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ABSTRACT

Objective: To outline some of the tissue characteristics that must be dealt with in order to achieve sustainable corrections in the
scoliotic spine on a theoretical basis

Methods: We conducted review of the PubMed and Index to Chiropractic Literature databases, as well as our own personal
libraries

Discussion: All of the tissues of the spinal system, including nervous, ligament, muscle, and bone are discussed in detail, relating
specifically to their involvement in the totality of scoliosis. None of these tissues respond to short term rehabilitation techniques in
a corrective manner. Short term treatments may create plastic deformation forces that may be detrimental to long term outcomes.

Conclusion: Although short term treatments for scoliosis have resulted in positive outcomes, none of these changes have been
supported by long-term follow-up studies. Scoliosis treatment involving chiropractic rehabilitation should focus on obtaining long
term outcomes for skeletally immature patients, and avoid reporting only short term outcomes in both the adolescent and adult

scoliosis populations.
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Introduction

Scoliosis is simply defined as a lateral spinal curvature above
10 degrees.! To expound upon this definition, it is important
to identify the specific types of abnormalities and
comorbidities often associated with scoliosis. In addition to
the spine curvature itself, changes within the intervertebral
discs, spinal ligament systems, spinal musculature, and the
central nervous system itself, are some of the factors that may
lead to the progression of the spinal curvature.

The purpose of this commentary is to discuss the adaptive
changes and abnormalities within the spinal system that may
lead to the development or progression of the scoliosis
deformity. Central to this discussion are the specific
characteristics of the involved tissues and their specific
requirements for rehabilitative/structural change. We believe
that these characteristics and rehabilitation requirements may

be discussed collectively in a way that fosters progressive
discussion on the origins, progression factors, treatment
methods, and treatment goals for non-surgical scoliosis
therapies, especially as employed within the chiropractic
profession. We focus not on the cellular characteristics of
these tissues. This review is not meant to be an exhaustive
review on the topic. Rather, this review will explore the
clinical properties of these tissues and how clinicians may
affect them in a positive manner.

As an organization, we felt it was important to provide our
perspective on scoliosis rehabilitation within a chiropractic
context. The International Chiropractic Scoliosis Board was
formed to allow chiropractic doctors the opportunity for intra-
professional communication on the very specific subject of
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scoliosis. In our opinion, the available evidence on scoliosis
and tissue characteristics seems to create a very
straightforward path for treating patients with scoliosis. This
paper serves to shed some light on this evidence, as well as
our interpretation of it, and to provide our collective opinion
as to the goals and treatment mechanisms most likely to result
in long lasting positive treatment outcomes.

Data Collection

In preparing this commentary, PubMed and Index to
Chiropractic Literature searches were performed using the
keywords  “scoliosis,” “posture AND rehabilitation,”
“neuromuscular rehabilitation,” and ‘“neural control of
posture.” We also reviewed textbooks from our own personal
libraries. This compilation of data gave us the opportunity to
review the basic characteristics of spinal tissues, as well as
rehabilitation requirements necessary to make sustainable
structural changes within the scoliotic spinal system.

Discussion
White tissue:

White tissue is so named because of its comparatively low
blood supply. White tissue is made up of tropocollagen, a
coiled protein that exhibits elastic properties and can change
shape. Staggered arrays of tropocollagen molecules form
fibrils, which arrange to form collagen ﬁbers,2 the
macroscopic makeup of white tissue. White tissue includes
ligaments, intervertebral  discs, fascia, epimysium,
perimysium, and the nervous system, etc. All of these fibers
must be theoretically changed in order to achieve a sustained
structural change to the spinal system. Spinal white tissue
serves to minimize muscular requirements during static
postures, while also providing increased spinal stability during
dynamic postures and transient gravitational loads.” White
tissue typically exhibits two basic clinical characteristics:
elastic deformation, which can be subdivided into adaptive
shortening and elongation, and plastic deformation.

