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ABSTRACT

Objective: To estimate the serum levels of non-radiologic biomarkers, Insulin-like Growth Factor-1 (IGF-
1), and Insulin-like Growth Factor Binding Protein-3 (IGFBP-3) to potentially identify the pubertal growth
spurt in skeletal Class II malocclusion subjects. Material and Methods: Eighty subjects (M-38, F-42) with
skeletal Class II malocclusion in the age range of 11-18 years were recruited for the cross-sectional study.
Human serum IGF-1 and IGFBP-3 were quantitatively assessed by enzyme-linked immunosorbent assay,
and the cervical stage (CS) was evaluated from a lateral cephalogram. Results: Gender-wise comparison of
the mean serum IGF-1 levels revealed that the initial peak was detected at CS2 in both genders, [males (87.87
ng/mL), females (78.49 ng/mL)]. However, there was a cognizable difference in the second peak of the mean
serum IGF-1 levels between males (CS5, 68.58 ng/mL) and females (CS4, 74.63 ng/mL). Mean IGFBP-3
serum levels in male subjects were high in CS4 (47.24 ng/mL) with a further spike in CS6 (50.54 ng/mL),
and in female subjects, it was found to be highest in CS3 (51.95 ng/mL) and then in CS5 (49.68 ng/mL).
Conclusion: Mean IGF-1 levels exhibited both sexes' prepubertal and late pubertal spikes. Mean IGFBP-3
levels revealed a pubertal and a late pubertal spike in both sexes, with an earlier growth trend observed
specific to females compared to males.
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Introduction

Growth needs to be accurately assessed to correct developing skeletal jaw discrepancies. Genetic and
environmental factors primarily affect the adolescent growth spurt. Since this spurt happens a little earlier in
girls than boys, growth-related clinical decisions need to be implemented gender-wise [17]. Poor predictors of
pubertal growth spurt are chronologic and dental age [2-37. Skeletal maturity can also be assessed by MP3
stages on periapical x-ray films [47], hand-wrist radiographs [5-67, and cervical vertebral maturation (CVM)
assessment on lateral cephalograms [[7-87.

Radiographic exposure, complexity in identifying landmarks, inability to identify peak mandibular
growth, high staging subjectivity, inter- and intra-observer variability, and failure to determine the end of
growth spurt accurately were the inherent disadvantages of radiographic methods. Non-radiologic biomarkers
seemed to address the above limitations, and thus, their use has been reported widely in the literature [9-117.

Insulin-like growth factors belong to a group of insulin-related peptides. It mediates the Growth
Hormone (GH) function, mediating the linear growth-promoting effect and the pituitary GH protein anabolic
effect. GH induces the liver to secrete IGF-1 and regulates paracrine production in many other tissues [127].
IGF-1 is also secreted by cartilaginous cells and other tissues [137]. IGF-1 actions were observed to be dependent
and independent of GH during prepubertal growth, as during that period, it is directly stimulated by androgens.
Animal experiments have reiterated that GH and IGF-1 are essential for pubertal growth spurt [147. IGF-1
systemically and locally controls the bone's prenatal and postnatal longitudinal growth. The femoral head is less
sensitive and responsive to IGF-1 than the condyle [157]. Experiments on mature rat condyles have shown that
endochondral bone formation can be reactivated and stimulated with local injection of IGF-1 into their articular
capsule [167. Despite GH values being increased, deficiencies in IGF-1 values have been observed to cause
retardation of growth.

IGF-1 serum levels in prepubertal subjects were reported to be unaffected by body mass index. It
showed a pattern of a slow prepubertal increase, a steep rise circa puberty & a dip post-puberty [17]. An
organism's growth and development depend on IGF-1 but also IGF-2 and IGF-1 receptors. While IGF-2 is only
necessary prenatally, IGF-1, by exhibiting an endocrine vs. autocrine/paracrine function, is important both
prenatally and postnatally. IGF-1 receptors were predominantly found in the posterosuperior and superior areas
of the condyle cartilage and the condylars' fibrous articular surface. This led to the conclusion that the postnatally
condylar cartilage growth and development were not GH-dependent but IGF-1-dependent [187]. Late pubertal
stages exhibited higher levels. Compared with cervical vertebral maturational indicators (CVMI), a significant
positive linear correlation was observed from pre to late stages of puberty with a contrasting negative one from
late to post-pubertal [197. Bone Alkaline Phosphatase & IGF-1biomarkers expressed increased levels at the g
stage of CVMI, with the mandibular growth pattern unaffected by changes in both markers [207].

