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Abstract
The pathogenesis of idiopathic scoliosis is still a matter of debate as its common cause has not been 
found. But some basic principles of its onset and progression do exist. The curvature of the spine is 
always accompanied by rotation of the vertebrae and rib cage. If we want to explain the principles 
governing scoliosis onset and progression, we should answer some questions. First, why is side cur-
vature of the spine always accompanied by rotation of the rib cage and vertebrae and vertebral rota-
tion is maximal at the curve apex? Second, is structural scoliosis fixed by primary bone growth in 
growth plates of the vertebrae or by bone remodeling by which bones adapt to external loads? Third, 
why most of the curvatures are right thoracic? And fourth, what drives the progression of scoliosis? 
In the theory presented here, attention is given to the role of the ribs. Symmetrical rib cage fixes 
vertebrae in the midline of the body and prevents rotation of the vertebrae with dual articulating 
surfaces on each side of the vertebrae. The ribs are connected with intercostal muscles and cannot 
spread apart on the convex side when the spine bends. Curvature of the spine in the thoracic region 
is not possible without rotation of the vertebrae and deformation of the ribs. The ribs at the apex of 
the curve are pulled inwards towards the vertebrae because they are shifted further from the mid-
line than other ribs. With rotation of the vertebrae at the apex of the curve, which are compressed 
between the ribs, the thoracic circumference diminishes and the tension in the wall is alleviated. The 
deformation becomes irreversible if new bone growth or resorption and remodeling change shape 
of the ribs and vertebrae or if ligaments are not firm enough. Bone remodeling is probably more im-
portant than primary bone growth in fixing the structural scoliosis. When the rib cage and vertebrae 
become structurally rotated, vertebrae lose balanced support from the ribs from both sides. Shear 
forces from the ribs turn vertebrae further and push vertebral bodies toward the convexity. Thus, 
continuous progression of scoliosis starts.

Cite as: Zdrav Vestn. 2017; 86:404–13.

1.  Introduction

Scoliosis, the side curvature of the 
spine, was known from the time of Hip-
pocrates  (1). Today, it is defined as a 
three-dimensional torsional deformity 
of the spine and trunk (2). Many differ-
ent hypotheses were postulated on its 
etiology, but no common cause had been 
found (3). Congenital scoliosis is caused 

by a defect in spine structure present at 
birth. Neuromuscular scoliosis devel-
ops because of neuronal or muscular 
disorders in which nerves and muscles 
are unable to maintain appropriate bal-
ance of the spine and trunk. But in most 
cases of scoliosis, in 80–90 %, the cause 
is unknown (4). Idiopathic scoliosis de-
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velops most often during adolescence 
and is much more common in girls than 
in boys. Adolescent idiopathic scoliosis 
affects 1–4 % of adolescents  (5). Clini-
cians treating patients with adolescent 
idiopathic scoliosis are often impressed 
with the absolutely normal development 
of the patient, both intellectually and 
physically, up to the moment that the 
spine starts to grow crooked  (6). If we 
want to explain the principles governing 
scoliosis initiation and progression, we 
should answer some questions: (1) Why 
is side curvature of the spine always ac-
companied by rotation of the rib cage 
and vertebrae and vertebral rotation is 
maximal at the curve apex? (2) Is struc-
tural scoliosis fixed by primary bone 
growth in growth plates of the vertebrae 
or by bone remodeling by which bones 
adapt to external loads? (3) Why most of 
the curvatures are right thoracic? and (4) 
What drives the progression of scoliosis? 
Some alternative views to the prevailing 
explanations are discussed below. Atten-
tion is given particularly to the role of 
the ribs.