Adaptive shortening occurs when the tissue has been
shortened for a period of time and the tropocollagen coils
change to adapt to the new position. Adaptive shortening does
not require any energy or effort. Placing the tissue in a
shortened position for a period of time causes it to coil upon
itself. Reversing this phenomenon, however, requires energy.
When attempting to affect structural changes to the body,
associated tissue is invariably shortened to some degree.
Adaptive shortening occurs through creep, a product of the
tissue’s viscoelastic properties.” White tissue is designed to
automatically create this effect, in order to maintain positive
stability.

White and Panjabi refer to this as viscoelastic stability,* where
viscoelastic structures exhibit time-dependent properties. They
state, “It [viscoelastic structure] has a critical time period for
a given load. Within this time period, the system is stable, and
beyond it, it is unstable. Biologic structures are viscoelastic
and therefore have time-dependent stability. Living bodies are
much more complex. They are able to respond to unstable
situations by altering the structure so as to re-create
structural stabilitv Tour emphasis].” This has incredibly

important ramifications for scoliotic spinal deformity and
goals for its treatment. This will be discussed later in this

paper.

Adaptive elongation occurs when the coiled tropocollagen
unwinds in response to a specific tissue load and loading rate.
Gautieri et al’ studied the elastic properties of tropocollagen
strands and found that the deformation rate controls the quality
of tropocollagen unwinding. They found that at low loading
rates, complete unwinding takes place at 10-20% strain. At
intermediate rates tropocollagen uncoils at a linear rate up to
35% strain, while high loading rates do not cause the
tropocollagen to uncoil at all.” This has important clinical
implications since white tissue deformation is necessary for
sustained structural changes. Adaptive elongation is a healthy,
non-pathological change.

Ligaments are retaining structures and their properties are a
product of their individual and collective (microscopic and
macroscopic) make up. One important trait of white tissue is
its non-linear load-displacement curve, which is divided into
three zones: a neutral zone, elastic zone, and plastic zone. The
neutral and elastic zones combine to form the physiologic
zone." Within this physiologic zone, white tissue typically
displays the normal elastic properties of adaptive shortening
and lengthening.

For example, the total range of physiologic lengthening and
shortening of the ligamentum flavum is 3% compression to
26% tension. The barrier characteristics of this ligament begin
to activate only when stressed beyond the physiologic range.“’6
Since the presence of scoliosis may alter the normal total
physiologic range of deformation for the spinal ligaments, it is
important to understand these characteristics within the
confines of viscoelastic stability and gravity.

Plastic deformation is a pathological change in white tissue.
Stretching too long or too hard causes an uneven change in the
fibrous makeup, like over stretching a spring and causing
distorted unraveling of the coil (see Figure 1). The unraveling
creates a weakening of the tissue in this area. Although this
does lengthen the tissue, it is now less able to perform its
duties as a stabilizing structure. Plastic deformation is
pathological in nature and has short term and long term
orthopedic and neurological ramifications. Plastic deformation
causes joint laxity, which causes it to be more susceptible to
injury in the short term. In the long term, it leads to
degenerative processes that are initiated to stabilize the joint
and protect the corresponding neurological structures.

Neurologically, joint instability leads to desensitization of the
related mechanoreceptors. As a result, somatosensory
afferents to the brainstem and cerebellum are inhibited. This
feedback is needed to control the local type 1 musculature at
that corresponding level, thus reducing the information from
which static and dynamic postural calculations are made. It
also eliminates the protective reflexes that monitor that
segmental level.”

In the long term, the information from those mechanoreceptors
stimulates the related areas in the ipsilateral cerebellum, and
subsequently the corresponding areas in the contralateral
cortex. The long term loss of these mechanoreceptor afferents
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may lead to transneural degeneration of the first order
neurons. This may lead to early brain degeneration in those
areas.

In light of the above information, procedures resulting in
plastic deformation may not be appropriate in cases of
scoliosis, as it creates new instabilities that were not
previously present. It also results in an unhealthy tissue
response under load as compared to healthy tissue.

Red Tissue

Red tissue is so named because of its myoglobin
concentration. Red tissue is composed of the extrafusal and
intrafusal muscle fiber systems. There are two basic kinds of
muscle fibers: slow twitch (type 1), and fast twitch (type 2)
muscle fibers.

