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Summary (English)

Dermatitis is a chronic inflammatory skin disease, described by intensive
pruritus and eczematous lesions of skin. In most of the patients with
Dermatitis, a long-lasting cycle of itch-scratch roots produces substantial
morbidities and discomforts. For instance, sleeping problems,
compromised quality of life, and psychosocial problems, as well as
appearance-related complications including skin infections resulting to a
loss of self-confidence. The purpose of treatment in dermatitis is to
decrease symptoms, cure superinfection, avoid exacerbations, lessen the
risk of treatment, and bring back the integrity of the skin. In most patients
with mild Dermatitis, treatment goals can be accomplished with topical
therapies, however, in patients with moderate to severe Dermatitis,
treatment is still a challenge.

At present, a guideline-based method for treating Dermatitis is lacking and
the pathogenesis of Dermatitis remains unknown. However, there is
evidence that neuropeptides such as Calcitonin gene- related peptide
(CGRP) influence the development and course of Dermatitis. Likewise,
there are studies investigating spinal neurotransmitters in accordance with
itching in dermatitis and it is reported that a species of neuropeptides is
released from chloroquine-sensitive pruriceptors within the spine to
arbitrate histamine-independent itch in Dermatitis. Moreover, a correlation
between spine biomechanical alteration and Dermatitis is reported in
numerous studies.

Therefore, the main objective of this work is to carry out a prospective

study to determine the relationship between alterations in the spine and
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Dermatitis by focusing on the level of CGRP in patients’ plasma.
Furthermore, in this study we set out to investigate whether chiropractic
can be an effective treatment for dermatitis.

73 patients suffering from dermatitis participated in this study. 51 of these
patients were randomly assigned to the treatment group and 22 patients
were also randomly assigned to the control group. All patients in both,
treatment and control groups, were prescribed a topical compound cream,
containing emollient corticosteroid-indomethacin, and antioxidants.
However, only patients in the treatment group underwent chiropractic
treatment while patients in the control group only received the above-
mentioned topical treatment. In order to accomplish our objectives, the
following data was analyzed in patients of the treatment group: (7)
Dermatological examination quantified using the Eczema Area and
Severity Index (EASI) score method, (2) Radiographic description and
quantification of the severity level of spinal biomechanical alterations
(SBA), hereinafter referred to as (spinal) severity score. (3) Biological data
including blood tests and measurement of plasma calcitonin gene-related
peptide (CGRP) level in all the patients and (4) chiropractic spinal
examination and treatment (SMT) and on a 3-month weekly plan. All data
was compared and analyzed before and after the treatment in the 73 study
patients.

The results presented in this study would be indicative of a correlation
between the altered biomechanics of different spinal segments and the
altered state of the skin. In this study we found that the EASI levels in the
patients suffering from Dermatitis were significantly correlated with SBA
in the Atlas- Axis (AT- AX) (p< 0.001; r=0.82), in the cervical spine
(r=0.91), in the sagittal balance of the spine (SBS) (p< 0.001; r=0.88), in
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Spondylolisthesis (p< 0.001; r=0.85), in Thoracic 10 (p< 0.001; r=0.87),
in Lumbar 1 (p<0.001; r=0.81), and Lumbar 2 (p< 0.001; r=0.70).
Overall, the results of this study indicated that improvement in the plasma
CGREP level correlates with the improvement in the EASI level and the
improvement in the SBA severity score. It suggests that spinal
biomechanical alterations may contribute to the release of neuropeptides,
including CGRP, from sensory nerves endings. Increase of plasma CGRP
results in neurogenic inflammation of the skin and contributes to
dermatological disorders such as dermatitis.

In addition, our results indicated a significant reduction in the CGRP level
in patients of the treatment group (who underwent chiropractic spinal
treatment) and following that a significant reduction in EASI scores
(improvement of skin’s situation). On the other hand, although the EASI
level of the patients in control group decreased after 2 weeks of using
compound cream, the CGRP level remained altered and consequently, the
dermatitis symptoms showed up in those patients after 3 months.

As a conclusion, the result of our study suggesting that there may be a
strong correlation between the spine biomechanical alteration, CGRP
level, and neurogenic inflammation of skin (in the form of Dermatitis of
the skin). We also strongly suggest further investigations with bigger

sample population.
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Resumen (Castellano)

La dermatitis es una enfermedad inflamatoria cronica de la piel, descrita
por prurito intensivo y lesiones cutdneas eccematosas. En la mayoria de
los pacientes con dermatitis, un ciclo prolongado de raices con picazon y
rascado produce morbilidades y malestares sustanciales. Por ejemplo,
problemas para dormir, calidad de vida comprometida y problemas
psicosociales, asi como complicaciones relacionadas con la apariencia,
incluidas infecciones de la piel que provocan una pérdida de la confianza
en uno mismo. El proposito del tratamiento de la dermatitis es disminuir
los sintomas, curar la superinfeccion, evitar las exacerbaciones, disminuir
el riesgo del tratamiento y devolver la integridad de la piel. En la mayoria
de los pacientes con dermatitis leve, los objetivos del tratamiento se pueden
lograr con terapias topicas, sin embargo, en pacientes con dermatitis
moderada a grave, el tratamiento sigue siendo un desafio.

En la actualidad, se carece de un método basado en directrices para el
tratamiento de la dermatitis y se desconoce la patogenia de la dermatitis.
Sin embargo, existe evidencia de que los neuropéptidos como el péptido
relacionado con el gen de la calcitonina (CGRP) influyen en el desarrollo
y el curso de la dermatitis. Asimismo, hay estudios que investigan los
neurotransmisores espinales de acuerdo con la picazén en la dermatitis y
se informa que una especie de neuropéptidos se libera de los pruriceptores
sensibles a la cloroquina dentro de la columna vertebral para arbitrar la
picazén independiente de histamina en la dermatitis. Ademads, en
numerosos estudios se informa de una correlacion entre la alteracion

biomecanica de la columna y la dermatitis.
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Por tanto, el principal objetivo de este trabajo es realizar un estudio
prospectivo para determinar la relacion entre las alteraciones de la columna
y la dermatitis centrandose en el nivel de CGRP en el plasma de los
pacientes. Ademas, en este estudio nos propusimos investigar si la
quiropractica puede ser un tratamiento eficaz para la dermatitis.

En este estudio participaron 73 pacientes que padecian dermatitis. 51 de
estos pacientes fueron asignados al azar al grupo de tratamiento y 22
pacientes también fueron asignados al azar al grupo de control. A todos los
pacientes de los grupos de tratamiento y control se les prescribi6 una crema
compuesta topica que contenia corticosteroide-indometacina emoliente y
antioxidantes. Sin embargo, solo los pacientes del grupo de tratamiento se
sometieron a un tratamiento quiropractico, mientras que los pacientes del
grupo de control solo recibieron el tratamiento tdpico mencionado
anteriormente. Para lograr nuestros objetivos, se analizaron los siguientes
datos en pacientes del grupo de tratamiento: (1) Examen dermatologico
cuantificado mediante el indice de Severidad y Area de Eczema

(EASI) método de puntuacion, (2) Descripcion radiografica y
cuantificacion del nivel de gravedad de las alteraciones biomecanicas
espinales (SBA), en lo sucesivo denominado puntuacién de gravedad
(espinal). (3) Datos bioldgicos que incluyen andlisis de sangre y medicion
del nivel de péptido relacionado con el gen de calcitonina en plasma
(CGRP) en todos los pacientes y (4) examen y tratamiento espinal
quiropractico (SMT) y en un plan semanal de 3 meses. Todos los datos se
compararon y analizaron antes y después del tratamiento en los 73
pacientes del estudio.

Los resultados presentados en este estudio serian indicativos de una

correlacion entre la biomecanica alterada de diferentes segmentos
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espinales y el estado alterado de la piel. En este estudio encontramos que
los niveles de EASI en los pacientes que padecian Dermatitis se
correlacionaron significativamente con SBA en el Atlas-Eje (AT-AX) (p
<0,001; r = 0,82), en la columna cervical (r = 0,91), en el balance sagital
de la columna SBS (p <0.001; r = 0.88), en Espondilolistesis (p <0.001; r
=0.85), en T10 (p <0.001; r = 0.87), en L1 (p <0.001; r=0,81) y L2 (p
<0,001; r=0,70).

En general, los resultados de este estudio indicaron que la mejora en el
nivel de CGRP en plasma se correlaciona con la mejora en el nivel de EASI
y la mejora en la puntuacion de gravedad de la SBA. Sugiere que las
alteraciones biomecdanicas espinales (SBA) pueden contribuir a la
liberacion de neuropéptidos, incluido el CGRP, de las terminaciones de los
nervios sensoriales. El aumento de CGRP en plasma da como resultado
una inflamacién neurogénica de la piel y contribuye a trastornos
dermatoldgicos como la dermatitis. Ademas, nuestros resultados indicaron
una reduccion significativa en el nivel de CGRP en los pacientes del grupo
de tratamiento (que se sometieron a tratamiento espinal quiropractico) y
luego una reduccién significativa en los puntajes EASI (mejora de la
situacion de la piel). Por otro lado, aunque el nivel de EASI de los pacientes
del grupo de control disminuy¢ después de 2 semanas de uso de la crema
compuesta, el nivel de CGRP permanecio alterado y, en consecuencia, los
sintomas de dermatitis aparecieron en esos pacientes después de 3 meses.
Como conclusion, el resultado de nuestro estudio sugiere que puede haber
una fuerte correlacion entre la alteracion biomecanica de la columna, el
nivel de CGRP y la inflamacidon neurogénica de la piel (en forma de
dermatitis de la piel). También recomendamos encarecidamente que se

realicen mas investigaciones con una muestra de poblacién mas grande.
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CHAPTER 1:
INTRODUCTION






1.1 Dermatitis

Dermatitis is a chronic inflammatory skin disease, described by intensive
pruritus and eczematous lesions of skin. ! In most of the patients with
Dermatitis, a long-lasting cycle of itch-scratch roots produces substantial
morbidities and discomforts. For instance, sleeping problems,
compromised quality of life, and psychosocial problems, as well as
appearance-related complications including skin infections resulting to a
loss of self-confidence. In addition, dermatitis is one of the first evidence
of disease in early childhood, with possible evolution of the march of
asthma, food allergies, and allergic rhinitis in young patients resulting to
additional discomforts and morbidities. 23 On the other hand, many studies
relate Dermatitis to some nonallergic conditions, providing a chance for
systemic and multiorgan infections 4, in addition to some cardiovascular
diseases >, and neuropsychiatric conditions such as depression ¢, anxiety 7,
and hyperactivity disorders. 3

From the etiological point of view, Dermatitis is very complicated and
multifactorial with genetical, environmental and immunological
interacting factors. ® According to the levels of immunoglobulin E (IgE),
which are the antibodies against common environmental allergens, there

are two characteristic forms of Dermatitis: extrinsic and intrinsic. °
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Figure 1- Dermatitis- The communications between peripheral nerves and mast cells, eosinophils,
and basophils in addition to some clinical pictures of dermatitis appearance. Schematic is reprinted
with permission from. 10 Clinical pictures are original from our study patients. All patients have
signed an informed consent for the case to be published (including images, case history and data)



About 25 years ago, the histological connection between mast cells and
peripheral nerve cells was explained. !' Since then, many studies indicated
mast cells in close proximity to Calcitonin gene-related peptide (CGRP)
peripheral nerves in the skin. The communications between peripheral
nerves and mast cells, eosinophils, and basophils is shown in Figure 1. This
correlation and linkage between mast cells and peripheral nerves, is found
enhanced in the pathological conditions such as dermatitis and psoriasis.
In addition, numerous neuromediators such as amines, neuropeptides
(CGRP, substance P, VIP and PACAP), cytokines (tumour necrosis factor-
o [TNF-a], Interleukins [ILs]) and growth factors are released from mast
cells. Release of these mediators by activated mast cells results in the direct
sensitization of nociceptors on peripheral nerves and leading to
inflammations, redness, and itching on the skin.!>!3

Besides, the European Academy of Allergology and Clinical Immunology
has classified dermatitis to nonallergic and allergic types. '* Both allergic
and nonallergic types share similar clinical features, however, different

immunological factors are involved.

The common necessity for treatment of this disease makes significant
financial and mental pressures on patients and/or their families. The
treatment of Dermatitis has developed gradually, initiating from early
1930s by using topical lotions to 1960s by using topical steroids. By the
beginning of the new century (2000s) calcineurin inhibitors have emerged,
and currently, in addition to compound cream designed by dermatologists,
many biologic agents such as anti—interleukin (IL) 4/IL-13 antibodies are

available to be used in different forms. 13



The purpose of treatment in dermatitis is to decrease symptoms, cure
superinfection, avoid exacerbations, lessen the risk of treatment, and bring
back the integrity of the skin. '® In most patients with mild Dermatitis,
treatment goals can be accomplished with topical therapies, however, in
patients with moderate to severe Dermatitis, treatment is still a challenge.
Education, elimination of worsening factors, improving hydration and skin
barrier function, and healing the inflammation are some of the general
principles of dermatitis therapy. !

In clinical procedure, there are different tactics to cure Dermatitis, and
wide-ranging recommendations are given to patients by both primary care
clinicians and specialists. This variation of methods in treating Dermatitis
and lack of a precise and defined treatment procedure causes confusion and
anxiety and discomfort for patient and their relatives while dealing with
this chronic condition. '8!

Dermatitis is a hard and challenging disease. There are many patients
every day who do not achieve any improvement by using vigorous, topical
anti-inflammatory therapies. As yet, the treatment choices are limited to
systemic immunomodulatory agents, phototherapy, and immunotherapy,
which are not data- based and are limited due to their reported side effects
20 Currently, there are many new other therapeutics compounds,
containing small molecule agents and anticytokine proteins being studied

for treatment of dermatitis, as presented in Tablel .

As more new and promising therapeutics become available, some hard
question need to be answered: (1) Are these new treatments likely to be
effective in all types of dermatitis or only certain dermatitis phenotypes?

(2) How to choose a certain biologic agent for a patient? (3) Are there any



good biomarkers or clinical markers to guide treatment? (4) What is the
long-term safety and effectiveness? (5) What is the risk of severe
outcomes? (6) What is the safety/ efficacy of treatments/ drugs in younger
children in whom the disease is more widespread? (7) How long is the
treatment period, and what is the probability of decline after the treatment
is stopped? (8) What is the effect on other allergic diseases, such as
asthma? (9) When will these drugs be available in the market, and how
about coverage by insurance payers? All in all, there is no specific answer
yet for any of these questions covering all Dermatitis cases as a general
answer. Thus, Dermatitis remains a challenging inflammatory disease. In
addition, current available treatments usually provided temporary relief,

and their effectiveness varies from one patient to another.



Target

Compound

Trial Phase, Clinicaltrials.gov
Identifier

Topical Agents

AhR

Tapinarof/Benvitimod

2a, NCT02466152/NCT02564055

PDE4 Roflumilast 2a
JAK1, JAK3 Tofacitinib 2a, stopped
JAK1, JAK3 LEO 124249/JTE-052 2a
S aureus Roseomonas mucosa bacteria 1/2 antecubital AD
S aureus Coagulase-negative Staphylococcus 1/2 ventral arm AD
PDE4 Crisaborole Clinical use
Biologics
IL-4 Pitrakinra 2a
IL-5 Mepolizumab 2a
IL-12/23P40 Ustekinumab 2a, NCT0 1806662
IL-13 Tralokinumab 2 completed, NCT02347176
IL-13 Lebrikizumab 2 completed, NCT02340234
IL-4/1L-13R Dupilumab Approved for clinical use 2017
IL-17 Secukinumab 2, NCT02594098
IL-22 Fezakinumab (V) 2, NCT01941537
IL-31R Nemolizumab 2 complete, NCT01986933
IL-31 BMS-981164 1, NCT01614756
TSLP Tezepelumab 1 complete, NCT00757042
TSLP-R MK-8226 1, NCT01732510
IgE QGEO031/ligelizumab 2 complete, NCT01552629

Table1- New investigational agents for treatment of moderate to severe dermatitis. Data obtained

from clinicaltrials.gov and Vakharia et al.2t

The pathogenesis of Dermatitis remains unknown. 2> However, there is
evidence that neuropeptides such as Calcitonin gene- related peptide
(CGRP) influence the development and course of Dermatitis 2326,
Likewise, there are studies investigating spinal neurotransmitters in
accordance with itching in dermatitis and it is reported that a species of
neuropeptides is released from chloroquine-sensitive pruriceptors within
the spine to arbitrate histamine-independent itch in Dermatitis 23-2+27-39,

Also, in various studies indicated the relationship between spinal problems



and pathogenesis of Dermatitis 3'3°, A summary of itching process in

Dermatitis has been presented in Figure 2.
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Figure 2- Itching process. Mediators and neuropeptides signalling the cortex in the brain to trigger

itch through the spinal cord. Reprinted and modified from.36

Therefore, we designed a study to investigate the dermatitis from neuronal/

spinal point of view. Our aim is to understand this chronical inflammatory

disease from the point of its onset and the involvement of neuropeptides in

the pathway through a complex biological event identified as “the

neurogenic inflammation”.

1.2 Neurogenic inflammation, sensory nerve, and

neuropeptides

Neurogenic inflammation is a type of inflammation initiated by stimulation

of peripheral nerve, the fibre C neurons 7. The neuronal activity operates



through neuropeptide release and inflammation at locations different from
the original stimulus. In humans, some of the neuropeptides and many
different chemicals can cause an irritant effect by stimulating these c-
fibers. There is an individual variation in the susceptibility to the chemical
reactivity of their c-fibers 3840,

This inflammation is produced by the discharge of neuropeptides such as

SP, CGRP, and NGF. 4-43

1.2.1 Neuropeptides

Neuropeptides are small proteins that are used to communicate between
neurons *. Neuropeptides act on the surface receptors of neurons. Many
neuropeptides and their receptors are widely distributed in the central
nervous system. In the brain, more than 100 active neuropeptides have
been identified that are biologically unique #°. The effects of many peptides
are induced by several receptor subtypes on different areas of the brain. In
fact, the discovery of new peptides and receptor subtypes has broadened
our understanding of the role of these peptides in the functioning of the
central nervous system 46, The pharmacological, molecular, and genetic
approaches are pioneering our understanding of the role of neuropeptide
systems in psychiatric disorders today 4’*¥. Neuropeptides have been
implicated in regulating a variety of physiological and behavioural
processes including temperature regulation, water and food consumption,
sexual activity, sleep, locomotor activity, memory learning, stress and pain
response, emotion, and social cognition. These systems may be involved
in the symptoms and behaviours of major psychiatric illnesses such as

psychotic disorders, mood disorders, mental retardation, and spectrum

10



disorders. -2 Neuropeptides may act as neurotransmitters (nerve-media),
nerve regulators, or nerve hormones. °* Neurotransmitters are usually
secreted from axonal terminals into the synapse. Neuropeptide release is
not limited to synapses or axonal terminals but may occur throughout the
axon or even in dendrites. * The most important peptides playing a
significant role in the onset of neurogenic inflammation are described

below.

(i) Substance P
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Figure 3- Molecular Structure of Substance P

Substance P (SP) is a peptide structured by 11 amino acids (See Figure 3).
This peptide initially was isolated from intestinal extracts. Its capability to
generate hypotension was primarily reported in the 1930s. 3 Substance P
circulated in the central, intestinal, and peripheral nervous systems of
various species. ® The function of the substance P in the CNS is as
neurotransmitter. SP and its neurokinin receptor (NK) are localized in
regions of the brain that are important in influencing both chemical and
neurological behaviour, as well as the response to both mental and physical
stress. °7 SP may also coordinate the stress response by interacting with the
HPA axis and the sympathetic nervous system. >3>° In addition, substance

P is involved in the sensory pathways and, most importantly, the pain. On
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the periphery, substance P has been identified at the end of type C sensory
nerves throughout the body. Substance P is present in inflammatory sites
and inflammation can enhance its expression. The nerves containing SP
are abundant in the mucosa and are found in the ganglion, spinal cord,
brain, airways, and skin and around the blood vessels *6°7. SP is stored in
the vesicles and released from the sensory nerves in response to various
stimuli such as leukotrienes, prostaglandins and histamine. ® In addition,
substance P can be produced and distributed from immune cells, for

instance, macrophages and eosinophils, particularly during diseases. ¢!

(ii) CGRP

Figure 4- An example of CGRP’s molecular structure

Besides SP, the creation of neurogenic inflammation is dependent on
release of CGRP. %2 This peptide was first reported in 1982 and forms the
calcitonin-related peptide family along with calcitonin, amylin,
adrenomedullin, and the calcitonin receptor-stimulating peptide. ® It is a
combination of a single intermolecular ring structure and a fused C-
terminus that is shared by family members (See Figure 4). CGRP is
synthesized and released from the sensory nerves in the central nervous
system and digestive tract. So far 4 different types of receptors have been

reported for this peptide.
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(iii) Nerve Growth Factors

Figure 5- Molecular Structure of NGF

In addition to SP and CGRP, there are some findings about the role of
nerve growth factors (NGF) in generating of neurogenic inflammation. 3
% NGF represents the best known and studied trophic factor, acting on the
sensory and sympathetic neurons of the peripheral nervous system and on
the frontal basal brain and striated cholinergic neurons of the central
nervous system (See Figure 5). ® The specificity and trophic actions of
NGF on these neuronal populations and its efficacy in preventing
neurodegeneration have led to the proposal to evaluate its use in the

treatment of neurological diseases such as Alzheimer's disease *7!,

72-74 and skin dermatitis. ”>~77 Preclinical and clinical

diabetic neuropathy
studies carried out in animal models and in patients diagnosed with these
diseases have shown promising results. Difficulties in central infusion of
NGF caused by stimulation of other sensitive neural populations have
spurred the initiative to develop more effective delivery strategies.

When sensory nerves are stimulated by certain activations, they release
biologically active neuropeptides to transmit indicators and signals.
Substance P and CGRP are the typical neuropeptides acting immediately

on the vascular cells and smooth muscle cells, with vascular effects. SP

boosts vascular penetrability with consequent plasma flareup and oedema

13



8 The discharge of SP enhances intercellular adhesion molecules and
vascular cell adhesion molecules on vascular epithelial cells and stimulates
them to release from mast cells facilitating hypervascularization and
penetration of inflammatory cells.

CGRP as an effective microvascular vasodilator contributes to most of the
neurogenic vasodilation and is engaged in enrolment of inflammatory
cells. 8% Both, SP and CGRP perform their activities through G-protein
coupled receptor, in addition to many other neuropeptide receptors. 4767
Lately, it was demonstrated in mouse models that NKI receptor
antagonists, which is one the most important CGRP receptors- inhibits itch
in dermatitis and showed therapeutic efficacy in chronic pruritus in
humans. #1783 The CGRP receptor antagonist and the anti-CGRP antibodies
have been shown clinically promising for migraine treatment, in which

CGRP play a crucial role in the pathogenesis. 8488

1.3 Skin neurogenic inflammation

There is an old term known as ‘neurodermitis’, implying eczema or allergic
dermatitis, that describes a correlation between nerves and skin. It
illustrates through clinical examination that the advancement and the
evolution of allergic dermatitis is susceptible to sensitive stress and
environmental stimulus. It has been a long-term clinical study that skin
disorders caused by chronic inflammation, such as Dermatitis, psoriasis,
rosacea, and itching are aggravated by stress and nervous-related stimuli.
8 Neurogenic inflammation as described above, is a process in which
sensory nerves lead to inflammation.

Both the immune system and somatosensory nervous system are important

for the prospective harmful infection and tissue damage in each individual
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host. Immune system guards the host by battling against infective
mediators and rebuilds damaged tissues. In addition to that, the
somatosensory nervous system improves its ability of avoiding the noxious
stimuli by eliminating the danger. There are many nociceptors in the skin
covering and protecting the host from the external environment. °*3 These
receptors react to any harmful stimuli instantly and transduce them to the
electrical signals to generate reactions. Nociceptor neurons can transfer the
potentials antidromically, from the central points to the outside, in addition
to the orthodromic feedback from the periphery to central nervous system
(CNS). % This process is known as axon reflex. °%°7 Therefore, the
neuronal facilitators are distributed from the terminals of depolarized axon
to the aroused area, activating a rapid reaction prior to the immune
system’s activation.