2.  Curvature and rotation

Human spine is a vertical column of 
24 articulating segments, seven cervical, 
twelve thoracic and five lumbar verte-
brae separated by intervertebral discs. 
Such a structure would be very unstable 
and prone to collapse without additional 
support. Backwardly inclined vertebrae 
in the middle and lower thoracic regions 
of the spine are especially rotationally 
unstable due to dorsal shear forces (7,8). 
Ligaments and muscles provide some 
support but are not able to prevent rota-
tion or buckling of the vertebral column. 
The role of the rib cage is essential for 
the stability of the human spine. Each 
of the thoracic vertebrae are supported 
by a pair of ribs, connected in front by 
the sternum and costal cartilage. Ribs ar-
ticulate with vertebrae at two points, one 
on the vertebral body and the other on 
the transverse process. Symmetrical rib 
cage fixes vertebrae in the midline of the 
body and prevents rotation of the verte-
brae with dual articulating surfaces on 
each side of the vertebrae (Fig. 1).

When somebody leans or curves to 
the side, the spinal column bends. The 
gaps between the ribs on the convex 
side should become larger in this case. 
However, this is possible only to a very 
limited degree and is even more limited 
during rapid growth spurts when the 
distances between ribs become larger 
in a short time because of vertebral 
growth. Ribs are connected by intercos-
tal muscles and cannot spread apart. In 
a scoliotic skeleton, ribs are also aligned 
parallel to each other on the convex side. 
Otherwise, breathing would not be pos-
sible. When the spine is curved to the 
side, a tension builds up in the thoracic 
wall. It can be released only with rota-

Figure 1: Ribs of a symmetric chest stabilize the vertebrae and straighten the 
spine. They fix the vertebrae in the midline of the body and prevent rotation of 
the vertebrae with dual articulating surfaces on each side of the vertebrae.
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tion and deformation of the rib cage 
which is possible due to flexibility of the 
ribs and especially the costal cartilage. 
Ribs at the apex of the curve are pulled 
inwards towards the vertebrae because 
they are shifted further from the midline 
than other ribs (Fig. 2). With rotation of 
the vertebrae at the apex of the curve, 
which are compressed between the ribs, 
the thoracic circumference diminishes 
and the tension in the wall is alleviated. 
Axial rotation of vertebrae is maximal 
at the curve apex in scoliosis (9), but the 
mechanism responsible for that has not 
been explained. Vertebrae could rotate in 
both directions, but slight rotation to the 
right already exists in the thoracic verte-
brae of adolescents  (10) and paraverte-
bral muscles at the back prevent rotation 
to the opposite side together with liga-
ments at the processes. Back muscles are 
known to be active and stronger on the 
convex side of the scoliotic thorax (3). As 
a result, the vertebrae and rib cage ro-
tate to the convex side. This is a kind of 
sprain, a sprain of the chest. It is revers-
ible as long as the ribs and ligaments are 
flexible enough to regain their original 
form upon straightening of body pos-
ture. It is called functional or nonstruc-
tural scoliosis. But when bone struc-
ture is remodeled after bone resorption 
stimulated by frequent deformations, the 
rotated ribs and vertebrae become fixed 
in the new position, and structural sco-
liosis develops. If joint ligaments are not 
firm enough, the deformation of the rib 
cage becomes easier irreversible. Scolio-
sis develops in patients with congenital 
laxity of connective tissue (11,12), and in 
children with idiopathic scoliosis joint 
hypermobility occurs more frequently 
than in healthy controls (13).

Rotation of the vertebrae in idiopath-
ic scoliosis is usually explained as a re-

sult of hypokyphotic or lordotic thoracic 
spine because of anterior spinal over-
growth. According to this theory, the rel-
atively shorter posterior column of the 
spine acts as a tether which hinders the 
lengthening of the anterior column dur-
ing the period of rapid growth, forcing 
the spine to bend and rotate (14). How-
ever, the growth disturbance is confined 
to the area around the apex of the curves, 
the junctional zones are straight  (15). 
This means that the difference in length 
is not the cause but a consequence of 
bending. Anterior overgrowth occurs in 
neuromuscular scoliosis with a known 
origin as well. The fact that the interver-
tebral discs contribute more to increased 
anterior length than the vertebral bodies 
suggests an adaptation to altered load-
ing, rather than a primary growth distur-
bance (16). Be the cause of bending and 
twisting this or another, biomechanics 
of the chest will be the same. Bending of 
the thoracic spine is not possible without 
rotation, and the coupling of both phe-
nomena is inevitable.