Fast twitch muscle fibers are voluntary and are mediated via
the anterior horn. Traditional exercise programs work
primarily with these fibers. Fast twitch fibers can generate
large forces, but fatigue very rapidly.® Slow twitch muscle
fibers are involuntary and function within the autonomic
nervous system. These fibers control the posture and
movement of the shunt stabilizers, which are controlled sub-
cortically. These muscle fibers do not generate large forces,
however, they are very resistant to fatigue, and hence make up
the majority of spinal muscle fibers.”

Any intended change to this system must be
involuntary/autonomic and should target the slow twitch
muscle fibers. Therefore, the types of prescribed exercises
must target/activate slow twitch muscle fibers. Isometric
exercises, as an example, activate these involuntary fibers.
Isometric exercises work because they create a specific
demand that activates slow twitch fibers. The afferent and
efferent nerve fibers connected to slow twitch fibers are
autonomic and are operated sub-cortically.

Traditional voluntary exercise systems fail in this respect, as
they typically target fast twitch fibers. Posture is not primarily
under voluntary control. Activating the slow twitch muscle
fibers to change their morphology, strength and endurance
may be the preferred way to make lasting change
morphologically and functionally to the postural system.
Changing strength, shape, and endurance takes time and
numerous repetitions when working with the slow twitch
muscle fiber system.

Surface EMG studies by Gaudreault et al’ demonstrated that
patients with scoliosis have a faster paraspinal muscle fatigue
than control subjects. However, this is only observed at levels
below the apex of the scoliosis. There is a higher percentage
of concave slow twitch muscle fibers compared to that on the
convex side of the scoliosis.'” The fast twitch muscle fiber
density is larger in the concavity paraspinals compared to the
paraspinals on the convexity.

This density is increased compared to non-scoliotics.'
Another EMG study by Tsai et al'' found that adolescent
idiopathic scoliosis patients with larger curves (20 to 50
degrees) tended to recruit paraspinal muscles of the concave

side of the scoliosis, with additional recruitment of the
concave thoracic paraspinals. This is very important as it
demonstrates the negative impact of performing repetitive
lumbar and thoracic extension movements, such as roman
chair exercises, swimming, gymnastics, and ballet, since
recruitment of the concave paraspinal muscles may further
increase the rotational displacement of the scoliosis, since
these curves often display abnormal coupled motion patterns.'
Modi et al found that adolescents who play volleyball have a
significantly higher incidence of spinal curves, possibly due to
the repetitive nature of thoracic extension movements. "

The paraspinal muscles in adolescents with idiopathic
scoliosis may also undergo a transition from slow twitch to
fast twitch muscle fibers as a consequence of bracing
treatment.'* This transformation is observed in the concave
paraspinals. This also has implications for treatment since
bracing causes a shift in the predominant postural
afferentation from a more constant feedback to one based on
rapid, intermittent contractile feedback.

Ge et al found that vertebral fixation that creates paraspinal
lengthening decreases the activity of paraspinal muscle spindle
afferents, thus limiting the proprioceptive feedback of the
muscle.”” The ability of the paraspinal muscles to provide
accurate and timely proprioceptive information to the
cerebellum is vital to maintaining a normal posture relative to
gravity. Therefore, clinicians should carefully consider the
value of rapidly stretching the paraspinal musculature in order
to achieve a short-term scoliosis correction, as this may further
alter the proprioceptive feedback system within the paraspinal
muscles.

Future application of the fiber type changes seen on the
concavity and convexity of the scoliosis curvature may have
significant implications. Since these fiber changes are the
result of neurological adaptation and functional recruitment,
rather than a consequence of purely genetic expression, could
lead to the development of a predictive model based on
various high risk lifestyle activities (i.e. swimming, ballet,
etc.) to assess curve progression using the current observation-
based management strategy.

Neural Tissue

The nervous system includes the brain, brain stem,
cerebellum, spinal cord, peripheral nerves and receptors of the
nervous system. Mechanical tension, central pattern generators
(hard-wired firing patterns), neural sensitivity and acuity, and
vestibular patterning must all be changed in order to help
maintain structural change. Often, retraining aberrant sensory
and motor patterns can be more difficult than the soft tissue
changes (white and red tissue) themselves.