In the last five years, numerous studies have shed light on the role of the
nervous system in the pathogenesis of Dermatitis. **'9 The nervous
system has a great impact on the progression of the disease through a
modified pattern of cutaneous innervation in addition to an irregular
expression of neuropeptides in lesioned skin. Many actions are mediated
by neuropeptides contributing to the progression of Dermatitis, modifying
the course of the disease. *%19%191 SP and CGRP are the most effective
factors that initiate the degranulation of mast cells and stimulate
chemotaxis of neutrophils and lymphocytes. #*194-19  Fyrthermore,
neuropeptides regulate the cytokines release, control the activity of
immune cells, and reduce the itch threshold. Besides, numerous studies
have shown that the concentration of CGRP neuropeptides in the human
blood plasma is considerably increased in the papillary dermis of

Dermatitis patients when compared to the non-lesional samples. '°7-1% The

15



enhancement of CGRP nerves in the epidermis of Dermatitis lesions may
stimulate keratinocytes to release cytokines affecting various cell types,
developing inflammation and as a result, producing inflammatory diseases
such as dermatitis. !'%-!!3 Several studies indicate a correlation between an
increased maternal CGRP level and risk of developing Dermatitis in young
age. 114117

In addition, there is evidence suggesting that neurotrophins, such as NGF,
may also be involved in the pathogenesis of Dermatitis and may regulate
the progression of the disease. !'!!!8-120 The NGF and its receptors has an
important role in the involvement of the peripheral nervous system
specially in cutaneous nerves. This impact includes neuronal growth,
differentiation, and regeneration of injured or diseased nerves. 2! It is
suggested that NGF defines the innervation density of human skin and
contributes to neuro-hyperplasia in Dermatitis. %2223 Also, another
study shows that the increased expression of neurotrophin receptor and
neurotrophins functional activity reduces the itch thresholds in a mouse
model suffering from Dermatitis. '** Moreover, high concentration of
nerve growth factor in the plasma is a risk factor in the Dermatitis. Recent
studies have also shown that psychological stress induces degranulation of
dermal mast cells and enhances the amount of SP and CGRP- positive

nerve fibers in mice. 33-39:89:122

1.3.1 Mechanisms of neurogenic inflammation in human skin
(i) Nervous system in the skin

One of the most important tasks of the skin is to sense and react to signals

from the external environment in addition to defend our bodies. Profuse
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nerve fibers, such as autonomic and sensory nerves, are spread all over the
skin layers. They are connected with various cell types in the different
layer of the skin by releasing different kinds of neuropeptides. Nearly all
of cutaneous cells express operational receptors by receiving signals from
the nervous system. In response, dermal cells generate neuropeptides in
order to accelerate nerve fibers reactions. 25126 These sets of action and
reactions produce a positive bidirectional response loop capable of
enhancing the inflammatory response. The finding that different types of
chronic inflammatory skin disorders, eg, dermatitis and psoriasis, have the
characteristics of enhanced neurotrophin expression and peptidergic nerve
fibers help this pathophysiologic fact. 90101

In epidermis, neuropeptides distributed from the nerve fibers activate and
stimulate keratinocytes to deliver proinflammatory cytokines such as IL-
la, IL-4, IL-5, IL-6, IL-8, IL-33 and more. '*’ In epidermis, specifically
on Langerhans cells, SP has the ability to increase migration and antigen
presentation, resulting to stimulating allergic sensitization. 12812
Additionally, in dermis, sensory nerve fibers are fused with noradrenergic
and acetylcholinergic nerve fibers having further neuropeptides, for
instance neuropeptide Y or vasoactive intestinal peptide. Sensory nerve
fibers are generally in close interaction with mast cells, blood vessels or
hair glands in dermis. Dermal mast cells have remarkably close connection
with the nervous system in the case of neurogenic inflammation. CGRP
and SP stimulates the vascular endothelial growth factor release from mast
cells helping the proliferation and vascularization of endothelial cell
resulting to acceleration of the inflammatory process. Fibroblasts in dermis
also express CGRP receptors and produce SP, the release of both peptides

increases after exposure to SP or to interferon (IFN)-y. Therefore,
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neuropeptides have a great impact on producing and enhancing the
inflammation in skin by overexpressing CGRP, SP and NGF. Later these
neuropeptides contribute to the fibrosis in chronic skin inflammation
resulting to inflammatory skin disorders such as Dermatitis. In accordance
with these findings, CGRP is one of the critical players in chronic relapsing
inflammation in Dermatitis. Therefore, physiological interference of
CGRP-mediated neurogenic inflammation can be a key factor in finding

an alternative therapeutic target in the treatment of Dermatitis.

1.4 Vertebral column (Spine)

The spine structures the central alignment of the skeleton. Together, the
sternum and the twelve pairs of ribs, shape the skeleton of the trunk. The
spine is a very strong yet flexible midline structure. It attaches with the
base of the skull through its upper end and supports the skull. From its
inferior part, it articulates with the corresponding hip bone on each side.
To form the pelvic girdle, two iliac bones articulate anteriorly at the pubic
symphysis. In turn, each iliac bone accommodates the head of the
subsequent femur to form the hip joint. The spine protects the spinal cord,
contained in the vertebral canal. 13133 The posterior part of the spine gives
attachment to powerful muscles providing skeleton support and

maintenance of the upright posture (Figure 6). 13413
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Figure 6- The articulated vertebral column view from anterior (A), posterior (B), and lateral (C).
Reprinted by permission from 136

Anatomically, the spine is divided into five regions. From top to bottom:

the cervical, thoracic, lumbar, sacral, and coccygeal regions.
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1.4.1 Cervical Spine

The cervical vertebrae are smaller than the rest of of the spinal segments.
They are shaped like a cylinder and help to move the head and neck.
Diametrically speaking, the cervical vertebrae are larger in the transverse
side than in the anteroposterior side. The size of cervical vertebrae
increases gradually-from C3 to C7. 137:138

The first two segments C1 (Atlas) and C2 (Axis) have a unique shape being
‘atypical’ while the rest of the cervical segments, C3-C7, are considered
‘typical cervical vertebrae’. The cervical transverse processes modify their

shape as they ascend towards the brain to ensure the passage of the

vertebral arteries.'*® (Figure 7)

Superior view Lateral view

Figure 7- Cervical vertebra. Superior (A) and lateral (B) view of the seven cervical vertebrae.

Reprinted by permission from 136

The rectangular-shaped structures of C3-C7 are posteriorly-laterally
surrounded by uncinate processes. The articulation of vertebrae with C3-
C7 forms the uncovertebral joints making this region of the cervical spine
a sensitive and complex zone.

Most cervical spinous processes are bifid providing attachment for

muscles from both sides of the body. The apophyseal (facet) joints through
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C3-C7 are positioned about 45 degrees between the horizontal and frontal
planes. (Figure 7B) This characteristic plays and important role in the

cervical biomechanics. 3¢

1.4.2 Atlas (C1)

In Greek folk tradition and mythology, Atlas is a Titan responsible for
holding the weight of the heavens on his shoulders. Similarly, the first
cervical vertebra is also named Atlas, indicating its role in supporting the
weight of the head. The atlas is formed by two connected lateral masses
(Figure 8). Its two large bowl-shaped superior parts adhere to these

adjacent masses creating the atlanto-occipital joint . 13°

1.4.3 Axis (C2)

C2 is also named axis because of its odontoid process that acts as vertical
axis allowing the rotation of the head on the neck. (Figure 8). The superior
part of the axis (C2) is flat, matching the leveled inferior parts of the atlas.
This characteristic structure is designed to allow the atlas (in addition to

head) to freely rotate horizontally around the axis. '3
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Figure 8- Atlas and Axis- Top view of the atlas (C1) laying on top of the axis (C2), shaping the atlanto-

axial joint. Reprinted by permission from 136

1.4.4 C3-C7

C2 - C3 is one the most important joints of the cervical spine. This joint
allows the movement of the chin toward the chest (flexion) and the
backward movement of the head (extension). Generally, patients injured at
C3 level may have limited movement in both flexion and extension. '4° In
addition, the C3 is consistent with the lower part of the jaw and the hyoid
bone, which gives attachment to the muscles of the floor of the mouth and
to the tongue, the larynx, the epiglottis, and the pharynx. This is a crucial
spine area, which communicates the neck and the head with the jaw and
many parts of the body. The spinal nerves roots exiting between C3-C4-
C5 contain nerves fibers that make up the phrenic nerves, which innervate
the diaphragm and ensure breathing. C4 is located at the level of the thyroid

cartilage.
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C5 plays an important role because it can influence the severity of the
injury to the neck and spine. If the injury occurs at or above C5, the injured
person may not be able to breathe as the phrenic nerves, that control
breathing, are located between C3- CS5. Injury to the C5 vertebra also

disrupts the vocal cords, biceps, and deltoid muscles in the upper arms.

1.4.5 Thoracic

There are 12 thoracic vertebrae. '*! They are distinguished by their sharp,
large posterior, inferiorly pointed, and their transverse processes, which is
laterally projected. The transverse processes of most thoracic vertebrae
have costal features for articulation with the subsequent aspect of the ribs

(Figure 9). 14

The frontal section of most ribs connects either directly or
indirectly to the sternum. Consequently, thoracic vertebrae, the ribs, and
sternum describe the capacity of the thoracic cavity. Notable is that the
apophyseal joints that are parts of the thoracic vertebrae are aligned almost

in the anterior plane.

_—Superior articular facet

Intervertebral

eighth rib)

/

/
Inferior articular facet’

eighth rib)

Figure 9- Thoracic vertebra- Lateral view of the sixth through eighth thoracic vertebrae (A) and the

whole 12 thoracic vertebra (B). Reprinted with permission from 136
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1.4.6 Lumbar Vertebrae

The lumbar vertebrae are shaped to support the weight of the body. They
have wide and massive bodies and rectangular spinous processes. The
lateral joints of the upper lumbar area point close to the sagittal plane.
However, in the lower regions its transition is towards the frontal facet (L4

and L5). % (Figure 10)

Figure 10- Lumbar vertebrae- Superior (A) and lateral (B) view 136

1.4.7 Vertebral arteries

The critical difference between the cervical and other spinal areas is the
existence of the vertebral arteries which arise from the subclavian artery
(Figure 11) and go up the cervical transverse processes. When the artery
reaches the atlas, it goes horizontally (Figure 11) and then joins the
foramen magnum to merge with its neighbor to form the basilar artery
(Figure 11). The vertebral arteries provide nearly 30% of the brain blood.

The remaining 70% of the flow is provided by and the carotid structure. '3
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Figure 11- Structure of the vertebral artery- (A) Anterior and lateral view, (i) Branch from subclavian
artery to C6, (ii) Vertical track through foramen transversaria, (iii) Horizontal section from C1, (iv)
Entry to foramen magnum to join neighbour, (B) Effect of rotation is to stretch artery forwards.

Reprinted by permission from 144
1.4.8 Sacral

The sacrum is a triangular- shaped bone that articulates with the last lumbar
segment (L5), forming the lumbosacral junction. The dorsal surface of the
sacrum is u-shaped and rough, reflecting many muscular and ligamentous
connections. The sacral canal covers and protects the cauda equina
(peripheral nerves that extend from the bottom end of the spinal cord). On
the pelvic (frontal) facet of the sacrum ventral sacral foramina (see Figure
12), a four-paired vertebrae, spread the ventral rami of spinal nerves. This

represents of the sacral plexus 3¢,
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Spinal tubercle

Sacral promontory lliacus

Figure 12- Structure of the sacrum-. Superior view of the sacrum (A) and anterior view of the
lumbosacral region (B). (Attachments of the iliacus muscles are shown in red). Reprinted by
permission from 136

1.4.9 Coccygeal regions

Coccyx or Coccygeal, which sometimes described as the tailbone, is a
small triangular bone structured by four fused vertebrae (Figure 12). The
bottom of the coccyx communicates with the inferior sacrum, shaping the

sacrococcygeal joint 136,

1.5 Spinal Biomechanical Alterations (SBA)

Altered spinal biomechanics lead to premature vertebral, discs and
ligamentous degenerative changes and result in musculoskeletal disorders
(MSD), such as osteoarthritis (OA) and intervertebral disc pathology such
as prolapse or herniation.

Spinal MSD are the most widespread cause of work-related health
problems in the world, investigated by the European Agency for Safety
and Health at Work. Nowadays, technology is being more involved in our

lives. A vast majority of the people use laptops, personal computers and
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cell phones at school, work, home, and almost everywhere to keeps
connected. Driving cars has become a habitual activity and sitting behind
a desk or standing for a long time became a work condition more than
before. Certainly, the technology is attractive and can hold you up for
hours, however, this fact does not come without consequences. '#-143 Kids,
teens, and youth are consequently complaining of musculoskeletal
discomfort including neck, back and shoulder pain. Our lifestyle, the way
we sleep, walk, sit, drive etc., in addition to the accidents, have contributed
to an increased rate of spinal musculoskeletal disease. Spinal
musculoskeletal disorders are either occupational or accidental. Once
described as an occupational disease, a full analysis is necessary, as the
repair system. However, although there are many available methods for
studying the causes of occupational, injuries these problems have not been
analyzed in depth, and therefore, there is a lack of examination methods
149,150 This explains the need for a better understanding of the causes of
spinal musculoskeletal disorders. in order to prevent them. It also implies
the need to further consider the role of spinal biomechanical alterations
(SBA) as a precursor to MSD and the importance of identifying and
correcting them at an early stage. Some of the most common spinal

biomechanical alterations are summarized below.

1.5.1 Atlantoaxial rotatory

One of the important roles of the cervical spine is to support and control
movement of the head and neck. Once the kinematics of the neck are
altered or disturbed, the irregular motion may result to clinical symptoms.

151" Axial rotation of the cervical spine occurs mostly at the atlantoaxial
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complex. In healthy individuals, the C1-C2 joint is in charge of handling

almost 60% of the total rotation of the neck. 32

Figure 13- Atlantoaxial rotatory- Severe appearance of the Atlantoaxial rotatory (A), Measurement
of the C1 angle (B) and C2 (C) on axial computed tomography, poorly centered X-ray showing
odontoid lateral mass asymmetry (D), schematics of the C1 and C2 superimposed on the
measurement grid to showing how the C1—-C2 angle is obtained by algebraically subtracting the C2

angle from the C1 angle. Reprinted by permission from 153

The atlantoaxial formation is the main rotational event of the cervical
spine, but these anatomic structures also influence this complex to a
disorder categorized as a persistent, rotational deformity, frequently
painful, called atlantoaxial rotatory fixation (AARF) '3, Its noticeable
“fixed” states to voluntary/ involuntary correction. Patients suffering from
AAREF generally present with the head in a position so-called “cock robin”
(Figure 13 - A), described as the chin turns in the direction of one side and
the neck is horizontally moved to the opposite side, similar to a robin
listening and waiting for worms 33, There are several affecting factors such
as trauma, upper respiratory infections, and surgery of the neck and head.

In addition, about 24% of AARF cases can occur without an obvious
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affecting cause. Down syndrome, rheumatoid arthritis, and a variety of

inherited cervical abnormalities have also been related 34156,

1.5.2 The posterior arch abnormalities

The posterior arch abnormalities such as congenitally absent cervical
pedicle and cervical spondylolysis, are generally unusual. Incidentally,
these deformities are mainly can be found on cervical radiographs. It is
critical to distinguish these typical radiological features since radiographic
analysis may tend to confuse them with other serious pathologies, such as
tumor-induced bony erosions. Additionally, it is important to differentiate

these anomalies from related pathologies to avoid using of improper

therapy 137 (Figure 14).

Figure 14- Posterior arch abnormality- Case of a 50-year-old woman. Left anterior oblique view
displays an enlarged neural foramen at C4-5 (A). Cervical spine CT reveals the absence of the left C4
pedicle (B). Three-dimensional CT scan shows the absence of C4 left pedicle at C4-5 (C). Reprinted

and modified with permission from 157-
Patients with these abnormalities have tendency to show up with cervical
pain after trauma. Primary assessments with typical radiography normally

result to misguided intervention; it may mimic independent facet fracture,
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jumped locked facet or nerve root tumour. '3® Three-dimensional computer
tomographic (CT) studies have helped the knowledge of the morphology
of absent cervical spine pedicle. CT scan should be done to precisely
calculate the radiological analysis. A majority of reports have advised a
moderate nonsurgical management for a successful conclusion. Neural
solidity or instability is rare with these abnormalities and only on few

occasions we can find the surgical intervention appropriate. !>

1.5.3 Alterations in cervical sagittal alignment

In recent decades, more attention has been paid-to the loss of normal
cervical sagittal alignment as a sign of spinal biomechanical alterations
(SBA) and, therefore, an important causal factor of cervical pathology.
Recent studies have indicated that the loss of normal cervical spine lordosis
is correlated with neck pain, cervical spondylosis and many other disorders
related to neurogenic inflammation. '60-165

The significance of abnormal cervical lordosis is controversial.
Maintaining the integrity of cervical lordosis is important due to its great
impact on many biological and biomechanical processes. This part of the
spine influences breathing, chewing, vocalization, movement of eyes, and
absorbs the shock when walking and running. According to recent reports,
cervical spine lordosis has major clinical effects. %1% Four types of
cervical sagittal alignment have been described clinically: lordotic,

straight, double curvature, and kyphotic. (Figure 15)
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Figure 15- Different types of sagittal alignment of the cervical spine. Lordotic (A), Straight (B), Double

curvature (C) and Kyphotic (D) 16°

The balance of cervical lordotic curvature was found to correlate with
better surgical outcomes in patients with neurological deficits. Improving
cervical lordosis after surgery is also believed to be an important issue, as
it can affect nerve tissue injury.

In the last decades, the routine of daily life, especially in younger
population, has become increasingly desk-bounded, with spending long
hours sitting behind desks, especially students and office workers, using
computers for many hours a day. This contributes to loss of cervical
lordosis and a higher incidence of spinal biomechanical disorders due to
alterations of normal spinal biomechanics (SBA). '"%!71. A study on
Chinese teenagers suffering from neck pain found 37 (61.67%) cases of
irregular cervical curvature in the teenagers aged 6 to 15 years, 430
(71.67%) cases in the teenagers and young people aged 16 to 25 years, and
1105 (76.42%) incidents of abnormal cervical curvature in people aged 26
to 35 years, respectively. !72. Also, Gao et al studied 4681 students in a
random-based selection doing cervical spine analysis and observed 1362

abnormal curvature cases (29.1%).!”> The measurement can be done by
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various means, such as cervical curvature index (CCI), Borden
measurement, Cobb angle measurement, and tangent angle measurement
of posterior edge of vertebral body. Although numerous investigations
have reported a correlation between sagittal alignment and intervertebral
discs, degenerative changes of the cervical spine, its consequences and in

particular, its relationship with nervous system needs to be studied further.
174

1.5.4 Spondylolisthesis: Anterolisthesis and Retrolisthesis

The slippage of vertebra to forward or backwards is
called Spondylolisthesis. '7>17¢  Patients who are diagnosed with
spondylolisthesis may have symptoms such as neck pain, back pain,
tightness in hamstrings, numbness sensations in the legs, in addition to
some chronic diseases such as migraine and chronic skin inflammations.
Forward slippage of the vertebra is known as anterolisthesis (See Figure
16). And backward slippage of vertebra is known as retrolisthesis (See

Figure 17). 177179
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Figure 16- Spondylolisthesis: Anterolisthesis- Lateral radiographs of the cervical spine of a 68- year-
old patient with the neck in flexion (A) and in neutral position (B). Sagittal T2-weighted magnetic
resonance imaging (MRI) scan indicates anterolisthesis (C). 180

Figure 17- Spondylolisthesis: Retrolisthesis- Lateral view of the cervical spine with the neck in
extension (A) and in neutral position (B). Sagittal T2-weighted MRI scan shows posterior
degenerative spondylolisthesis, referred to as retrolisthesis, in a 76-year-old patient (C). 180
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1.5.5 Cervical and lumbar stenosis

Stenosis refers to a narrowing of the spinal canal that compresses the spinal
cord. This disorder occurs most commonly-due to aging and undetected
chronic SBA. The intervertebral discs, may become dry and herniated
(also called bulged, slipped, or ruptured). A herniated disc refers to rupture
of the disc nucleus that is forced out of the annulus and slips into the spinal
canal through a tear or burst. Herniated discs are usually an early stage of
degeneration. The space of spinal canal is inadequate, and the herniated
disc fragment may compress the spinal nerve. This may result in feeling
pain, discomfort, and more complex reactions such as neurogenic

inflammation.'®! This situation can arise in any part of the spine; more

commonly in the in the neck (cervical spine) and lower back (lumbar spine)

(Figure 18).

Figure 18- Cervical stenosis. Herniation of cervical (A) and Lumbar (B) disc 1827184,

In summary, the shock absorption ability of the intervertebral discs may be
lost due to altered spinal biomechanics. For the same reason the vertebrae
and ligaments can also degenerate prematurely, and cause the spine to
become less flexible and stiff. Therefore, alterations in spinal

biomechanics produce bone and soft tissue degeneration often
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accompanied by osteophytes that cause narrowing of the spinal canal or
cervical stenosis. '*° The growth of bone spurs (osteophytes) can compress
the nerve roots. Moderate stenosis can be treated conservatively for
prolonged periods of time if the symptoms are limited to neck pain. Severe
stenosis needs recommendation of a neurosurgeon. 86

Poor posture, trauma, overuse or sports injuries result in chronic SBA,
contributing to premature spinal degeneration such as OA. Also, illnesses
such as inflammatory arthritis can result in worsening of the vertebral
joints, especially in the cervical spine, causing disc impingement or
degenerative disc herniation. Unexpected serious neck trauma may also
cause disc herniation, stroke, destruction of blood vessel, injuries on
vertebral bone or tendon, and, in severe cases, everlasting paralysis. %7
There are many studies suggesting that degenerative changes in structure
and function of cervical discs have a direct connection with neurogenic
inflammation and thus, results to pain. '83-193 Pain is usually associated
with neck stiffness, headache, unilateral or bilateral shoulder pain, arm
pain, pain in the upper chest, ophthalmic dysfunction, etc.

On the other hand, the degree of association of cervical disc degeneration
and clinical neck pain remains still unknown. 4

Inflammatory cytokines level generally increases due to intervertebral disc
degeneration. For instance, level of inflammatory cytokines such as TNF-
a, IL-1 o/f, IL-2, IL-4, IL-6, IL-8, and IFN-y are affected by the
degeneration of discs, sequentially, indicating that expression of NGF’s
mRNA increases. Another study revealed that, in the presence of IL-1p,
human nucleus pulposus cells show a significant increase in NGF DNA

expression. %> On the other hand, treatment with TNF-a was related to

upregulation of SP and CGRP in these cells. ¢ It was shown that levels of
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NGF, SP, and CGRP are enhanced due to the degeneration of intervertebral
discs. 17 (Figure 19)

Cervical Disc Degeneration
Inflammation

*

Inflammatory Cytokines ocyte cells migration

Neuropeptides

Ingrowth of Nociceptors Dorsal Root Ganglia

CGRP and SP

Cervical Discogenic Pain

Figure 19- A diagram of the relationship between cervical disc degeneration, inflammation and

discogenic pain. Reprinted and modified with permission from 198,

In addition to cervical stenosis, lumbar stenosis is the most commonly seen
form of degenerative type spinal stenosis. Degenerative lumbar stenosis is
correlated with aging, and it develops in combination with age-associated
degeneration of the lumbar discs and vertebral joints. The degenerative
process in lumbar vertebrae, same as in cervical vertebrae, results to a loss
of disc height and infoldings of the ligamentum flavum. Facet
osteoarthritis (OA) frequently takes the lead to osteophyte formation and
stiffening of the joint capsule (See Figure 20) Advanced facet joints OA,

tends to cause a much more severe condition '*°.
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Figure 20- Pathoanatomical Features of Degenerative Lumbar Spinal Stenosis. Reprinted with

permission from 200,
1.5.5 Sagittal balance of the spine (SBS)

The sagittal balance of the spine refers to physiological spinal alignment
in the sagittal plane. This balance is maintained by the muscular forces.
During walk and vertical movements, this balance is constantly challenged
by single-foot support. The pelvic prevalence is persistent, and the sacral

slope in addition to the pelvic angle are positional. The cervical boundaries
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are the superior (O—C2), lower cervical curve (C2—C7), the slope of C7,
the vertical cervical balance and the spino-cranial position. Apart from the
cervical lordosis, the thoracic and lumbar spine are kyphosis and lordosis,
respectively 2°!. The most efficient parameter to analyze the global balance
is the odontoid hip axis (OD-HA) angle. Many studies reported the average
values of these parameters as an important analysis of the spinal alignment
2022205 (Figure 21).
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Figure 21- Odontoid hip axis measurement (OD-HA)- (A) 3D drawing of the OD-HA angle from dens
of C2 to hip axis and vertical line through hip axis. (B) OD-HA measured on a 2D X-ray, lateral

view. Reprinted with permission from 206
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1.5.6 Spondylolysis

Lumbar spondylolysis is a disorder supposed to emerging in childhood or
adolescence by excessive stress on the pars interarticularis from bipedal
movements during certain strenuous sport activities. 27-2% The etiology of
lumbar spondylolysis differs between reports. Spondylolysis occurs in
children as soon as they begin to walk, however, it is rare before the age
of 5. At the age of 7 or 8 years the lesion is more common. This disorder
can lead to painful episodes; however, low back pain has not been shown
to correlate with spondylolysis. 2%

Although there are many studies on spondylolysis in the symptomatic
population, fewer studies attempted to determine the significance of

spondylosis in adults. Recently, Sonne-Holm et al. by using lateral plain

film radiographs indicated that lumbar spondylolysis could develop in

adulthood 2% (Figure 22).

