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INTRODUCTION
Human growth from conception to adulthood involves a complex 
interplay of biological systems regulating cell differentiation, tissue 

(1)formation, and maturation . Craniofacial growth is similarly shaped 
by genetic, hormonal, nutritional, and environmental factors. 
Disruptions in these pathways often result in atypical facial 
development, as seen in endocrine disorders like growth hormone 
deficiency , idiopathic short stature , and genetic syndromes. An 
individual's height is another factor is also under the influence of these 
hormonal changes.

Growth hormone (GH) which is secreted by the anterior pituitary 
gland, plays an  important role in systemic and craniofacial growth. 
Acting directly through specific receptors and indirectly through 
stimulation of insulin-like growth factor I (IGF-I), the GH/IGF-I axis 
regulates bone metabolism, guides modeling and remodeling, and 
supports the development of orofacial and cranial structures 

(2–4)throughout growth .

MECHANISM OF ACTION OF GH AT CELLULAR LEVEL 
GH is synthesized in anterior pituitary somatotrophs, its secretion 
being tightly regulated by feedback mechanisms involving GHRH, 
somatostatin, and ghrelin. GHRH stimulates GH release, while 
somatostatin inhibits it, particularly during hypoglycemia. Ghrelin, 
secreted by the gastrointestinal tract, enhances GH secretion in fasting 
states. IGF-1, produced mainly in the liver in response to GH, 
contributes to negative feedback by suppressing somatotroph activity 
and enhancing somatostatin release. Together, these mechanisms 
generate a pulsatile GH secretion pattern with peak levels during 
puberty and gradual decline with age.

GH acts directly by binding to its receptors on target tissues and 
indirectly by stimulating IGF-1 production via the Janus Kinase-
Signal Transducer and Activator of Transcription (JAK-STAT) 
pathway. Activated JAK1/2 recruit STAT1, STAT3, and STAT5, which 
enters the nucleus to induce IGF-1 gene expression. Circulating IGF-1 

then mediates growth and metabolic regulation, underscoring the 
critical role of the GH/IGF-I axis in systemic and craniofacial growth.

GH/IGF-I axis
GH circulates bound to GHBP, modulating bioavailability. Studies 
have shown that GH have direct as well as indirect actions on tissues. 
Initially, the Somatomedin Hypothesis was proposed in 2001 by Le 
Roith et al which states that GH induces the liver to produce 
somatomedins (IGFs) which supports osteoblast replication and 

(5) function, modulated by IGFBPs. Local feedback mechanisms 
involving IGF-I also may suppress GH action by downregulating 
GHRs which forms a tightly regulated system for skeletal 

(6-8)homeostasis. This hypothesis explained the indirect action of GH on 
tissues while direct action was described by the Dual effector 

(9,10)theory.  This theory highlights independent roles of GH and IGF-I 
during endochondral ossification. The direct action promotes the 
differentiation of precursor cells which was demonstrated for two 
mesenchymal cell types and indirect action via IGFs.GH receptors 
(GHRs) are identified in hypertrophic cartilage zones and dental 
tissues, reinforcing GH's direct contribution to skeletal and 

(11–16)craniofacial development . Immunolocalization of GHRs in 
osteoblasts and osteoclasts during processes like tooth eruption and 
orthodontic tooth movement suggests GH's role in regulating bone 

(17,18)resorption and remodeling in craniofacial regions .

EFFECT OF GH ON CRANIOFACIAL STRUCTURES
Growth hormone (GH) plays a crucial role in bone modeling and 
remodeling, essential for maintaining skeletal integrity under 
mechanical stress. GH directly stimulates osteoblasts which promotes 
bone formation and indirectly supports osteoclast activity via stromal 
cell interactions. Clinical evidence shows that GH therapy elevates bone 
turnover markers, including serum alkaline phosphatase, procollagen 

(19)type I C-terminal propeptide, and deoxypyridinoline . Experimental 
studies in also report enhanced bone density and collagen fiber 
organization around dental implants when GH is applied post-extraction, 