Optimized neurological rehabilitation is first accomplished by
giving the nervous system three vital components it needs to
function: fuel, oxygen, and activation. Activation of the
neuron is necessary so that the cell will go through
reconstruction, repair, and maintenance. This process happens
if the cell is either excited or inhibited. Without activation, the
cell will degrade and die. Working with the nervous system
requires balance; too little stimulation may cause cell death or
result in failure to change.
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Too much stimulation may result in fatigue and death.
Knowing the training limits of the nervous system is
extremely important. When we create a training response, we
force the nervous system to adapt and change. The therapeutic
process to create change in the nervous system is called
evoked plasticity. Evoked plasticity is accomplished by 1)
change in the internal structure of the cell, and 2) it’s
metabolic capacity. There is also an external change in the
blood vascular supportive structure and efficiency.

The fuel component is the one consisting of proper nutrient
and water intake. Nutrients known for improving neurological
function include B vitamins, and amino acids. There is a
significant correlation between deficient intake of pyridoxine
(B6), folate (B9) and cobalamin (B12) and the development of
neurodegenerative disorders.'® Although the direct link
between vitamin B6 and neurological function is tenuous,'” it
is involved in more than 50 metabolic reactions as a
coenzyme, mainly during amino acid and fatty acid
metabolism. ™"

Therefore, its intake is essential for normal nutrient uptake and
utilization by the central nervous system. This nutrient is
found mainly in potatoes, bananas, red meat, poultry, and
fish.?’ In supplement form, the most biologically active form
of B6 is pyridoxal 5’ phosphate (P5P), with dosages ranging
from 10-200mg per day.”* Methylcobalamin, the coenzyme
form of B12, is intimately involved in nervous system
function. Vitamin B12 is vital for amino acid metabolism,
including glycine and serine, which are important
neurotransmitters necessary for cognition and limbic
function.”’ Food sources of vitamin B12 consist mainly of
animal-based protein sources. Supplementation of vitamin
B12 to treat deficiency may be as high as 3000-5000 pg per
week orally.

Intramuscular injections of 1000 pg every four days to two
weeks may also be used.”” Another B vitamin with significant
neurological importance is folate, or B9. Folate deficiency has
been linked to ataxia, migraines, peripheral neuropathy,
autism, and depression.”’ The active form of folate is 5-
methyltetrahydrofolate (5-MTHF), and should be taken
whenever possible (versus other common forms found in
dietary supplements) since it is estimated that 5-15% of the
general population have a genetic defect of the enzyme
responsible for the conversion of 5,10-
methylenetetrahydrofolate into  5-methyltetrahydrofolate.”
The best food sources of vitamin B9 include dark green leafy
vegetables and citrus fruits.*

As mentioned above, B vitamin intake is important for the
uptake and utilization of amino acids and lipids. Amino acids
that are particularly beneficial for neurological function
include L-tryptophan, L-tyrosine, and serine. L-tryptophan is
an essential amino acid found in chickpeas, chocolate,
bananas, poultry, sunflower seeds, pumpkin seeds, peanuts,
and dairy products.”’ It is a precursor to the neurotransmitters
serotonin and melatonin. In supplement form its first
generation metabolite, 5-hydroxytryptophan (5-HTP), is often
given due to its ability to cross the blood brain barrier.**

Once converted into serotonin, serotonin regulates many
central and peripheral processes, including gut motility,

learning and memory modulation,”® food intake and hunger,27
and regulating bone mass.”® Altered levels of plasma serotonin
have been associated with low bone density”” and could be a
future target for patients with scoliosis and concurrent bone
density loss.”® The conversion pathway of serotonin into
melatonin is also an important neurological process to
consider in idiopathic scoliosis, as melatonin deficiency’'>*
and melatonin signaling dysfunction®’ have been implicated
in several studies.

Normal neuromotor control is dependent upon properly
functioning serotonergic pathways, both centrally and
peripherally. The spinal cord receives strong serotonergic
innervation from axons originating in the midbrain and
medullary raphe nuclei, which project into lamina I and II of
the dorsal horn, lamina IX of the ventral horn, and the
intermediolateral cell column.”® The raphe nuclei are
significant modulators of postural activity, receiving input
from the substantia nigra, superior vestibular nucleus, locus
ceruleus, cortex, and the nucleus tractus solitarius.”