Figure 22- Lumbar spondylolysis. (A) Bilateral spondylolysis in L5, (the arrow delineating the pars
defect), (B) Sagittal reconstruction, L5 pars defect (the arrow delineating the defect). Reprinted with

permission from 210,

In addition, in some studies of lumbar spondylolysis there are certain

methodological limitations. For instance, in some cases, a single lateral
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radiograph, which is less precise than computed tomography (CT) for
unilateral defects, has been used. 2!''2!* Another study examined
spondylolysis with CT in adults, however, they did not establish the
correlation between age and prevalence. 2'! Therefore, there is a significant
requirement for studying spinal disorders with a well-planned

methodology and by using new technology. 24213

1.6 Spinal cord

The spinal cord is a section of the central nervous system (CNS). It is
located in the interior part of the spinal vertebral canal. Throughout the
development of CNS, there is a difference between growth of the spinal
cord and spinal growth Generally, growth of the spinal cord ends at the age
of 4, however, the spine stops growing at age 14-18. That is why, in adults,
the spinal cord dominates the superior two thirds of the vertebral canal. 2!
The spinal cord is also defined as an extension of the brainstem. It broadens
from the base of the skull (the foramen magnum) to the L1/L2 vertebra,
where it ends as the medullary cone. Throughout, its length the spinal cord
illustrates two well defined extensions to aid innervation of the upper and
lower limbs; one at the upper limbs (cervical level), and the other at the
lower limbs (lumbosacral level). 2!¢ Like the spinal column, the spinal
cord is divided into different divisions: cervical, thoracic, lumbar, sacral,
and coccygeal. Every single section of the spinal cord supports several
pairs of spinal nerves, which leave the vertebral canal across the
intervertebral foramina. There are a total of 31 pairs of spinal cord
segments: 8 pairs of cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1

coccygeal pair of spinal nerves. !¢ (Figure 23)

40



Posterior median sulcus of spinal cord
= Cervical nerves C1-C8

Ascending cervical artery Posterior branches of spinal nerves

Vertebral arte
First rib ¥

) ) Posterior roots
Sensory ganglia of spinal nerves
Spinal cord
Posteriorradicular arteries
Posterior spinal arteries
Thoracic nerves T1-T12
Medullary cone

12t rib
Dura mater of spinal cord

Lumbar nerves L1-L4 Sacral nerves $1-55

Cauda equina Coccygeal nerve

Figure 23- Spinal cord- Reprinted with permission from 216,

1.7 Spinal nerves

Spinal nerves are classified as cervical (C1-C8), thoracic (T1-T12), lumbar
(L1-L5), sacral (S1-S5), and coccygeal (Col), varying from which section
of the spinal cord they develop. Division of the spinal cord relates to the
intrauterine period in which the spinal cord dominates the whole vertebral
canal. 2!%217 For this reason, in adulthood, the spine is basically more
extended and longer than the cord. Consequently, each spinal cord division
is positioned more elevated than its subsequent vertebra. These variations
become more noticeable distally in the direction of the lumbar and sacral
segments of the spinal cord. 2!7 For instance, spinal cord section L5 is at

the level of the L1 vertebra. (Figure 24)
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Figure 24- Spinal nerves diagram. Reprinted with permission from 217

On the other hand, the spinal nerves exit
the spinal column at their corresponding
numbered vertebrae. Cervical spinal
nerves exit through the intervertebral
foramina just above their corresponding
vertebrae. Lumbar and sacral spinal
nerves are the longest nerves as they are
the farthest from their intervertebral
foramina. As these nerves falling
towards their subsequent intervertebral

foramina, lumbosacral spinal nerves

Spinal nerve L2
Spinal nerve L4
Spinal nerve S1
Spinal nerve S3

— Spinal cord

v— Cauda equina

Sciatic nerve

shape a bundle known as the cauda equina (Horse’s tail) 2!® (Figure25 ).



Every single spinal nerve has an anterior and a posterior root. Frontal roots
carry motor information. They originate from the anterior part of the gray
matter and leave the spinal cord via the anterolateral sulcus. The posterior
roots carry sensory information and have sensory ganglion connected to
each one of them. They come from the posterior part of gray matter and
leave via the posterolateral sulcus of the spinal cord. 2!62!7

The anterior and posterior roots combine just prior to the intervertebral
foramen and create the trunk of the spinal nerve. The trunk is short in
length, and shortly after leaving the spine, it divides into four sections:
anterior branch, posterior branch, communicating branch, and meningeal
branch. Each one of these branches according to individual lifestyle, are in
danger of tensions, and pressure resulting from different injuries and
disorders. Injury to the spinal cord immediately generates inflammatory
reactions that can worsen the initial injury and may lead to secondary
injury. 21220 Until now, researchers and clinicians have concentrated on
regulating severe inflammation to keep sensorimotor role functional.
Chronic inflammation negatively impacts the general health of people with

a spinal cord injury when it expresses itself as neurogenic inflammation.

220
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1.9 Spinal cord, Nerves, and Skin

In order to get a better understanding of the connection between spinal
cord, nerves, and skin, we need to comprehend three phenomenal systems.

Autonomic nervous system (ANS), Trigeminal nerves, and Dermatome.

1.9.1 Autonomic nervous System

Autonomic Nervous System
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Figure 26- Autonomic Nervous System (ANS); Reprinted with permission from?21

The autonomic nervous system is a part of the peripheral nervous system
that is responsible to normalise unintentional physiologic progressions
such as heart rate, respiration, digestion, and many other involuntary
processes of human body. 2?2 This complex system has extensive

innervation to almost all organ system in the body. ?>* The autonomic
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nervous system has a complicated network of associations to excellently
adjust the systemic reaction to nearly any situation. Traditionally, this part
of nervous system was considered two distinct systems- sympathetic and
parasympathetic-, however, recently a third component of this system has
been introduced as enteric nervous system. Many studies have been using
the ANS map to get a better understanding on the connection of nervous
system and different organs (Figure 26). 221,223,224

In peripheral tissues, there is a deep innervation network between sensory
and autonomic fibres. Neural transduction permits fast local and systemic
neurogenic modulation of immunity. 2% Therefore, understanding the
coordinated connection of ANS and peripheral neurons- as a contributor
role player of immune dysfunction in autoimmune and allergic diseases-
advance therapeutic approaches and can help us in understanding the

neurogenic inflammation. #!-226

1.9.2 Trigeminal Nerves

The trigeminal nerves consist of the 12 cranial nerves that transmit sensory
signals and information to the different parts of the face including skin,
sinuses, and mucous membranes. 2?7 This system also has a crucial role in
the movement of the jaw muscles. 228 This group of the nerves rooted from
the upper part of the spinal cord consist of mesencephalic nucleus, sensory
nucleus, and spinal nucleus. ?2722° A significant body of research has
indicated an association between trigeminal nucleus and C1, C2, and C3
of the cervical spine and this fact may relate the cervical spine

biomechanical alterations and neurogenic inflammation of the face. 239-2%
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The trigeminal nerves consist of three different divisions rooting from
Gasserion ganglion: Ophthalmic, Maxillary, and Mandibular division.

(Figure 27)

Gasserian
ganglio

Greater
occipital nerve

Sensory
roots

Spinal nucleus c1\

\
C2)\
Spinal Segments : -
CS"‘..‘ T N

Q Ophthalmic division @ Maxillary division @ Mandibular division

Figure 27- The trigeminal nerves- (In green) Ophthalmic division, (In purple) Maxillary division, and
(In blue) Mandibular nerve. Reprinted with permission from. 240

(i) Ophthalmic division
The ophthalmic division communicates sensory information from the

forehead, scalp, upper parts of the sinuses, bridge of the nose and the

cornea of the eye. (See Figure 27-Green area)
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(ii) Maxillary division

the maxillary division conveys sensory information from the middle part
of the sinuses, nasal cavity of the nose, upper lip, cheeks, and roof of the

mouth. (See Figure 27- Purple area)

(iii) Mandibular

The mandibular division associates sensory information from the lower
part of the mouth, outer part of the ear, front and middle part of the tongue,
lower lip, and chin. This division of trigeminal nerves is also associated
with teeth of the lower jaw. Mandibular division is in charge of movement
stimulation of the muscles in the jaw, in addition to some of the muscles

within the inner ear. (See Figure 27- Blue area)
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1.9.3 Dermatome

TI0

™m

Figure 28- Dermatome chart by Netter. Reprinted with permission from?*!

Typically, a “dermatome” is described as the area of skin provided by

cutaneous divisions of a single spinal nerve. *#?

Early investigations to
establish the range of each dermatome was carried out in Europe in 19"
century. In 1886, Sir Wilmot Herringham established the first findings of
the segmental fibers of the limbs. 2> His outcomes were grounded on his
divisions of neonatal and adult cadavers and 7 years later, Sir Henry Head,
established the first dermatome map through studying visceral pain and
traumatic lesions of the spinal cord. >** Many other researchers such as,
Sherrington et al., 2 Foerster et al., 246 Keegan and Garrett, 4’ Denny-
Brown et al. ?*® and Kirk et al. 249 were studied the construction and

definition of dermatome during late 19" and early 20" century. By

beginning of the 21% century and emersion of technology, researchers
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reached to a better level of understanding on spinal cord and nervous
system. Consequently, in 2008, Lee et al. 2°° established a new dermatome
map according to new clinical studies and peripheral nerve stimulation.

A dermatome can simply explain the innervation of the skin in entire
human body that affect by neurons rooted in different division of spinal
cord. In our study, the dermatome chart suggested by Netter is used to
evaluate neuroanatomic distribution of the inflammations in patient’s skin.

(Figure 28).

1.9 Chiropractic Adjustment or Spinal
Manipulative Therapy (SMT)

Chiropractic adjustment, consists of a specific spinal manual maneuver,
applied to one or more vertebral segments, to correct misalignment with
maximum precision, without straining the joints, to restore proper spinal
biomechanics.

In the scientific literature this type of manual correction is generally
known as chiropractic Spinal Manipulation Therapy (SMT). 41231, The
chiropractors are primary health care professionals, academically trained
and highly specialized in diagnosis and correction of neuromuscular
disorders with primary focus on spinal care. Aside from various manual
techniques, selected according to specific clinical needs, chiropractors may

252 Activator

use a small percussion instrument called ‘Activator’.
technique (AT) is employed to insure specific, non-force, vertebral joints
correction.

Generally, chiropractors start by a thorough physical exam which includes

erect body posture balance and gait, neurological reflexes, motion
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palpation of the spine, breathing patterns, full spine radiographic analysis
etc. Aside from back pain relief, the goal of chiropractors is to restore
proper spinal biomechanics by identifying and correcting all causal factors

of musculoskeletal imbalance. 2°3-%>4

Like others health care professionals
specialized in restoring neuromuscular function chiropractors counsel
patients with respect to spinal hygiene: postural habits, ergonomics, daily
exercises, and specific physical activities, etc. However, chiropractors
encourage all patients to continue spinal care throughout the entire life
through periodic check-ups of the spine, similar to a dental check-up.
Generally, when treating low back pain (LBP), chiropractors usually
recommend 1 to 3 visits per week for a duration of 2 to 4 weeks depending
on various factors including severity of pain, age, level of spinal
degeneration and osteoarthritis (OA), etc. Some researchers suggest that
having 2-3 chiropractic treatments per week for a few weeks may be
advantageous for decreasing back pain. Haas et al. reported that 4 weeks
of treatment, 3 to 4 chiropractic sessions per week, provided significant
back pain relief. 25° In another study, Iben et al. 26 analysed patients who
visited a chiropractor for 6 weeks, 1 to 3 sessions per week. Despite the
fact that all groups with chiropractic treatment showed improvements, the
group who had received 2 treatments per week, showed better results. 26
Once the patient is pain free, chiropractors recommend a maintenance care
program that includes daily exercises, periodic spinal checks, and vertebral
adjustments, if needed. >’

Chiropractors demonstrated that their responsibility in management of
patients goes beyond pain relief. They advocate for preventative spinal
care and for educating patients to take responsibility for their spinal and

overall health rather than waiting for symptoms to appear. A chiropractor
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may use various diagnostic techniques to establish which the spinal
segments require treatment. These techniques include, but are not limited
to, static and motion palpation techniques to determining if spinal
segments are hypo mobile (restricted in their movement) or fixated. 2°*
Depending on the results of the examination, a chiropractor may use
additional diagnostic tests, such as X-ray to locate ‘subluxations’ (the
altered position of the vertebra), s EMG (surface electromyography),
neuro-calometer (a device that detects the temperature of the skin in the
paraspinal region to identify spinal areas with a significant temperature
variance that may require manipulation). Many chiropractors utilize a
holistic, biomechanical concept of treating the bipedal musculoskeletal in
its entirety. 2325

In an attempt to restore and maintain body balance chiropractors look for
all factors that may induce spinal biomechanical alterations. These may
include all lower extremities weight bearing joints (feet knees, hips) and
the stomatognathic system: dental occlusion, temporomandibular joints.
23 In chiropractic, analysis of full spine x-ray is a crucial analytical tool

for evaluating structural disfunctions.
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CHAPTER 2:
HYPOTHESIS and
OBJECTIVES






2.1 Hypothesis of the study

Our hypothesis is that biomechanical alteration of the spine is one of the
causes of neurogenic inflammation in the skin. Mechanical stressors,
muscle tensions, pressures, vertebral misalignments cause neurons to
release specific neuropeptides and produce neurogenic inflammation. The
definition of the null hypothesis (HO) and the alternative hypothesis is
described below:
- The null hypothesis (HO) is that there is no relationship between
biomechanical alterations of the spine and inflammatory process of
the skin, which results in dermatological disorders such as

dermatitis.

- The alternative hypothesis (H1) is that there is a relationship
between biomechanical alterations of the spine and inflammatory
process of the skin, which results in dermatological alterations such

as dermatitis.
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2. Objectives of the study

The main objective of this work is to carry out a prospective study to
determine the relationship between alterations in the spine and dermatitis
by focusing on the level of CGRP in patients’ plasma. Furthermore, in this
study we set out to investigate whether chiropractic can be an effective
treatment for dermatitis.

In summary, the specific objectives of this study are as follows:

1. To determine if the quantification of the spinal biomechanical alterations
(SBA) correlates with the quantification of the dermatitis lesions.

2. To determine if there is a correlation between CGRP level and the SBA
quantification.

3. To determine if there is a correlation between CGRP level and the
quantification of dermatitis lesions.

4. To determine whether chiropractic SMT affects the level of CGRP.

5. To determine if chiropractic SMT can help improve the outcome of

dermatitis lesions.
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CHAPTER 3;
Materials and
Methods






3.1 Patients

This project is designed as a prospective study involving a group of
dermatologists, radiologists, laboratory analysis and chiropractors.

Ethics Committee for Drug Research (CEIm) - Group Quirdnsalud,
Barcelona - approved the study protocol (Protocol code: INCV-001).
Patients were evaluated with a complete dermatological examination,
blood test, full spine x-ray, and chiropractic evaluation. All patients have
signed an agreement to participate in the study, available in the
supplementary documents section. Data from patients suffering with
dermatitis were collected at the Umbert Institute of Dermatology of the
Corachan Clinic, Barcelona, Spain.

The inclusion criteria for this study were patients aged between 7 and 70
years of both sexes with symptoms of dermatitis. In the beginning of the
study, 94 patients were included, however, 21 patients were excluded
because they were unable to finish the study. The remaining 73 patients
were evaluated as the final sample. According to the levels of
immunoglobulin E (IgE), which are the antibodies against common
environmental allergens, none of the participated patients had high level of
IgE, which means none of the patients considered as Atopic Dermatitis

patients. In addition, psoriatic patients were excluded from the study.

3.1.1 Inclusion and exclusion criteria

Inclusion criteria of the study meet the following requirements:

(1) Dermatological problems (dermatitis),
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(2) Age: 7 to 70 years,

(3) To accept informed consent.

(4) There is no financial compensation for participating patients.
The exclusion criteria are the following:

(1) Diagnosis of dermatitis along with other dermatological
conditions.

(2) Diagnosis of dermatitis along with other intercurrent systemic
diseases.

(3) Ages younger than 20 and older than 70 years.

(4) Patients who did not sign informed consent.

(5) Patients who have high IgE level (consider as Atopic)

(6) Patients with Psoriasis

3.2 Study Design

73 patients suffering from dermatitis participated in this study. 51 of these
patients were randomly assigned to the treatment group (TG) and 22
patients were also randomly assigned to the control group (CG).

All patients in both, treatment and control groups, were prescribed a topical
compound cream, containing emollient corticosteroid-indomethacin, and
antioxidants. However, only patients in the treatment group (TG)
underwent chiropractic treatment (SMT) while patients in the control
group (CQG) only received the above-mentioned topical treatment.

A summary of divisions in patients group provided in Table 2.
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Patients (n=73)

e 20115 60 vears. Treatment Group (n=51)

Control Group/

. Suffering from Dermatitis
. Accept informed consent.

Group A (n=22) Group B (n=29) Group C (n=22)

EASI level H =7 | | >7 ” Various EASI levels |

I I I
~1 Used Cream l | Used Cream || Used Cream |

Treatment Method I I I
«‘ Chiropractic Treatment | | Chiropractic Treatment “ Neo Chiropractic Treatment |

Table 2- Definition of the treatment and the control group

In order to accomplish our objectives, the following data was analyzed in
patients of the treatment group: (/) Dermatological examination quantified
using the EASI score method, (2) Radiographic description and
quantification of the severity level of spinal biomechanical alterations
(SBA), hereinafter referred to as (spinal) severity score. (3) Biological data
including blood tests and measurement of plasma calcitonin gene-related
peptide (CGRP) level in all the patients and (4) chiropractic spinal
examination and treatment (SMT) and on a 3-month weekly plan. All data
was compared and analyzed before and after the treatment in the 73 study

patients.

3.3 Interventions

In order to manage the time and all clinical considerations, patients
attended dermatology visits on a monthly basis. In addition, treatments’
group (TG) patients underwent 12 sessions of chiropractic treatment, twice
a week for 3 weeks and once a week for 4 weeks and twice a month for 1
month. The duration of the chiropractic treatment was approximately 3

months.
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3.4 Determination of Sample Size

In calculation of sample size, studies by Tvedskov et al.?%°, Aikawa et
al.?%!, and Altman et al.?*? indicated that if we consider the risk of type 1
error equal to 5% and the risk of type 2 error equal to 10% (90% power),
with a standard variation lower than 50%, the necessary number of patients
would be 15 (see figure 15.2 in Altman, Practical Statistics for Medical
Research, London, Chapman and Hall, 1991, p.455-60). However,
referring to the chapter 2, the objectives of this study consist of changes in
the level of 3 different factors (CGRP, EASI, and the spine severity score),
not only between two different groups but before and after the chiropractic
treatment. In this case, considering o = 0.05 and power = 0.80, we
additionally conducted a sample size calculation using G*Power® software
263,264 to determine a sufficient sample size. Power analysis revealed that
45 samples for treatment group and 20 samples for the control group. Yet,
considering 10% of the loss to follow-up, the estimated number of patients
to be recruited was 50 for treatment group and 22 patients for control group
were needed to detect a difference of CGRP, EASI, and spine score levels
between the two groups. Nevertheless, the sample size calculation could
not be accurate since it was the first study investigating the correlation of
CGRP, EASI and spine severity score, therefore, a wider cohort study is

needed.

3.5 Statistics

To compare non-parametric variables U-Mann Whitney test was

performed for groups comparison. In addition, non-parametric linear
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Gaussian test was performed to find correlations between the level of
variables. All statistics analysis was performed using GraphPad Prism®

version 9.0.0 for Mac, GraphPad Software, San Diego, California, USA.

3.6 Clinical Evaluations

e Gl . s £: %

.H- ] Usual AD Treatment (Dermal Cream)
+
Treatment Group (n=51) Chiropractic Treatment Sessions
~
'/"/ l ion of: ion of: .
o _0_ 0 * EASI score *+ EASI score
f#‘ 3 + Spine Severity Score = Spine Severity Score
.-. \ * CGRP Level * CGRP Level
™ Before the treatment After the treatment
Total Sample (n=73) \ ® T
¢ ®_0 First Visit 3 Months
so'a - 50
" ) ]
Control Group (n= 22) g E

Usual AD Treatment (Dermal Cream)

Figure 29- Study Design

Study of the following areas of which photographs are taken if they in case
of being affected: scalp, forehead, eyes, ears, face, chin, neck, trunk, arms,
and hands, legs, genital area, and feet. These areas are reviewed and
quantitatively assessed the degree of disease’s severity and involvement.
In addition, the signs described by the medical team used the system "The
Eczema Area and Severity Index (EASI)" for their quantification 265267,

The level of neuropeptides in the plasma of 73 patients suffering from
dermatitis has been tracked for 3 months. We reviewed the patient's blood
test results and the X-ray analysis of their spine’s situation in different

checkpoints of 2 weeks, 1 month, and 3 months after their first visit. The

study design is shown in Figure 29.
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3.6.1 Eczema Area and Severity Index (EASI)

Eczema Area and Severity Index is an investigator-assessed tool
determining the severity of dermatitis clinical signs. The EASI is a
validated scoring system that rates the severity levels of physical signs of
Dermatitis. The severity levels in the EASI calculation are indicated as:
O=clear; 0.1-1=almost clear; 1.1-7=mild; 7.1-21=moderate; 21.1-
50=severe; 50.1-72=very severe. The EASI has also been verified to be
adequate in terms of ease of use, as evaluations by expert researchers take
about six minutes. 2%

EASI mainly focuses on four regions of human body.

) Head and neck

0 Itincludes the face by 33% (17% each side of the face),
33% for the neck (front and back of the neck), and 33%

for the scalp of the head and neck region.
e Trunk

0 It is occupied by front of the trunk with 55% and 45%

of the back trunk. (It also includes genital area.)
e Upper limbs

0 Upper limbs area is occupied by each arm with 50%

(Front or back of one arm calculates as 25%)
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° Lower limbs

0 It includes each leg with 45% (Front or back of one leg
is 22.5%) and buttocks with 10%.

._-..v
=

=

==

The severity of dermatitis in 51 patients of this study have been evaluated
by reviewing their skin condition during the study. Pictures have been
taken at each visit (before, during, and after chiropractic treatment) and
EASI level have been calculated at different stages of this study.

Dermatitis severity score was calculated for all patients in four regions of
the body. The average intensity of each signin each body region is
assessed as: clear (none) (score= 0), mild (score= 1), moderate (score= 2)
and severe (score= 3). As a definition, the severity score is the total of the

intensity scores for four signs. Those four signs are:
(i) Erythema

Erythema in dermatology is described as reddened skin as a result of
increased blood supply 26%26°, Calculation of EASI score in reddened skin

portrayed in Figure 30.

Score 1= Mild Redness

Figure 30- Definition of EASI scores in erythema sign?7°
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(ii) Oedema/ Papulation

Papulation is an abnormal thickness of the skin. It may be due to fibrosis

and feels dried and thickened. 27!-*7? (Figure 31)

e Edema

Figure 31 - Definition of EASI scores in oedema sign?70

(iii) Excoriation

Excoriation, also called a scratch mark, results from loss of epidermis and
a part of the dermis caused by scratching 273275, Excoriation potentially
has a major effect on a patient's life. They usually try to cover or hide the
wounded areas. Feelings of shame and embarrassment may cause them to
avoid social places and activities altogether 27°. As people with the disorder
become isolated, they may even fail to seek medical attention. The

appearance of excoriation and the definition of EASI scores in that

symptom is presented in Figure 32.