In the lumbar part of the spine ribs 
are absent. Torsion of the lumbar verte-
brae in the lumbar curve of the spine is 
caused by lumbar muscles that attach to 
the transverse processes of the lumbar 
vertebrae, lowest ribs and the pelvis (17).

3.  Bone growth and remodeling

Most spinal deformities begin as a 
nonstructural scoliosis  (18). With time, 
the deformations are fixed by structural 
changes. Vertebrae can become wedge-
shaped and this is usually regarded as 
the crucial step in the development 
of structural scoliosis. As scoliosis de-
velops most frequently in adolescents 
during rapid growth spurts, the role of 
primary bone growth is regarded as re-
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sponsible for the abnormalities. While 
vertebrae of an adult change shape only 
with bone remodeling, in a child they 
grow in length. Growth takes place with 
ossification of cartilage in growth plates 
under the articulating surfaces. In the 
twisted spine, unevenly loaded cartilage 
is compressed on the concave side and 
stretched on the convex side. According 
to the theory, the bone grows faster on 
the convex side of the vertebral growth 
plates producing wedge shaped verte-
brae  (19). Observational study of the 
vertebral body growth plates in sco-
liosis involving high-resolution coronal 
plane magnetic resonance imaging and 
histological examination, however, did 
not prove this theory  (20). In 13 scoli-
otic spines, convex and concave side 
growth plate deficiencies were observed 
most frequently at or near the apex of 
the curve. The degree of vertebral body 
wedging was independent of the pres-
ence of vertebral body growth plate de-
ficiency. The finding that vertebral body 
growth plate deficiencies occurred both 
on the convex and concave sides of the 
spine, closest to the apical vertebra of 
the scoliosis curve, implied that they 

are less likely to be the result of adaptive 
changes to the physical forces involved 
in the scoliotic deformity.

Wedge-shaped vertebrae are not al-
ways present in scoliosis; in many cases 
cartilaginous intervertebral discs are 
more prone to transformation. Disc 
wedging dominates over vertebral wedg-
ing in curves in the lumbar and thoraco-
lumbar regions (21). The curvature usu-
ally also progresses slowly in adulthood. 
Linear rate of progression at about one 
Cobb degree per year had been demon-
strated in progressive adult scoliosis (22). 
Scoliosis can also appear anew in adult-
hood, when only bone remodeling can 
be blamed for it.

In scoliosis, the vertebrae are not the 
only bones that change its form. Ribs are 
even more markedly transformed. Ribs 
on the convex side are pushed posteri-
orly and the thoracic cage is narrowed by 
more strongly curved ribs which form a 
rib hump. Ribs on the concave side are 
pushed laterally and anteriorly. There 
are also other changes of the vertebrae 
besides wedging. Vertebral body is dis-
torted toward the convex side, spinous 
process deviated to the concave side, 

Figure 2: A schematic representation of the ribs and vertebrae. When the spine bends, the ribs would 
spread apart on the convex side if they were free (a). In reality, they are connected by the intercostal 
muscles (b). Forces (arrows) pull the ribs at the apex of the curve towards the vertebrae which rotate to 
alleviate the tension. With rotation of the vertebrae at the apex of the curve, the thoracic circumference 
diminishes (c).
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vertebral canal is narrower on the con-
vex side and lamina thinner. All these 
changes can be at least partially attrib-
uted to bone remodeling which is a very 
active process during growth. With-
out it, the growing bones would be too 
heavy. Bones are wider at the ends where 
growth plates are and hollow in the cen-
ter. Osteoclasts must resorb the excess 
bone  (23). Besides that, microcracks in 
the bone induced by stress stimulate Ha-
versian remodeling that replaces fatigue 
bone with new bone matrix (24). Defor-
mations of the ribs during rotations of 
the rib cage may cause microcracks to 
appear and induce targeted remodeling 
of the ribs. Bone remodeling slows down 
with adulthood, but never completely 
ceases.