As more and more research on the nutrient aspects of scoliosis
becomes available, it is probable that the focus of early
scoliosis intervention may become to identify these key
neuroendocrine abnormalities and address them before the
spinal curvature becomes a permanent postural deformity.

Within the brain itself, efferent cortical fibers from layer V of
the cerebral cortex function as the main cortical input for
spontaneous postural correction.*” While most postural control
studies focus on the cerebellum, brainstem, and spinal cord,
the role of the frontal cortex in postural control has not been
explored. The large pyramidal neurons on layer V project
mainly to the basal ganglia, brainstem, and spinal cord. This
layer has an oscillation frequency of 10-15 Hz.*' Although
reflexive postural control is mainly mediated by the
cerebellum, brainstem, and spinal cord, layer V of the motor
cortex does at least provide a supplementary role.*

Other authors give it more recognition, considering it is the
main inhibitory influence on postural control necessary to
inhibit antagonistic muscles, initiate shunt stabilization, and
direct activation of agonists, thus preventing dystonia.*

Restoring the sagittal spinal curves significantly reduces the
axial traction of the pons-cord tract (spinal cord to Pons).*
This tension reduces conductivity and blood flow within these
structures. The spinal curve system is a series of lever arms
that work as units. Muscles that support these lever arms are
situated according to their origin and insertion to those lever
arms, as shown in Figure 2. Once the curves/lever systems are
created by changing the soft tissues associated with them, the
nervous system must then be rewired (re-engrammed) to run
these lever arms and teach them to pivot about their altered
pivot points.

Exercises that elicit central pattern generation must be used so
that the nervous system reflexively uses the pivot points and
spinal lever arms more efficiently via neuromuscular control.
Temporary structural changes are common within a variety of
chiropractic technique systems. However, unless the correct
central pattern generators are in place to utilize a corrected
spinal structure, “old” movement patterns and habits will
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cause the spinal structure to adapt back to the old function.
Corrected central pattern generators will allow for optimized
neuromuscular function relative to corrected spinal structure,
and thereby promote longer lasting spinal changes. Therefore,
in order to create a spinal structural change that will last, and
that is maintainable by the patient, all three tissues must be
changed.

Bone Tissue

Although not often viewed as a tissue, bone is nonetheless a
tissue that displays certain characteristics in the scoliotic
spine. Once a spine curvature is initiated, the vertebrae will
remodel in their shape, via Heuter-Volkmann, and in
trabecular orientation and density, via Wolff’s Law. For
example, Birchall et al** found that 45% of the rotational
displacement found in scoliosis was due to plastic deformation
in the vertebral body.

While the cause of idiopathic scoliosis is still largely unknown
and debated, it is without doubt that in order to achieve the
best possible long-term outcome for juveniles and adolescents
with idiopathic scoliosis, treatment that focuses on reversing
abnormal gravitational loading on the spine must be initiated
before the closing of the triradiate cartilage, before the onset
of menarche, and before the peak growth spurt begins.*’ This
is usually around a Risser O or 1.

Asymmetrical vertebral loading caused by scoliosis causes
both osteoblastic endplate actvity in the concavity and
osteolytic processes in the convexity.® This asymmetrical
loading causes accelerated disc degeneration, which may lead
to degenerative lumbar scoliosis in adult patients.*’ This same
asymmetrical gravitational loading is what Hawes et al®® refer
to as the vicious cycle.

There is no way, according to them, to reverse a scoliosis
unless this asymmetrical loading is completely corrected and
normalized. In order to make a sustained change and alter the
asymmetrical spinal loading, sufficient forces must be applied
to the scoliosis for an extended period of time. This is
illustrated in a study by Stokes et al where vertebral loading
over a 24-hour period of time produced twice as much
corrective remodeling.*

Children with idiopathic scoliosis also often have low bone
mineral density at a much higher rate than non-scoliotic
children.**® This may be due to decreased osteogenic
differentiation by mesenchymal stem cells often found in
patients with adolescent idiopathic scoliosis.”’ While this may
seem logical considering the abnormal spinal loading created
by the scoliosis, osteopenia in patients with adolescent
idiopathic scoliosis is widespread, and not confined to only the
spine, pelvis or hips.** This suggests that this is more of a
systemic disorder compared to a secondary effect.