Figure 32- Definition of EASI scores in excoriation sign?70
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(iv) Lichenification

Lichenification is the development of skin thickening, changing to a
leathery touch with increased skin markings resulted from chronic

scratching 27¢277. The definition of EASI score in lichenification sign is

provided in Figure 33.

Figure 33- Definition of EASI scores in lichenification sign?7°
The EASI score as the scale of evaluating the severity of dermatitis results

from summing up the score of each of the aforementioned signs.

3.7 Full Spine X Ray (Scoliogram)

To calculate the severity score for spinal
biomechanical alterations (SBA) full spine
x-rays (scoliogram) were taken for each
patient. (Figure 34)
X-ray analysis was performed by an MD
radiologist and quantified according to
literature-based criteria 2782% in different
285

parts of the spine- cervical spine =°°,

thoracic 27, lumbar 282, and sacrum 284, In

order to allow statistical analysis a

Figure 34- Full Spine X-Ray (Scoliogram)
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numerical description or score was assigned to each radiological finding

as described below.

3.7.1 Radiographic (X-Ray) analysis and Segmental description

A. Cervical Spine - Coronal Anteroposterior (AP) and open mouth

views

(i) Atlas- Axis relationship

Figure 36- Atlas- Axis positions, (A) neutral position, (B) Asymmetric atlanto-odontoid distance —
greater left

The severity score (of biomechanical alterations) of the cervical spine,
starts by examining the position of the first two cervical vertebrae: C1 —
C2 (Figure 36), also known as Atlas-Axis atlantoaxial or atlanto-odontoid
joint, 283285

Two situations that are expected to be found here:

1. Neutral atlanto-odontoid relationship, meaning that the atlantoaxial
distance in the coronal plan is symmetrically conserved right and left.

(Figure 36-A)
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2. Asymmetric atlanto-odontoid distance, meaning that the atlantoaxial
distance presents discrete asymmetry in the coronal plan, where greater
distance right or left is observed. (Figure 36-B)

In case of having a neutral situation (conserved) the score was calculated
as 0, while an asymmetric relationship,-was scored as 1.

Neutral (conserved): 0,

Asymmetry Right =Right > Left: Score 1

Asymmetry Left = Left > Right: Score 1

In addition to the bilateral preservation of atlantoaxial joint distance,
radiological signs of eventual incipient degenerative mechanical changes

of the articular surfaces or facet joints of C1-C2 have been reviewed.

(ii) Vertebra C1 (Atlas) - AP view

In the case of C1 preservation of its zygopophyseal or facet joints has been
examined.

(Zygoapophyseal or facet joints are synovial joints between the superior
articular process of one vertebra and the inferior articular process of
the vertebra directly above or below it. There are two facet joints in
each spinal motion segment.)

For preserved zygopophyseal joints of C1, the score would be calculated
as 0; in case of finding degenerative mechanical change, the score is
calculated as 1.

Furthermore, according to various degrees of degenerative mechanical
changes of the zygopophyseal joints of C1, the severity score is said to be:
2 (incipient), 3 (moderate), and 4 (severe).

To resume, radiographic findings of zygoapophyseal joints of C1 have

been described as follows:
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Conserved (normal joints) = 0

Mechanical Changes = 1

Degenerative Changes =2 (incipient), 3 (moderate), and 4(severe).

(iii) Vertebra C2 (Axis) - AP view

Similarly, in case of preserved zygopophyseal joints of C2, the score would
be calculated as 0; in case of finding degenerative mechanical change, the
score is calculated as 1.

Furthermore, to describe various degree of degenerative mechanical
changes of the zygopophyseal joints of C2, the severity score is said to be
2 (incipient), 3 (moderate), and 4 (severe).

Conserved (normal joints) = 0

Mechanical Changes = 1

Degenerative Changes =2 (incipient), 3 (moderate), and 4(severe).

(iv) Cervical Vertebrae C3 — C4 — C5- C6 - C7 - AP view

For the cervical vertebral segments: C3 - C4 - C5 — C6 — C7 the
zygoapophyseal joints and uncoapophyseal joints, also called ‘Lushka
joints’, were examined and described as follows:

Conserved (normal joints) = 0

Mechanical Changes = 1

Degenerative Changes =2 (incipient), 3 (moderate), and 4(severe).
Furthermore, presence of a posterior arch closure defect with failure of
union in the spinous process, also known as spina bifida occulta (SBO), in
any of the above-mentioned cervical vertebrae was described as follows:

1. Conserved (Posterior Arch) = 0,

2. Closure defect (SBO) = 1
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When the eventual presence of megapophysis of the transverse process
(TP) of the vertebrac C7 was observed it was described as ‘discreet
bilateral megapophysis of the TP of C7’ and it was considered within
normal.
Spinal transitional anomalies of the cervicothoracic junction were
described as follows:

- Cervicothoracic junction with bilateral TP megapophysis of C7
- Cervicothoracic junction with bilateral TP megapophysis of C7 with
articulated ossicles (cervical pseudo-ribs)
- Cervicothoracic junction with bilateral TP megapophysis of C7 and
presence of true cervical ribs (frequently associated with Thoracic outlet,
Scalene syndrome)
The following numerical description or score was assigned to the above-
described radiographic anomalies:

- Bilateral TP megapophysis of C7 =0

- Bilateral TP megapophysis of C7 with articulated ossicles (cervical

pseudo-ribs) = 1

- Bilateral TP megapophysis with true cervical ribs = 2

B. Cervical Spine X -ray Analysis and Segmental Description -

Lateral (LAT) view

Observation of cervical spine initiates by the X-Ray analysis of cervical
spine indicating the anterior and posterior vertebral line, and

intervertebral cartilage spaces. (Figure 37)
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Figure 37- Cervical Spine X-ray. (A) Anterior vertebral (AV), posterior vertebral (PV) and

spinolaminar lines (SL). (B) intervertebral cartilage spaces'’?

(v) Description of radiographic finding of the C1 - C2 (atlantoaxial)

joint — lateral view

- Preserved atlantoaxial joint.

- Degenerative mechanical changes of the atlantoaxial joint surfaces with

preserved joint space.

- Degenerative mechanical changes of the atlantoaxial joint surfaces with

a slight decrease in the joint space.

The above-described radiographic findings were assigned the following

numerical description:

Conserved = 0 (N atlantoaxial distance 2-3 mm)

Degenerative = 1 (N atlantoaxial distance 2-3 mm)
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Degenerative = 2 (N atlantoaxial distance <2 mm)
Static instability = 3 (N atlantoaxial distance> 3 mm)
(vi) Description of cervical physiological lordosis - LAT view

Value of the cervical lordosis angle, between
C2- C7, also known as ‘angle of Cobb’ 286 is

measured in degrees “x°”

C2-C7 cervical lordosis angle (Cobb): -x°
(Normal between -25° and -40° (<-25° =
rectification /> -40° = hyperlordosis) (See
Figure 38).

Figure 38- C2-C7 cervical lordosis
angle

A negative value "-x° " (minus) is assigned to lordosis, whereas a positive

value "+x° " (plus) is considered kyphosis.

- Conserved cervical physiological lordosis, measured between C2-C7
refers to normal physiological lordosis of the cervical spine, ranging from

-25°to - 40°.

- Rectification of the physiological lordosis (hypolordosis) of the cervical
spine, present if the cervical lordosis angle, measured between C2-C7, is

less than - 25° >
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- Rectification of the physiological lordosis of the cervical spine,
measured between C2-C7 with kyphotic inversion of is assigned a positive

value of + x °.

The score of cervical spine lordosis is described below:

Conserved lordosis = 0

Rectification = 1 (value between 0° and -25°)

Rectification with kyphotic inversion = 2 (value +x°)

(vii) C2- C 7 — Description of intersomatic spaces

- Intersomatic spaces of the proximal segments C2-C4 conserved
diminished in their global height.
- Intersomatic spaces of the distal segments C4-C7 conserved diminished
in their global height,
with signs of degenerative disc disease and marginal osteophytosis.
Conserved = (0
Decreased = 1
Diminished with signs of degenerative disc disease = 2
Diminished with signs of degenerative disc disease and anterior / posterior
marginal OA = 3
(viii) C2- C 7 — Description of interfacetal joints -LAT View

- Preserved interfacetal joints of the cervical spine.

- Incipient generalized degenerative mechanical changes of the
interfacetal joints of the cervical spine (adjacent subchondral sclerosis).

- Generalized degenerative mechanical changes of the interfacetal joints

of the cervical spine.
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Conserved = 0

Mechanical changes = 1

Incipient degenerative changes = 2

Degenerative changes = 3

(ix) C1 - C7- Description of cervical segmental instability in sagittal
plan— LAT view

- No signs of segmental instability are observed in relation to the sagittal
alignment of the posterior vertebral walls.

- Signs of segmental instability in relation to the sagittal alignment of the
posterior vertebral walls with discrete anterolisthesis stepped retrolisthesis

and discrete anterolisthesis with stepped retrolisthesis

Score assigned:

Preserved = 0 (sagittal alignment of the posterior vertebral walls)

Instability = 1 (<or = 2 mm) (anterolisthesis vs retrolisthesis)

Instability = 2 (> 2 mm) (anterolisthesis vs retrolisthesis)

In case of spondylolisthesis description followed the Meyerding

classification or grading (G) scale:

G1: Low-grade spondylolisthesis with slip between 0 - 25%= 1

G2: Low-grade spondylolisthesis with slip between 26% - 50%= 2

G3: High-grade spondylolisthesis with slip between 51% and 75%= 3

G4: High-grade spondylolisthesis with slip between 76% and 100%= 4
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Eventual radiographic anomalies or variants of normal, observed on the

lateral view of the cervical spine such as:

- bilateral calcification of the stylohyoid ligament.

- posterior arch of C1 showing an arcuate hole formed by the
calcification of the oblique ligaments of the atlanto-occipital
junction.

- occipital spur (calcified enthesopathy in insertion area).

- heterotopic ossification of the posterior nuchal ligament
(circumscribed myositis ossificans).

- posterior arch defect of the Atlas (C1) due to congenital aplasia of
the posterior tubercle (Corrarino Type A).

- segmentation defect of two or more cervical vertebrae, whereby a
congenital complete fusion of vertebral bodies and posterior

arches (Klippel-Feil deformity),

were considered, for the purpose of this study, as normal (variants).

C. Full Spine X ray of the Spine (Scoliogram) AP and LAT views

AP and LAT views Scoliogram were taken barefoot and without elevation

on a Focus-Plate - distance of 180 cm- in standing position.

(i) AP view 1 — Radiographic description of upper dorsal spine —
Clavicular symmetry

- There is no difference in clavicular height - conserved symmetry

- Unequal clavicular height: right ‘x> mm lower than left or the other way
around.

Score of clavicular symmetry was assigned as follows:
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Conserved = (0
Asymmetry = 1
(ii) AP view 2 — Description of radiological findings Pelvis Symmetry:
- Coronal Pelvic Balance (Pelvic Scale) with neutral value 0°.
- There is no difference in the height of the iliac crests.
- There is no difference in femoral head height.
- Coronal Pelvic Balance (Pelvic Scale) with right-left descending
inclination of "x" °.
- Iliac crest height difference: lower right left measured in millimeters
(mm).
- Femoral head height difference: lower right left ‘x” mm.
Score of pelvic symmetry or dysmetria was assigned as follows:
Conserved = (0
Dysmetria = 1 (1 mm)
Dysmetria = 2 (1.5 -3 mm).
Dysmetria = 3 (> 3 mm).
(iii) AP view 3 — Description of Coronal Vertebral Balance (CVB)
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Figure 39 - Coronal Vertebral Balance X-Ray analysis *°°

Neutral global vertebral coronal balance: Plumb Line C7 (PLC7) located
in the same vertical plane as the Central Sacrum Vertical Line (CSVL) and
is considered normal aligned spine. (See Figure 39)

Normal (N) = 0 with a standard deviation of +/- 20 mm. Value > 30 mm
= Coronal Imbalance: loss of biomechanical alignment). (Figure 39)

- Negative vertebral coronal balance (PLC7 located to the left of CSVL)
of ‘x> mm (A) (N = 0 with a deviation of +/- 20 mm. Value> 30 mm =
Coronal Unbalance: loss of biomechanical alignment or balance).

- Positive vertebral coronal balance (PLC7 located to the right of CSVL)
of + mm (A) (N = 0 with deviation of +/- 20 mm. Value> 30 mm = Coronal
Unbalance: loss of biomechanical balance).

Coronal Vertebral Balance (CVB)
N = 0 (overlapping PLC7 and CSVL)
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PLC7 located to the left of CSVL:

Negative CVB (Normal = 0 with deviation of -20 mm. Within

normal range) = 1

Negative CVB (between -20 and -30-mm. Value higher than the N
range) = 2

Negative CVB (Value> -30 mm. Coronal biomechanical loss and

imbalance:)= 3

PLC7 located to the right of CSVL:

Positive CVB (N = 0 with deviation of -20 mm. Within normal

range. = 1

Positive CVB (between +20 and + 30 mm. Value higher than the N
range) = 2

Positive CVB (Value> +30 mm. Coronal biomechanical loss and

imbalance). = 3

(iv) AP view — 4 Description of Scoliotic Curves

- Scoliotic attitude with right (dextroconvex) or left (levoconvex) lateral

inclination of the spine in the coronal plane,

- Scoliotic attitude (main curve value <11°):

- Mild degree of scoliosis (main curve value <20°):

- Moderate degree of scoliosis (main curve value between 20° and 40°):

- Moderate to severe scoliosis (main curve value between 40° and 50°):

- Severe degree of scoliosis (main curve value> 50°):

The score assigned to scoliotic curves is as follows:

Normal spinal alignment (no curve) = 0
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- Scoliotic attitude (main curve value <I11°) = 1
- Scoliosis in mild degree (main curve value <20°) = 2

- Moderate degree scoliosis (main curve value between 20° and 40°)

=3

- Moderate / severe scoliosis (main curve value between 40° and 50°)

=4
- Scoliosis in severe degree (main curve value> 50°) = 5

(v) AP view 5 — Description of Lumbar Spine and Sacral Segments

: - Vertebral bodies and posterior elements of
the spine preserved.

- Incipient generalized mechanical changes.

- Generalized mechanical changes in the
spine.

- Incipient  generalized  interfacetal
subchondral sclerosis in the lumbar spine,
predominantly L3-S1 with slight loss of joint
space.

- S1 posterior arch closure defect with absence

of union in the spinous process (spina bifida

Figure 40- Lumbar Spine and .
Sacral Segment X-Ray occulta) (See Figure 40).

The score assigned is as follows:

- Vertebral bodies and posterior elements of the spine preserved = ()

- Mechanical changes = 1
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- Degenerative changes (incipient degree) = 2
- Degenerative changes (moderate degree) = 3
- Degenerative changes (severe degree) = 4

(vi) AP view 6 — Description of Sacroiliac and symphysis pubis joints

Socroilioc joints

Symphysis
pubis

Figure 41- An illustration (A) and an X-Ray photo of the sacroiliac and symphysis pubis?8?

Incipient mechanical changes of the bilateral sacroiliac joint and pubic
symphysis (See Figure 41).

- Mechanical changes of the bilateral sacroiliac joint and pubic symphysis.
Numerical Score assigned is as follows:

Bilateral sacroiliac joint and preserved pubic symphysis = 0

Incipient mechanical changes = 1

Mechanical changes = 2
- Degenerative changes = 3

(vii) AP 7 view — Description of the Femoroacetabular joints
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Figure 42- An illustration (A) and an X-Ray photo of the Femoroacetabular joints 287

Preserved bilateral femoroacetabular joint spaces and surfaces (See Figure
42).

- Diminished femoroacetabular joint spaces without degenerative
mechanical changes of the articular surfaces.

- Diminished femoroacetabular joint spaces with incipient, moderate, or
severe mechanical degeneration (Coxarthrosis).

The numerical description score assigned is as follow:

Preserved femoroacetabular joint = 0
- Femoroacetabular joint incipient mechanical changes = 1
- Femoroacetabular joint mechanical changes = 2

- Femoroacetabular  joint incipient degenerative changes

(coxarthrosis) = 3

- Femoroacetabular  joint moderate degenerative changes

(coxarthrosis) = 4
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- Femoroacetabular  joint  severe  degenerative  changes

(coxarthrosis) = 5

(viii) AP view 7 — Description of eventual presence of hip joint
deformity

- "CAM-type" hump deformity (pistol grip deformity) on the lateral
margin of the cervicocephalic junction of the bilateral right left femur.

Clinically assessed as femoroacetabular impingement (Figure 43). 287

Figure 43- An illustration (A) and an X-Ray photo (B) of femoroacetabular impingement287

The numerical description was assigned as follows:

Conserved femoral head sphericity = 0

FAl=1

(ix) Full Spine (Scoliogram) - LAT View 1 — X ray Analysis Description
a. Parameters of the sagittal vertical axis (SVA) relative to the C7PL
line

To quantify the x ray findings on the full spine LAT view and to
statistically describe the severity of eventual biomechanical alterations for

each patient, a numerical score was assigned to the following points:
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- Angle of thoracic kyphosis T4-T12: + ° (N between + 20° and + 40°,> +
50° = hyperkyphosis).

- T10-L2 transitional kyphosis angle: + °© (N "+" <+ 20° /> + 20° =
hyperkyphosis).

- Lumbar lordosis angle L1-S1 (LL): -° (N between -40° and -70°).

- L4-S1 lumbar distal segment lordosis angle: "x™°

- Pelvic Incidence Angle (PI: Pelvic Incidence): ° (PI =SS + PT).

- Angle of the Sacral Slope (SS: Sacral Slope): °.

- Pelvic Tilt Angle (PT: Pelvic Tilt): ©

(Moderate pelvic retroversion: 20°-30°).

(Severe pelvic retroversion:> 30°).

- Ranges by age of the normal values of the spinopelvic sagittal balance
(pelvic parameters):

- Between 21-40 years: PI = 52° +/- 10° (42°-62°); SS = 39° +/- 9° (30°-
48°) and PT = 13° +/- 7° (6°-20°).

- Between 41-60 years: PI = 53° +/- 8° (45°-61°); SS = 40° +/- 7° (33°-47°)
and PT = 14° +/- 6° (8°-20°).

- Age> 61 years: PI = 51° +/- 9° (42°-60°); SS = 36° +/- 9° (27°-45°) and
PT = 16° +/- 9° (7°-25°).

- Positive global vertebral sagittal balance- PLC7 (Plumb line at C7)-
located in front of the postero-superior corner of S1) of + mm (A) (N =0
+/- 30 mm. Value> 50 mm = Sagittal imbalance: loss of biomechanical
balance).

- Negative global vertebral sagittal balance (PLC7 located behind the
postero-superior corner of S1) of - mm (A) (N = 0 +/- 30 mm. Value> 50

mm = Sagittal imbalance: loss of biomechanical balance).
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- Neutral global vertebral sagittal balance (PLC7 located in the same
vertical plane as the poster corner -superior of S1) considering it as a
normal spinal alignment (N = 0 with a deviation of +/- 20 mm. Value> 50
mm = Sagittal imbalance: biomechanical loss of balance).

(ix) LAT view 1 - Description of Vertebral Sagittal Balance (VSB)

- Compensated global neutral vertebral sagittal balance.

- Positive vertebral sagittal balance: Sagittal Vertical Axis (SVA) anterior
of + mm, with a value within the range of normality (N = 0 +/- 30 mm).

- Positive vertebral sagittal balance (SVA anterior of + mm) with a value
within the normal range and close to the upper limit (N = 0 +/- 30 mm).

- Positive vertebral sagittal balance (SVA anterior of + mm) with a value
in the upper limit of the range of normality (N = 0 +/- 30 mm).

- Positive vertebral sagittal balance (SVA anterior of + mm) with a value
higher than the normal range (N = 0 +/- 30 mm //> +/- 50 mm = Sagittal
Unbalance).

- Positive sagittal imbalance (SVA anterior of + mm) in a moderate degree
(value between +50 mm and +95 mm).

- Positive sagittal imbalance (SVA anterior of + mm) in severe degree
(value> +95 mm).

- Negative vertebral sagittal balance (SVA posterior of - mm) with a value
within the normal range (N = 0 +/- 30 mm).

- Negative vertebral sagittal balance (SVA posterior of - mm) with a value
within the normal range and close to the upper limit (N = 0 +/- 30 mm).

- Negative vertebral sagittal balance (SVA posterior of - mm) with a value

in the upper limit of the range of normality (N = 0 +/- 30 mm).
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- Negative vertebral sagittal balance (SVA posterior of - mm) with a value
higher than the normal range (N = 0 +/- 30 mm //> +/- 50 mm = Sagittal
Imbalance).

- Moderately negative sagittal imbalance (SVA posterior of - mm) (value
between -50 mm and -95 mm).

- Severe negative sagittal imbalance (SVA posterior of - mm) (value> -95
mm).

Vertebral Sagittal Balance (VSB) - N = 0 (PLC7 located in the same
vertical plane as S1 postero-superior corner) (SVA Sagittal Vertical Axis)
PLC7 located in front of the poster-superior corner S1:

Positive VSB (N = 0 with deviation of +30 mm. Within the range of
normality) = 1

Positive VSB (between +30 mm and +50 mm. Value above the N range) =
2

VSB Moderate positive imbalance (Value between +50 mm and +95 mm
= biomechanical loss and imbalance) = 3

VSB Positive imbalance (Value> +95 mm = biomechanical loss and
unbalance) = 4

PLC7 located behind poster-superior corner S1:

Numerical scores for the description of VSB were assigned as follows:
Negative VSB (N = 0 with deviation of -30 mm. Within the range of
normality) = 1

Negative VSB (between -30 mm and -50 mm. Value above the N range) =
2

VSB Moderate negative imbalance (Value between -50 mm and -95 mm =

loss and biomechanical imbalance) = 3
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VSB Negative unbalance (Value> -95 mm = biomechanical loss and
unbalance) = 4

(x) LAT view 2- Description of Thoracic Physiological Kyphosis

\ 74 ‘J) l\ I}\:

| X
A\ B \

Figure 44- Thoracic Physiological Kyphosis. (A) Normal lateral formation of spine, (B) Thoracic

physiological kyphosis, and (C) description of angle of kyphosis. Reprinted with permission from 288

- Physiological kyphosis (Figure 44) of the thoracic spine T4-T12
preserved (value + °: N between + 20° and + 40°> + 50° = hyperkyphosis).
- Thoracic Spine Sagittal Modifier: Based on the Cobb angle or grade of
thoracic kyphosis (T4-T12) according to Lenke's classification:

- Modifier "N" (neutral): Angle of thoracic kyphosis between + 10° and +
40 °.

- Thoracic hypokyphosis (T4-T12 = + °) with "flat back" deformity (+ °:
N value between + 20° and + 40° / <+ 10° = flat back).

- Thoracic Spine Sagittal Modifier: Based on the Cobb grades of thoracic
kyphosis (T4-T12) according to Lenke's classification:

- Modifier "N" (neutral): Angle of thoracic kyphosis between + 10° and +
40 °.

- Modifier "-" (negative): Angle of thoracic kyphosis <+ 10 °.

89



- Tendency to T4-T12 thoracic hyperkyphosis (value + °: N between + 20°
and + 40°> + 50° = hyperkyphosis).

- Sagittal Thoracic Spine Modifier: Based on the Cobb grades of thoracic
kyphosis (T4-T12) according to Lenke's classification:

- Modifier "+" (positive): Angle of thoracic kyphosis> + 40 °.

- Hyperkyphosis of the thoracic spine T4-T12 (value + °> + 50° =
hyperkyphosis-kyphoscoliosis).

- Thoracic Spine Sagittal Modifier: Based on the Cobb grades of thoracic
kyphosis (T4-T12) according to Lenke's classification:

- Modifier "+" (positive): Angle of thoracic kyphosis> + 40 °.
Numerical scores for the description of thoracic kyphosis were assigned as
follows:
Preserved T4-T12 thoracic kyphosis (N between + 20° and + 40°) = 0
Tendency to thoracic hyperkyphosis T4-T12 (between + 40° and + 50°) =
1
Hyperkyphosis of the thoracic spine T4-T12 (> + 50°) = 2

T4-T12 thoracic hypokphosis ("flat back" deformity) (<+ 10° = flat back)
=3

(xi) LAT view 3 — Description of transitional Thoracolumbar
physiological kyphosis

- Transitional physiological kyphosis T10-L2 preserved (value + °: N "+"
<20° /> + 20° = hyperkyphosis).

