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            Abstract

            
               
Human growth hormone (Somatotropin) is produced by acidophilic growth hormone cells in the anterior pituitary gland, stimulated
                  by hypothalamus. Its production is regulated by several complex feedback mechanisms in response to stress, exercise, diet,
                  sleep and growth hormone itself. Growth hormone plays a major role in linear body growth and craniofacial growth. In Orthodontics,
                  it induces orthodontic tooth movement by activating specific cytokines to regulate osteoclast & osteoblast activity. It mediates
                  STAT signalling in liver & pancreas to produce JAK-IGF-1. IGF-1 has stimulatory effects on osteoblasts and chondrocytes for
                  endochondral ossification to promote bone growth. Growth hormone mediates mitogenic stimulus to odontoblast lineage cells
                  by epidermal growth factor (EGF) to differentiate into odontoblasts. It also stimulates production of alkaline phosphatase
                  and osteocalcin in osteoblasts to improve osteoblast proliferation and differentiation. It also induces osteoclastic activity
                  indirectly by production of IGF-1 and IL- 6 thereby activating RANK-RANKL/OPG phenomenon. It also promotes myofibrillar diameter
                  expansion so it increases muscle mass with strength. Growth Hormone Replacement therapy reduces facial convexity and its main
                  effect appears to be on condylar growth. Since deficiencies of growth hormone can adversely affect orthodontic treatment,
                  effects of growth hormone treatment on craniofacial structures should be considered in order to maximize the effectiveness
                  of orthodontic treatment with appliances and it is more important to understand.
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               Introduction

            Human growth hormone (GH), also known as somatotropin, is produced by acidophilic growth hormone cells in the anterior pituitary
               gland. Its production is tightly regulated by several complex feedback mechanisms in response to stress, exercise, diet, sleep,
               and growth hormone itself.1 Its molecular structure is one 191 amino acid polypeptide chain with 2 di-sulphide bridges and a 22kDa1 molecular weight.
               Plasma half-life of 15 to 20 minutes after intravenous injection or secretion.2 The functions of the two organs are mediated by a nervous system that activates the endocrine system. The hypothalamus acts
               as a master orchestra, stimulating the pituitary gland and stimulating the endocrine system. This endocrine system is made
               up of endocrine glands that facilitate the direct secretion of chemical mediators/hormones into the bloodstream. The word
               hormone was first used by Ernst Sterling in 1905 and defined as a chemical substance that stimulates cellular activity and
               promotes growth in various parts of the body.3

             Various hormones play important roles in the growth and development of various tissues and organs. Growth hormone (GH) plays
               a major role in linear body growth and craniofacial growth in infants.4 Evaluating the role of GH in the field of orthodontics, GH acts on specific signaling pathways. It induces orthodontic tooth
               movement by activating specific cytokines to regulate osteoclast and osteoblast activity for selective formation and remodeling
               of bone. The GH family genes map to chromosome 17q23-q24. It is a 191 amino acid anabolic hormone with a molecular weight
               of 22,005.5, 6 GH that stimulates the liver and pancreas to secrete insulin-like growth factor I (IGF-1/somatomedin). GH and IGF-1 then
               act on specific cellular structures in various organs through growth hormone receptor (GHR) and IGF-binding protein (IGFBP)-3,
               -4, and -5 to Activates and strengthens the second messengers within. Metabolic activity of cells for the secretion of specific
               proteins. 7, 8

         

         
               Mechanism of Action

            GH is a non-lipid soluble hormone. Binding to specific GH-binding domain receptors (GHRs) on target cells, initiating the
               second messenger activity inosine triphosphate (IP3) and activating MAPK/ERK signaling pathways to enhance metabolic effects
               on cells.9 GH mediates STAT signaling in the liver and pancreas to produce JAK-IGF-1. IGF-1 has stimulatory effects on osteoblasts and
               chondrocytes for the development of secondary ossification centers for endochondral ossification to promote bone growth. 10 Thus, GH and IGF-1working mechanism is cited as GH/IGF-1 axis.
            