Studies have failed thus far to correlate low bone density and
severity of the scoliosis.” However, patients with adolescent
idiopathic scoliosis with low bone mineral density were more
likely to have a more severe scoliosis into adulthood than
those with normal bone density.”* Low bone density is also
strongly associated with vertebral

wedging and height loss in adults.”® However, Pappou et al®

found that adults with degenerative lumbar scoliosis had a
significantly higher bone density in the lumbar spine, but
significantly lower bone density in the hip compared with non-
scoliotic controls. Again, curve magnitude did not correlate to
the degree of osteopenia.

Low bone density appears to thus be a key factor in idiopathic
scoliosis, whether it is a comorbid effect or contributing cause.
Either way, addressing bone mineral density loss as early as
possible seems to be critical in achieving long-term curvature
reduction. There is evidence to suggest that the reason for this
low bone density may be due to decreased circulating
leptin,’>* abnormal leptin signaling,” or central leptin
resistance.”’ Leptin, a hormone much higher in females than
males, may play a role in female pubertal development, onset
of menarche, and physical growth and development.®"%
Leptin also acts directly on physical growth through
chondrocyte leptin receptors.®

In addition to viewing the skeletal system as a support
structure, looking at bone as an endocrine organ may give
scoliosis researchers and clinicians a new perspective on
bone’s response to loading, its reactions to hormonal
signaling, and developing targeted therapies for earlier
scoliosis intervention.

Making Structural Corrections

The universe is governed by law. The order that we experience
it is a result of consistency of operation within the world of
physics and physiology. Gravity is constant and can only be
overcome by using other laws like those used in the field of
Aerodynamics. Any attempt to overcome these basic effects
takes cleverly applied principles. These principles must be
followed in order to both change a spine and have it become
stable enough that the patients can care for themselves without
the doctor’s oversight.

Scoliosis may be a primary neurological problem with
orthopedic ramifications.”* Loss of the sagittal, physiologic
spinal curves causes axial stretching of the spinal cord (pons-
cord tract), thereby decreasing cord thickness (through
Poisson’s Effect), which causes a decrease in conductivity
within the cord, and even more deleteriously, decreasing blood
flow within the cord.®*®” The nervous system responds by
creating a lateral buckling & rotation that lessens this axial
tension at the expense of lateral spinal distortion in the coronal
dimension.

The word scoliosis is not reflective of the true structure of
deformity it represents. The term implies a one dimensional
distortion. Most of the time, coronal and lateral radiographs
are taken, and independently analyzed. Therefore, it is a two
dimensional analysis of a three dimensional deformity.

The structural distortion of scoliosis is a three dimensional
deformation, perhaps starting with a sagittal plane variance
from the true primary and secondary curve system, which
creates stretch on the pons-cord tract® creating a
compensation to buckling and rotation, to relieve the cord
tethering.
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Any attempt to reduce a scoliosis, stabilize it, and prevent it
from regressing, must begin with sagittal plane restoration to
relieve the cord tension and restore structural/ biomechanical
integrity so that when changes are made in the coronal plane
they don’t 1) increase tension on the spinal cord & 2) depends
only upon the neuromuscular system for its structural support.

Taking the published works of Harrison et al®*” and Chu et
al® into account, the spinal cord may become stretched due to
axial tension originating cranially or caudally. This may be
due to losing the normal sagittal cervical and/or lumbar
lordoses, placing increased uniaxial tension on the spinal
cord,® thus resulting in a coil-down effect of the surrounding
vertebral column. It may also be a consequence of losing the
normal primary thoracic lordosis,”” which is comprised of the
two longest lever arms within the spinal system. Since longer
lever arms are more likely to buckle or breakdown than
shorter lever arms, it seems logical that any additional
compressive stress on these two longer lever arms may cause
them to buckle into two shorter lever arms to maintain
postural equilibrium.'?