- Hyperkyphosis of the thoraco-lumbar transition T10-L2 (value + °> +
20° = hyperkyphosis).

- Rectification of the transitional thoraco-lumbar kyphosis T10-L2 with a

neutral value (0°).
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- Lordotic inversion of transitional kyphosis T10-L2 (-° value: N "+" <20°
/> + 20° = hyperkyphosis).

Numerical scores for the description of the transitional thoracolumbar
kyphosis were assigned as follows:

Transitional physiological kyphosis T10-L2 preserved (N "+" <20°) = 0
Lordotic inversion of T10-L2 transitional kyphosis ("-" value) = 1

T10-L2 thoraco-lumbar transitional kyphosis rectification with neutral
value (0°) = 2

Hyperkyphosis of the thoraco-lumbar transition T10-L2 (> + 20°) = 3

(xii) LAT view 4 — Description of the physiological lordosis of the

lumbar spine

A B

Normal Lumbar Spine Lumbar Angle Lordosis Lumbar Spine

Figure 45- Lumbar Spine- Lateral view. (A) Normal Lumbar Spine, and (B) Lordosis Lumbar Spine

- Physiological lordosis of the lumbar spine L1-S1 (Figure 45) (LL = -°)
preserved with synchronous value with respect to the PI (PI =°) (N =PI -
LL <10°).
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- Physiological lordosis of the lumbar spine L1-S1 (LL = -°) preserved
with asynchronous value with respect to the PI (PI =°) (N =PI - LL <10°;
LL =PI+ PI=LL +°).

- Hypolordosis of the lumbar spine L1-S1 (LL = -°) with a synchronous
value with respect to the PI (PI =°) (N =PI - LL <10°).

- Hypolordosis of the lumbar spine L1-S1 (LL = -°) with asynchronous
value with respect to the PI (PI=°) (N=PI - LL <10° LL =PI+ ° Pl =
LL +°).

- Hyperlordosis of the lumbar spine L1-S1 (LL = -°) with a synchronous
value with respect to the PI (PI =°) (N =PI - LL <10°).

- Hyperlordosis of the lumbar spine L1-S1 (LL = -°) with asynchronous
value with respect to the PI (PI=°) (N=PI - LL <10° LL =PI+ ° Pl =
LL +°).

Numerical description of the lumbar lordosis, based on the Cobb angle
measurement was assigned the following score:
Lumbar lordosis angle L1-S1 (LL) preserved (N between -40° and -70°) =

0
Hyperlordosis L1-S1 (LL> -70°) = 1
LI1-S1 hypolordosis (LL <-40°) =2
(xiii) LAT view S — Description of lumbar lordosis distribution angle
(LDI)

- Lordosis Distribution Index (LDI) (L4-S1 = -°): L4-S1 / L1-S1 X 100
=% (Aligned and compensated distribution L4-S1: 50% -80%).

The following score was assigned to numerically describe the LDI:
- Severe L4-S1 hypolordotic maldistribution: <40% = 3

- Moderate L4-S1 hypolordotic maldistribution: 40% -49% = 2

- L4-S1 hyperlordotic poor distribution:> 80%= 1
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- Distribution aligned and compensated L4-S1: 50% -80% = 0

(xiv) LAT view 6 — Description of thoracic spine intersomatic spaces

- Intersomatic spaces of the thoracic spine preserved diminished in their
overall height.

- Intersomatic spaces of the thoracic spine T4-T9 conserved diminished in
their overall height.

in the anterior margin.

- Intersomatic spaces of the thoracic spine T9 -T12 conserved diminished
in their overall height.

The score assigned to numerically describe the thoracic spine intersomatic
spaces is as follows:
Intersomatic spaces of the thoracic spine preserved in their overall height
=0
Intersomatic spaces of the thoracic spine decreased in overall height = 1
(xv) LAT view 7 — description oflumbar spine intersomatic spaces

- Intersomatic spaces of the lumbar spine L1-L3 (proximal segment)
conserved diminished in their overall height.

- Intersomatic spaces of the lumbar spine L.3-S1 (distal segment) conserved
diminished in their overall height.

The score assigned to numerically describe the lumbar spine intersomatic
spaces is as follows:

Intersomatic spaces of the lumbar spine preserved in their overall height
=0

Intersomatic spaces of the lumbar spine decreased in their overall height
=]

Diminished with signs of degenerative disc disease = 2
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Diminished with signs of degenerative disc disease + anterior / posterior
marginal osteophytosis = 3

(xvi) LAT view 8 — General Description of all spinal vertebral bodies
and posterior arches

- Vertebral bodies and posterior arches of the spine preserved.

- Preserved vertebral bodies, posterior arches and intersomatic spaces of
the spine.

Numerical description assigned is as follows:

Preserved vertebral bodies and posterior arches of the spine = 0
Preserved vertebral bodies, posterior arches and intersomatic spaces of
the spine = ()

(xvii) LAT view 9 - Description of Thoracic Vertebral segments

- Incipient signs of intervertebral osteochondrosis in the thoracic spine.

- Signs of intervertebral osteochondrosis in the thoracic spine.

The score assigned to describe the general status of the thoracic segments
is as follows:

Vertebral bodies and posterior elements of the thoracic spine preserved =
0
Mechanical changes = 1
Degenerative changes = 2 (incipient degree)
Degenerative changes = 3 (moderate grade)
Degenerative changes = 4 (severe grade)

(xviii) LAT view -10 Description of the lumbar vertebral segments

- Incipient generalized mechanical changes of the lumbar spine.

- Incipient generalized interfacetal subchondral sclerosis in the lumbar

spine, predominantly L3-S1 with slight loss of joint space.
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- Incipient generalized interfacetal mechanical changes in the lumbar
spine, predominantly L.3-S1 with subchondral sclerosis and slight loss of
joint space.

- Incipient generalized interfacetal degenerative changes in the lumbar
spine, predominantly L3-S1.

- Generalized interfacetal degenerative changes in the lumbar spine,
predominantly L3-S1.

- Marked generalized interfacetal degenerative changes in the lumbar
spine, predominantly L3-S1 (subchondral sclerosis, bone hypertrophy and
loss of joint space).

- Signs of generalized degenerative disc disease in the lumbar spine.

- Signs of degenerative disc disease
The score assigned to describe the general status of the lumbar segments
is as follows:

Preserved vertebral bodies and posterior elements of the lumbar spine =

0
Mechanical changes = 1
Degenerative changes = 2 (incipient degree)

Degenerative changes = 3 (moderate grade)

Degenerative changes = 4 (severe grade)

Degenerative changes with signs of degenerative disc disease = 5
Degenerative changes with signs of degenerative disc disease + anterior /
posterior marginal osteophytosis = 6

(xix) LAT view 11 —Description of sagittal alignment of the posterior
vertebral walls — Lumbar spine

The following parameters have been considered:

- Sagittal alignment of the posterior vertebral walls preserved.
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- Discrete staggered asymmetric degenerative retrolisthesis

- Staggered asymmetric degenerative retrolisthesis

- Discrete asymmetric staggered retrolisthesis L1-L4 probably related to
compensation mechanism.

- LI-L4 staggered asymmetric retrolisthesis probably related to
compensation mechanism.

- Degenerative anterolisthesis - isthmic (congenital) - dysplastic
(congentital).

(G1: Low-grade spondylolisthesis with displacement <or = 25% according
to the Meyerding classification®®).

(G2: Low-grade spondylolisthesis with displacement between 26% and
50% according to the Meyerding classification).

(G3: High-grade spondylolisthesis with displacement between 51% and
75% according to the Meyerding classification).

(G4: High-grade spondylolisthesis with displacement between 76% and
100% according to the Meyerding classification).

Sagittal alignment of posterior vertebral walls preserved = ()
Retrolisthesis = 1
Antherolisthesis:

G1: Low-grade spondylolisthesis with displacement <o = 25% according
to the Meyerding classification = 1

G2: Low-grade spondylolisthesis with displacement between 26% and
50% according to the Meyerding classification = 2

G3: High-grade spondylolisthesis with displacement between 51% and
75% according to the Meyerding classification = 3

G4: High-grade spondylolisthesis with displacement between 76% and
100% according to the Meyerding classification = 4
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3.7.2 Total Spinal Severity Score

Calculation of spinal biomechanical alterations severity score for each

patient was done by summing up all the above-mentioned scores.

3.8 Treatment Methods

3.8.1 Usual Treatment

Once Dermatitis is diagnosed in patients, they generally receive a topical
compound cream to use 2-3 times a day for duration of 15 days. The
compound cream is under European patent number 2311454 and contains
the following: Beeler C.S.P. 100 g, Pentoxifylline 3%, Gentamicin 0.1%,
Triancenalon acetonide 0.1%, Despantenol 5%, Aloe vera 15%, Vitamin
E 5%, Nicotinamide 5%, Glycerin 15%, Melatonin 1% and Indomethacin
3%. This treatment cures the disease temporarily and relapses after 45

days.
3.8.2 Chiropractic treatments (SMT)

It is explained in section 3.10.

3.9 Determination of neuropeptide levels

(Biomarkers)

Neuropeptide analysis in blood is routinely determined in patients with
dermatitis as a disease-based index according to the literature. These

determinations carried out by Synlab® laboratory located in Barcelona,
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Spain. All tests were based on the ELISA technique, however, CGRP
measured by the EAI kit (K-015-09, Phoenix Pharmaceuticals).

3.10 Chiropractic Treatment (SMT)

The objective of chiropractors is to detect and treat with specific manual
techniques, called "adjustments", also known as Spinal Manipulation
Therapy (SMT), any alteration in the normal dynamic, anatomical or
physiological joint relationships of contiguous structures, both in the spine
and in the extremities, in order to restore proper biomechanics, structural
and physiological balance.

There are more than 90 chiropractic SMT techniques. These are chosen
according to the therapeutic objective and the psychophysical

characteristics of the patient and the therapist.

3.10.1 Methodology of the Chiropractic Treatment (SMT)

Postural evaluation and palpation of intervertebral movement of the spine
and full spine X- ray analysis was made for each of the 73 patients of this
study. However, as it is explained in section 2.2, patients were divided in
two groups: treatment group (TG) and control group (CG) 51 patients were
assigned randomly to the TG while the rest of 22 patients were assigned to
the CG.

All patients assigned to the TG received chiropractic SMT using two types
of techniques:

1. High-velocity, low-amplitude (HVLA) - Diversified Technique

2. Activator Technique.
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A. High-velocity, low-amplitude (HVLA) technique

HVLA is one of the most frequently used chiropractic techniques for
correcting spinal biomechanical. Most chiropractic clinical research,
particularly for low back, mid-back, and neck pain has focused on the
effectiveness analysis of spinal treatment. A clinical study concluded that
SMT can be beneficial for many health-related conditions such
as migraine, neck-related headaches, and whiplash-associated disorders.

(Figure 46)

Figure 46- High-velocity, low-amplitude (HVLA) technique. (A) HLVA for Cervical spine problems,
(B) HLVA for Lumbar spine problems, (C) HLVA for Thoracic spine problems 2%,

There are different types of HVLA manipulation methodologies. A few of

the more frequent HVLA manipulation techniques are described below:

99



100

Diversified technique (DT): This method is traditionally related
with manual adjustments of chiropractic. For this technique,
chiropractors employ a short and rapid force over selected joints
(one at a time) in order to restore normal joint motion. The patient’s
body is placed in different particular ways to enhance the

adjustment of the spine 2°!.

Gonstead adjustment technique: Comparable to the diversified
technique, the Gonstead adjustment is an HVLA correction
method. However, DT- HVLA and Gonstead technique differ in
the evaluation of locating the restricted (or subluxated) joint and in
the spine positioning. Specific chairs and tables may be utilized to
place the patient for treatment, for instance the cervical chair or the
chest-knee table (Figure 47). This method is also known as the

"Palmer-Gonstead" method. 2°2



Figure 47- Gonstead adjustment tools, (A) Cervical chair, (B) Chest-knee table. Reprinted

with modification from 2°2

Thompson Terminal Point (or Drop) technique (TTP): This
method includes particular treatment tables that have separated
parts dropping a brief gap through an HVLA force, with the idea
that the dropping of the table can be helpful for the movement of
the joint. This modification method is occasionally used instead of
the traditional HVLA adjustment. In this method, the "cracking
sound" may or may not happen and consequently this type of
adjustment may also be measured a form of deployment, or a

moderate adjustment methodology. 2

Toggle Drop Technique (TDT): Using both hands one on top of
the other, the chiropractor takes advantage of gravity to induce joint

correction. The table has different divisions (drop pieces) to raise
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and fall in accordance with the placement of the spinal correction.
294

e Activator method: The Activator is a hand-handled, soft-loaded
method that delivers a fast HVLA mild-force impulse on different

area of the spine. 2%

3.10.2 Chiropractic Evaluation (SMT evaluation)

All 51 patients assigned to the TG underwent 12 sessions of chiropractic
treatment, twice a week for 3 weeks and once a week for 4 weeks and twice
a month for 1 month. The duration of the chiropractic treatment was
approximately 3 months.

After the first 3 weeks of treatment re-evaluation was done by the Doctor
of Chiropractic (DC) to establish the outcome of the therapy and decide
whether to:

e Resume chiropractic treatment,

o  Withdraw the patient from chiropractic therapy if neurogenic

inflammation symptoms did not begin to subside.
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CHAPTER 4:
RESULTS






A. Correlation between the severity of dermatitis

and the spinal condition

4.1 Evaluation of the severity level of Dermatitis in

Treatment Group

As already explained in section 4, the severity level of dermatitis has been
calculated by EASI score. Because none of the patients, participating in
this study, were found to be free of spinal biomechanical alterations (SBA)
and of degenerative changes, evidenced radiographically we divided the
51 treatment group (TG) patients in two subgroups classifying them
according to the severity of the dermatitis, based on the EASI score (i.e.,
skin condition). group A, consisting of 22 patients with mild dermatitis
(EASI<7) and group B consisting of 29 patients suffering from severe
dermatitis (EASI>7).

This additional classification helped us figure out if there is were any
significant difference between the patients with mild dermatitis and
patients with severe dermatitis in terms of the spinal severity score or the
neuropeptide levels

A scatter plot of EASI score of patients in groups A and B is provided in
Figure 1. In addition, as expected, the Mann-Whitney non-parametric test
between two groups demonstrated that there is a significant difference
(P<0.0001) (Table 3). The Figure 48 demonstrate us the severity level of
dermatitis (EASI score) in group A (defined as patients with mild
Dermatitis) is significantly lower than the group B (defined as patients with

severe Dermatitis).
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EASI

Table Analyzed Treatment Group
EASI Low vs High 80—
Column B EASI High i P<0.0001
vs. Vs,
Column A EAS| Low H

60
Mann Whitney test <
P value <0.0001 . 2.2,

Exact or approximate P value? Exact = e
P value summary i 5 404
Significantly different (P < 0.05)? _ Yes == . . 'l
One- or two-tailed P value? Two-tailed g T
Sum of ranks in column A B 253, 1073 7 e
Mann-Whitney U 0 20 :

3 [ .o :
Difference between medians 1
Median of column A 3.950, n=22 i
Median of column B 18.90, n=29
Difference: Actual 14.95
Difference: Hodges-Lehmann 14.80

Table 3- Analytical data of Mann-Whitney test  Figure 48- Scatter plot of the patients EASI
of the EASI levels between two subgroups of level in each group of TG-A and TG-B.
TG-A and TG-B.

4.2 Evaluation of the spine severity score

One of the objectives of this study was to evaluate if there is a correlation
between the severity level of dermatitis (EASI score) and of the spinal
biomechanical alterations (SBA). This last one refers to vertebral
misalignments and their subsequent degenerative changes, such as
osteoarthritis (OA), and disk degeneration. To find the answer, in addition
to calculating the EASI scores we needed to have numerical data on the
spine situation of each patient. For this, we analyzed the Xray images of
each patient and numerically described the radiographical findings. We
then calculated a score that shows the SBA severity score of each patient.
(Calculation of Spinal Severity Score is explained in the section 3 of

Methods.)
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We added up all the scores calculated of the different parts of the spine in
each patient and obtained the total spine severity for each patient.

Figure 49 illustrates the total spinal score in patients of subgroups TG-A
and TG-B. As indicated in Table 4, there is a significant difference
(P<0.0001) between the spinal severity score in patients of TG- A and
patients of TG-B. (Figure 49)

Spine Severity Score
Table Analyzed Treatment Group
Spine Severity Scores 100 - P<0.0001
Column B Group B
vs. vS. 72¢ Very Sevarely
Column A Group A E 80— A Damaged Spine
Mann Whitney test g w ‘Twng =
P value <0.0001 §| 60 :
Exact or approximate P value? Exact z
P value summary i = Je o 214 Maderataly
Significantly different (P < g 40- o Damaged Spine
0.05)? Yes a -
One- or two-tailed P value? Two-tailed @ LI L ™
Sum of ranks in column AB  231.5, 1044 E 204 :!‘. 0:1:2 Dunmsplm
Mann-Whitney U 0.5000 0 —:-’-'
o iy
Difference between medians 0
Median of column A 18.00, n=22 I T e
Median of column B 37.00, n=29 Group A Group B
Difference: Actual 19.00 In=22) [n=29)

Difference: Hodges-Lehmann  20.00

Table 4- Analytical data of Mann-Whitney Figure 49- Scatter plot of the patient’s spine
test of the Spine Severity Score between two  severity score level in each group.

groups of TG-A and TG-B.

In addition, Figure 49, indicates a higher spinal severity score in patients
with higher EASI (Group B) than in patients with lower EASI score. Given
all this, the question arises as to whether there may be any correlation
between the EASI level and the spinal severity score in patients suffering
from Dermatitis-

To find the answer we made a Gaussian correlation test between EASI
scores and spinal severity scores in patients of the treatment group that

suffer of severe Dermatitis (Group B). The data presented in Figure 50
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clearly shows a good correlation (r=0.76, P<0.0001) between EASI score
and spinal severity score. In other words, by increasing the spinal severity

score, the EASI level has been increased.

Gaussian Treatment Group B EASI vs. Spine Severity Score
Best-fit values EASI vs Spine Cor.

Amplitude Unstable R=0.76

Mean 1929 o 520 coD4

sD 354.2 c ;i

95% Cl (profile likelihood) 80 -
Amplitude (Very wide) - . ™

Mean w604 [

sD .'r-; i . . ‘\

Goodness of Fit 2 ‘3‘; ) .

Degrees of Freedom 2 L 20 o

R squared 0.7627 2

Sum of Squares 1364 s,

Sy.x 7.244 bz ¥ ’ 3 '
Conshraints 0 20 40 ) 60 80
SD SD>0 EASI Unit

Number of points

# of X values 29

#Y values analyzed 29

Table 5- Analytical data of Gaussian Figure 50- Scatter plot of the correlation
correlation test of the EASI levels vs. Spine  between the EASI levels and Spine Severity
Severity Score in patients with severe Score in patients with severe Dermatitis.

Dermatitis.

In order to describe the SBA, we evaluated the severity score for each
area of the spine. The spinal severity score has been calculated starting
from the upper section (C1- Atlas) to the lower spinal section (Sacral
section) separately. This calculation was intended to help us to find out

what specific area of the spine could be associated with Dermatitis.
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4.2.1 Cervical Spine

A) Analytical Data
i) Cervical Spine Total Severity Score Analysis

(4s mentioned before Severity Score refers to the Spinal Biomechanical
Alteration [SBA] score)

Evaluation of the total severity score of the cervical spine, in the sagittal
plane, has been done by calculating the score of each segment of the
cervical spine individually. To calculate the cervical spine SBA severity
score, in the coronal plane, (Anterior Posterior or AP view) we divided it
in three parts: C1 - C2 (Atlas -Axis) were described as AP1, C3-C5 as AP2
and C5- C7, as AP3.

Finally, we added the spinal severity score of all the individual spinal
cervical segments and obtained the cervical spine total severity score
(CSTS).

The comparison of CSTS between the groups A and B demonstrated a
significant difference (P<0.0001) between the level of CSTS in the group
A (patients with mild Dermatitis) and the group B (patients with severe
Dermatitis) (Figure 51). In addition, Gaussian nonlinear regression test on

these sets of data showed a good correlation (r=0.81) (Figure 52).
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Table Analyzed Treatment Group Cervical Spine Total Severity Score

Cervical Spine Total Sever Sc.

Column B Group B
Vs, VS,
Column A Group A
Mann Whitney test

P value =0.0001
Exactor approximate P value? Exact

P value summary et
Significantly different (P <

0057 Yes

One- or two-tailed P valua? Two-tailed
Sum of ranks in column A8 354,972
Mann-Whitney U 101
Difference batwesn medians

Median of column A 3.000,n=22
Median of column B 6.000, n=29
Difference: Actual 3.000
Difference: Hodges-Lehmann  3.000

20 P<0.0001
.
. e Seversly Damaged
— 1 amay
£ 15 P Cervical spine
= )
g &
.
@ 10 o  ees sw TS
;E' L 1]
A
o L -
Y 5 . eeeee 1-5 slightly Damaged
BEEE (1111} Cervical Spine
—e3en0— .
B
0 I 1 Normal
Group A Group B Cervical Spine

[n=22)

{n=z9)

Table 6- Analytical data of Mann-Whitney
test of the cervical spine total severity score

between two patient groups of A and B.

Gaussian TreatmentGroupB
Best-fit values Cervical Spine Sev. Cor.
Amplitude 18.76

Mean 107.6

sD 63.95

95% Ci (profile likeihood)

Amplituds 13.03

Mean 61.64

sD 38.62

Goodness of Fit

Degrees of Freedom 26

R squared 0.8168

Sum of Squares 69.36

Sy 1.633

Constraints

S0 5D>0

Number of points

#of X values 29

#Y values analyzed 28

Table 7- Analytical data of Gaussian
correlation test of the EASI levels vs. cervical
spine total severity score in patients with

severe Dermatitis.
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Figure 51- Scatter plot of the mean level of
the cervical spine total severity score Severity

score in each group of the study.

EASI vs. Cervical Spine Total

Severity Score

g 80 =0.81
g P<0.0001 -
ﬁ . 60- .- s
SE i
,2; . {f
% ] 40+ .".‘/_n}/
A "_.-".
= —
,\_EJ 20 ‘
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c 1 ] I 1
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EASI Unit

Figure 52- Scatter plot of the correlation
between the EASI levels and cervical spine
total severity score in patients with severe

Dermatitis.
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ii) C1 (Atlas)- C2 (Axis) Severity Score

This score describes the SBA of the Atlas and Axis (AT-AX)

Table Analyzed Treatment Group
AT-AX Total Sc.

Column B Group B

vs. vs.

Column A Group A

Mann Whitney test
P value <0.0001

Exact or approximate P value? Exact
P value summary —

Significantly different (P < 0.05)? Yes

One- or two-tailed P value? Two-tailed
Sum of ranks in column A.B 335.5, 990.5
Mann-Whitney U 82.50
Difference between medians

Median of column A 0.5000, n=22
Median of column B 1.000, n=29
Difference: Actual 0.5000
Difference: Hodges-Lehmann 1.000

Table 8- Analytical data of Mann-Whitney
test of the AT-AX Total score between two

patient groups of A and B.

AT-AX Total Severity Score

4 P<0.0001
T Very Severely
Damaged AT-AX
el 3 i 2.1-3 Severely
t Damaged AT-AX
=
2 24 11-2 Modarately
S Damaged AT-AX
vy
.‘E 1+ 01-1 slightly Damaged
AT-AX

S
a

0 & Normal AT-AX 1

Group A
(n=22)

Group B
{n=29)

Figure 53- Scatter plot of the mean level of

AT-AX Total score in each group of the study.

The results show that the SBA of AT-AX in patients with high EASI score

level is almost 4 times higher than in patients with mild EASI score level

(Figure 53). Moreover, the correlation between EASI level and the spinal

severity score of the C1 — C2 (AT-AX) in patients with severe Dermatitis

is presented in Figure 54. As shown, there is an important correlation

(r=0.82) between the EASI level and the level of AT-AX SBA severity in

patients affected by dermatitis.
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Gaussian Treatment Group B
Best-fit values AT-AX Total Cor.
Amplitude 4.038

Mean 55.25

sD 27.25

95% CI (profile likelihood)

Amplitude 3.603 to 4.588
Mean 48.01to 71.29
sD 21.99 to 37.52
Goodness of Fit

Degrees of Freedom 26

R squared 0.8237

Sum of Squares 10.54

Sy.x 0.6368
Constraints

sD SD>0

Number of points

# of X values 29

#Y values analyzed 29

Table 9- Analytical data of Gaussian
correlation test of the EASI levels vs. At-AX

Total score in patients with severe

Dermatitis.