In plasma, a large percentage of IGFs (99%) are combined as a complex with six binding proteins [217].
IGFBP-3 is the predominant binding protein among IGFBPs, regulating the half-life, bioavailability, and
transport of IGF-1. IGFBP-3 carries 80% of IGF-1 in circulation and is regulated to a certain degree by it,
though primarily by GH [227].

Produced mainly by the liver, GH controls its synthesis and shows only minor fluctuations in its levels
throughout the day; hence, it qualifies as a dependable measure of the production of GH. Compared to IGF-I or
GH, which showed considerable variability, IGFBP-3 produced reproducible results during repeated testing,
thus making it an interesting parameter for evaluating the GH-IGF axis. It was also less sensitive to GH

regulation than IGF-1 [287. Serum levels of IGFBP-3 increased from childhood to puberty, exhibiting a positive
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correlation with birth weight [247]. IGFBP-3 is partly controlled by IGF-1 [257. Animal experiments showed
that IGFBP-3 was involved in mandibular adaptation during functional orthopedic therapy [267]. IGFBP-3 and
IGF-1 concentrations primarily depend on age, nutrition & other factors.

In IGF-1 generation tests, compared to IGF-1, IGFBP-3 behaved as a more exact differentiator of those
parameters dependent on GH [277]. An increase in IGF-1 in an active and free biological form in circulation was
also commensurate with a molar ratio increase between IGFBP-3 and IGF-1. In children, IGFBP-3 serum levels
were found to increase simultaneously with a concomitant increase in age with the attainment of the highest
levels circa puberty [287]. IGFBP-3, IGF-1 and their ratio have also been reported in the literature as biomarkers
with good potency for pubertal growth spurt assessment [297). Thus, the study aimed to assess the IGF-1 and
IGFBP-3 serum levels and correlate them with the cervical vertebral maturational stages to identify the pubertal

growth spurt in subjects with skeletal Class II malocclusion.

Material and Methods
Study Design

The Institutional Ethics Committee of Sree Balaji Dental College and Hospital, Chennai, reviewed and
approved this cross-sectional study (Approval No: SBDCH/IEC/08/2017/2 dated 25/10/2017). A systematic
sampling method was adopted to recruit the study participants who reported to this teaching hospital's
outpatient department of Orthodontics and Dentofacial Orthopedics. Sample size calculation was carried out
based on the results of our pilot study. The formula: n = (Za/2+Z)2 *2*02 / d2, with ot = 0.05 and 8 = 0.20 at
95% confidence and a power of 80% was used for the calculation of the minimum sample size using G¥Power
software Version: 3.1.9.4 (Franz Faul, Universitat Kiel, Germany). The minimum sample size required was 76,
rounded oft to 80 for the study.

A total of 80 subjects (Males = 38, Females = 42) who fulfilled the inclusion and exclusion criteria were
recruited for the study. The inclusion criteria were patients with skeletal class II malocclusion of both genders
in the age group of 11-18 years. The exclusion criteria were patients with bleeding disorders, growth
abnormalities, endocrinal disorders, and a history of facial trauma/injury. Written informed consent was

obtained from the study participant's parent/guardian before recruitment.
Y P p p g

Data Collection

The complete case history of each patient was recorded along with information regarding the pubertal
status of the subjects from the parents concerned. An extraoral and intraoral clinical examination and a clinical
Visualized Treatment Objective (VTO) were performed. A lateral cephalogram was taken for the study subjects,
and lateral cephalometric analysis was carried out to confirm the skeletal Class II pattern. Morphological
evaluation of the 2nd, 37, and 4t Cervical Vertebrae (CV) was carried out by two independent investigators
through visual inspection of the lateral cephalograms. Cervical Stage 1 was not identified in the age category
considered. Two observers analyzed all the lateral cephalograms independently, and the CVM stages were

identified per the method advocated by Baccetti et al. [307].

