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Abstract

Idiopathic scoliosis has long been held as a purely orthopedic spinal deformity without a known origin. Hence all
treatment of scoliosis has involved physical methods exclusively to treat the condition, whether by bracing, surgery,
or exercise-based methods. Over the last several years many authors have introduced etiological concepts of
scoliosis involving multiple biochemical central nervous system pathways, such as neurotransmitter imbalances. The
purpose of this study is to evaluate how these neurotransmitter imbalances affect patients’ ability to participate in a
scoliosis therapy program and the ability of the resultant radiographic changes to be maintained. Two groups of
patients performed baseline neurotransmitter testing, and completed a short-term chiropractic rehabilitation program
for scoliosis. One group additionally participated in a nutrient program designed to rebalance their neurotransmitter
levels, while the second group declined. Both groups were evaluated 6 months after the completion of their
rehabilitation program to evaluate Cobb angle changes.
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Introduction
Scoliosis is historically thought of as a purely biomechanical or

orthopedic disorder of the spine wherein the spine curves greater than
10 degrees on radiographic assessment [1]. Conventional treatments of
scoliosis have been entirely based upon this model of scoliosis,
whether it be bracing or surgery. Both of these treatments entirely
focus upon the spine curvature, and attempt to straighten or stabilize
the spine throughout the human growing years.

Although these treatments are still the gold standard of treatment in
the United States, there have been several researchers who have
written extensively about the neurological and hormonal precursors to
scoliosis. Machida was among the first to describe the onset of scoliosis
following artificially created melatonin deficiencies in animal
experiments [2-4]. Other authors have suggested that melatonin
signaling dysfunctions may be a more logical explanation for the
development of scoliosis as compared to frank melatonin deficiencies
[5]. In addition to melatonin, leptin resistance has also been described
as integral in scoliosis development [6].

Burwell et al. [7] have described a “Double Neuro-Osseous Theory”
of scoliosis development, which identifies asymmetrical signaling
within the sympathetic nervous system, resulting to asymmetrical
proximal long bone and rib growth. This, they believe, forces the body
to compensate for asymmetrical growth by inducing spinal counter-
rotations and translations.

Regardless of the fact that the exact mechanisms behind scoliosis
development are still unclear, what is clear is that there is a host of

identified biochemical abnormalities in patients with idiopathic
scoliosis, observations for which conventional treatments in the U.S.
do not account. Recently, Morningstar suggested that patients with
idiopathic scoliosis demonstrate trends of abnormal neurotransmitter
imbalances not shown in non-scoliotic patients [8]. This purpose of
this study is to determine if correcting these identified
neurotransmitter imbalances in patients with idiopathic scoliosis result
in better outcomes from exercise-based scoliosis treatment.

Methods and Methods
Charts were reviewed of patients who were treated for adolescent

idiopathic scoliosis in the years 2012 and 2013. For purposes of this
study, patient charts were included if they participated in an outpatient
scoliosis rehabilitation program for 2 weeks, completed a baseline
urinary neurotransmitter analysis, and presented for follow-up at 6
months. Due to the diagnosis of idiopathic scoliosis, patients with
neuromuscular, infantile, or adult degenerative scoliosis were
excluded. Based upon these inclusion and exclusion criteria, a total of
11 patient charts were selected for this study. These 11 charts were
further divided into two groups: Group A, who were prescribed a
specific nutrient regimen designed to restore normal neurotransmitter
levels, and Group B, who declined to take the prescribed nutrients for
their neurotransmitter imbalances. Group B effectively served as a
control group to see how the effect of specific nutrient
supplementation may affect the results of an exercise-based scoliosis
rehabilitation program. Parents of all patients whose data we selected
gave their written informed consent to use their non-identifying data.

The two-week scoliosis rehabilitation treatment completed by all
patients was composed of a multimodal collection of therapies, each
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with its own intended purpose. At the core of this treatment program
is the concept of automatic response training, which essentially
attempts to recruit the involuntary, reflexive postural control
mechanisms to create an anticipatory correction in spinal positioning.
These postural control mechanisms have been previously reviewed [9].
Many of the therapies within this treatment program have been tested
[10-14] specifically in cases of scoliosis. Patients received
approximately 48 hours of treatment within the two-week period.

The urinary neurotransmitter panel used is from Pharmasan Labs
(Osceola, WI, USA). This panel includes a total of 12
neurotransmitters to be evaluated. A list of these neurotransmitters
can be found on a sample report shown in Figure 1. Preliminary
evidence suggests that imbalances in some of these neurotransmitters
may somehow be connected to the development or progression of
idiopathic scoliosis [8]. All 11 patients selected in this study completed
a baseline neurotransmitter panel. Group A completed an additional
neurotransmitter panel following the completion of nutrient repletion
trial in hopes of restoring optimal neurotransmitter levels. The
nutrient supplementation prescribed and taken by Group A included
the following supplements and their typical doses: 5-
hydroxytryptophan (5-HTP) for low serotonin (sig. 100 mg t.i.d.), L-
theanine for elevated glutamate (100 mg daily), pyridoxal-5-phosphate
for elevated norepinephrine (50 mg daily), and quercetin for elevated
histamine (100-400 mg daily). These supplements were used because
they are the enzymes or precursors responsible for the production or
conversion of these neurotransmitters. Patients in Group B completed
an initial neurotransmitter panel, but elected to not participate in the
nutrient supplementation as part of their care. Therefore, we did not
collect follow-up data on these patients.

Figure 1: shows a sample neurotransmitter report.