To analyze and to calculate the
AT-AX
different examinations (AT-AX 1
and AT-AX 2) have been used.

severity score, two

Through the first examination
(AT-AX 1), we checked the

anatomical integrity of atlanto-

EASI vs. AT-AX Total Severity Si

r=0.82
P<0.0001

./_,- —. .

it
o
1

AT-AX Total Severity Score Uni
L~
1
[ ]

gure 54- Scatter plot of the corr

'tween the EASI levels and At-AX totc

patients with severe Dermatitis.

jure 55 - Determination of norm
bluxated spine in Atlas- Axis

odontoid joint (AT-AX). (See Figure 5
AT-AX has been checked in the coronal plane of the spine.



Table Analyzed Treatment Group

AT-AX 1
Column B Group B
vs. vs.
Column A Group A
Mann Whitney test
P value <0.0001
Exact or approximate P value? Exact
P value summary _—
Significantly different (P < 0.05)? Yes
One- or two-tailed P value? Two-tailed
Sum of ranks in column A.B 349.5, 976.5
Mann-Whitney U 96.50
Difference between medians
Median of column A 0.000, n=22
Median of column B 1.000, n=29
Difference: Actual 1.000
Difference: Hodges-Lehmann 1.000

Table 10- Analytical data of Mann-Whitney
test of the AT-AX-1 score between two

patient groups of A and B.
Gaussian Treatment Group B
Best-fit values AT-AX1 Cor.
Amplitude 2.091
Mean 56.71
SD 27.05
95% CI (profile likelih:
Amplitude 1.757 to 2.913
Mean 47.04 to 93.34
SD 20.13 to 47.30
Goodness of Fit
Degrees of Freedom 26
R squared 0.6964
Sum of Squares 5.904
Sy.x 0.4765
Constraints
SD SD>0
Number of points
# of X values 29
#Y values analyzed 29

Table 11- Analytical data of Gaussian correlation
test of the EASI levels vs. At-AX-1 score in patients

with severe Dermatitis.

AT-AX 1 Severity Score

25-  P<0.0001
Very Seversly

2.0+ 15-2 mmmd;hm: 1
£
=} 1.5+ 16-15 Saverely
e 1 Damaged AT-AX 1
=]
o

il = Moderately

v 1.0 0.5-1 Damaged AT-AX 1
3
o
a 0-5' 01-0.5 Slightly Damaged
3 AT-AX1

0.04

e S
Group A Group B ATAKT

n=22) n=29)

Figure 56- Scatter plot of the mean level of
AT-AX-1 scores in each group of the study.

EASI vs. AT-AX 1 Severity Score

r=0.69
£25 P<0.0001
=2
o T
§ 2.0 L B ,o/ e .
3 7
Z 1.5
]
210] ome P
L=] g
o054
b
0"" b | L} Ll 1
0 20 40 60 80
EASI Unit

Figure 57- Scatter plot of the correlation
between the EASI levels and At-AX-1 score in

patients with severe Dermatitis.
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The results provided in Figure 56 show a significant difference (P<0.0001)
between the level of AT-AX 1 severity scores between patients of the
group A and B. Moreover, there is a slight correlation (r= 0.69) between
EASI level and the severity of spine situation in the AT-AX1, which is
presented in Figure 57.

In addition, the incipient degenerative mechanical changes of the articular
surfaces of the AT-AX joint have been described by means of the AT-AX

2 severity score.

Table Analyzed Treatment Group
e AT-AX-2 Severity Score
Column B Group B
vs. vs.
Column A Group A 254 P<0.0001
Vary Severely
Mann Whitney test 2 2.0 152 W o omeged ATAX2
P value <0.0001 =2 i
Exact or approximate P value? Exact g 1.5 EEEL] LAt
P value summary ek ']
Significantly different (P < 0.05)? Yes 1.0 061 Modsrataly
One- or two-tailed P value? Two-tailed g RS
Sum of ranks in column A,B 365, 961 3 0.59 T
Mann-Whitney U 112 @ SAGN | s Onmeced
0.0
Difference between medians
Median of column A 0.000, n=22 05
Median of column B 1.000, n=29 i I I Normal AT-AX 1
Difference: Actual 1.000 Group A Gr"'_‘-'l; B
Difference: Hodges-Lehmann 1.000 i A

Table 12- Analytical data of Mann-Whitney Figure 58- Scatter plot of the mean level of
test of the AT-AX-2 score between two AT-AX-2 scores in each group of the study.
patient groups of A and B.

As shown in Figure 58, there is a significant difference between the
severity level of AT-AX2 in patients with mild Dermatitis and patients
with severe Dermatitis. Moreover, the correlation between the level-of
EASI level versus the severity level of AT-AX2 in patients with severe
dermatitis has been examined. As it is shown in Figure 59, there is a

moderate correlation between these two.
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Gaussian Treatment Group B EASI vs. AT-AX 2 Severity Score

Best-fit values At-AX 2 d6s
Amplitude 2.071 2.5+ it
Mean 58.26 § P<0.0001
St et & 2.0 . » e s =
95% CI (profile likelihood) 8 L
Amplitude 1.704 to 4.128 < 154 //
Mean 46.93 to 127.7 .E 57
sD 20.52to 61.24 g Ve
Goodness of Fit & 104 o® Lol
Degrees of Freedom 26 s //
R squared 0.6509 2 059 7
Sum of Squares 6.790 =
Syx 0.5110 0.0—=o-o— — r !
Constraints 0 20 40 60 80
sD sSD>0 "
EASI Unit
Number of points
# of X values 29
#Y values analyzed 29

Table 13- Analytical data of Gaussian Figure 59- Scatter plot of the correlation
correlation test of the EASI levels vs. At-AX-2  between the EASI levels and At-AX-2 score in

score in patients with severe Dermatitis. patients with severe Dermatitis.

iii) C3 (3" Cervical Segment) Severity Score Analysis

The C3 facilitates the bending and rotation of the neck, therefore, this
cervical segment may be subject to mechanical disorders by work-related
activities such as reading, writing, typing, etc.

In order to see if there was any correlation between the condition of C3
and the EASI level, the C3 severity score was measured for all patients.
There was a significant difference (p<0.0001) between the level of C3
severity score in the two groups ef A and B (Figure 60). However, the
correlation between the EASI level in group B and the C3 severity score

was not very good (r=0.57). (Figure 61)
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Table Analyzed Treatment Group

C3 Severity Sc.
Column B Group B
vs. vS.
Column A Group A
Mann Whitney test
P value 0.0001
Exact or approximate P value? Exact
P value summary hiic
Significantly different (P < 0.05)? Yes
One- or two-tailed P value? Two-tailed
Sum of ranks in column A,B 390, 936
Mann-Whitney U 137
Difference between medians
Median of column A 0.000, n=22
Median of column B 1.000, n=29
Difference: Actual 1.000
Difference: Hodges-Lehmann 1.000

Table 14- Analytical data of Mann-Whitney

test of the C3 severity score between two

patient groups of A and B.
Gaussian Treatment Group B
Best-fit values C3 Severity Cor.
Amplitude Unstable
Mean 1512
SD 208.5
95% CI (profile likelihood)
Amplitude wide|
Mean i
sD i
Goodness of Fit
Degrees of Freedom 26
R squared 0.5728
Sum of Squares 4.507
Sy.x 0.4164
Constraints
sD SD>0
Number of points
# of X values 29
#Y values analyzed 29

Table 15- Analytical data of Gaussian

correlation test of the EASI levels vs. C3

severity score in patients with severe

Dermatitis.
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C3 Severity Score

P<0.0001 15 [ Very Seversly
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1.0 e
- Slightly
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Group A
n=22)

Figure 60- Scatter plot of the mean level of

C3 Severity score in each group of the study.
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Figure 61- Scatter plot of the correlation
between the EASI levels and C3 severity score

in patients with severe Dermatitis.



iv) C4 (4" Cervical Segment) Severity Score Analysis

The severity score of C4 in cervical spine for all patients has been
evaluated. Our data shows that there is a highly significant difference
(p<0.0001) between the C4 severity score in the two groups of A and B
(Figure 62). However, as in the case of C3, there was not a good correlation

between C4 severity score and the level of EASI (r=0.51). (Figure 63)

Table Analyzed Treatment Group r
C4 Severity Sc. C4 Severity Score
Column B Group B
Severely

VS, VS. 1.5- P<0.0001 1< Damaged €&
Column A Group A

-
Mann Whitney test £ 061 [l Moderately
P value <0.0001 2 1.0 Pemaed A
Exact or approximate P value? Exact s
P value summary s @ Sy
Significantly different (P <0.05)?  Yes Z 0.54 01-05 WY b amaged s
One- or two-tailed P value? Two-tailed §
Sum of ranks in column A,B 375.5, 950.5 2
Mann-Whitney U 122.5 “ 0.0-

- Normal C4

Difference between medians
Median of column A 0.000, n=22
Median of column B 1.000, n=29 -05 T T
Difference: Actual 1.000
Difference: Hodges-Lehmann 1.000 G:,,m::g'n “{fﬂﬁf

Table 16- Analytical data of Mann-Whitney Figure 62- Scatter plot of the mean level of
test of the C4 severity score between two (4 Severity score in each group of the study.

patient groups of A and B.
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Gaussian Treatment Group B

Beatiivaloes C4 Severity Cor. EASI vs. C4 Severity Score

Amplitude 1.630 25— et

Mean 78.73 # P<0.0001

sD 32.07 E 204 ~ -

95% Cl (profile likelihood) =

Amplitude 0.9987 .§ 1.54 -

Mean 53.20 z =

5D 1183 C104 eee o o @ »

Goodness of Fit 3 :

Degrees of Freedom 26 9 05 -

R squared 0.5153 3

Sum of Squares 5.348 0.0 oo po — - -

?"‘m — 04535 0 20 40 60 80
onstral ¢

sD sSD>0 EASI Unlt

Number of points

# of X values 29

#Y values analyzed 29

Table 17- Analytical data of Gaussian Figure 63- Scatter plot of the correlation
correlation test of the EASI levels vs. C4 between the EASI levels and C4 severity score
severity score in patients with severe in patients with severe Dermatitis.

Dermatitis.

v) C5 (5™ Cervical Segment) Severity Score Analysis

In addition to the other parts of the cervical vertebrae, the severity score of
C5 in cervical spine (in the Figure at the left in red) for all patients has been
measured. Similar to C1, C2, C3 and C4, there was a significant difference
(p<0.0017) between CS5 severity score in the two groups of A and B (Figure
64).-Nevertheless, there was a good correlation between C5 severity score

and the EASI level in group B (r=0.73). (Figure 65)
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Table An;

Treatment Grou

C5 Severity Sc.

Column B Group B
¥S. VS,
Column A Group A
Mann Whitney test

P value 0.0017
Exact or approximate P value? Exact

P value -
Significantly different (P < 0.05)7 Yos

One- or two-tailed P valua? Two-tailed
Sum of ranks in column A.B 421, 905
Mann-Whitney U 168
Difference betwean medians

Median of column A 0.000, n=22
Median of column B 1.000, n=29
Difference: Actual 1.000
Difference: Hodges-Lehmann 1.000

C5 Severity Score
15< [ Very Severely

2.0+ P<0.0001 Damaged C5
= 11-15 Sowwrely
£ 1.5 St
g
£ 0.5+ s (Sl
A

0.0+ MNormal C5

-0.5 T T

Group A Group B
n=22) {n=29)

Table 18- Analytical data of Mann-Whitney Figure 64- Scatter plot of the mean level of

test of the C5 severity score between two

patient groups of A and B.
Gaussian Treatment Group B
Best-fit values C5 Severity Cor.
Amplitude 1.630
Mean 78.73
sD 32.07
95% CI (profile likelihood)
Amplitude 0.9987
Mean 53.20
sD 11.83
Goodness of Fit
Degrees of Freedom 26
R squared 0.5153
Sum of Squares 5.348
Sy.x 0.4535
Constraints
SD SD>0
Number of points
# of X values 29
#Y values analyzed 29

Table 19- Analytical data of Gaussian

C5 Severity score in each group of the study.

EASI vs. C5 Severity Score
2.5+ r=0.51
i P<0.0001
g 2.0 L] [
Bl ;
: 4
l!l- 1.0 ae e L] L) L] [ ]
9 0.5 _///'
0.0 - L T T 1
0 20 40 60 80
EASI Unit

Figure 65- Scatter plot of the correlation

correlation test of the EASI levels vs. C5 between the EASI levels and C5 severity score

severity score in patients with severe

Dermatitis.

in patients with severe Dermatitis.
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vi) C6 (6 Cervical Segment) Severity Score Analysis

The two-tailed non-parametric t-test (Mann Whitney test) on the data
obtained from the C6 showed a significant difference (P<0.0001) between
the two groups A and B. Nevertheless, the correlation between the C6
severity score and the EASI level in the group of patients with high level

was moderate (r=0.62). The results of the analysis of C6 are presented in

Figure 66 and Figure 67.
TobleAnszed  TreswemtGroup C6 Severity Score
C6 Severity Sc.

Column B Group B 5 P<0.0001
VS, VS,
Column A Group A 3e Very Sevaraly

= 4+ Damaged C6
Mann Whitney test g S5 e
P valus =0.0001 E 3 = 2 Damaged 6
Exactor approximate P value? Exact 2
P val i ot 11-2 Moderataly
Significantly ditferent (P < 0.05)7 Yes Zz 29 Damaged C6
One- or two-tailed P value? Two-tailed E
Sum of ranks in column A.B 372,954 k! 14 8 % sw::mq.d
Mann-Whitney U 119

0- [ Normal C&

Difference between medians
Median of column A 0.5000, n=22 1
Median of column B 3,000, n=29 - 1 I
Differance: Actual 2.500 Group A Group B
Difference: Hodges-Lehmann 2,000 (n=22) [n=29)

Table 20- Analytical data of Mann-Whitney Figure 66- Scatter plot of the mean level of
test of the C6 severity score between two C6 Severity score in each group of the study.

patient groups of A and B.
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Gaussian

Best-fit val

C6S

Treatment Group B

EASI vs. C6 Severity Score

4.433 6 r=0.62

Mean 64.96 el P<0.0001
el 3547 e L] )
95% Cl (profile hikelihood) = _—
Amplitude 3.548 s 4 S -
Mean 47.02 wi y
= ST 'E.. (1] -/ /- e o

of Fit % 2] e o
Degrees of Freedom 26 w s
R squared 0.6221 o *e
Sum of Squares 29.19
Sy.x 1.060
Constraints
S0 SD>0
HNumber of points
# of X values 29
#Y values analyzed i

Table 21- Analytical data of Gaussian Figure 67- Scatter plot of the correlation

correlation test of the EASI levels vs. C6 between the EASI levels and C6 severity score

severity score in patients with severe in patients with severe Dermatitis.

Dermatitis.

vii) C7 (7 Cervical Segment) Severity Score Analysis

Analysis of the data collected from C7- the last segment of the cervical
spine- showed a significant difference between the level of C7 severity
score between two groups of the patients (P<0.0001) (Figure 68).
However, as in the case of C6, there was no correlation between the level
of C6 severity score and EASI level in the patients with high EASI
(r=0.48). (Figure 69)
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Table Analyzed Treatment Group

CT Severity Sc.
Column B Group B
vs. vS.
Column A Group A
Mann Whitney test
P valus 0.0038
[Exactor approximate P value? Exact
P val .
Significantly different (P < 0.05)? Yes
One- or two-tailed P value? Two-tailed
Sum of ranks in column A.B 432, 894
Mann-Whitney U 179
Differance between medians
Median of column A 0.000, n=22
Median of column B 1.000, n=29
Differance: Actual 1.000
Difference: Hodges-Lehmann 1.000

Table 22- Analytical data of Mann-Whitney

test of the C7 severity score between two

patient groups of A and B.

Gaussian

Bestit values

Mean

S0
95% C (profile likelihood)

Ampiitude

Maan

5D

Goodness of Fit

Degrees of Freedom

R squared

Sum of Squares

Sy.x

Constraints

5D

Number of points

#of X values

&Y values analyzed

Table 23- Analytical data of Gaussian

Severity Score Unit

C7 Severity Score
2.0+ P<0.004_ )
= e
1.5
1-15 Saverely
Damaged C7
1.0+ 0.6-1 Moderately
Damaged C7
0.5 o1-05 l oo,
0_0 — |cnonod soononcs "‘" ..... o Normal C7
-0.5

Group A
n=22)

Group B
[n=239)

Figure 68- Scatter plot of the mean level of

C7 Severity score in each group of the study.

C7 Severity Score Unit

EASI vs. C7 Severity Score

r=0,62
P<0.004

EASI Unit

Figure 69- Scatter plot of the correlation

correlation test of the EASI levels vs. C6 between the EASI levels and C6 severity score

severity score in patients with severe

Dermatitis.
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viii) Rectification of the cervical lordosis Angle - C2-C7

The neutral lateral cervical spine radiographs
were evaluated The C2-C7 angles were
measured twice by the same radiologist
independently, using the same methods. The
C2-C7 angle was defined as the angle
between the lines parallel to the inferior end
plate of C2 and C7 vertebral bodies (Cobb’s
method) (Figure 70). The value of C2-C7

angles indicated a lordosis at the measured

. . . e 70- Rectification of
segments. The rectification angle in the 51 cal lordosis angle C2-C7

patients varied from O to 38. There was a significant

between the C2-C7 rectification angle in patients with low EASI level
(Group A) and patients with high EASI level (Group B) (Figure 71). On
the other hand, the correlation between the level of C2-C7 rectification

angle and the EASI level was moderate (r=0.66). (Figure 72).



Table Analyzed Treatment Group

C2-CT Rect. Degres

Column B Group B
VS, VS,
Column A Group A
Mann Whitney test
P valus =0.0001

tora mate P value? Exact
P e
Significantly different (P < 0.05)7 Yes
One- or two-tailed P value? Two-tailed
Sum of ranks in column AB 323, 1003
Mann-Whitney U 70
Difference between medians
Median of column A 4100, n=22
Median of column B 11.90, n=29
Difference: Actual 7.800
Difference: Hodges-Lehmann 8.800

C2-C7 Rectification Degree
30 P<0.0001
21-30 [ peciificated C2-C7
=
5 Modarately
@ 204 11-20 Rectificated C2-C7
g
wn
-,‘E_‘ Slighty
o 104 1-10 Rectificated €2-C7
]
v
0- ol not Rc.;-‘::ﬂ:vm.d
Group A Group B

{n=22) [n=29)

Table 24- Analytical data of Mann-Whitney Figure 71- Scatter plot of the mean level of

test of the C2-C7 rectification angle severity

score between two patient groups of A and

B.
Gaussian Treatment Group B
it T Cor.

165.0

Mean 211.8

SD 83.59

95% Cl likedihood)

Ampiitude -

Mean v

sp won

of Fit

Degrees of 26

R squared 0.6680

Sum of Squares 1081

Sy.x 6,478

Constraints

so sD>0

Number of points

#of X values 29

#Y values analyzed 29

Table 25- Analytical data of Gaussian
correlation test of the EASI levels vs. the C2-
C7 rectification angle severity score in

patients with severe Dermatitis.
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the C2-C7 rectification angle severity score in

each group of the study. Individual points

EASI vs. C2-C7 Rectification

Severity Score
z 407 r=0.66
g P<0.0001
g 30+ . ™ o“
8= «
g .}._1_,...... o
L)
Bt
0 Ll T Ll 1
0 20 40 60 80
EASI Unit

Figure 72- Scatter plot of the correlation
between the EASI levels and the C2-C7
rectification angle severity score in patients

with severe Dermatitis.



ix) Spondylolisthesis: Anterolisthesis and Retrolisthesis

Spondylolisthesis- the slippage of vertebra to forward or

backwards- diagnosed in almost 87% of the patients in the study. The
evaluation of data gathered from the spondylolisthesis observation
presented in Figure 73. There was a significant difference (P<0.0001)
between the severity level of spondylolisthesis in patients with mild EASI

and the patients with severe EASI.

Spondylolisthesis
Severity Score

s R 4- P<0.0001 4 o ——
Column B Group B
vs. vs,
Column A Group A . 5 L
Mann Whitnoy test T 34 Spondylolisthesis
P value <0,0001 2

@
Exact or approximate P value? Exact ]
P value summary = ‘g 2 A :
Significantly different (P < 0.05)7 Yes -g
One- or two-tailed P value? Two-tailed g

@ 1 Low-grade
Sum of ranks in column AB 2995, 1027 1 =l Spondylolisthesis
Mann-Whitney U 46,50
Difference between medians 0 E—
Median of column A 1,000, n=22 1 I
Dim:nn:' &I:::; 5 :,ooo = GroupA  GroupB

n=22) (n=29)

Difference: Hodges-Lehmann 2,000

Figure 73- Scatter plot of the correlation
Table26 - Analytical data of Mann-Whitney

between the EASI levels and the
test of the spondylolisthesis severity score

spondylolisthesis severity score in patients
between two patient groups of A and B.

with severe Dermatitis.

In addition, the Gaussian correlation test of EASI levels and the severity

level of spondylolisthesis clearly brings the result that there is a strong

correlation (r= 0.85) between these two factors (Figure74 ).
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Gaussian EASI vs. Spondylolisthesis

Best-fit values
Amplitude 4,037 .
sD 40,13 54 r=-0.85
95% ClI (profile likelihood) P<0.0001
2 44 LA __ame—— a9
Amplitude 3,795 to 4,393 E = i
Mean 48,37 t0 75,07 = :‘_; 3- we o o
]
] 32,73 to 55,70 E' &= o
Goodness of Fit ] 2 24 e®me
Degrees of Freedom 26 3. ‘g
R squared 0,8508 a o
Sum of Squares 3,426
Syx 0,3630
Constraints 0 : T . .
50 3020 0 20 40 60 80
Number of points
# of X values 29
#Y values analyzed 29

Table 27- Analytical data of Gaussian Figure74 - Scatter plot of the correlation
correlation test of the EASI levels vs. the between the EASI levels and the
spondylolisthesis severity score in patients spondylolisthesis severity score in patients

with severe Dermatitis. with severe Dermatitis.

x) Analysis of the Conventional Anterior-posterior (AP) View of the

Cervical Spine

Analysis of the conventional AP view of the spine has been divided into
three sections: AP1: the anterior-posterior analysis of the CIl- C2
segments; AP2: the anterior-posterior analysis of the C3-C5 segments; and

AP3: the anterior-posterior analysis of the C5-C7 segments. (Figure 75)
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- AP1 (Conventional Anterior-Posterior Open Mouth X ray

view 1)

The anterior-posterior analysis of the
cervical spine AP1 revealed a significant
difference (P<0.0001) between the API
severity score in patients with low EASI level
and patients with high EASI level (Figure 76).
On-the other hand, no correlation was found
between the AP1 severity score and the EASI
level (r=0.24) (Figure 77)
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Table Analyzed Treatment Group

AP1 Severity Sc.

Column 8 GroupB
¥S. VS,
Column A Group A
Mann Whitney test

P valus =0.0001
Exact or approximate P value? Exact

P value summary —
Significantly different (P < 0.05)7 Yes

One- or two-tailed P value? Two-tailed
Sum of ranks in column A.B 376, 950
Mann-Whitney U 123

Diff betwesn

Median of column A 0.000, n=22
Median of column 8 1.000,n=29
Difference: Actual 1.000
Difference: Hodges-Lehmann 1.000

Table 28- Analytical data of Mann-Whitney

test of the AP1 severity score between two

2.0

1.5

1.0

Severity Score Unit

AP1 Severity Score

= P<0.0001 15« Very Severely
Damaged AP1
Severely
LE-150  Damaged AP1
= 0.6-1 Moderately
Damaged AP1
— 0.1-05
Damaged AP1
R o Bl Mormal AP1-2

Group A
(n=22)

Group B
(n=29)

Figure 76- Scatter plot of the mean level of

the AP1 rectification angle severity score in

patient groups of A and B. each group of the study.
Gaussian Treatment Group B -
Bestic valuss AP1 Sev. Cor. EASI vs. AP1 Severity Score
Amplitude 1,032
Mean 98.94 2.5 r=0.24
sD 72.97 P<D.0001
25%Cl L E 2.0 e o @ . - -
Amplitude o s
tean — £ 154 =
so 26.28 F s
BRI $10- em e o . o
Degrees of Freedom 26 E
R squared 0.2405 < 554
Sum of Squares 8.AT1 !
Syx 0.5606 0.0 - - : :
%:‘le sSD>0 2 20 40 8 4
EASI Unit
Number of points
#of X values 29
#Y values analyzed 28

Table 29- Analytical data of Gaussian

correlation test of the EASI levels vs. the AP1

severity score in patients with severe

Dermatitis.
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Figure

77. Scatter plot of the correlation

between the EASI levels and the AP1 severity

score in patients with severe Dermatitis.