Sample Collection

Two mL of blood was collected aseptically by venipuncture, and serum was separated, aliquoted, and
stored at -80°C until use. Quantitative estimation of the growth factors, Human IGF-1 and Human IGFBP-3 in
the serum was performed by ELISA, (Human IGF-1(E-EL-H0086, Elabscience Biotechnology Inc., Houston,
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TX, USA) and Human IGFBP-3 (E-EL-H0087, Elabscience Biotechnology Inc., Houston, TX, USA). The assays
were performed as per the manufacturer's instructions. Standard Human IGF-1 and Human IGFBP-3 were
included as positive controls. The standards were serially diluted to obtain a concentration gradient of 1.5625 to
100 ng/mL and 0.78125 to 50 ng/mL, respectively. The absorbance (optical density) was read at 450 nm using
a microplate reader (Infinite M200 PRO, Tecan Trading AG, Seestrasse, Switzerland). The assay was performed
in duplicates to minimize errors.

A standard curve was plotted, with the x-axis denoting standard concentration and the y-axis OD
values. The IGF-1 and IGFBP-3 concentration in each patient's sample was calculated using the average

absorbance value of each sample.

Statistical Analysis

It was carried out with SPSS (Version 24.0). Intra-observer (Observer 1 at 2-time points - 1A, 1B) and
inter-observer (between observer 1A Vs. 2 and 1B 7. 2) reliability of cervical vertebral maturation stages was
measured using Kappa statistics.

Shapiro-Wilk test was used to assess the normality of the data on serum biomarkers. The hypothesis
that IGF-1 and IGFBP-3 data were normally distributed was rejected. Hence, non-parametric tests were carried
out. Statistical analysis for gender-wise comparison of IGF-1 and IGFBP-3 serum levels at each cervical stage
and in the intervals of the cervical stages was carried out using the Kruskal-Wallis test. For intergroup
comparisons, the Mann-Whitney U test with Bonferroni's correction was done (p <0.05 was considered
statistically significant). Spearman's correlation coefficient was used to assess the correlation between age and

serum biomarkers.

Results

Based on the assessment of the lateral cephalogram of the study participants (n=80), the cervical stages
were classified as CS2 (n=12), CS3 (n=13), CS4 (n=19), CS5 (n=23) and CS6 (n=13). Kappa measurement of
agreement between Observer 1A 7s. 1B (intra-observer) was 98.4% in the classification of cervical stages; the
inter-observer agreement between Observer 1A Vs. Observer 2 had 96.8%, whereas there was 98.4% agreement
between Observer 1B vs. Observer 2.

A gender-wise comparison of IGF-1 serum levels at each cervical stage (CS) is depicted in (Table 1).
Mean IGF-1 was highest in CS2 in males (87.87 £ 7.53 ng/mL) and females (78.49 * 21.93 ng/mL).
Nevertheless, there was a difference in the second peak in IGF-1 between males (CS5: 68.58 + 43.47 ng/mL) and
females (CS4: 74.63 £ 30.10 ng/mL). A statistically significant difference was not observed concerning the mean
IGF-1 serum levels in both males (p=0.286) and females (p=0.465) (Table 1). Intergroup comparisons of IGF-1
serum levels with different cervical stages using the Mann-Whitney U test with Bonferroni's correction revealed
no statistical significance in both genders (p>0.05). A Boxplot representing the median and IQR of IGF-1 at

different cervical stages is shown in (Figure 1).

Table 1. Gender-wise IGF-1(ng/mL) serum levels distribution at each cervical stage.