However, this concept has not been definitively studied. These
studies support the concept that scoliosis may be a
biomechanical compensation for anatomical or functional
tethering of the spinal cord in one or more anatomic regions.
Even newer bracing technologies have been developed to
primarily affect the position of the sagittal spine to positively
affect the scoliosis in a three dimensional capacity.”

Attempts to straighten a scoliosis without accounting for these
changes will wind up creating a new harsh compensatory
response to deal with the increase in cord tension. Therefore
Cobb angle cannot be an initial goal, and may not be relevant
to biomechanical evaluation and progress.’ Restoring the
sagittal curves, while also maintaining three dimensional head
position, both spatially and in relation to the torso and pelvis,
should be the primary goals.

There are 4 basic tissues that must be changed in order for a
scoliosis to become stable in a way that the patient may
sustain the change without help from the doctor. As we
discussed, these are white tissue, red tissue, bone, and neural
tissue. Those have already been described in this paper. Now
we will discuss them in relation to exercise-based scoliosis
treatment.

When working with white tissue it is important to remember
that it responds slowly and must be held in the desired position
and length over time. This is reflected in the basic definition
of Work (where work equals Force X Time). Any attempt to
shortcut this will either a) cause failure of the tissue (from
rapid loading), thus weakening it as a retaining structure and
leaving the involved joint thereafter unstable (neurologically
discussed previously);”* or b) may cause a progression of the
scoliosis by inadvertently engaging the elastic properties of
the white tissue (inanimate response), causing it to “rebound”
under the governance of the red tissue’s static and dynamic
stretch reflexes (animate response).”

Rehabilitation of the intervertebral discs is important to
sagittal plane restoration, especially since the cervical discs
only comprise the anterior portion of the endplate surface
area.”* In scoliosis, it is also important in supporting and

maintaining the shape of the coronel plane structurally. This
takes considerable molding and stability training to support of
the new shape while hydrostatic pressure is improved via
imbibition, which also takes a considerable amount of time.
Meir et al measured the intradiscal pressure in scoliotic discs
and found it to be over 300% greater than in normal discs,
even in the absence of muscle loading.” Stokes suggested that
this asymmetrical intradiscal pressure would have to be
reversed in order to prevent progressive disc pathology.”

To us, the only viable non-surgical means of reversing this
asymmetry of disc pressure consistently enough is by spinal
orthosis. However, the orthosis must demonstrate the ability to
do this via in-brace radiography. This may require
approximately a >50% in-brace Cobb angle correction to
approach this goal.”” To date, there is no non-surgical, non-
bracing method that has demonstrated the ability to reverse
this asymmetrical disc loading and pressure.

Currently, the minimum recommended in-brace Cobb angle
correction is about an average of 27%.”® This is likely not
enough to reverse this disc deformity and degeneration. The
average level of in-brace correction using the Boston bracing
protocols may be as high as 44%,” but it is unknown how
many Boston brace patients achieve this level of in-brace
correction.

Newer bracing concepts should be adopted in the United
States that reflect this goal. Morningstar was able to
accomplish 50% or greater in-brace correction in four patients,
but only when TLSO bracing was combined with an external
weighting system.*® However, only three month results were
reported for those patients.

In the continuum of exercise-based scoliosis research, the
focus of non-surgical therapies should expand to include
identification of any neuroendocrine or metabolic
abnormalities discussed in the recent literature. Testing for
these imbalances is already commercially available in many
respects, and researchers are currently testing newer methods
of predicting scoliosis.®" This will have tremendous impact on
the rehabilitation of scoliosis, and may ultimately diminish the
current emphasis placed on the outdated Cobb angle
assessment of scoliosis.”"

Summary

In the past, strategies for dealing with and attempting to
correct scoliosis have not reflected consistent long term,
predictable and sustainable results. This is due to a lack of
clear understanding of what it is, what tissues must change and
the principles governing these tissues and their change.
Therefore any theories, principles, or concepts used in
devising treatment protocols have not yielded true corrective
results. The key to making structural changes is changing the
connective tissues enough so that the patient can maintain the
correction on their own without the help of a doctor.