- AP2 (Conventional Anterior-Posterior X ray view 2)

The conventional anterior-posterior analysis of the C3-C5 (AP2) allowed
us to calculate the AP2 severity score in the patients. In the AP2 analysis,
there was a significant difference (P<0.03) between the groups A and B
(Figure 78), however, no correlation between AP2 severity score and EASI

level (r=0. 43) was found. (Figure 79).

TableAnalyzed  TreatmentGroup AP2 Severity Score
AP2 SeveritySe.
Column 8 Group B 2.5 P<0.03
vs. vs. -
Column A Group A
- Very Severely
2.0 L= Damaged AP2
Mann Whitney test -
P value 0.0291 g 1L6-15 D snm]lv
Exact or approximate P value? Exact o 1.5“' ez
P value summary 2 ]
o
Significantly different (P < 0.05)? Yes v 0.6-1 Moderately
One- or two-tailed P value? Two-tailed £ 1.0 Damaged AP2
Sum of ranks in column A.B 467, 859 §
Mann-Whitney U 214 Ig 0.1-0.5 Slightly
05 =1 Damaged AP2
Difference between medians =
Meodian of column A 1.000, n=22 ol nNormal AP2
Median of column B 1.000, n=29 0.0 T T
Difference: Actual 0.000 Group A Group B
Difference: Hodges-Lehmann 0.000 (n=22) [n=29)

Table 30- Analytical data of Mann-Whitney Figure 78- Scatter plot of the mean level of
test of the AP2 severity score between two the AP2 rectification angle severity score in

patient groups of A and B. each group of the study.
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Treatment Group B

Goodness of Fit

Degrees of Freedom

R squared

Sum of Squares

Sy.x

Constraints

S0

Number of points

#of X valuss

#Y values analyzed

B3

Table 31- Analytical data of Gaussian

correlation test of the EASI levels vs. the AP2

severity score in patients with severe

Dermatitis.

AP2 Severity Score
i}

-
1

EASI vs. AP2 Severity Score

r=0.43
P<0.03

EASI Unit

gure 79- Scatter plot of the corr

'tween the EASI levels and the AP2 s

ore in patients with severe Dermatii

- AP3 (Conventional Anterior-Posterior X

ray view 3)

Next, we analysed the conventional anteroposterior
projection of cervical segments C5-C7 (AP3)
(Figure 80). Next, we analysed the conventional
anteroposterior projection of cervical segments C5-

C7 (AP3) (Figure 80). There was not a significant

difference between the AP3 levels in the patients of

TG-A and TG-B (P<0.161) (Figure 81), or any
correlations with the level of EASI (r=0.38) (Figure

82).

Figure 80-

The AP2-AP3
projection of Cervical Spine.



e i AP3 Severity Score
AP3 Severity Sc.

Column Group8 3+ SioaE 2 Seversly
vs. vs. ) D AP
Column A Group A

=
Mann Whitney test g 2+ A2 m,
P value 0.1610 2
Exact or approximate P valus? Exact 8
P value summary ns o 1 - 01-1 Slightly
Significantly different (P < 0.05)7 No %‘ Damaged AP3
One- or two-tailed P value? Two-tailed 2
Sum of ranks in column A8 501, 825 2
Mann-Whitney U 248 0_ ...................

MNormal AP3

Dit
Median of column & 0.000, n=22
Median of column & 1.000,n=29 -1 T T
Differsnce: Actual 1.000 Group A Group B
Difference: Hodges-Lehmann 0.000 [n=22) (n=29)

Table 32- Analytical data of Mann-Whitney  Figure 81

test of the AP3 severity score between two

- Scatter plot of the mean level of

the AP3 rectification angle severity score in

patient groups of A and B. each group of the study.
Gaussian Treatment GroupB EASI vs. AP3 Severity Score
Best-fit values AP3 Sev. Cor.
Amplitude 2795 4 P<0.161
Mean 16.57 r=0.38
sD 2089 @
85% Cl likall E 3+ L ] [ ] L]
Amplitude 1.185 to 4,869 - N
sD 221510 9.504 § 27 il - .
Goodness of Fit & I.' \
Degrees of Freedom 26 o 14 ‘."I . . o
R squared -0.3845 <
Sum of Squares 45.35 \
Syx 1.321 0 T To T 1
Constraints 0 20 40 60 80
£0 020 EASI Unit
Number of points
# of X values 29
#Y values analyzed 29

Table 33- Analytical data of Gaussian

Figure 82- Scatter plot of the correlation

correlation test of the EASI levels vs. the AP3  between the EASI levels and the AP3 severity

severity score in patients with severe

Dermatitis.

score in patients with severe Dermatitis.
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B) Case Reports

In Figure 83 and Figure 84, clinical data are shown for a patient with
dermatitis on the scalp and a patient with dermatitis on the neck,
respectively. In addition, Figure 85 is presenting the data of a patient with
dermatitis of the upper part of the face.

In addition, according to the Trigeminal nerve map (See Figure 27), the
ophthalmic nerves have a great impact on inflammation of the skin around

the eyes. 295298

These illustrations may indicate the effect of spinal
biomechanical correction on normalizing the patient's CGRP level and
EASI score.

In Figure 89, analytical data of a 28-year-old patient diagnosed with
dermatitis in the eyes area and biomechanical alterations in AT-AX of the
cervical spine is presented. Interestingly, when decreasing the AT-AX
severity score level through chiropractic SMT, we found a significant

decrease in the CGRP level and, consequently, a significant reduction in

the EASI level.
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Figure 83- Case report 1: Analytical data obtained from a 41-year-old patient diagnosed with
dermatitis in the scalp and SBA in AT-AX, before and afte the chiropractic treatment- (A) Patient’s
clinical picture before chiropractic treatment, and (B) a clinical picture of inflammated area after
the chiropractic treatment. (C) a schematic of spinal cord highlighting C1-C2 and dermatome’s
scalp section (D) Analytical graph indicating the correlation of EASI level and AT-AX severity scores,
and, (E) Severity scores of different parts of the patient’s spine, before and after the chiropractic
treatment.
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Figure 84- Case report 2: Analytical data obtained from a 24-year-old patient diagnosed with
dermatitis in the neck and SBA in AT-AX, before and afte the chiropractic treatment- (A) Patient’s
clinical picture before chiropractic treatment, and (B) a clinical picture of inflammated area after
the chiropractic treatment. (C) a schematic of spinal cord highlighting C1-C2 and dermatome’s
scalp section (D) Analytical graph indicating the correlation of EASI level and AT-AX severity scores,
and, (E) Severity scores of different parts of the patient’s spine, before and after the chiropractic
treatment.
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Figure 85- Case report 3: Analytical data obtained from a patient diagnosed with dermatitis in the
upper face and SBA in AT-AX, before and afte the chiropractic treatment- (A) Patient’s clinical
picture before chiropractic treatment, and (B) a clinical picture of inflammated area after the
chiropractic treatment. (C) a schematic of spinal cord highlighting C1-C2 and dermatome’s scalp
section (D) Analytical graph indicating the correlation of EASI level and AT-AX severity scores, and,
(E) Severity scores of different parts of the patient’s spine, before and after the chiropractic
treatment.
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Figure 86- Case Report 4: Analytical data obtained from a 28 year old patient diagnosed with
dermatitis in the eye area and spine biomechanical alteration, before and afte ther chiropractic
treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical picture of
inflammated area after the chiropractic treatment. (C) Trigeminal nerves indicating the ophthalmic
division, which is corresponded with the skin’s inflammatory processes in the eye area. (D)
Analytical graph indicating the correlation of EASI level and AT-AX severity scores, and (E) Severity
scores of different parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 87- Case report 5: Analytical data obtained a patient diagnosed with dermatitis in the eye
area and spine biomechanical alteration, before and after chiropractic treatment- (A) Patient’s
clinical picture before chiropractic treatment, and (B) a clinical picture of inflammated area after
the chiropractic treatment. (C) Trigeminal nerves indicating the ophthalmic division, which is
corresponded with the skin’s inflammatory processes in the eye area. (D) Analytical graph
indicating the correlation of EASI level and AT-AX severity scores, and (E) Severity scores of different
parts of the patient’s spine, before and after the chiropractic treatment.
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Similarly, Figure 87, illustrates another patient with Dermatitis in the eye
area. The patient demonstrated a high severity score in cervical spine,
especially in C1 and C2. However, after chiropractic treatment the level of
spine severity score decreased and following that, the CGRP level and
EASI level reduced, significantly. This fact is evident when reviewing the
state of patient’s face, before and after the treatment.

In our study approximately 92% of the patients with alteration of cervical
spine diagnosed by dermatitis in their face. Figure 88 presents a patient in
our study with facial dermatitis. Additionally, she was diagnosed with
cervical spine biomechanical alteration and altered CGRP level in the first
visit. A summary of her data, before and after the chiropractic treatment,

is presented in Figure 88.
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Figure 88- Case report 6: Dermatitis of the face. Analytical data obtained from a patient diagnosed
with Dermatitis of the face and spine biomechanical alterations in cervical section, before and after
the chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a
clinical picture of inflammated area after the chiropractic treatment. (C) Trigeminal nerves
indicating the maxillary nerve, which is corresponded with the skin’s inflammatory processes in the
cheek area. (D) Analytical graph indicating the correlation of EASI level and AT-AX severity scores,
and (E) Severity scores of different parts of the patient’s spine, before and after the chiropractic
treatment.
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Moreover, Figure 89 presents clinical data of a 32-year-old woman with
dermatitis of the ear diagnosed with alteration of the spine in cervical part,
specifically in AT-AX. After the chiropractic treatment however, as the
level of spine severity score reduced in the patient, CGRP level and EASI
level nose-dived accordingly. A summary of severity scores, CGRP, and
EASI levels along with pictures, before and after the treatment, are
presented in Figure 89.

In addition, as mentioned before, trigeminal nerve is associated with
neurogenic inflammation of the face and has an association with alterations
in C1, C2, and C3. In Figure 90, a 7-year-old boy with Dermatitis in his
chin area (Mandibular division) is presented. In the first visit, the patient
was detected with a high cervical spine severity score (Cervical SpSS=29),
high EASI level (EASI =34), and altered CGRP level (CGRP= 3.4 pg/ml).
When the spinal correction was made through 6 sessions of chiropractic,
there was a significant improvement in all measured scores. This example,
and more similar examples of this study, may explain the correlation

between the EASI scores and AT-AX severity scores (r=0.82).
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Figure 89- Case report 7- Dermatitis of the ear- Analytical data obtained from a patient diagnosed
with dermatitis of the ear and SBA in cervical section, before and after the chiropractic treatment-
(A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical picture of inflammated
area after the chiropractic treatment. (C) Trigeminal nerves indicating the madibular nerve, which
is corresponded with the skin’s inflammatory processes in the ear area. (D) Analytical graph
indicating the correlation of EASI level and AT-AX severity scores, and (E) Severity scores of different
parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 90- Case report 8: Dermatitis of the chin- Analytical data obtained from a patient diagnosed
with dermatitis of the chin, SBS and SBA in cervical section, before and after the chiropractic
treatment,- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical picture of
inflammated area after the chiropractic treatment. (C) Trigeminal nerves indicating the madibular
nerve, which is corresponded with the skin’s inflammatory processes in the chin area (D) Analytical
graph indicating the correlation of EASI level and cervical SpSS, and (E) Severity scores of different
parts of the patient’s spine, before and after the chiropractic treatment.
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In addition, clinical data of a 68-year-old patient with dermatitis in the
chest and inner part of the arm and sever SBA in the cervical section of the
spine is presented in Figure 91. Also, in Figure 92, clinical data of a 59-
year-old patient with dermatitis in the shoulder and outer part of the arm
and sever SBA in the cervical section of the spine is presented, before and
after the treatment. Both patients diagnosed by Spondylolistheses and

cervical spine’s alteration.
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Figure 91- Case report 9- Dermatitis of the chest and inner part of the arm- Analytical data obtained
from a patient diagnosed with dermatitis on the chest and arms and SBA in cervical section, before
and after the chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment,
and (B) a clinical picture of inflammated area after the chiropractic treatment. (C) Netter’s
dermatome map indicating the area of skin provided by cutaneous divisions of a single spinal
nerve, (D) Analytical graph indicating the correlation of EASI level and Cervical SpSS, and (E)
Severity scores of different parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 92- Case report 10: Dermatitis of the shoulder and outer part of the arm- Analytical data
obtained from a patient diagnosed with dermatitis on the shoulder and outer part of the arm and
severe SBA in cervical section, before and after the chiropractic treatment- (A) Patient’s clinical
picture before chiropractic treatment, and (B) a clinical picture of inflammated area after the
chiropractic treatment. (C) Netter’s dermatome map indicating the area of skin provided by
cutaneous divisions of a single spinal nerve, (D) Analytical graph indicating the correlation of EASI
level and Cervical SpSS, and (E) Severity scores of different parts of the patient’s spine, before and
after the chiropractic treatment.
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4.2.2 Sagittal balance of the spine (SBS)

A) Analytical Data

Data collected from the sagittal (lateral) view radiographs revealed a
significant difference (P<0.0001) between the level of SBS severity score
between groups A and group B (Figure 93). In addition, the nonlinear
Gaussian test of the SBS severity score and EASI level in the patients with

high EASI level, revealed an important correlation (r=0.88) (Figure 94).

M’m—:m"w":"; SBS Severity Score
SBS SeveritySe.
Solumn B Sroup B 150 - P<0.0001
vs. VS,
Column A Group A
=
e e s
val A -]
Exact or approximate P value? Exact 5100- ®
P m a v
Slanificantly different (P < 0.05)7 Yes z % Sadieal
One- o two-tailed P value? Two-tailed g < M vamageases
Sum of ranks in column AB 379, 947 & 504 b
Mann-Whitney U 126 0‘:.’.
o5 o.a0 [l Modrately
» Damaged 585
Difference between medians
Median of column A 4.200, n=22 . L = 1-20 Dm“
Median of column B 2210,n=20 é 800,%,
Difference: Actual 1780 0- 1 e st
Differance: Hodges-Lehmann 18.15 Group A Group B

[n=22) (n=29)

Table 34- Analytical data of Mann-Whitney Figure 93- Scatter plot of the mean level of
test of the SBS severity score between two the SBS severity score in each group of the

patient groups of A and B. study. Individual points
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GroupB EASI vs. SBS Severity Score

Bestfitvalues ~ SBSSev.Score
Amplitude 1602
Mean 250.4 1509 =088
B 75.83 P<0.0001
95% €I {profile likelihood) o
o g 100 .
Mean ]
&0 e % ,/"
Goodness of Fit § 50 ,.0"
Degrees of Freadom 26 v ? L] .’#
R squared 0.8851 a e
Sum of Squares 1918 L
Syx 8,580
Constraints
sD sD=0
Number of points
#of X values 29
#Y values analyzed 29

Table 35- Analytical data of Gaussian Figure 94- Scatter plot of the correlation
correlation test of the EASI levels vs. SBS between the EASI levels and SBS severity
severity score in patients with severe score in patients with severe Dermatitis.

Dermatitis.

B) Case reports

As previously mentioned, in our study, analysing the data collected from
the X-Ray photography of the sagittal balance of the spine demonstrated
that there is a significant correlation (r = 0.88) between the SBS severity
score and the EASI level. Figure 95 and Figure 97 show two patient of our
treatment group both diagnosed with alteration of sagittal spine balance.
According to his data, a high severity score calculated in the cervical and
lumbar sections that may resulted to neurogenic inflammation of the skin,
and accordingly, manifested as dermatitis in the neck, upper side of the

chest, arms and hands.
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Figure 95- Case report 11: Dermatitis of the neck, chest and inner part of the arm - Analytical data
obtained from a patient diagnosed with dermatitis on the neck, chest and inner part of the arm,
and severe SBA in cervical and thoracic section, before and after the chiropractic treatment- (A)
Patient’s clinical picture before chiropractic treatment, and (B) a clinical picture of inflammated
area after the chiropractic treatment. (C) Netter’s dermatome map indicating the area of skin
provided by cutaneous divisions of a single spinal nerve, (D) Severity scores of different parts of the
patient’s spine, before and after the chiropractic treatment.
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Figure 96- Analytical data of the case report 11: Analytical graphs indicating the (A) correlation of
EASI level and the cervical total SpSS and (B) correlation of EASI level and the total thoracic SpSS,
(C) correlation of EASI level and the SBS Severity score, and (D) CGRP level, EASI score, Cervical
SpSS, Thoracic SpSS, and SBS severity score, before and after the treatment, in the patient reffered

in case report 11.
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Figure 97- Case report 12: Dermatitis of the hand - Analytical data obtained from a patient
diagnosed with dermatitis on the hand and severe SBA in cervical section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and Cervical SpSS, and (E) Severity scores of different
parts of the patient’s spine, before and after the chiropractic treatment.
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4.2.3 Thoracic Spine Severity Score Analysis
A) Analytical Data

The thoracic spine consists of twelve vertebral segments (T1-T12) that
shape the middle section of the spine. The result of the analysis in this
section is based on the review of the radiographic lateral views of the
patients' spine.

The result of this section is gathered from reviewing the lateral X-Ray
photos of the patients’ spine. As it is presented in Figure 98, there is a
significant difference between Thoracic spine total severity score in

patients with mild Dermatitis and patients with severe Dermatitis.

Thoracic Spine

Table Theracic Total Total Severity Scores
Column B Group B
vs. . S, P<0.0001
Column A Group A 40 -
Severely
Mann Whitney test
P valua <0,0001 - 20< Dmn;:h'r:m;d:
Exact or approximate P value? Exact 5 30 .,
P value summary - o »
Significantly different (P < 0.05)? Yes § e Moderately
11-20 [ Damaged Thoracic
One-or two-tailed P value? Two-talled z 20- S s
= b
Sum of ranks in column AB 338, 988 [ oo
Mann-Whitney U 8 3 o Sxly
v Ll L] 1-10 B pamaged Thoracic
Ditse 104 o2 ° Spine
rence between medians *e_0_ 0 ese__ 8
(1]
Median of column A 6,500, n=22 soqeqe °
Median of column B 19,00, n=29 0 ; . o mm‘siollLWMI
Difference: Actual 12,50 -
Group A Group B
Difference: Hodges-Lehmann 12,00

Table36 - Analytical data of Mann-Whitney  Figure 98- Scatter plot of the mean level of
test of the Thoracic spine total severity score  the Thoracic spine total severity score in each

between two patient groups of A and B. group of the study.

In addition, analysing those data using Gaussian non-linear test indicates
us, that the correlation between Thoracic total severity scores and EASI

levels are not meaningful. However, as the R value calculated so close to
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the significant area, we strongly suggest further investigation on the
correlation of EASI and Thoracic severity score, with a larger sample

group. (Figure 99)

Gaussian EASI vs. Thoracic Spine
Best-fit values 2
Amplitude 2480 Total Severity Score
Hean 50,94 40
= 3225 r=-0.69
95% Cl (profile likelihood e .0 P<0.0001
Amplitude 21,97 to 27,87 § . ® ¢ ®
et 429110 77,71 'E 20- ° & :: o
- -® % °
SD 24,69 to 52,64 & i
Goodness of Fit - o
Degrees of Freedom 26 Jg 104 —
R squared 0,6981 = (']
Sum of Squares 454,7
Sy.x 4,182 0 | : ' ;
Constraints
5;“ SD>0 0 20 40 60 80

Number of points
# of X values 29

#Y values analyzed 29

Table37 - Analytical data of Gaussian Figure 99- Scatter plot of the correlation
correlation test of the EASI levels vs. Thoracis  between the EASI levels and Thoracis spine
spine total severity score in patients with total severity score in patients with severe

severe Dermatitis. Dermatitis.

i) T1-T2 (Thoracic segments T1 and T2) Severity Score Analysis

By analysing the thoracic segments T1 and T2 in study patients, no
significant difference (P<0.067) between two groups A and B was found.
(Figure 100). Furthermore, there was no correlation (r=0.29) between T1-

T2 severity score and the EASI levels (Figure 101).
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T1-2 Severity Score

Table Analyzed Treatment Group
T4-2 Severity Sc. 3

Column B Group B P<0.067
vs. vs. -
Column A Group A

%
Mann Whitney test S 2 e
P value 0.0671 o
Exact or approximate P value? Exact S
P value summary ns A
Significantly differant (P < 0.05)7 No -E
One- of two-tailed P value? Two-tailed 2 14 oL
Sum of ranks in column A.B 479, 847 3
Mann-Whitney U 226 o
Difference betwesn
Median of column A 1.000, n=22 0 _I_ T
Median of column B 2.000,n=29 Group A Group B
Difference: Actual 1.000 {n=22) (n=29)
Difference: Hodges-Lehmann 1.000

Severely
Damaged T1-2

Moderately
Damaged T1-2

Slightly
Damaged T1-2

Normal T1-2

Table 38- Analytical data of Mann-Whitney  Figure 100- Scatter plot of the mean level of

test of the T1-2 severity score between two

patient groups of A and B.
Gaussian Treatment Group B
Best.fit values T1-2 Sev. Cor.
Amplitude 2.281
Mean 4546
sD 2827
85% Cl [l
Amplitude 1.710 to 2.965
Mean 35.08t0 777
SD 17.4910 727
Goodness of Fit
Degrees of Freedom 26
R squared 0.2922
Sum of Squares 20.55
Syx 0.8891
5D SD>0
Humber of points
#of X values 29
#Y values analyzed 29

Table 39- Analytical data of Gaussian

the T1-2 severity score Severity score in each

group of the study.

T2 Severity Score

EASI vs. T1-2 Severity Score

r=-0.29
P<0.067

40
EASI Unit

Figure 101- Scatter plot of the correlation

correlation test of the EASI levels vs. T1-2 between the EASI levels and T1-2 severity

severity score in patients with severe

Dermatitis.

score in patients with severe Dermatitis.
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ii) T3 (Thoracic segment T3) Severity Score Analysis

Calculation of Thoracic 3 severity scores are presented in Figure 102.
There was a significant difference (P<0.04) between the T3 severity score
in groups A and B; but there was no correlation between T3 severity score

and EASI level (r=0.46) (Figure 103).

TableAnahzed  TreamemGroup T3 Severity Score
T3 Severity Sc.
Column B Group B 3+ P<0.04 2¢
vs. VS, Damaged T3
Column A Group A
Monn Whitney test E 24 Dameged s
P valus 0.0389
Exactor approximate P value? Exact g
P value summary L v 44 Shety
Significantly different (P < 0.05)7 Yes Fy Damaged T3
One- or two-talled P value? Two-tailed P
Sum of ranks in column AB 470.5,8555 o
Mann-Whitney U 217.5 L4l 0- Normal T3
Difference between medians
Median of column A 0.000, n=22
Median of column B 1.000, n=20 -1 T T
Difference: Actual 1.000 Group A Group B
Difference: Hodges-Lehmann 1.000 {n=22) (n=29)

Table 40- Analytical data of Mann-Whitney Figure 102- Scatter plot of the mean level of
test of the T3 severity score between two the T3 severity score Severity score in each

patient groups of A and B. group of the study.
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Gaussian Treatment Group B

valu T3Sev.Cor. EASI vs. T3 Severity Score
Amplitude 2.257
Mean 50,99 4- r=0.46
sD 29.52 P<0.04
95% Cl (profile likelihood) g 3 . e ®
Amplituds 1620 3
Mean 42.47 z ——

T 2+ . o8 0¥ .

SD 1777 ] -
Goodness of Fit & e
Degrees of Freedom 26 R e s .
R squared 0.4641 2]
Sum of Squares 18.37 o r 1 v 1
Syx 0.9630 0 20 40 60 80
sD sD>0 EASI Unit
Number of points
#of X values 29
#Y values analyzed 29

Table 41- Analytical data of Gaussian Figure 103- Scatter plot of the correlation
correlation test of the EASI levels vs. T3 between the EASI levels and T3 severity score
severity score in patients with severe in patients with severe Dermatitis.