Cervical No of Mean Age Mean IGF-1 (ng/mL) £  Standard 95% CI
Stages Subjects (Years) SD Error LL UL
Male Group - IGF-1(ng/mL) serum levels in males (n=38) at each cervical stage*
CS2 8 11.50 87.87 £ 7.53 2.66 81.57 94.17
CS 3 10 13.40 57.45 £ 40.87 12,82 28.21 86.69
CS 4 9 13.89 51.96 £ 46.69 15.56 16.07 87.84
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CS 5 £ 16.75 68.58 t 43.47 21.73 -.59 137.74
CSe6 7 16.71 53.72 £ 36.34 13.73 20.11 87.33
Female Group - IGF-1(ng/mL) serum levels in females (n=42) at each cervical stage™
CS 2 £ 12.25 78.49 + 21.93 10.96 43.60 113.38
CSs 3 12.67 27.52 + 55.71 32.16 -110.88 165.91
CS 4 10 13.40 74.63 £ 30.10 9.52 53.10 96.16
CS 5 19 15.79 52.84 t 43.47 9.46 32.96 72.72
CSe6 6 16.00 45.93 + 43.15 17.61 .65 91.21

CS: Cervical Stage; IGF-1: Insulin-like Growth Factor-1; CI: Confidence Interval; LL: Lower Limit; UL: Upper Limit; Kruskal-Wallis Test:
*p=0.286 (NS); **p=0.465 (NS)
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Figure 1. Median and IQR of serum IGF-1 levels at each cervical stage.

Gender-wise comparison of IGF-1 serum levels in the four intervals of CS is depicted in (Table 2). It
revealed that the highest mean IGF-1 levels were 70.97 £ 33.91 ng/mL in CS2-CS3 in males, while it was highest
in the CS3-CS4 stage (63.76  40.30 ng/mL) in females, though not statistically significant (Table 2). Evaluation
of the intergroup comparisons of IGF-1 serum levels with different CS intervals using the Mann-Whitney U

test with Bonferroni's correction revealed that none of the variables were statistically significant (p>0.05).

Table 2. Gender-wise distribution of IGF-1 (ng/mL) serum levels at each interval of cervical stage.

3 (o)
C;::lg(;al Noof MeanAge Mean IGF-1 SEM 95% CI for Mean Median IGF - 1 (ng/mL)
Subjects (Years) (ng/mL)+ SD LL UL Min. Max.
Intervals
Male Group - IGF-1 (ng/mL) serum levels at each interval of cervical stage®
CS2 - CS3 18 12.56 70.97 £ 83.91 7.99 54.11 87.83 88.95 -5 93
CS3 - CS4 19 13.63 54.85 £ 42.57 9.77 34.33 75.87 78.53 -5 93
CS4 - CSs5 13 14.77 57.07 £ 44.60 12.37 30.12 84.02 88.58 -1 93
CSs5 - CS6 11 16.73 59.12 £ 37.62 11.3% 33.85 84.40 86.69 3 93
Female Group - IGF-1 (ng/mL) serum levels at each interval of cervical stage**
CS2 - CS3 7 12.43 56.64 £ 44.91 16.98 15.11 98.18 83.93 -12 93
CS3 - CS4 13 13.23 63.76 £ 40.30 11.18 39.41 88.11 87.66 -12 93
CS4.- CS5 29 14.97 60.35 £ 38.68 7.18 45.64 75.07 77.67 -10 93
CSs5 - CS6 25 15.84 51.18 £ 40.90 8.18 34.29 68.06 67.31 -10 93

CS: Cervical Stage; IGF-1: Insulin-like Growth Factor-1; CI: Confidence Interval; LL: Lower Limit; UL: Upper Limit; Kruskal-Wallis test:
*p=0.816 (NS); ¥¥p=0.916 (NS).
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A gender-wise comparison of serum IGFBP-3 levels at each CS is depicted in (Table 8). In males, a
gradual increment in mean IGFBP-3 levels was observed from CS2 to CS4, with a subsequent decline in CS5
and an appreciable increase in CS6. The highest mean IGFBP-3 level was noted in CS6 (50.54 + 9.65 ng/mL) in
males and CS3 (51.95 £ 18.73 ng/mL) in females. However, a statistically significant difference was not observed
in the mean IGFBP-3 levels at each stage in both males (p=0.211) and females (p=0.711) (Table 3). Intergroup
comparisons of serum IGFBP-3 levels with different CS evaluated using the Mann-Whitney U test with
Bonferroni's correction revealed no statistical significance in males and females (p>0.05). A Boxplot representing

the median and IQR of IGFBP-3 at different cervical stages is shown in (Figure 2).

