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Definition Disease
• a condition of the living animal or plant body 

or of one of its parts that impairs normal 
functioning and is typically manifested by 
distinguishing signs and symptoms : sickness, 
malady - Webster’s Dictionary
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What is a “Sign”

• Sign: Any objective evidence of disease, as 
opposed to a symptom, which is, by nature, 
subjective- Webster’s Dictionary
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Worried Parents
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Adolescent Idiopathic Scoliosis
• Healthy Children
• Absence of Disease State
• Lateral Curvature of the Spine
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Idiopathic Scoliosis
• Structural, lateral curvature of the 

spine of unknown etiology which 
exceeds 10 degrees by the Cobb 
Method on a standing radiograph

• Presence of structural rotation at the 
apical segment

• Three-dimensional curvature of the 
spine in the coronal and sagittal 
planes with rotation in the axial plane



Scoliosis is NOT Idiopathic if
• Neuromuscular Scoliosis
• Congenital Scoliosis
• Traumatic Scoliosis
• Infectious Scoliosis
• Post-infectious Scoliosis
• Syndromic Syndromic

Scoliosis is a “Sign” in these Diseases



Etiology –Syndromic Models
• Marfan’s Syndrome
• Ehler’s Danlos Syndrome
• Osteogenesis Imperfecta
• Cerebral Palsy
• Muscular Dystrophy
• Association with Chromosomal Disorders



Etiology -Idiopathic
• Genetic Predisposition plays significant role
• Genetic determinants are likely multifactorial
– Age of Clinical Manifestation
– Gender
– Association with congenital malformations
– Type of Scoliotic Curve
– Severity of Progression
– Resolution



Proposed Etiologies
• The Nottingham Concept
• Neurodevelopmental Concept 
– Maturational Delay of the CNS Body Schema

• The Braking of Bilateral Symmetry in relation to 
Left-Right Asymmetry Initiated in Embryonic Life

• The Neuroendocrine Hypothesis
• Impairment of Melatonin Signaling Transduction



Proposed Etiologies
• Platelet Calmodulin as Predictor of Scoliotic 

Curve Severity
• Platelet/Skeletal Hypothesis
• The Elastic Fiber System Theory
• Changes of Hormonal Regulation
• Late onset of Menarche (NUCKS1) gene



Genetic Factors associated
• Single Gene Polymorphisms (SNPs)
– Polymorphism of the promoter of melatonin receptor 

1B gene (MTNR1B) in Chinese Pop.
– CHD7 (Chromodomain helicase DNA-binding Protein 7 

gene)
– MATN1 Decrease of Plasma Matrilin-1 level

• Matrilin-1 connects matrix components in cartilage thus a 
defect may cause impairment of the cartilage ultrastructure

– Numerous and vary between ethnic populations
• 39 Publications



Genetic Factors associated
Fibrillin and Collagen Genes associated with AIS 
group of European Ancestry
Individual were hypermobile in joints as well
Mild forms of Collagen Metabolic abnormalities
Specifically Extracellular Cellular Matrix (ECM’s)

A polygenic burden of rare variants across extracellular matrix genes among individuals with adolescent idiopathic 
scoliosis Haller, G. et al Human Molecular Genetics, Vol 25, Issue 1, Jan.1,2106 pp 202-209



Genetic Factors associated

• Single Gene Polymorphisms (SNPs)
– Polymorphism of the promoter of melatonin 

receptor 1B gene (MTNR1B) in Chinese Pop.
– CHD7 (Chromodomain helicase DNA-binding 

Protein 7 gene)
– MATN1 Decrease of Plasma Matrilin-1 level

• Matrilin-1 connects matrix components in cartilage 
thus a defect may cause impairment of the cartilage 
ultrastructure

– Numerous and vary between ethnic populations
• 39 Publications



In All these various etiologies 
Scoliosis NOT the Disease

But a Sign of the Genetic variations

• Connective Tissue 
• Bone
• Neuromuscular
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Idiopathic Scoliosis is a Variant of 
Normal related to

• Genetic Predisposition to Connective Tissue 
Function

• Genetic Predisposition to Bone formation
• Genetic Predisposition to Neuromuscular 

functioning
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Sliding Scale of CT-B-NM Function
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Normal

Mild Scoliosis

Significant Scoliosis

Scoliosis from a Genetic Disease



Why does the Spine ever grow Straight?

