers in saliva, which
could have affected the findings of this study. Further longitudinal research needs to be
conducted with a large group of individuals with varying severity of periodontitis for
better internal validity.

This study was conducted among randomly selected healthy orthodontic patients
aged 6–30 years with no systemic disorders seeking treatment in an outpatient clinic. Hence,
despite limitations, the results of this study are confined to the Saudi population under the
age of 30 years and a larger sample population is required to generalize the study’s validity
in the future.

5. Conclusions

The salivary levels of IGF-1, IGFBP-3, and IGF-1/IGFBP-3 molar ratio in 13–19-year-
olds were significantly higher compared to the other age groups. Estimation of salivary
IGF-1 and IGFBP-3 could serve as a beneficial tool in determining growth maturity and
bone remodeling during orthodontic treatment planning. There were no differences in
the salivary biochemical parameters between subjects with healthy periodontium, gingivi-
tis, and periodontitis. The levels of salivary CTX1 were significantly higher among the
≥20-years group. The levels of CTX were higher among participants with periodonti-
tis. Salivary CTX levels in periodontitis patients are influenced by age and can be used
as a reliable predictor to monitor periodontal disease severity in patients undergoing
orthodontic treatment.
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