Table 3. Gender-wise distribution of IGFBP-3(ng/mL) serum levels at each cervical stage.

Cervical No of Mean Age  Mean IGFBP-3 (ng/mL) Standard Error of 95% CI for Mean
Stages Subjects (Years) + SD Mean LL UL
Male Group - IGFBP-3 (ng/mL) serum levels in males (n=38) at each cervical stage®
CS 2 8 11.5 35.03 + 11.65 4.12 25.29 44.76
CSs 10 13.4 86.74 + 23.22 7.34 20.13 58.35
CS 4 9 13.9 47.24 * 13.23 4.41 37.08 57.41
CS 5 4 16.8 41.72 £ 17.00 8.50 14.66 68.78
CSe6 7 16.7 50.54 + 9.65 8.65 41.62 59.47
Female Group - IGFBP-3 (ng/mL) serum levels in females (n=42) at each cervical stage**
CS 2 4 12.3 39.47+ 25.88 12.94 -1.72 80.66
CSs 8 12.7 51.95% 18.73 10.81 5.42 98.49
CS 4 10 13.4 47.63% 14.33 4.58 37.38 57.88
CSs 19 15.8 49.68% 17.07 8.92 41.45 57.91
CSe6 6 16.0 38.10% 20.03 8.18 17.08 59.12

CS: Cervical Stage; IGFBP-3: Insulin-like Growth Factor Binding Protein-3; Confidence Interval; LL: Lower Limit; UL: Upper Limit;
Kruskal-Wallis test: *p=0.211 (NS); *¥p=0.711 (NS).
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Figure 2. Median and IQR of serum IGFBP-3 levels at each cervical stage.

A gender-wise comparison of serum IGFBP-3 levels in the four intervals of CS is depicted in (Table 4).
In males, a gradual increase in the mean IGFBP-3 levels was observed from CS2-CS3 (males: 35.98 + 18.50
ng/mlL; females: 44.82 £ 22.28 ng/mL) up to CS5-CS6 in both genders (males: 47.83 + 12.75 ng/mL; females:

46.90 £ 18.10 ng/mL). However, it was statistically not significant (p>0.05) (Table 4). Also, intergroup
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comparisons of serum IGFBP-3 levels with different intervals of CS by Mann-Whitney U test with Bonferroni’s

correction showed no statistical significance (p>0.05).

Table 4. Gender-wise distribution of IGFBP-3 (ng/mL) serum levels at each interval of cervical stage.

Cervical Stage  Mean IGFBP-3 SEM 95% CI for Mean Median IGFBP-3 (ng/mL)
Intervals (ng/mL) £ SD LL UL Min. Max.
Male Group - IGFBP-3 (ng/mL) serum levels at each interval of cervical stage*
CS2 - CS3 35.98 £ 18.50 4.36 26.78 45.18 36.81 1 69
CSs -CS4 41.72 £ 19.40 4.45 32.37 51.07 45.78 1 69
CS4 - CSs 45.54 £ 14.00 3.88 37.08 54.00 49.38 16 69
CSs5 - CSe6 47.88 £ 12.75 3.84 38.77 55.90 49.38 16 62
Female Group - IGFBP-3 (ng/mL) serum levels at each interval of cervical stage**
CS2 - CS3 44.82 + 22.28 8.42 24.21 65.43 51.69 1 64
CSs - CS4 48.63 £ 14.70 4.08 39.74 57.51 53.90 21 64
CS4 - CSs 48.97 £ 15.95 2.96 42.90 55.04 49.94 19 98
CS5 - CSe6 46.90 £ 18.10 3.62 39.43 54.87 49.79 2 98

CS: Cervical Stage; IGFBP-3: Insulin-like Growth Factor Binding Protein-3; Confidence Interval; LL: Lower Limit; UL: Upper Limit; Min.:
Minimum; Max.: Maximum; Kruskal-Wallis test: ¥p=0.237 (NS); **p=0.829 (NS).