• “Vicious Cycle” Theory
– Small lateral curvature of the spine can produce 

asymmetrical spinal loading that causes 
asymmetrical growth and a self-perpetuation 
progressive deformity during Skeletal Growth

• Absence of Scoliosis implies proper 
functioning of corrective measures of both 
bone, IVD and soft tissues 



Why does a Spine Grow Straight
• Genetic and Epigenetic factors regulating 

growth to maintain growth symmetry
• Despite Activities and Environmental  factors 

causing asymmetrical loading of the spine
• Genetic IVD characteristics
• Genetic Bone Characteristics
• Facet and Rib-Vertebral articulations



Factors resisting Scoliosis
• Inherent genetically determined  IVD Strength
– Combination of ECM and Lamellar integrity

• Vertebral Body Growth and remodeling
• Facet orientation
• Rib-Vertebral Attachments
• Normal Muscular Tone
– Absent in Neuromuscular Disease
– Absent Paralysis



Why does a Spine Grow Scoliotic
• Initiation (etiology)
• Subsequent Progression 
– Patterns similar between NM, Congenital and IS

• Mechanical forces influence Vertebral Growth
– Hueter-Volkmann Law and Wolf’s Law
– Bone will adapt to loads placed on it

• Mechanical forces Influence the IVD as well



Etiopathogenesis of IS      

• No generally accepted scientific theory
• Treatment- Empirical and Pragmatic
• Progressive elastoplastic Strain of Spine
– Discs more than Bone

• Modifies the Geometry of the motion Segments
• Curve itself worsens the excessive strain
Ultrastructure of Intervertebral Disc and Vertebra-Disc Junctions Zones as a link in 
Etiopathogenesis of Idiopathic Scoliosis, Burger, E.L et al Advances in Orthopedic Surgery 
Vol 2014, Article ID 850594



Etiopathogenesis of IS
• IVD under load shows dysplasia
• Vertebral bodies under load dysplasia but less
• Spinal growth spurts – times of physiologic stress
– Rapidity of lengthening
– Increased body weight

• Thru Mechanotransduction both Disc and Bone 
can have a physiologic response to loading 



Mechanotransduction
• Refers to the processes through which cells 

sense and respond to mechanical stimuli by 
converting them to biochemical signals that 
elicit specific cellular responses.

• Responsible for a number of senses and 
physiological processes in the body, including 
proprioception, touch, balance, and hearing.



Biomechanical Factors- Bone
Hueter-Volkmann’s Law

• H-V Law-decelerated growth concavity and 
accelerated growth convexity

• Mechanotransduction-intracellular and 
extracellular signaling factors

• Cellular response to bone mechanical loading
• Excessive loading can lead to microscopic 

fatigue damage
• Wedging of bodies at apex of thoracic curves



Wolf’s Law-



Wolf’s Law-Mechanotransduction



Thoracic Scoliosis

Right Thoracic T6-11 54 degrees
Wedging of:
Vertebral Bodies 38 degrees
IVD  Wedging       14 degrees



Thoraco Lumbar Curve  

Left TL T11-L3  45 degrees
Wedging of
Vertebral Bodies  34 degrees
IVD Wedging         11 degrees



Ian Stokes
• The vertebral body growth modulation process is one type 

of the biologic phenomenon of mechanotransduction.
In this phenomenon a single physical parameter – force – is 
converted into a response that is the basis for a plethora of 
fundamental biologic processes known to occur in many 
tissues including skeletal tissues, muscles, tendons and 
ligaments. There is recent evidence that cells from distinct 
regions of intervertebral discs of cattle tails differ in their 
mechanosensitivity as revealed by gene expression. The 
finding that extracellular matrix genes are upregulated by 
cyclical mechanical strain suggests that such genes are 
possible targets for novel therapeutic intervention.



Biomechanical Factors- Disc (IVD)
Morphological and Ultrastructual Features 

• Mech. Loading leads to morphological changes in 
scoliotic IVD

• Effects of Mechanotransduction
– Increased synthetic and decreased proliferative cell activity
– Asymmetry of collagen synthesis and degrading
– Increased synthesis of proteins
– Impairment of collagen turnover that results in failure of the 

synthesized extracellular matrix to organize to normal 
lamellar structure

– Decreased water content and increased hydrostatic pressure



IVD in Idiopathic Scoliosis

Physiologic Loading on Disc
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Cessation (slowing) of Progression at 
Skeletal Maturity- Dogma

• Population studies suggest curves less than 
45-50 won’t progress but curves over that 
progress at 1 degree per year.

• Vertebral Bodies – grow plates close the 
bodies adapt to abnormal mechanical loading

• IVD-Why however does IVD wedging also 
cease?



De Novo Adult Scoliosis
• Probably also a genetic variation of CT-B-NM 

Function
• Possible triggered by disc degeneration
• Possibly the same genes determine both
• Could there be a role for bracing in adults?
• Heresy up until now.



Scoliosis is a Sign of
• CT-B-NM Function
• Genetically determined
• Vast majority of people are genetically engineered to 

resist curvatures
• Some patients both Infantile-Juvenile-Adolescent 

and Adults don’t have the genetic structure to resist

Scoliosis Is not a Disease itself


