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When can Scoliosis start developing?

Why do Scoliosis develop?
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[[50], see [227,237]] which, through mutations causing
central leptin sensitivity, may predispose some girls to
AIS. Several papers suggest that the GH/IGF axis has a role
in the pathogenesis of AIS [310,312,313], with IGF-I pol-
ymorphism affecting curve severity of AIS but not its onset
[314]. Growth hormone treatment may increase the risk
of progression of scoliosis [315-318].

We suggest that in preoperative AIS girls with relatively
higher BMIs, the skeletal overgrowth for age (Figure 7)
[38,39,41,135-141,152] results from earlier and increased
hypothalamic sensitivity of the GH/IGF axis to leptin for age
leading to increased GH/IGF secretions, and possibly
estrogen through other neuroendocrine axes. In the lower
BMI subset of preoperative AIS girls, there is no early and
systemic skeletal evidence to suggest increased secretion
of GH/IGF-I (Figure 7) According to the LHS concept, more
sympathoactivation in the lower BMI subset is needed to
account for curve magnitudes which are similar to those
of the higher BMI subset (Figure 7). This interpretation
implies that in AIS girls, GH/IGF axis secretion and sym-
pathoactivation may have an inverse pathogenetic rela-
tionship (Figure 5, see Discussion, Medical conditions
showing inverse relation of GH/IGF axis secretion and sym-
pathoactivation).

The therapeutic implication for AIS girls is that, whatever
the BMI, consideration be given, early in curve evolution,
to decreasing -

• growth hormone and IGF synthesis by a somatostatin
analogue as used in tall children [319] (Figure 9), and/
or

• sympathetic nervous system activity by E-blockers
(as being evaluated for fractures [199]) (Figures 5 and
8).

Either medication, separately or together, might decrease
vertebral and/or rib asymmetry and limit scoliosis curve
progression, possibly by also affecting bone remodeling
[199]. This strategy ignores a possible role for sex hor-
mones in pathogenesis.

GH treatment and the Prader-Willi syndrome (PWS)
That GH may increase the risk of scoliosis progression is
currently being evaluated in PWS patients having GH
treatment for the short stature [290,292,320,321]. In the
first study of a large population of children with PWS
treated with GH, beneficial effects were found with no
adverse effects on the progression of scoliosis [321]. In the
light of the LHS concept for AIS, the latter finding suggests
that in PWS, vertebral growth asymmetries are not prima-
rily involved in the cause of its scoliosis, which may reside
in musculature and somatic nervous system.

Sex hormones
Estrogen and testosterone
A third potentially manipulatable cause of AIS pathogen-
esis in girls relates to sex hormones in pubertal growth
[17,258,311,322,323]. The relation of age at menarche to
peak height velocity in AIS girls [5,6,258] and genetic
findings [324-326] suggest a role for estrogens in suscep-
tibility and/or curve progression. In the LHS concept, estro-
gens like GH, may exaggerate vertebral growth plate
asymmetry and curve severity particularly in girls with rel-
atively lower BMIs (Figure 7). Circulating levels of estro-
gen are reported to be normal or lower, and of
testosterone raised, in AIS girls [307,327-329].

Gonadorhelin analogues
The NOTOM concept (Figure 15) [71,330-332] suggests a
medical treatment for AIS, by administering a gonadorhelin
analogue (Figure 8) to delay menarche and slow bone
growth in early AIS [333] - as practised for children with
idiopathic precocious puberty. This is not an ideal option, as
delaying the timing of normal puberty adversely affects

Neuro-osseous timing of maturation (NOTOM) concept to explain the female susceptibility to progressive AIS in relation to the somatic nervous systemFigure 15
Neuro-osseous timing of maturation (NOTOM) con-
cept to explain the female susceptibility to progres-
sive AIS in relation to the somatic nervous system. 
Height velocity (cm/year) is plotted against age in relation to 
putative postural maturation at 12 years of age in both sexes. 
The postural immaturity of girls due to their earlier growth 
spurt makes them more susceptible to curve progression 
than boys. A curve initiating factor is not identified in this 
concept. The age and sex effect of postural sway in healthy 
children needs further evaluation [71]. (Diagram modified 
from Burwell and Dangerfield [330-332]).
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Abstract
Anthropometric data from three groups of adolescent girls - preoperative adolescent idiopathic
scoliosis (AIS), screened for scoliosis and normals were analysed by comparing skeletal data
between higher and lower body mass index subsets. Unexpected findings for each of skeletal
maturation, asymmetries and overgrowth are not explained by prevailing theories of AIS
pathogenesis. A speculative pathogenetic theory for girls is formulated after surveying evidence
including: (1) the thoracospinal concept for right thoracic AIS in girls; (2) the new neuroskeletal
biology relating the sympathetic nervous system to bone formation/resorption and bone growth;
(3) white adipose tissue storing triglycerides and the adiposity hormone leptin which functions as
satiety hormone and sentinel of energy balance to the hypothalamus for long-term adiposity; and
(4) central leptin resistance in obesity and possibly in healthy females. The new theory states that
AIS in girls results from developmental disharmony expressed in spine and trunk between
autonomic and somatic nervous systems. The autonomic component of this double neuro-osseous
theory for AIS pathogenesis in girls involves selectively increased sensitivity of the hypothalamus to
circulating leptin (genetically-determined up-regulation possibly involving inhibitory or sensitizing
intracellular molecules, such as SOC3, PTP-1B and SH2B1 respectively), with asymmetry as an
adverse response (hormesis); this asymmetry is routed bilaterally via the sympathetic nervous
system to the growing axial skeleton where it may initiate the scoliosis deformity (leptin-
hypothalamic-sympathetic nervous system concept = LHS concept). In some younger preoperative
AIS girls, the hypothalamic up-regulation to circulating leptin also involves the somatotropic
(growth hormone/IGF) axis which exaggerates the sympathetically-induced asymmetric skeletal
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