            Various theories have been proposed, citing the effects of GH/IGF-1 on target organs. They are:

            
                  
                  	
                     Stomatomedin theory – suggested that GH stimulates skeletal growth by stimulating IGF-1, which endocrinally stimulates longitudinal
                        bone growth.11

                  

                  	
                     Dual effector theory – suggested that GH and IGF-1 act independently at different stages of maturation and differentiation
                        within the cartilage. GH is known to stimulate young preadipocytes in the early stages of development, whereas IGF-I stimulates
                        mature cells in the later stages of development. 12 It is also affected by various hormones such as thyroid hormone, 13 while glucocorticoids and parathyroid hormone have the effect of suppressing the effects of GH. 14 The overall action of GH mainly affects tissues such as muscle and bone. and have general effects on all parts of the body.
                        15 However, the independent action of IGF-1 is associated with cartilage growth and the anabolic effects of GH.16

                  

               

            

         

         
               Impact of GH on the Growth of Craniofacial Structures

            In idiopathic growth hormone deficiency, the depth and length of the face are abnormally small for the child's age, and the
               face retains a childlike convexity. Various studies have shown that the total length of the mandible (Gn-Cd) is shortened
               due to the lower branch height (Cd-Go). In addition, the upper jaw may shrink significantly, and the lower jaw may shrink
               as well. The maxilla is often postgnathic, but less so than the mandible. Regarding skull base size, various studies have
               found that the length of the posterior skull base is shorter than the length of the anterior skull base (N-S). In contrast,
               GH replacement therapy reduces facial convexity and its main effect appears to be on condylar growth. 17

            
                  Impact on dental development
               

               The dentition appears to be in harmony, and all tested components related to tooth development show the same delay. The impact
                  of growth hormone to growth begins after 9 months of birth. Therefore, the impact on the growth on primary teeth is unknown.
                  18 Similar to bone -forming proteins, growth hormones are known to increase the production of bones and hard tooth tissue. 19 Those tissues have GH receptors, which can mediate local growth responses, which is discovered in future amelodentinal junction's
                  distal cytoplasm. 20 The GH mediates the mitogenic stimulus to the odontoblast lineage cells by epidermal growth factor (EGF) to differentiate
                  into odontoblasts. 21 Differentiation of odontoblast into various tooth structures like dentin, cementum and enamel, is mediated through the action
                  of IGF-1 and BMP 2. GH affects the morphological differentiation and maturity of tooth. However, it has least effect on the
                  eruption of tooth. 22

            

            
                  Impact on osteoblasts

               This has a strong effect on structures primarily derived from neural crest cells (originally from the outer mesenchyme). GH
                  promotes the differentiation of osteoprogenitor cells and increases the production of cells of the osteoblastic lineage. It
                  also stimulates the production of alkaline phosphatase and osteocalcin in osteoblasts to improve osteoblast proliferation
                  and differentiation. 23

            

            
                  Impact on osteoclasts

               GH uplifts the bone turnover through upregulation of osteoclast production in osteoblast cells leading to production of mature
                  osteoclasts through osteoclastogenesis. 24 GH also induces osteoclastic activity indirectly by inducing the production of IGF-1 and IL-6, which in turn activates RANK-
                  RANKL/OPG phenomenon. Hence GH plays a dual activity, to regulate both bone modelling aswell as remodelling. 25

            

            
                  Impact on odontoblasts

               GH mediates the mitogenic stimulation to the odontoblast lineage cells via epidermal growth factor (EGF) to differentiate
                  into odontoblasts. 26  GH also increases the cell proliferation of inner dental epithelium, Hertwigs epithelial root sheath and dental papilla,
                  which determines the root dimension and root shape. Hence GH affects the morpho differentiation and maturation status of tooth.
                  However holding a dimunitive role in tooth eruption. 27