Results
Among the 11 total patients, seven of them participated in the

nutrient repletion program as part of their scoliosis treatment (Group
A), and four of them did not (Group B). Table 1 shows a comparison
of each group’s average parameters. The average age of both Group A
and B was 13 years. All of the patients in this study were female. The
average starting Risser stage for each group was a 3 and 4, respectively.
Since there were more patients in Group A, we calculated average
Cobb angle correction by scoliosis curve classification: thoracic,
lumbar, thoracolumbar, or double major. However, among our Group
B patients, there were no patients with a thoracolumbar curve pattern.

Two of these patients had double major curve patterns, with one
thoracic and one lumbar completing Group B. Group A had three
thoracolumbar curves, one double major curve, and three thoracic
curves.

Baseline Cobb angles for each Group and curve type are also
reported in Table 1A and 1B. The baseline double major curve was 40°

for Group A and 39° for Group B. The three thoracic curves averaged
36° ± 7 for Group A, with the lone Group B curve measuring 47°. The
patient with a lumbar curve in Group B measured 36°, while the
thoracolumbar curves in Group A averaged 38° ± 12. Cobb angles were
recorded at baseline and at 6 months follow-up.

Group A Cobb angles PreCobb PostCobb

Thoracic Mean 36.00 24.67

N 3 3

Std. Deviation 7.000 4.163

Thoracolumbar Mean 37.67 23.33

N 3 3

Std. Deviation 11.719 3.215

Double major Mean 40.00 31.00

N 1 1

Std. Deviation . .

Total Mean 37.29 25.00*

N 7 7

Std. Deviation 8.015 4.082

*Statistically significant (P<.001)

Table 1(A): calculation of average Cobb angle correction by scoliosis
curve classification.

Group B Cobb Angles Degrees Degrees

Thoracic Mean 47.00 44.00

N 1 1

Std. Deviation . .

Lumbar Mean 36.00 30.00

N 2 2

Std. Deviation 1.414 .000

Double major Mean 39.00 37.00

N 1 1

Std. Deviation . .

Total Mean 39.50 35.25

N 4 4

Std. Deviation 5.260 6.702
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*Not statistically significant (P=.00877)

Table 1(B): Patients with a thoracolumbar curve pattern.

Across each group, there were trends in neurotransmitter
imbalances that were consistent among both groups. Average
serotonin levels were low for both groups, while histamine,
norepinephrine, and glutamate were elevated. These ranges were very
similar for both groups. Their average values are reported in Figure 2.

Statistical analysis was performed on patient data using SPSS
software version 22.0. Paired sample t-tests were used to calculate the
difference between same Group A and B curve types following
treatment. A significance level of .001 was chosen due to the small
sample size. Figure 2 shows the results of these t-test comparisons. The
12° Cobb angle reduction observed in Group A was statistically
significant, while the 4° degree reduction observed in Group B was not.

Figure 2: Results of these t-test comparisons.

Discussion
This report is the first to suggest a relationship between the

normalization of neurotransmitter status and radiographic changes
resulting from chiropractic rehabilitation of scoliosis. Chiropractic
practice is rooted in the idea that the entire body works together as a
single entity. Recently, scoliosis literature over the past several years
has begun to look at the many neurological and hormonal precursors
to scoliosis. This is changing the conversation in the field of scoliosis
treatment from looking at scoliosis as purely an orthopedic problem to
one that requires aspects of multiple specialties. This may be one
patient population where chiropractic physicians hold an advantage
due to their integrative approach to human form and function.

Although these results suggest a distinct relationship, it is important
to discuss specific limitations of this study. First, the small sample size
renders us unable to apply our results to the idiopathic scoliosis
community at large. Since our entire patient cohort was female, our
results, at best, may only apply to female patients with idiopathic
scoliosis. Second, our entire sample of patients was not genetically risk
stratified through appropriate DNA testing [15,16]. Therefore, it is
possible that a larger number of genetically low risk patients
comprised Group A (the intervention group) compared to Group B.
Higher genetic risk might have resulted in more progressive curves,
even despite therapeutic intervention.

While both groups received a baseline neurotransmitter profile,
only the intervention group had a follow-up neurotransmitter profile
performed. Although it is unlikely to have changed from baseline
without any intervention, the addition of exercise may have affected
the follow-up results in some capacity, but that is unknown.

All of the patients in this study were slender in build, possibly due
to leptin resistance or signaling dysfunction seen in children with AIS
[6,7]. The average height of our subject group was 61 inches with a
relatively small range (57-63 inches). Therefore, the minor differences
in height and weight of our patients were likely not enough to explain
the differences between Groups A and B. However, this cannot be
entirely ruled out due to our small sampling.

The results provided by the neurotransmitter panel used in this
study have been shown to correlate to central levels, despite being
markers of peripheral neurotransmitter status [17]. Therefore, this
panel is an easy panel for the clinician and patient alike to collect in a
noninvasive manner. While this study only looked at one specific type
of scoliosis treatment, we feel that neurotransmitter status is an
intriguing, and perhaps vital, component of any scoliosis treatment, as
correction is typically lost over time across all types of treatment,
including bracing [18,19] and surgery [20-22] alike. Therefore, we
suggest that neurotransmitter status be looked at more carefully in the
future among idiopathic scoliosis patients, especially those who are
skeletally immature.

Conclusion
Two groups of idiopathic scoliosis patients received the same

chiropractic rehabilitation treatment, including a baseline
neurotransmitter panel. However, one group received treatment for
abnormal neurotransmitter status while the other did not. The group
that complied with supplement recommendations for their specific
neurotransmitter imbalances demonstrated better Cobb angle
correction at 6 months post-treatment as compared to the second
group, who declined to follow the supplement recommendations. The
results of this study suggest that neurotransmitter status needs to be
more thoroughly explored in its potential relation to changes in the
magnitude of scoliosis. Follow-up studies that substantiate our clinical
observations during and after intervention are warranted.
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