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Abstract: While making orthodontics treatment planning the most important objective is to correct skeletal
discrepancies by utilising the growth potential of patient so that most favourable results could be achieved.! Response
to orthopaedic treatment modalities is maximum during the peak of adolescent growth spurt. The correct identification
of the pre - pubertal and post-pubertal growth phases on an individual basis is very important in orthodontic diagnosis
and treatment planning.[? Orthopaedic treatment of patients with Class 111 malocclusion and rapid maxillary expansion
achieve maximum efficacy when performed at a pre - pubertal growth phase. On the other hand, in Class Il subjects the
amount of supplementary mandibular growth induced by functional appliances appears to be significantly greater when

the treatment is performed during the pubertal growth phase.
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I. Introduction

While making orthodontics treatment planning the most important objective is to correct skeletal
discrepancies by utilising the growth potential of patient so that most favourable results could be achieved.! Response
to orthopaedic treatment modalities is maximum during the peak of adolescent growth spurt. The correct identification
of the pre - pubertal and post-pubertal growth phases on an individual basis is very important in orthodontic diagnosis
and treatment planning.!?! Orthopaedic treatment of patients with Class 111 malocclusion and rapid maxillary expansion
achieve maximum efficacy when performed at a pre - pubertal growth phase. On the other hand, in Class Il subjects the
amount of supplementary mandibular growth induced by functional appliances appears to be significantly greater when

the treatment is performed during the pubertal growth phase.

Different methods have been reported in an attempt to determine the best indicator of maturity. These
include height,2 weight,® chronological age, sexual maturation, Frontal sinus, biological age or physiological age, Hand-
wrist maturity*®, Cervical vertebrae, dental eruption, dental calcification stages and biomarkers.®
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As chronological age and dental emergence have been shown to be poorly related to skeletal
maturation. Other methods include radiographic assessment of skeletal structures. But despite being reliable these
methods are invasive as they give an X-ray exposure to the patient. Moreover cervical vertebral maturity (CVM)
staging though widely used has decreased reproducibility and subjective errors with intra and inter observer
disagreements. Furthermore, the onset of the peak in mandibular growth cannot be accurately defined by the CVM

staging.

However new possibilities might be provided by biochemical markers, i.e.biomarkers that avoid

invasive X-ray exposure and represent agents that are directly involved in bone growth and remodelling.”

A biomarker is defined as “any substance, structure, or process that can be measured in the body or
its products and influence or predict the incidence of outcome or disease.’Biomarkers represent agents that are directly
involved in bone growth and remodelling. Detection of such molecules would help the clinicians in assessing the
growth status of the orthodontic patient and the efficacy of orthodontic care to be rendered.[®! Various methods for the
assessment of biomarkers are immuno radiometric assays and chemiluminescence enzyme immune assay radio immuno

assays, enzyme-linked immunosorbent assay, and all are found to be comparably accurate.

According to all the literature available till date on biomarkers, Insulin-like growth factor 1 (IGF-1),
Insulin-like growth factor Binding Protein-3 (IGF-BP3) and Alkaline phosphatase (ALP) are common substances that
have proved to be most reliable in all the studies.This paper presents a review of IGF-1 and ALP markers for the

prediction of skeletal growth assessment.

Il. IGF (Insulin like Growth Factor)

IGF-1 and IGF-2 were identified in 1957 by Salmon and Daughaday.l! The IGFs peptides shares a
remarkable structural homology with proinsulin. In 1976, Rinderknecht and Humbel? isolated two active substances
from human serum, which owing to their structural resemblance to proinsulin were renamed “insulin-like growth factor
1 and 2” (IGF-1 and 2). The biological actions of IGFs are mediated through the IGF1 receptor (IGF1R).** Most of the
IGF-1 peptide in the circulation are found as ternary complex, a glycoprotein (the acid-labile subunit, ALS) and an high
affinity binding protein, the IGF- binding protein 3 (IGFBP3). The portion of free (active) IGF-1 is usually very low
(less than 5 %). A smaller proportion of the IGFs are associated with other serum IGFBPs i.e IGFBP1-6 except IGFBP
3.13

IGF-1 is secreted by many tissues and its actions are determine by the secretory site. Mostly IGF-1 is
secreted by the liver and is transported to distant tissues, acting as an endocrine hormone.IGF-1 is also secreted by other

tissues, including cartilaginous cells, and acts locally as a paracrine hormone.°

IGFBP3, the predominant IGF Binding Protien in serum, and the only one that cannot traverse the
capillary membrane. The ternary complex between IGF-1, IGFBP3, and ALS modulates IGF-1 action by protecting the
growth factor from proteolysis and prolonging its half-life in the circulation. Generally, the IGFBPs inhibit the
metabolic and proliferative actions of IGF, although some exhibits IGF potentiating effects as well. IGFBP-3 is mainly

regulated by GH but also to some degree by IGF-1.
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The IGFs play important role in function of almost every organ in the body. IGFs are essential for
embryonic development. After birth, however, IGF-1 appears to have the predominant role in regulating growth.