The chief characteristic of tropocollagen is that of spring
elasticity. When that elasticity is aggressively stretched, it has
the potential of springing back aggressively. A rapid Cobb
change in a short time 1) Does not allow sufficient adaptation
in tropocollagen fibers, 2) is not sufficient to create muscular
stabilization of the white tissue deformations, which may lead
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to curvature progression under continued gravitational
loading, 3) is not sufficient to alter neuromotor control of the
postural system, which requires at least six weeks of
consistent training,**™ and 4) may not be sufficient to allow
lifestyle/postural modifications to become habitual.

Changing red tissue characteristics (morphology strength,
flexibility, contractility, and endurance), especially slow
twitch fibers, is much more difficult than working with fast
twitch fibers. More time is often needed. The most difficult
characteristic to alter is endurance, which requires time and
repetition. Ignoring the time-dependent nature of soft tissue
rehabilitation assures that the muscular system will provide a
suboptimal response to reflexive, subcortical adaptations to
gravitational loading and postural changes.

Changes that must take place to the nervous system include: 1)
elimination of adverse mechanical tension within the central
nervous system, 2) new central pattern generation to control
the corrected spinal structure efficiently (re-engramming), and
3) proprioceptive retraining to reinforce correct neuromuscular
responses and maintain states of both static and dynamic
postural equilibrium.

However, before treatments based upon these goals are
initiated, it is imperative that clinicians look at the
neuroendocrine and metabolic characteristics of each patient,
since ongoing hormonal and neurotransmitter imbalances may
limit the effectiveness of scoliosis rehabilitation, and may
promote  scoliosis  progression despite  rehabilitative
intervention.

The idea that scoliosis is a response to adverse mechanical
tension in the CNS, and therefore compensatory to that
tension, is not new. This concept can be found within the more
accepted etiological models of scoliosis.* This is also
supported by the observation that progressive scoliosis is
much more likely to be associated with cervical kyphosis.**®
Any attempt to reduce Cobb angle before the restoration of the
sagittal plane & therefore reduce adverse mechanical tension
of the CNS will actually increase cord tension and may
precipitate a detrimental compensatory action to attempt to
relieve that tension.

This is also suggested by Kepler et al”’ who conclude that
long-term scoliosis outcomes are compromised if the sagittal
profile deteriorates. Scoliosis surgery is often aimed at
attacking the compensation and not fixing the characteristics
discussed here, leaving the system with a worsened intrinsic
environment and with very few options for which to
compensate.

A neural engram requires 300-350 repetitions to become
permanently wired within the nervous system. To override an
old faulty engram and replace it with a new optimal engram, it
takes 3500-5000 repetitions without re-engaging the old
engram. Importantly, this must not be done into neural fatigue.
Time is vital to allow this process to be fulfilled.

Exercises that are rehabilitative in nature often isolate one area
compared to another. These areas must be integrated into the
entire system and decrease afferent threshold and improve
proprioceptive communication. Proprioceptive integration
allows for this process and takes time for all the components

to be connected and controlled. To sidestep this process means
the system will not work in an integrated fashion, the way it
was wired to function.

Finally the system must be optimally reoriented to gravity,
giving the subcortical system that controls it a chance to
appropriately respond to gravity and become more efficient at
directing this response. This requires a lot of repetition
independently and intermittently to operate in conjunction
with the cortically controlled (volitional) movement centers.

External body weighting allows this process to happen
subcortically to make the changes in each of the planes, which
becomes the means of retaining the desired results in three
dimensions relative to gravity. Without it, or only short term
use of it, will not produce predictable controlled stabilization
and retention of these changes by the patient, independent of
the doctor.
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Figures

to which the body must further adapt.

Figure 1. From left to right: As the spring is pulled through and beyond its elastic zone, it becomes permanently deformed. This is an
illustration of plastic deformation. Once this occurs in white tissue, it can no longer provide the previous level of kinematic stability,
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Figure 2. This figure shows the biomechanical lever arms that compose the spinal system. These lever arms are divided up based
upon their respective muscle attachments and fulcrum points. Note that the two longest lever arms make up the thoracic kyphosis,
which is often compromised in patients with scoliosis. Graphic adapted with permission from the Pettibon System, Inc.
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