The mean serum levels of IGF-1 and IGFBP-3 at different age intervals are depicted in (Figure 3).

Spearman's correlation coefficient between age and the serum biomarkers was statistically insignificant.
P g y g
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Figure 3. Age-wise comparisons of the serum biomarkers, IGF -1 & IGFBP - 3.

Discussion

Facial bones and jaws are subject to dramatic changes in growth along with an increased linear growth
rate during an adolescent growth spurt. In this context, the quest for a potential biochemical maturity indicator
to accurately determine the child's maturational stage assumes prime importance. Cervical vertebrae (CV) as
reliable indicators of skeletal maturity have been widely reported in the literature by many authors [317].
However, CV, hand-wrist radiograph, and MP$ are rift with a few limitations in that they have questionable
reliability and validity and are highly subjective techniques to identify peak mandibular growth. Non-radiologic
biomarkers have been reported to accurately determine the skeletal maturity of an individual and detect the peak

in pubertal growth spurt with less ambiguity. Among the many biochemical markers available, IGF-1 and
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IGFBP-3 were chosen for the study as studies of IGF-1 and IGFBP-3 to predict optimal treatment timing of
functional malocclusions in particular skeletal Class II malocclusion subjects have yet to be reported in the
literature.

CVM assessment for functional appliance therapy in Class II skeletal jaw discrepancies has been
extensively reported [32-347. Franchi et al. [35] believed that treatment timing in mandibular deficiencies
directly depends on the mandible's growth spurt in sync with pubertal onset and that this spurt could be well
assessed with cervical vertebral maturational indicators (CVMI).

IGF-1 can be measured in serum, saliva, and urine [86,37]. Determination of GH status is done by
measurement of IGF-1 in serum as fluctuation of'its levels does not occur all along the day as has been observed
with GH levels. IGF-1 can be estimated in saliva, but its low salivary concentration and issues like contamination
of saliva with blood or gingival fluid preclude its widespread use in practice. Another minimally invasive
technique with excellent correlation with serum IGF-1 is blood spot IGF-1 measurements wherein the collected
samples remain stable for up to 2 weeks at room temperature [38,397].

Reportage of estimation of serum IGF-1 and IGFBP-3 levels with the use of various types of assays
with different skeletal maturity assessment methods have been observed to be rift with gender bias, wide age
range as also the chosen study subjects were a concocted mix of standard and malocclusion subjects. Our study
was unique in that only skeletal Class II malocclusion subjects were considered in the age range of 11-18 years,
with an almost equal number of males and females spanning CS2 to CS6. The ELISA method using the Sandwich-
ELISA principle was chosen in our study as studies have shown that other methods, such as IGF-1 with
radioimmunoassays (RIA), however, did not measure the quantitative serum IGF-1 content accurately [407].
Moreover, the hazards of handling and preparing the radioactive antigen used in RIA are eliminated. No special
sample preparation was done before the ELISA method, as any predilution done to the samples would have led
to increased assay sensitivity. In our study, we used the lateral cephalogram to assess the CVM stages, as it was
a routine radiograph used in orthodontics for diagnosis and treatment planning.