            

            
                  Impact on muscles fibres

               GH is also required for skeletal muscle development, GH binds to GHR in target cells and activates second messengers that
                  activate tyrosine kinase enzymes through phosphorylation mediated by the JAK signaling pathway. This leads to increased protein
                  synthesis by the rough endoplasmic reticulum and increased cellular expression. Thus, GH promotes myofibrillar diameter expansion
                  along with fusion of myoblasts with myotubes, increasing muscle mass with strength. 28

            

            
                  Over secretion of GH

               Hypersecretion of GH leads to gigantism (before fusion of epiphysis and metaphysis) and acromegaly (apposition overgrowth
                  of bone after fusion of epiphysis and metaphysis). Common clinical features are prominent supraorbital ridges, dehiscence
                  associated with temporal changes in intermaxillary occlusion, anterior and inferior mandibular growth leading to crossbite
                  and cleft jaw. 29 A study by Cohen et al. suggested any surgery to correct the bite and orthodontic surgery to resolve masticatory complaints
                  should be deferred until it is ensured that GH levels remain at normal levels for the next 12 months. 30

            

            
                  Deficiency of GH

               A study by Cantu et al. GH deficiency has been suggested to significantly retard maturation and body growth. 4 Height is affected slightly more than skeletal maturation. 22 During facial development, facial depth and length remain small for age, and facial convexity 21 increases due to the shorter length of the posterior skull base compared to the anterior skull base. 26 However, the mandible is significantly smaller in size compared to the maxilla. This is due to the reduced height of the temporomandibular
                  joints and the propensity for open bite, crossbite and crowding. 27  The success of GH therapy is based on promoting prepubertal growth, so it is said that the development of the child is similar
                  to that of a normal child. Bone formation is delayed and more severe bone resorption occurs, especially in the early stages
                  of administration of GH therapy, requiring longer intervals of light corrective force. GH does not stimulate bone development
                  until 12-24 months of age, so it is recommended to take GH before starting orthodontic treatment. 31

            

         

         
               Conclusion

            Growth hormone plays an important role in the growth of skeletal and tooth structures and affects tooth movement during orthodontic
               treatment due to its function of regulation of cellular proliferation, differentiation and metabolic activity control. Therefore,
               since deficiencies in these hormones can adversely affect orthodontic treatment, the effects of GH treatment on craniofacial
               structures should be considered in order to maximize the effectiveness of orthodontic treatment with effective appliances
               is important to understand.
            

         

         
               
               Conflict of Interest
               
            

            The authors declare that they have no conflict of interest.

         

         
               
               Source of Funding
               
            

            None.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Binder, G,   (2009). Noonan syndrome, the Ras-MAPK signalling pathway and short stature. Horm Res, 71(2), 64–70. 10.1159/000192439

                  

                  
                     
                        2 
                              

                     

                     Parker, ML, Utiger, RD & Daughaday, WH,   (1962). Studies on human growth hormone. II. The physiological disposition and metabolic fate of human growth hormone in
                        man. J Clin Invest, 41(2), 262–8. 10.1172/JCI104479

                  

                  
                     
                        3 
                              

                     

                     Starling, EH,   (1905). The Croonian Lectures. On the chemical correlation of the functions of the body. Lancet, 166(4275), 339–41. 10.1016/S0140-6736(01)11877-5

                  

                  
                     
                        4 
                              

                     

                     Cantu, G, Buschang, PH & Gonzalez, JL,   (1997). Differential growth and maturation in idiopathic growthhormone-deficient children. Eur J Orthod, 19(2), 131–9. 10.1093/ejo/19.2.131

                  

                  
                     
                        5 
                              

                     

                     Natelson, BH, Holaday, J, Meyerhoff, J & Stokes, PE,   (1975). Temporal changes in growth hormone, cortisol, and glucose: relation to light onset and behaviour. A Jr Physio, 229(2), 409–15.
                     