At the cellular level, IGF-1 stimulates a mitogenic response and inhibits cell death in a wide variety of
cell types, including primary cultures and cancer cell lines. IGF-1 exhibits a variety of cellular functions, including
regulation of hormone synthesis and secretion, immune cell recognition, and neuromodulation. Metabolic effects of
IGF-1 include elevation of glucose uptake and hypoglycemia, without lowering free fatty acid levels. In addition, IGF-1
was suggested to improve renal function by increasing renal blood flow and glomerular filtration rate.

Many variables, such as age, sex, nutritional status, and growth hormone secretion, affect serum IGF-I
concentrations. The concentrations are low at birth, increase substantially during childhood and puberty, and begin to
decline in the third decade.These changes parallel the secretion of growth hormone. In growth hormone deficiency the
serum IGF-I concentration is very low, and with excess growth hormone secretion the serum IGF-1 concentration is
high.

IGF-1 was first detected in serum but can be quantified in saliva and urine. Salivary IGF-1 levels
reflect serum levels, but precise quantification is difficult as salivary levels are <1% of serum levels. Moreover, gingival
fluid and blood contamination may yield false results. Serum IGF-1 levels tend to peak whenever there is accelerated
growth in the body whether during pubertal growth spurt, residual mandibular growth,condylar hyperplasia,or tumorous
growth occurring in the body.IGF-1 levels are found to be low in protein malnutrition, impaired cognitive function,

hypothyroidism, coeliac disease, anorexia nervosa, and liver disorders.

Brabent et al (2003)® studied S-IGF-1 levels in different ages groups and found an estimated mean peak of
410 g/l at age 14 in girls and an estimated mean peak of 382 ug/1 at age 16 in boys. Juul et al. (1994)Y reported that
mean serum IGF-1 concentration increased slowly in prepubertal children from 80 to 200 pg/l with a further steep
increase during puberty to approximately 500 pg/l. After puberty, circulating IGF-1 levels continued to fall to
approximately 250 pg/1 at age 25 years. IGF-I can be measured in urine (Hizuka et al., 1987)'® and has been shown to
reflect the growth hormone status of the individual (Hizuka et al., 1987, 1988, Quattrin et al., 1987% , Yokoya et al.,
1988a%', Albini et al., 19922%). In normal children, excretion increases with age and peaks during puberty (Ratcliffe et
al., 1995%). C. M. Hall et al., (1999)%, Gill et al., (1997)%, Sinha et al., (2016)? concluded that total urinary IGF-I can
be used as valid surrogate for serum IGF-1 in physiological studies of normal growth. Costigan et al (1988)?" reported
the presence of IGF-1 and IGF-Il in human saliva, they concluded that saliva contains free IGFs but no significant
quantities of specific binding proteins. Masoud et al., (2008)?8, Ishaq et al., (2012)%, Jain et al., (2013)%, Sinha et al.,
(2014)% Gupta et al., (2015), Jain et al., (2017)3, Tripathi et al., (2017) studied IGF-1 levels in correlation to skeletal
maturity by using the cervical vertebral stages. They concluded that serum IGF-1 could be used as a skeletal maturity

indicator and applied in orthodontic diagnosis.

1. ALP (Alkaline Phosphatase)

The metalloenzyme known as alkaline phosphatase (ALP) [phosphate-monoester phosphohydrolase
exists as several tissue-specific isozymes. This enzyme is an ectoenzyme, which attaches to the outer face of the plasma
membrane through a phosphatidyl inositol-glycophospholipid.®> Human ALPs can be classified into four tissue-specific
forms or isozyme according to the specificity of the tissue to be expressed, termed as placental alkaline phosphatase
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(PLALP or Regan isozyme), Intestinal alkaline phosphatase (IALP), kidney/bone/liver alkaline phosphatase (L/B/K
ALP), germ cell ALP. Bone ALP and liver ALP comprises about 95% of the total ALP activity in human serum. They
are the isoforms of tissue nonspecific alkaline phosphatase (TNAP). In serum, bone ALP exists in several isoforms : B/l
(70% of bone ALP and 30% of intestinal ALP), B1, B2, and B1x. Trabecular bone has higher combined (B1 + B2) bone