The transformation of vertebrae and 
ribs in the process of bone remodeling 
is regulated by several hormones. One of 
them is melatonin, secreted by the pineal 
gland at night. In chickens and rats with 
destroyed pineal gland scoliosis devel-
oped, but the administration of melato-
nin prevented that (25). It was suggested 
that a lack of melatonin could also be the 
cause of idiopathic scoliosis in humans, 
but such a shortage was usually not de-
tected in scoliotic patients  (26). Mela-
tonin receptors can be impaired  (27). 
Melatonin suppresses bone remodeling 
by inhibition of bone resorption  (28). 
When there is a shortage of melatonin, 
bone remodeling accelerates.

Leptin, secreted by adipose tissue, is 
also among the hormones suspected to 
have a role in the development of scolio-
sis. In bipedal mice leptin increased the 
incidence of scoliosis (29). In girls with 
adolescent scoliosis, lower leptin levels 
were observed  in the blood, but  an in-
creased effect of leptin in the brain with 
higher soluble leptin receptor levels. 
Leptin  inhibits the production and re-
lease of the neurotransmitter  serotonin 

in the brain  (30). The consequences of re-
duced secretion of serotonin are appetite 
loss, reduced self-confidence or a feeling 
of security and increased activity of the 
sympathetic  nervous system.  This  pre-
vents the accumulation of bone mass, 
namely inhibits the second part of bone 
remodeling, the formation of new bone 
tissue, and favours bone resorption. The 
activity of the sympathetic nervous sys-
tem produces a lightweight skeleton with 
long limbs, such as prevalent in girls with 
adolescent scoliosis.

Ishida et al.  (31) found an increased 
amount of bone resorption marker in 
the majority of patients with adolescent 
idiopathic scoliosis, while the bone for-
mation marker was at a normal level. 
Thus, in them bones degrade faster than 
regenerate. This decreases the strength 
of the bone and can lead to osteoporosis.

Decreased bone mineral density has 
been reported also in children after 
transplantation. A number of factors 
may compromise bone quality in these 
subjects, but immunosuppression with 
glucocorticoids is among the most im-
portant as these hormones stimulate 
bone resorption. In a study of pediatric 
transplant patients who were on a triple 
drug immunosuppressive medication 
one fifth of all transplant children devel-
oped scoliosis. Of those patients reach-
ing skeletal maturity, one third showed 
scoliosis. The risk of scoliosis was three-
fold as compared with control popula-
tion. However, the risk of brace or op-
erative treatment (progressive scoliosis) 
was up to seventeen-fold higher (32).

4.  Curve direction

Goldberg & Dowling found a statis-
tically significant correlation between 
scoliosis configuration and handedness 
in 254 girls with idiopathic scoliosis (33). 
The curve pattern matched handedness 
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in 82 percent. Of 228 right-handed chil-
dren, 197 had a right convex curve pat-
tern; of 26 left-handed children, 12 had 
a left convex pattern. In an extremely 
rare case of monozygotic twin boys with 
Duchenne’s muscular dystrophy and 
opposing hand dominance major spine 
curvature with opposite convexities de-
veloped  (34). However, due to preexis-
tent vertebral rotation to the right found 
in healthy spine (10), curves directed to 
the right have a greater potential for de-
velopment.

Scoliosis without an obvious cause 
occurs only in humans. The same is true 
also of handedness: lateralization has 
not evolved to a similar degree in any 
other vertebrate. The influence of hand-
edness on the curvature may be medi-
ated through posture. When a child sits 
and writes with her right hand, she of-
ten bends to the left. Bones are loaded 
asymmetrically and scoliosis develops in 
children with rapid bone resorption and 
remodeling. Adolescent idiopathic scoli-
osis develops when children go to school 

and start to write or do other activities in 
which the dominant hand is used. They 
sit for prolonged periods, often in unbal-
anced sitting position to which they be-
come accustomed.