                  

                  
                     
                        6 
                              

                     

                     Giustina, A & Veldhuis, J D,   (1998). Pathophysiology of the neuroregulation of growth hormone secretion in experimental animals and the human. Endocr Rev, 19(6), 717–97. 10.1210/edrv.19.6.0353

                  

                  
                     
                        7 
                              

                     

                     Slootweg, M C,   (1993). Growth hormone and bone. Horm Metab Res, 25(7), 335–43. 10.1055/s-2007-1002115

                  

                  
                     
                        8 
                              

                     

                     Binder, G, Wittekindt, N & Ranke, M B,   (2007). Noonan Syndrome: Genetics and responsiveness to Growth Hormone Therapy. Horm Res, 67(1), 45–9.
                     

                  

                  
                     
                        9 
                              

                     

                     Leung, DW, Spencer, SA, Cachianes, G, Hammonds, RG, Collins, C & Henzel, WJ,   (1987). Growth hormone receptor and serum binding protein: Purification, cloning and expression. Nature, 330(6148), 537–43. 10.1038/330537a0

                  

                  
                     
                        10 
                              

                     

                     Werther, GA, Haynes, K, Edmonson, S, Oakes, S & Buchanan, CJ,   (1993). Identification of growth hormone receptors on human growth plate chondrocytes. Acta Paed, 82(391), 50–3.  10.1111/j.1651-2227.1993.tb12929.x

                  

                  
                     
                        11 
                              

                     

                     Daughaday, WH, Hall, K, Raben, MS, Brande, JL van den, Wyk, JJ van & Jr, WD Salmon,   (1972). Somatomedin: Proposed designation for sulphation factor. Nature, 235(5333), 107. 10.1038/235107a0

                  

                  
                     
                        12 
                              

                     

                     Giustina, A & Wehrenberg, WB,   (1995). Influence of thyroid hormones on the regulation of growth hormone secretion. Eur J Endocrinol, 133(6), 646–53. 10.1530/eje.0.1330646

                  

                  
                     
                        13 
                              

                     

                     Giustina, A & Wehrenberg, WB,   (1992). The role of glucocorticoids in the regulation of Growth Hormone secretion: mechanisms and clinical significance.
                        Trends Endocrinol Metab, 3(8), 306–11. 10.1016/1043-2760(92)90142-n

                  

                  
                     
                        14 
                              

                     

                     Feld, S & Hirschberg, R,   (1995). Growth hormone, the insulin-like growth factor system, and the kidney. Endocr Rev, 17(5), 423–80. 10.1210/edrv-17-5-423

                  

                  
                     
                        15 
                              

                     

                     Giustina, A, Mazziotti, G & Canalis, E,   (2008). Growth hormone, insulin-like growth factors, and the skeleton. Endocr Rev, 29(5), 535–59. 10.1210/er.2007-0036

                  

                  
                     
                        16 
                              

                     

                     Hogan, BL,   (1996). Bone morphogenic proteins: Multifunctional regulators of vertebrate development. Genes Dev, 10(13), 1580–94. 10.1101/gad.10.13.1580

                  

                  
                     
                        17 
                              

                     

                     Gupta,  A, Sharma,  R, P Kumar & PK Chandra,   (2013). Effect of pharmacological agents on orthodontic tooth movement. J Pharm Biomed Sci, 28, 688–94.
                     

                  

                  
                     
                        18 
                              

                     

                     Prakash, A, Sabarad, P & Rai,  S,   (2013). Hormones and their Clinical Consideration in Orthodontics. Indian J Dent Adv, 5(1), 1120–4.
                     

                  

                  
                     
                        19 
                              

                     

                     Li, H, Bartold, PM, Young, WG, Xiao, Y & Waters, MJ,   (2001). Growth hormone induces bone morphogenetic proteins and bone-related proteins in the developing rat periodontium.
                        J Bone Miner Res, 16(6), 1068–76.
                     