(20,21)leading to improved bone healing and implant stability .
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ABSTRACT
Growth hormone (GH) is a key regulator of somatic and craniofacial development, exerting its effects directly via GH receptors and indirectly 
through insulin-like growth factor-I (IGF-I). The GH/IGF-I axis influences bone modelling, remodelling, and soft tissue growth, essential for 
normal facial morphology. GH also stimulates osteoblast proliferation, enhances osteoclastic activity, and supports periosteal apposition at the 
cellular level. Secondary cartilage in the mandibular condyle exhibits GH and IGF-I receptor expression, highlighting their role in endochondral 
ossification and mandibular development. Additionally, GH impacts dental tissues by promoting odontogenic proliferation and facilitating dentin 
and cementum formation. Growth hormone deficiency (GHD) often presents with distinctive craniofacial anomalies, including reduced cranial 
base length, mandibular retrognathia, increased gonial angles, and delayed dental maturation. Cephalometric studies reveal smaller maxillary and 
mandibular dimensions in GHD patients. Recombinant human GH (rhGH) therapy has demonstrated improvements in mandibular growth and 
facial balance, though complete normalization is rare. In contrast, GH excess, as seen in acromegaly, results in mandibular prognathism, 
macroglossia, and dental malocclusions due to excessive periosteal bone deposition and soft tissue hypertrophy. Recognizing the pivotal role of 
GH in craniofacial development is essential for clinicians. Dentists and orthodontists, in particular, can identify early signs of GH dysregulation, 
facilitating timely diagnosis and intervention to optimize growth outcomes.
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EFFECT ON MANDIBULAR CONDYLE
The mandibular condyle cartilage, a secondary cartilage of periosteal 
origin from neural crest cells, differs from primary cartilage in its 
structure and response to stimuli. Its superficial perichondrium 
contains pre-chondroblastic cells that produce type I collagen, unlike 
the type II collagen produced in primary cartilage.

Cartilage formation in the condyle is strongly influenced by 
mechanical stimuli, such as changes in jaw position, which trigger 

(22,23).mesenchymal cell differentiation into chondrocytes  These cells 
proliferate, mature into hypertrophic chondrocytes and contribute to 

(24)endochondral ossification.  Growth hormone (GH) and insulin-like 
growth factor I (IGF-I) receptors are highly expressed in the 
chondroprogenitor and chondroblast layers, with IGF-I distribution 
matching its receptors. This suggests GH primarily acts through IGF-I 

(25)mediation to induce local proliferation and cartilage development . 
GH deficiency reduces IGF-I synthesis, impairing condylar growth, 
while elevated GH enhances IGF-I production and chondrocyte 

(26–28)activity

Genetic studies have linked GHR polymorphisms to mandibular 
morphology. The P561T SNP (cytosine-to-adenine transversion) in 
Japanese individuals leads to a proline-to-threonine substitution, 

(29).associated with shorter mandibular rami  Additionally, the P561T 
variant has been identified as a potential negative regulator of 
mandibular growth in Japanese children with mandibular 

(30,31)prognathism.  In contrast, the I526L variant correlates with 
increased ramus length in Chinese Han populations, though findings in 
Japanese and Korean cohorts remain inconclusive.

EFFECT ON DENTAL STRUCTURES
Growth hormone (GH) contributes to the formation of mineralized 
dental tissues-dentin, cementum, and enamel-similar to the actions of 

(7) bone morphogenetic proteins (BMPs). GH receptors are identified in 
hard tissues, especially near the amelodentinal junction suggesting 
their role in localized growth responses. IGF-I receptors, observed 
during early molar tooth bud formation in rats, further indicate GH's 

(32)regulatory influence on early odontogenesis

Experimental studies in Lewis dwarf rats showed reduced number of 
odontogenic epithelial cells in untreated subjects, while GH-treated 
dwarfs demonstrated normalized cell numbers in the internal enamel 
epithelium, the stratum intermedium, and Hertwig's epithelial root 
sheath (HERS). This indicates that GH enhances cell proliferation 

(32)which critical for overall development of a tooth . In GH receptor-
deprived mice, cellular cementum formation was reduced nearly 
tenfold, while GH antagonist treatment caused a threefold decrease. 
Conversely, GH-excess mice exhibited a twofold increase in 

(33,34)cementum formation . Morphometric analyses revealed dwarf mice 
had smaller crowns, shorter and narrower roots and reduced width at 
the cementoenamel junction mesiodistally. Interestingly, GH 
overexpression elongated roots but did not significantly affect crown 

(35,36)width or root dentin thickness.