5.  Progression

Progression of idiopathic scoliosis is 
usually explained as uneven growth of 
vertebrae in length because of asymmet-
rical loading which brings more uneven 
load to the vertebrae and more asym-
metrical growth in a vicious cycle  (35). 
But scoliosis can progress very rapidly 
in some cases, from 25 degrees Cobb 
angle to 45 degrees in just six months. 
Such a rapid progression of the curva-
ture can not be attributed only to addi-
tional wedging of the vertebrae. Inter-
vertebral discs may be deformed much 
more rapidly under constant pressure. 
The role of the ribs is underestimated 
again. The importance of equal support 
of the spine through the ribs from both 
sides had been proved with experiments. 
Resection of the posterior ends of ribs 
on one side induced progressive scolio-
sis in young animals. The spine curved 
to the side where heads and necks of 
the ribs had been removed (36). Piggott 
wrote: »As the operation creates a gap 
in the bony skeleton along one side of 
the spine, mechanical pressure from the 
contralateral intact ribs may push the 
mobile column over into the gap, and 
subsequently asymmetrical rib growth 
may fix and increase the deformity«. He 
performed rib resection on the concave 
side of scoliotic patients and concluded 
»that whereas all curves were progressive 
before operation there has been but little 
progression after it, and several curves 
have shown significant retrogression. 
It thus appears that operation has had 
overall a favourable influence…« Such 
an experiment on patients would not be 

Figure 3: In a rotated chest, the forces transmitted by the ribs turn the 
vertebrae and bend the spine sideways. The ribs on one side of the vertebrae 
are not opposed by equal support from the ribs on the contralateral side, so the 
ribs on the concave side push vertebral bodies toward convexity, thus bending 
the spine.
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approved today and is not reproducible. 
Sevastik, however, advocates such an op-
eration. According to his theory, ribs on 
the concave side grow longer because of 
sympathetic nerve disorder and push 
vertebrae towards the convex side (37). It 
is not clear why would such a nerve dis-
order appear much more frequently on 
the left side and only after several years 
of normal development.

When rotation of the vertebrae and 
rib cage happens, the force of the concave 
rib to the vertebral body is not opposed 
by the convex rib anymore, just like in 
rib resection. The vertebrae lose bal-
anced support from the ribs. Ribs on the 
concave side push only vertebral bodies 
toward the convex side and ribs on the 
convex side direct all their force to the 
vertebral processes (Fig. 3). Shear forces 
cause additional turning of the vertebrae 
and bending of the spine toward the 
convex side. C. Lehnert-Schroth wrote 
that in a healthy patient, axially oriented 
push of the ribs when contracting the 
intercostal musculature stabilizes the 
spine, while this push in scoliosis acts 
unilaterally on the spine and increases 
the rotation of the vertebrae because the 
shearing force of the corresponding ribs 
on the concave side is directed predomi-
nantly at the body of the vertebrae, and 
on the convex side via the costotrans-
versal joint to the spinous processes (17). 
Roaf showed that the pressure of ribs on 
spine created a couple of forces tending 
to increase rotation on a model of dis-
torted rib cage (38). He wrote: »Pressure 
of ribs on the convex side is posterior 
to the axis of rotation. Pressure of ribs 
on the concave side is anterior to the 
axis of rotation«. With gradual bone re-
modeling under constant pressure, typi-
cal changes in the shape of the ribs and 
vertebrae evolve. Vertebral bodies are 
pushed closer to the rib arc on the con-
vex side, narrowing the chest.