ALP activity than cortical bone. Cortical bone show higher B1 activity, and trabecular bone has higher B2 activity.>

Bone ALP is a major regulator for bone mineralization. BALP is considered to be a highly specific marker for
the bone-forming activity of osteoblasts. It hydrolyses inorganic pyrophosphate which is a naturally occurring inhibitor

of mineralization. Bone ALP also provides inorganic phosphate for the synthesis of hydroxyapatite.

In normal subjects bone alkaline phosphatase contributes about half the total alkaline phosphatase activity in
adults. The normal serum range of alkaline phosphatase is 20 to 140U/L. Levels are significantly higher in children and
pregnant women. Also, elevated ALP indicates that there could be active bone formation occurring as ALP is a
byproduct of osteoblast activity or a disease that affects blood calcium level (hyperparathyroidism), vitamin D
deficiency, or damaged liver cells. Lower levels of ALP are less common than elevated levels. Certain conditions or
diseases such as hypophosphatasia, postmenopausal women receiving estrogen therapy because of osteoporosis, men
with recent heart surgery, magnesium deficiency, hypothyroidism, malnutrition, severe anaemia, children with
achondroplasia and cretinism show lower levels of AP. In addition, the drugs such as oral contraceptives have been

demonstrated to reduce alkaline phosphatase.
Alkaline phosphatase as biochemical marker

In adults with normal liver function, approximately 50% of the total AP activity in serum is derived from the
liver, whereas 50% arises from bone. In children and adolescents the bone-specific isoenzyme predominates (up to
90%) because of skeletal growth. Therefore, in subjects with high liver AP, results of bone AP measurements may be
artificially high, leading to false positive results. Serum total ALP is the most widely used marker of bone metabolism.
Once liver disease is ruled out, serum levels of total AP provide a good impression of the extent of new bone formation
and osteoblastic activity. From a clinical perspective, however detection of the bone-specific AP (BAP) isoenzyme is

increasingly preferred because of its higher specificity.33

Krabbe et al (1980)3** measured bone mineral content and total serum alkaline phosphatase. Concentrations of
total serum alkaline phosphatase increased up to the age of 14 in boys and 11 in girls. Turan et al (2011)* evaluated age
and sex-specific reference ranges for ALP. ALP levels demonstrated two peaks at infancy and puberty. Perinetti et al.,
(2011, 2012)% % evaluated the gingival crevicular fluid (GCF) alkaline phosphatase (ALP) activity in growing subjects
and concluded that GCF ALP be used as a non-invasive clinical biomarker for the identification of the pubertal growth
spurt in periodontally healthy subjects scheduled for orthodontic treatment. Tarvade et al., (2015)® evaluated the
salivary alkaline phosphatase (ALP) activity in growing subjects using middle phalanx of third finger (MP3) stages and
found a strong correlation of ALP levels in boys and girls and concluded that salivary ALP levels can be used as an
additional diagnostic tool to optimize orthodontic treatment timing. Hegde et al (2018)* assessed B-ALP levels in
saliva and correlated it with different skeletal maturity stages of hand wrist radiographs using Hagg and Taranger

method. They conclude that B-ALP could be successfully identified and quantitatively estimated in saliva and showed
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significant correlation with different skeletal age subgroups as determined by Hagg and Taranger method.Irham et al.,
(2017)%, Tripathi et al., (2017)**, Alhazmi et al., (2019)*?assessed the level of ALP in growing subjects and compared
with CVMI stages. They concluded that BALP showed promising results and can be employed as a potential biomarker

for the estimation of growth status.

IV.CONCLUSION

It has been long since we have been using radiographic methods for assesment of pubertal growth.
There are certain limitations and risks involved with multiple radiographs. To help over come these risks and problems
related to radiographic interpretation, biochemical parameters show more convincing results in assessment of growth
status. Definitely there are issues with evaluation of biomarkers. Not all biomarkers can be assessed by same technique.
There are issues in standardising the equipments and normal values for biomarkers in population groups. Biomarkers
for growth status can be assessed using blood, urine or salivary secretions. Urinary and salivary samples have chances
of contamination. Studies have show convincing results that noninvasive biomarkers can be used as substitute for

invasive methods for assessment of growth status of individual.
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