In humans, growth hormone deficiency (GHD) is often associated with 
delayed dental maturation, microdontia, missing third molars, single 
maxillary central incisors, smaller premolar crowns, and delayed 
permanent tooth eruption. While GH therapy in idiopathic short stature 
and GHD patients enhances skeletal growth, its effect on dental 

(25,36–41)maturation remains limited. 

EFFECTS ON ALVEOLAR BONE AND ORAL MUSCLES
GH contributes to alveolar bone width and strength through periosteal 
apposition and muscle-mediated skeletal loading. In muscle, GH 
regulates IGF-1 production, influences myofiber type, and promotes 
hypertrophy, which indirectly supports bone remodeling. GH-
deficient states show impaired muscle mass and reduced periosteal 

(8,14).bone thickening, impacting craniofacial morphology

FEATURES OF GROWTH HORMONE DEFICIENCY 
Craniofacial development in growth hormone deficient children is 
characterized by disproportionate skeletal growth patterns due to 
impaired GH-mediated regulation of bone and soft tissue growth. The 
mandible is particularly affected, presenting as mandibular 
retrognathia with a retruded chin,  steep mandibular plane, and 

(28,43)increased gonial angle, leading to a more convex facial profile  
Cephalometric studies consistently demonstrate reduced lengths of 
anterior and posterior cranial base (N-S), with the posterior base often 

(28)more severely affected . The mandibular ramus (Cd-Go) and corpus 
(Pog-Go) are significantly shorter, contributing to decreased posterior 
facial height. In contrast, the maxilla is relatively less impacted, 
though mild retrusion and reduced maxillary length (A-Ptm) have 

(44)been reported . Lower anterior facial height (ANS-Me) is also 
reduced, giving the face a more juvenile and underdeveloped 
appearance. Soft tissue features include a youthful facial profile with 

(28,43)thicker subcutaneous fat layers. Gender differences have been 
noted; girls tend to have smaller mandibles and posteriorly positioned 
jaws, while boys often exhibit a flatter cranial base and 

(43)underdeveloped midface and mandibular structures.

In adults, growth hormone deficiency (GHD) leads to subtle but 
progressive craniofacial changes. Like  diminished bone turnover and 
periosteal apposition, causing mandibular retrusion, a flatter facial 

(28,43).profile and decreased lower facial height  Loss of muscle mass and 
tone in the orofacial region contributes to soft tissue sagging and an 
aged appearance. These changes, although less pronounced than in 
children, can impact prosthetic planning, implant stability, and 
increase orthodontic relapse risk. Recombinant GH therapy in adults 
improves bone density and soft tissue integrity, offering partial 

(45,46)restoration of facial contours and function . However, skeletal 
remodeling potential is limited, emphasizing the need for early 
diagnosis and intervention.

CRANIOFACIAL CHANGES IN GIGANTISM
In gigantism, excessive secretion of growth hormone (GH) before 
epiphyseal closure leads to proportional overgrowth of skeletal and 
soft tissues, including the craniofacial complex. The mandible 
undergoes pronounced enlargement due to continued endochondral 
and periosteal growth. This results in prognathism, contributing to a 
skeletal Class III malocclusion and altered occlusal relationships. 
Cephalometric analyses often reveal elongated mandibular bodies and 
rami, increased gonial angles, and flattening of the cranial base as a 
consequence of disproportionate growth between the cranial vault and 

(47)facial skeleton .