The importance of rib symmetry for 
infantile scoliosis resolution or progres-
sion was found by Mehta (39). The differ-
ence between left and right rib-vertebral 
angle at the apex of the curve enabled 
her to distinguish between resolving and 
progressive infantile scoliosis. If the dif-
ference was less than 20° the spontane-
ous resolution of scoliosis appeared in 
80 percent of cases, if greater than 20°, 
80 percent of scoliosis cases progressed.

6.  Discussion and conclusions

Sudden onset of scoliosis after sev-
eral years of normal development can 
be explained only by a single event as a 
trigger that leads to the development of 
the distorted growth. Such an event is a 
sprain (rotation) of the chest due to bent 
posture.

Side curvature of the spine is always 
accompanied by rotation of the rib cage 
because ribs are connected by the inter-
costal muscles and cannot spread apart. 
Tension in the thoracic wall leads to ro-
tation of vertebrae by pulling the ribs at 
the apex of the curve inwards. This is the 
only known explanation of the maximal 
rotation of the vertebrae at the apex of 
the curve. The axial rotation would be 
maximal at inflection points if the rota-
tion were produced solely by coupling 
of the rotation with lateral bending in 
the intervertebral joints (9). If spines of 
stillborn babies are dissected free of all 
muscles, they can be side-bent in the ab-
sence of rotation (38).

Bone remodeling is probably more 
important than primary bone growth in 
fixing the structural scoliosis. Both are 
active during growth spurts, but only re-
modeling proceeds into adulthood when 
scoliosis may progress further or starts 
anew. Ribs are deformed in all cases of 
scoliosis, while vertebrae are not neces-
sarily wedge shaped. Children with pro-
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gressive scoliosis may be genetically pre-
disposed for more rapid bone resorption 
which is regulated by several hormones 
and their receptors. All hormones known 
to have an impact on the development of 
scoliosis affect bone remodeling. An ab-
normality in the receptors or regulation 
of any of them would influence the sus-
ceptibility for scoliosis. This means that 
each scoliosis case should be examined 
individually for its genetic background, 
a single gene for scoliosis will never be 
found.

When the vertebrae rotate, the shear 
forces transmitted by the ribs to the ver-
tebrae turn vertebrae further, and ribs on 
the concave side push vertebral bodies 
toward convexity, thus bending the spine. 
We can prevent the continuous deterio-
ration with a brace  (40,41), but braces 
should act against the rotating forces. 
If only side push is used to straighten 
the spine, the rotation will increase and 
further bending of the spine will follow. 
Roaf concluded: »Failure to correct rota-
tion invites recurrence. Conversely, even 
a slight reduction in rotation usually 
produces a marked cosmetic improve-
ment, often out of all proportion to the 
radiographic appearances«  (38). These 
findings are taken into account in the 
construction of newer braces, which al-
low the regulation in all three planes and 
stop progression of the curves more ef-

fectively than the old ones. They are also 
used in Slovenia (42). The use of modern 
instrumentation has also improved sur-
gical methods of treatment (43).

A properly implemented kinesiother-
apeutic exercise program can prevent 
worsening of the curvature in scoliosis 
patients and sometimes also the use of 
a brace. A specific and individualized 
physiotherapy program is more effec-
tive than conventional exercise (44). The 
Schroth method of physiotherapy for 
scoliosis is focused on the improvement 
of the shape of the rib cage by rotational 
breathing and other exercises  (17). Sco-
liosis-specific exercises can reduce the 
postural (nonstructural) component of 
the scoliosis curve that counts up to 9° 
in children, decrease the chronic asym-
metric load on the spine and, in the long 
run, reduce the risk of progression (45).

Nothing is fundamentally new in the 
theory of scoliosis initiation and pro-
gression presented here. Some ideas are 
quite old, but in the light of new evi-
dence, it is time for their reconsideration 
and reevaluation. If unbalanced posture 
causes scoliosis in children with a neu-
romuscular disease, it will have the same 
consequences in healthy children and 
adolescents who can also adopt bad sit-
ting habits. The most important time for 
brace wear is thus schooltime, not night-
time.
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