Our data showed that the IGF-1 serum concentrations in males showed two peaks, an increased one in
CS2 followed by another though a little less intense in CS5, and that in the females too, two peaks were observed,
one in CS2 and another less intense in CS4. The interval CS2-CS3 exhibited a rise in the mean serum IGF-1
concentrations in males followed by CS5-CS6, whereas, in females, a peak was observed in the interval CS3-CS4
followed by a dip in CS5-CS6. This was consistent with other studies that showed a late pubertal peak in serum
IGF-1 levels [41,427. Our results were in tune with another study where, in the advancing pubertal stage, an
increase in IGF-1 plasma levels was observed [437. Our results, too, correlated with those of yet another study
where the IGF-1 levels were found to be increased in early puberty with a subsequent decline in late puberty
[447. However, our results in males contradicted that of another study where the mean IGF-1 levels were found
to increase in CS3 and CS4 [457]. Our results also differed from those of two other studies, where the mean values
were higher in CS5 in males and CS3 in females [467] and CS4 in males and CS3 in females [47]. Peak IGF-1
levels vary according to ethnicity and race, too. In Egyptians, it was observed to peak in females at CS3 & in
males at CS4 [487]. Our results showed that at CS5-6, when growth has traditionally been accepted as complete,
IGF-1 levels were still high, which indicates that they could still serve as good indicators of residual mandibular
growth. Serum IGF-1 level estimation is reliable and valid as it does not exhibit a diurnal variation and does not
show a decline in obese individuals.

IGF-1 has been reported to bind to specific IGFBPs, specifically IGFBP-3, which GH regulates.
IGFBP-3 controls the bioavailability and half-life of IGF-1. Our findings showed that in males, two peaks were
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observed, one in CS4 and another steep increase in CS6, whereas in females, it showed a rise in CS3 and CS5.
The same scenario was observed in CS4-5 and CS5-6 intervals in males and CS3-4 and CS4-5 in females. Our
results were in concert with the findings of the Blumsohn et al. [487 study, reiterating that a rise in IGFBP-3
plasma levels was observed with the advancing pubertal stage. Our data also correlated with another study where
IGFBP-3 was increased during sexual maturation, with a pubertal peak around 15 years of age [497. In our
research, the IGFBP-3 mean serum levels in female subjects increased more than in male subjects, in concurrence
with the findings of another study on healthy Turkish children [507. IGFBP-3 produced reproducible results
during repeated testing, thus making it an interesting parameter for evaluating the GH-IGF axis, as it was also
less sensitive to GH regulation than IGF-1. However, it needs to be emphasized that IGF-1 & IGFBP-3 serum
concentrations depend to a great extent on nutrition, age, and other factors.

Almalki [517, in his study, highlighted the noninvasive approach of salivary estimation of IGF-1 and
IGF-1/IGFBP-8 molar ratio in conjunction with CVMI in estimating the adolescent growth spurt. Recent
studies have opined that salivary Vitamin D binding protein and IGF-1 increased in CS3 and CS4 stages and
that an optimal threshold of 3.96ng/mL of the latter had better diagnostic accuracy in differentiating pubertal
and non-pubertal subjects [527.

Isoforms of IGF-1 with four amino acid polymorphisms with decreased biological activity are reported
to occur. The ELISA kit used in this study is of questionable reliability in detecting IGF-1 mutants. Hence, the
presence of the IGF-1 reduced-function mutants, if any, in the study subjects could be underestimated.
Immunoassays are entirely dependent on the operator's skills, experimental environments, different lab
equipment, the validity of the products, and transportation and storage conditions of the reagents of the kits. All
these factors could lead to technical & qualitative risks. Longitudinal studies are therefore recommended to
highlight the use of these biomarkers to estimate the intensity and timing of the growth spurt precisely.
Tabulating reference ranges of IGF-1 & IGFBP-3 serum levels at different CS in different populations could also
be considered a future research study. As CVM is not a perfect rating system, the quest for a valid and reliable
non-radiologic biomarker assumes even greater importance in the present scenario of skeletal maturity

assessment.

Conclusion

Cervical vertebral staging using lateral cephalogram has long been considered a reliable radiologic
indicator of skeletal maturity. However, the non-radiologic biochemical markers IGF-1 and IGFBP-3 have also
emerged as potential biomarkers of the adolescent growth spurt. Mean IGF-1 serum levels increased in females'
prepubertal stage and pre- and post-pubertal levels in males. Meanwhile, mean IGFBP-3 serum levels increased
in both genders, reiterating that both could serve as potential biomarkers of pubertal growth assessment. Class
11 skeletal patterns can be corrected in both genders in the prepubertal stage (CS2) and with the judicious use of

fixed functional appliances even up to the late post-pubertal stage (CS5-CS6).
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