Frontal bossing is a notable feature caused by excessive bone 
deposition in the frontal bone, while hypercementosis of tooth roots 
has been reported radiographically. The accelerated skeletal growth 
also leads to increased spacing between teeth (diastema) as the alveolar 

(47)bone expands more rapidly than the dentition can compensate

Soft tissue overgrowth further accentuates facial changes. The lips 
become thickened, and macroglossia (enlarged tongue) may develop, 
contributing to dental flaring and spacing. The combination of skeletal 
and soft tissue alterations gives patients a coarse facial appearance, 
with exaggerated features that are often noticed early in life.

ORTHODONTIC CONSIDERATIONS AND CLINICAL 
RELEVANCE
Orthodontic tooth movement is based on a balanced cycle of bone 
resorption and apposition in response to forces, chiefly mechanical. 
GH enhances this process by promoting osteoblast proliferation, 
osteoclastic activity, facilitating efficient tooth movement under 
orthodontic forces. In GH deficiency (GHD), delayed skeletal 
maturation, reduced alveolar bone volume, and diminished muscle 
strength may prolong treatment time and compromise outcomes.

Optimal timing of orthodontic treatment is crucial. Peak GH secretion 
during puberty can amplify the response to functional appliances, 
while excessive GH, as seen in acromegaly, may cause mandibular 
prognathism and dental malocclusions, requiring careful 
biomechanical management.

GH also accelerates periodontal ligament recovery and bone turnover, 
which benefits tooth movement but may increase anchorage loss and 
relapse risk. Extended retention and individualized force application 
are recommended for patients with GH abnormalities. Recognizing 
GH's role in craniofacial adaptation enables orthodontists to optimize 
treatment strategies, particularly in patients with endocrine 

(17,38,39,42)disorders.

CONCLUSION
The GH/IGF-I axis is indispensable for craniofacial development, 
influencing endochondral ossification, bone remodeling, and 
odontogenesis. Growth hormone deficiency results in distinct 
craniofacial features, such as a shortened cranial base, hypoplastic 
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maxilla, and retrognathic mandible, whereas GH excess in conditions 
like gigantism and acromegaly leads to mandibular prognathism, 
macroglossia, and dental malocclusions.

These changes have important orthodontic implications, as altered 
bone metabolism and growth patterns can affect treatment timing, 
mechanics, and long-term stability. Early recognition of GH-related 
craniofacial anomalies by dental professionals enables prompt referral 
for endocrine management. While medical therapy can mitigate 
progression, orthodontic and surgical interventions remain essential 
for correcting functional and aesthetic concerns.

Advancing research on GH's role in craniofacial biology will further 
improve diagnostic precision and treatment strategies, enhancing 
outcomes and quality of life for affected patients.

Abbreviations: 
GH – Growth Hormone; IGF-I – Insulin-like Growth Factor-I; GHD – 
Growth Hormone Deficiency; rhGH – Recombinant Human Growth 
Hormone; PDL – Periodontal Ligament; BMP – Bone Morphogenetic 
Protein, IL-6 – Interleukin-6, IGFBPs – Insulin-like Growth Factor 
Binding Proteins, � GHBP – Growth Hormone Binding Protein ,GHR 
– Growth Hormone Receptor, JAK-STAT – Janus Kinase-Signal 
Transducer and Activator of Transcription,ISS – Idiopathic Short 
Stature, Cd-Go – Condylion to Gonion (Mandibular Ramus Height), 
Gn-Cd – Gnathion to Condylion (Mandibular Length), Pog-Go – 
Pogonion to Gonion (Mandibular Corpus Length), A-Ptm – Point A to 
Pterygomaxillary Fissure (Maxillary Length, N-S – Nasion to Sella 
(Cranial Base Length), ANS-Me – Anterior Nasal Spine to Menton 
(Lower Anterior Facial Height), HERS – Hertwig's Epithelial Root 
Sheath, OSA – Obstructive Sleep Apnea, TMJ – Temporomandibular 
Joint
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