                  

                  
                     
                        20 
                              

                     

                     Zhang, CZ, Li, H, Young, WG, Bartold, PM, Chen, C & Waters, MJ,   (1997). m Evidence for a local action of growth hormone in embryonic tooth development in the rat. Growth Fact, 14(2-3), 131–43. 10.3109/08977199709021516

                  

                  
                     
                        21 
                              

                     

                     Young, WG, Zhang, CZ, Li, H, Osborne, P & Waters, MJ,   (1992). The influence of growth hormone on cell proliferation in odontogenic epithelia by bromodeoxyuridine immunocytochemistry
                        and morphometry in the Lewis dwarf rat. J Dent Res, 71(11), 1807–11. 10.1177/00220345920710110801

                  

                  
                     
                        22 
                              

                     

                     Tengku, BS, Joseph, BK, Harbrow, D, Taverne, AAR & Symons, AL,   (2000). Effect of a static magnetic field on orthodontic tooth movement in the rat. Eur J Orthod, 22(5), 475–87. 10.1093/ejo/22.5.475

                  

                  
                     
                        23 
                              

                     

                     Ohlsson, C, Bengtsson, BA, Isaksson, OGP, Andreassen, TT & Slootweg, MC,   (1998). Growth hormone and bone. Endocr Rev, 19(1), 55–79. 10.1210/edrv.19.1.0324

                  

                  
                     
                        24 
                              

                     

                     Nishiyama, K, Sugimoto, T, Kaji, H, Kanatani, M, Kobayashi, T & Chihara, K,   (1996). Stimulatory effect of growth hormone on bone resorption and osteoclast differentiation. Endocrinology, 137(1), 35–41. 10.1210/endo.137.1.8536635

                  

                  
                     
                        25 
                              

                     

                     Hayden, JM, Mohan, S & Baylink, DJ,   (1995). The insulin-like growth factor system and the coupling of formation to resorption. Bone, 17(2), 93–8. 10.1016/8756-3282(95)00186-h

                  

                  
                     
                        26 
                              

                     

                     Bevis, RR, Hayles, AB, Isaacson, RJ & Sather, AH,   (1977). Facial growth response to human growth hormone in hypopituitary dwarfs. Angle Orthod, 47(3), 193–205. 10.1043/0003-3219(1977)047<0193:FGRTHG>2.0.CO;2

                  

                  
                     
                        27 
                              

                     

                     Poole, AE, Greene, IM & Buschang, PH,   (1982). The effect of growth hormone therapy on longitudinal growth of the oral facial structures in children. Prog Clin Biol Res, 101, 499–516.
                     

                  

                  
                     
                        28 
                              

                     

                     Sadowski, CL, Wheeler, TT, Wang, LH & Sadowski, HB,   (2001). Regulation of IGF-I and suppressor of cytokine signalling gene expression in C2C12 skeletal muscle cells. Endocrinology, 142(9), 3890–900. 10.1210/endo.142.9.8365

                  

                  
                     
                        29 
                              

                     

                     Cohen, RB & Wilcox, CW,   (1993). Case of acromegaly identified after patient compliant of apertognathia. Oral Surg Oral Med Oral Pathol, 75(5), 583–6. 10.1016/0030-4220(93)90229-w

                  

                  
                     
                        30 
                              

                     

                     Tornes, K & Gilhuus, MO,   (1986). Correction of jaw deformities subsequent to treatment of acromegaly. Int J Oral Maxillofac Surg, 15(4), 446–50. 10.1016/s0300-9785(86)80036-9

                  

                  
                     
                        31 
                              

                     

                     Burns, EC, Tanner, JM & Preece, MA,   (1981). Final height and pubertal development in 55 children with idiopathic growth hormone deficiency, treated for between
                        2 and 15years with human growth hormone. Eur J Paed, 137(2), 155–64. 10.1007/BF00441309

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Role of growth hormone in orthodontics


      
        		
          Content
        


      


    
  