Dermatitis.

iii) T4-TS (Thoracic segments T4 and TS) Severity Score Analysis

The measurement of T4 and TS5 severity score revealed a significant
difference (P<0.04) between the two groups of patients, A and B. (Figure
104), however, there was no significant correlation between-EASI level

and T4-T5 severity score (r=0.46) (Figure 105).
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Table Anal Treatment Grou
T4-5 Severity Sc.

Column 8 Group 8

s, VS,

Column A Group A

Mann Whitney test

P valus 0.0105

Exact or approximate P valua? Exact

P value summary

Significantly different (P < 0.05)7 Yes

One- or two-tailed P value? Two-tailed

Sum of ranks in column A.B 448, 878

Mann-Whitney U 195

Dife: b

Median of column A 0.000, n=22

Median of column B 1.000, n=29

Difference: Actual 1.000

Difference: Hodges-Lehmann 1.000

Severity Score Unit

T4-5 Severity Score

2.0+

0.5+

0.0

-0.5

P=0.01

Severely
Damaged T4-5

Moderately
Damaged T4-5

1.1-15

Moderately
Damaged T4-5

stightly

01-0S B oamagedTa:s

L Normal T4-5

1 Ll
Group A Group B
[n=22) [n=29)

Table 42. Analytical data of Mann-Whitney Figure 104. Scatter plot of the mean level of

test of the T4-5 severity score between two

the T4-5 severity score Severity score in each

patient groups of A and B. group of the study.
EASI vs. T4-5 Severity Score

Gaussian Treatment Group B
Best-fit valuss T4-5Sev. Cor. 2.5- r=-0.44
Amplitude 2375 - P=0.011
Mean 107.6 >
D 5417 5 2.0+ L] L] ® ]
95% Cl (profile likelihood) @ s
Amplitude s £ 1.5+ e
Mean 47.33 o S

o >
S0 = 3 1.0 ® o0 0 o
Goodness of Fit n //-"'
Degrees of Freedom 26 2 054 _—
R squared 0.4459 -
Sum of Squares 7.452 0.0 R—
Syx 05354 bt L T T 1
i 0 20 40 60 80
52 So-b EASI Unit
#of X values 29
#Y values analyzed 29

Table 43. Analytical data of Gaussian

Figure 105. Scatter plot of the correlation

correlation test of the EASI levels vs. T4-5 between the EASI levels and T4-5 severity

severity score in patients with severe

Dermatitis.

156

score in patients with severe Dermatitis.



Next, we analyzed the severity score of segments T6 to T9 and we have
encountered a similar situation. There were significant differences between
the T6 to T9 levels in each group, however, there was no correlation
between these severity scores and EASI levels. These results are shown

below in Figure 106- Figure 113.

iv) T6 (Thoracic segment T6) Severity Score Analysis

Table An Treatment Grou T6 Severity Score
T6 SeveritySe.

Column B Group B 3+ P=0.017 2< Sy

& = Damaged T6

Column A Group A

Mann Whitney test % sl
Damaged T6

P value 0.0105 -

Exactor approximate P value? Exact g

P value summary = Wy Slightly

Significantly different (P < 0.05)? Yes Z Damaged T6

One- or two-tailed P value? Two-tailed =

Sum of ranks in column A,B 448, 878 g

Mann-Whitney U 195 g Normal T6

Difference between medians

Median of column & 0.000, n=22

Median of column B 1.000, =29 -1 T T

Difference: Actual 1.000 Group A Group B

Difference: Hodges-Lehmann 1.000 {n=22) {n=29)

Table 44- Analytical data of Mann-Whitney Figure 106- Scatter plot of the mean level of

test of the T6 severity score between two the T6 severity score Severity score in each

patient groups of A and B. group of the study.
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Gaussian TroatmentGroupB EASI vs. T6 Severity Score

Best-fit values. TG Sev.Sc.

Amplitude 2375 2.5+ r=-0.44

Mean 107.6 7 P=0.017

sD 5447

95% CI (profile likelihood) g 24 = o SR
Amplitude i @ //../

Mean 47.33 £ 197 S

sD wane E e

Goodness of Fit 2 1.0 ®sem e o m

Degrees of Freedom 26 © =

R squared 0.4459 0.54

Sum of Squares 7.452

Syx 0.5354 0.0 *—p T T 1
Constraints 0 20 40 60 80
= — EASI Unit

Number of points

#of X values 29

#Y values analyzed 29

Table 45- Analytical data of Gaussian Figure 107- Scatter plot of the correlation
correlation test of the EASI levels vs. T6 between the EASI levels and T6 severity score
severity score in patients with severe in patients with severe Dermatitis.

Dermatitis.
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v) T7 (Thoracic segment T7) Severity Score Analysis

Table Analyzed Treatment Group T7 Severity Score
7 Severity Sc.
Column B Group B 3 P<0.05
vs. vs. 5 Severely
Column A Group A =T Damaged T7
= E
Mann Whitney test
P valus 0.0499 g 2- 11-2 mewn
Exact or approximate P value? Exact 8
P value summary et v
Significanty different (P <0057 Yes ¥
One- or two-tailed P valus? Two-tailed o =
Sum of ranks in column A8 470,856 E 1 011 f sihty
Mann-Whitney U 7
Difference n median -
Median of column A 1.000, n=22
Median of column 8 2.000,n=29 0 T T © M Nomai1?

Difference: Actual

1.000

Difference: Hodges-Lehmann

1.000

Group A Group B
(n=22) {n=29)

Table 46- Analytical data of Mann-Whitney Figure 108- Scatter plot of the mean level of

test of the T7 severity score between two

patient groups of A and B.
Gaussiand.58 TreatmentGroupB
Bestfit values 17 Sev.Cor
Amplitude 2.513
Mean 60.64
sD 35.39
85% CI likalihood
Amplitude 1.917
Mean 40.92
sD 20.77
Goodness of Fit
Degrees of Freedom 26
R squared 0.4430
Sum of Squares 18.48
Syx 0.8430
Constraints
SD SD>0
Number of points
# of X values 28
#Y values analyzed 2

Table 47- Analytical data of Gaussian

correlation test of the EASI levels vs. T7

severity score in patients with severe

Dermatitis.

the T7 severity score Severity score in each

group of the study.

EASI vs. T7 Severity Score

4 r=-0.44
P<0.05
£ 3 . L] L] LSS
8
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3
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Figure 109- Scatter plot of the correlation
between the EASI levels and T7 severity score

in patients with severe Dermatitis.
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vi) T8 (Thoracic segment T8) Severity Score Analysis

Table Analyzed
Column B Group B
¥s, VS,
Column A Group A
Mann Whitney test
P value 0.0114
Exact or approximate P value? Exact
P value summary 2
Significantly different (P < 0.05)7 Yes
One- or two-tailed P value? Two-tailed
Sum of ranks in column A.B 446.5, B79.5
Mann-Whitney U 1935

m
Median of column A 0.000, n=22
Median of column B 1.000, n=29
Difference: Actual 1.000
Difference: Hodges-Lehmann 1.000

Table 48- Analytical data of Mann-Whitney

test of the T8 severity score between two

patient groups of A and B.
Gaussian Treatment Group B
Best-fit values T8 Sev. Cor.
Amplitude 6039
Mean 7319
sD 169.0
95% CI likelihood
Amplitude —
Mean Loz
sD e
Goodness of Fit
Degrees of Freedom 26
R squared 0.4150
Sum of Squares 15.29
Sy.x 0.7668
Constraints
sD $D>0
#of X values 29
#Y values analyzed 29

Table 49. Analytical data of Gaussian

T8 Severity Score
2.5= P=0.011 e Sevaroly
Damaged T8

& 2.0 & 11-2 :.‘::"':"_':
=
3 1.5-
8
> 1.0 o1 [ e
5
2 0.5+

0.0+ o Normal T8

'0.5 T T

Group A Group B

(n=22} [n=29)

Figure 110- Scatter plot of the mean level of

the T8 severity score Severity score in each

group of the study.

T8 Severity Score

EASI vs. T8 Severity Score

r=-0.41
P=0.011

EASI Unit

Figure 111. Scatter plot of the correlation

correlation test of the EASI levels vs. T8 between the EASI levels and T8 severity score

severity score in patients with severe

Dermatitis.
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vii) T9 (Thoracic segment T9) Severity Score Analysis

Analysis of the T9 data gathered from 51 patients demonstrated a
significant difference between groups A and B (Figure 112). In addition,
there was a slight correlation between T9 severity score and EASI levels.

(Figure 113)

Table Analyzed Trestment Group T9 Severity Score
T9 Severity Sc.

Column B Group B 3 P=0.0012 e Severely
b S VS, Damaged T9
Column A Group A

= 2 [l moderately
Mann Whitney test £ 2+ Y12 pamagedts
P value 0.0012 o
Exact or approximate P value? Exact g
P value summary = w & 01-1 slightly
Significantly different (P < 0.05)7 Yes z1 Damaged T3
One- or two-tailed P value? Two-tailed §
Sum of ranks in column A B 410.5.915.5 3:
Mann-Whitney U 157.5 04- 0 Normal T9
Difference betwesn medians
Median of column A 1.000, n=22
Median of column B 2.000,n=29 -1 T
Difference: Actual 1.000 G A G s
Difference: Hodges-Lehmann 1.000 o rup.

Table 50- Analytical data of Mann-Whitney Figure 112- Scatter plot of the mean level of

test of the T9 severity score between two the T9 severity score Severity score in each

patient groups of A and B. group of the study.
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SGaussian TosmentSous EASI vs. T9 Severity Score

Best-fit values T8 Sev. Cor.

Amplitude 2.776

5 50.14 49 r=-0.65

sD 32.43 FOD0ze

95% C {profile likelihood) £ 34 ° o o
Amplitude 2.303t0 18.38 - —

Mean 46.34 to 248.0 Z o

sD 22.72 1o 98,88 CRch | RO R D

Goodness of Fit E ,_/"'

Degrees of Freedom 26 2 14 ‘._.- G *

R squared 0.6507 xE

Sum of Squares 10.77

Syx 0.6436 0 - T T T 1
Constraints 0 20 40 60 80
s s0>0 EASI Unit
Number of points

#of X values 29

#Y values analyzed 29

Table 51- Analytical data of Gaussian Figure 113- Scatter plot of the correlation
correlation test of the EASI levels vs. T9 between the EASI levels and T9 severity score
severity score in patients with severe in patients with severe Dermatitis.

Dermatitis.

viii) T10 (Thoracic segment T10) Severity Score Analysis

Analysis of the T10 severity score data, gathered from the study patients,
demonstrated a significant difference between groups A and B (Figure
114). Additionally, unlike the T1-T9 segments, we found a strong
correlation between T10 severity score and EASI levels (1= 0.87) (Figure

115).
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Treatment Group
Table Analyzed T10 Severity Sc.
Column B Group B
L 21 5
Column A Group A
Mann Whitney test
P value <0.0001
Exact or approximate P value? Exact
P value summary i
Significantly different (P < 0.05)7 Yos
One- or two-tailed P valye? Two-talled
Sum of ranks in column A.B 358.5, 967.5
Mann-Whitney U 105.5
Difference between medians
Median of column A 2,000, n=22
Median of column B 3.000, n=29
Difference: Actual 1.000
Difference: Hodges-Lehmann 2.000

Table 52- Analytical data of Mann-Whitney

test of the T10 severity score between two

patient groups of A and B.
Gaussian Treatmant Group B
Best-fit values. T10Sev.Cor.
Amplitude 8.204
Mean 75.35
SD 39.34
95% Cl (profile likelihood)
Amplitude 6.992 to 20.41
Mean 58.28to 158.4
S0 20.811to0 71.58
Goodness of Fit
Degrees of Freedom 26
R squared 0.8722
Sum of Squares 20.21
Sy.x 0.8816
Constraints
sD SD=0
#of X values 20
#Y values analyzed Fa

Table 53- Analytical data of Gaussian

Severity Score Unit
o
]

2 -

T10 Severity Score

P<0.0001 o Severely
Damaged T10

Moderately
Damaged T10

4.1-6

TR Moderately
Damaged T10

slightly

L Damaged T10

[}
T T Normal T10

Group A Group B
{n=22) {n=29)

Figure 114- Scatter plot of the mean level of

the T10 severity score Severity score in each

group of the study.

EASI vs. T10 Severity Score

T10 Severity Score
o
L

104 r=0.87
P<0.0001
B8+ -
-~
S
L] -
L ] L ]
4 L] .
oo/“-
24 @
L
o T T T 1
(1] 20 40 60 80
EASI Unit

Figure 115- Scatter plot of the correlation

correlation test of the EASI levels vs. T1I0 between the EASI levels and T10 severity

severity score in patients with severe

Dermatitis.

score in patients with severe Dermatitis.
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ix) T11 (Thoracic segment T11) Severity Score Analysis

When analyzing the T11, we found a slightly significant difference
(P<0.045) between groups A and B (Figure 116). In addition, there was a
modest correlation (r=0.61) between T11 severity score and the EASI
levels. (Figure 117).

bl TramBi T11 Severity Score
T 11 Sewverity Sc.
Column B Group B P=0.04
Vs, vs. 1.5+ " 1¢ Sevaraly
Column A Group A Damaged T11
Mann Whitney test
Moderately

P value 0.0422 . 1.0 Pl camageaTis
Exactor ximate P value? Exact ‘e
P value summary . =
Significantly different (P < 0.05]7 __ Yes £ e Stightly
One- or two-tailed P valus? Two-tailed & 0.5 i Damaged T11
Sum of ranks in column A.B 474,852 z
Mann-Whitney U 221 =

>

[T} = CETRTT [T o Normal T11
Diffarance b v 0'0
Median of column A 0.000, n=22
Median of column B 1.000, n=29
Difference: Actual 1,000 _0 5
Difference: Hodges-Lehmann 0.000 ° Gm!ap A Grolup B

[n=22) {n=29}

Table 54- Analytical data of Mann-Whitney Figure 116- Scatter plot of the mean level of
test of the T11 severity score between two the T11 severity score Severity score in each

patient groups of A and B. group of the study.
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Gaussian

Treatment Group B

Best-fit values

T11Sev.Cor.

Amplitude

4,467

Mean

141.3

5D

56.73

Cl {profile likeli
Amplitude

Mean

wane
e

Goodness of Fit

Degrees of Freedom

26

0.6180

Sum of Squares

4.505

Sy.x

0.4163

Constraints

5D

SD=0

Number of points

#of X values

#£Y values analyzed

b4

Table 55. Analytical data of Gaussian

correlation test of the EASI levels vs. T11

severity score in patients with severe

Dermatitis.

T11 Severity Score

EASI vs. T11 Severity Score

2.5+ r=0.61

2.0 L]
1.5+ o

1.04 . ®

P<0.04

Figure 117. Scatter plot of the correlation

between the EASI levels and T11 severity

score in patients with severe Dermatitis.

x) T12 (Thoracic segment T12) Severity Score Analysis

The analysis of the last thoracic vertebra, T12 that, although there was
significant difference (P<0.0001) between groups A and B (Figure 118),
there was no correlation (r=0.32) between T12 severity score and the EASI

levels (Figure 119).
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Table A Treatment Grou)
Ti2SeverityScore

ColumnB Group B

Vs, Ve,

Column A Group A

Mann Whitney test

P value =0.0001

Exact or approximate P value? Exact

P valus summary o

Significantly different(P<005)? ___Yes

One- or two-tailed P value? Two-talled

Sum of ranks in column AB 350,976

Mann-Whitney U 97

Dif b

Median of column A 18.75,n=22

Median of column B 36.50, n=29

Difference: Actual 17.75

Difference: Hodges-Lehmann 14,60

Table 56- Analytical data of Mann-Whitney

test of the T12 severity score between two

patient groups of A and B.
Gaussian Treatment Group B
Best-fit values T12 Sav. Cor.
Amplitude 63.24
Mean 1443
SD 109.8
95% Cl (profile likelihood)
Amplitude L
Mean -
sD oo
Goodness of Fit
Degrees of Freedom 26
R squared 10,3239
Sum of Squares 2709
Sy.x 10.21
Constraints.
sD SD=0
Number of pointe
#of X values 29
#Y values analyzed 29

Table 57. Analytical data of Gaussian
correlation test of the EASI levels vs. T12
severity score in patients with severe

Dermatitis.
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Figure 118- Scatter plot of the mean level of
the T12 severity score Severity score in each

group of the study. Individual values

EASI vs. T12 Severity Score

B0 r=-0.32
P<0.0001
-
60 .
|§ . e _._-
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o T T T 1
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Figure 119. Scatter plot of the correlation
between the EASI levels and T12 severity

score in patients with severe Dermatitis.



All in all, the data provided in the previous section showed a strong

correlation between T10 severity score and EASI levels (= 0.87)

B) Case Reports

According to Netter's Dermatome map, cautious nerve fibres innervated
from thoracic spine, have a great impact on the human skin in trunk and
arms area. (Figure 28) In Figure 120, Figure 121, and Figure 122, analysis
of data and clinical pictures of a patients with dermatitis in trunk and inner
part of the arm, dermatitis in the back, and dermatitis of the abdomen, are
presented respectively. As presented through these figures, when
correcting the SBA in the thoracic section through chiropractic treatment
and reducing the level of thoracic spine severity scores, the level of CGRP

is reduced, and accordingly, the level of EASI score has been decreased.
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Figure 120- Case report 13: Dermatitis of the inner part of the arm and trunk- Analytical data
obtained from a patient diagnosed with dermatitis on the inner part of the arm and trunk, and
severe SBA in thoracic section, before and after the chiropractic treatment- (A) Patient’s clinical
picture before chiropractic treatment, and (B) a clinical picture of inflammated area after the
chiropractic treatment. (C) Netter’s dermatome map indicating the area of skin provided by
cutaneous divisions of a single spinal nerve, (D) Analytical graph indicating the correlation of EASI
level and the total thoracic SpSS, and (E) Severity scores of different parts of the patient’s spine,

before and after the chiropractic treatment.
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Figure 121- Case report 14: Dermatitis of the back- Analytical data obtained from a patient
diagnosed with dermatitis on back, and severe SBA in thoracic section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total thoracic SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 122- Case report 15: Dermatitis of the abdomen- Analytical data obtained from a patient
diagnosed with dermatitis on the abdomen, and severe SBA in thoracic section, before and after
the chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a
clinical picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total thoracic SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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4.2.4 Lumbar Spine Segments Severity Score Analysis

A) Analytical Data

The lumbar spine segments are located at the bottom of the spine, between
the thoracic and the sacral segments. It is structured by five separate
vertebrae that are the largest vertebrae in the human spine. The lumbar
segments help the spine to support its structure. To facilitate the analysis,
we divided the lumbar segments in two groups of segments: Lumbar 1 -
Lumbar 2 (L1-L2) and Lumbar 3 -Lumbar 5 (L3-L5).

As it is presented in Figurel23 , there is a significant difference in the
situation of Lumbar spine in patients with mild Dermatitis and patients
with severe Dermatitis. Moreover, correlation between the level of EASI
levels and Lumbear spine total severity score is presented in Figure 124. As
it is indicated, the r square of non-linear test is calculated 0.697 that is very
close to the significant area (minimum significancy: r=0.70). Nevertheless,
statistically we cannot take it as a meaningful correlation, and we suggest

further studies on the correlation of Lumbar spine and Dermatitis.
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Lumbar Spine

Table Lumbar Total .
i Tttt e — Total Severity Scores
Column B Group B
vs. vs, 150 P<0.0001
Column A Group A il

100 < Damaged Lumbar
Mann Whitney test ole Spine
P value <0,0001 = o
Exact or approximate P value? Exact 5 .l. Moderately
P value summary —— o 100 w‘ 51-100 B Damaged Lumbar
Significantly different (P < 0.05)? Yos 8 a2 LT o ) -
One- or two-tailed P value? Two-tailed o ?
Sum of ranks in column AB 263 , 1063 'E Stightly
Mann-Whitney U 10 & 50 1 I et ki

Spine

Difference between medians
Median of column A 79,00, n=22
Median of column B 89,00, n=29 0 o Normal Lumbar
Difference: Actual 20,00 1 1 Spine
Difference: Hodges-Lehmann 20,00 G:::';}A G{r;uzgp's

Figure123 - Scatter plot of the mean level of
Table58 - Analytical data of Mann-Whitney

the Lumbar Spine Total severity score
test of the Lumbar Spine Total severity score

Severity score in each group of the study.
between two patient groups of A and B.

Individual values

Gaussian Lumbar Total Score EASI vs. Lumbar Spine
Gausslan  LumbarTotalScore p

Bestfit val :

oy — Total Severity Score

Mean 1389 140 r=0.697

L2 4178 P<0.0001

95% Cl (profile likelihood) o oo .
Amplitude 3 ] //.

Mean 6428 @ 204

o z 120 . . =

Goodness of Fit E /~" .

Degrees of Freedom 26 & : .// %

R squared 0,6978 —_ . - °

Sum of Squares 1835 g 100 A L .

Syx 8,400 = :'/ ®

Constraints

sD SD>0 80 Sicn ; : :
Number of points 0 20 40 60 80
#of Xvaues 2 EASI Unit

#Y values analyzed 29

Table59 - Analytical data of Gaussian Figure 124- Scatter plot of the correlation

correlation test of the EASI levels vs. Lumbar  between the EASI levels and Lumbar Spine
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Spine Total severity score in patients with Total severity score in patients with severe

severe Dermatitis. Dermatitis.

i) L1-L2 (Lumbar spine segments L1 - L.2) Severity Score Analysis

Analysis of the data collected from L1 and L2 showed a significant
difference between the severity score level in both groups A and B
(P=0.0021). (Figure 125). The nonlinear Gaussian test of the L1 severity
score and EASI level in the patients, indicated a good correlation between

those data sets (r=0.81). (Figure 126).

Table Analyzed Lumbar 1 L1 Severity Score
Treatment Group
Column B Group B 84 P=0.0021
vs. vs,
Column A Group A Savaidl)
- A= Damaged L1

Mann Whitney test £ 6+
P value 0,0021 =
Exact or approximate P value? Exact '3-
P value summary i P "
Significantly different (P < 0.05)? __Yes z 4 L] (i bl
One- or two-tailed P value? Two-tailed =
Sum of ranks in column A,B 416,910 i

X slightly
Mann-Whitney U 163 24 2 Dacged 13
Difference between medians
Median of column A 2,000, n=22
Median of column B 4,000, n=29 0 T ; 8 iannalky
DI ce: | 2,000
Difference: Hodges-Lehmann 2,000 Orouph’ | GrovpR

(n=22) [n=29)

Table 60. Analytical data of Mann-Whitney Figure 125. Scatter plot of the mean level of
test of the L1 severity score between two the L1 severity score Severity score in each

patient groups of A and B. group of the study.
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Amplitude 7.790 EASI vs. L1 Severity Score
Mean 79,74
SD 48,11 10 r=-0.81
95% Cl (profile likelihood) Fe0.0023
@ 8+ ® ]
Amplitude 6,447 .§ w_—
Mean 57,15 %. 6 . P
sD 33,52 g L] //
Goodness of Fit K] 4 e = = ] .
Degrees of Freedom 26
R squared 0,8138 3 )
Sum of Squares 19,93 2 L]
Syx 0,8754
Constraints
SD SD>0 0 T T T 1
T 0 20 40 60 80
# of X values 29 EAS' Unlt
#Y values analyzed 29

Table 61. Analytical data of Gaussian Figure 126. Scatter plot of the correlation
correlation test of the EASI levels vs. L1 between the EASI levels and L1 severity score
severity score in patients with severe in patients with severe Dermatitis.

Dermatitis.

In addition, similar results obtained from the analysis of Lumbar 2 severity
scores. Figure 127 clearly presents a significant difference (P<0.0001)
between the levels of L2 in patients with mild and severe Dermatitis
(Figure 127). Moreover, as it is presented in Figure 128, there is a
correlation between the level of EASI in patients with severe Dermatitis

and their L2 severity score (= 0.70).
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Table Analyzed Lumbar 2

Treatment Group
Column B Group B
VS, VS,
Column A Group A
Mann test %
P value <0,0001 =
Exact or approximate P value? Exact 13
P value summary sl |§
Significantly different (P < 0.05)? Yes z
One- or two-tailed P value? Two-tailed =
Sum of ranks in column A.B 3755, 950,5 i
Mann-Whitney U 122,5
Difference between medians
Median of column A 1,500, n=22
Median of column B 3,000, n=29
Difference: Actual 1,500
Difference: Hodges-Lehmann 1,000

L2 Severity Score

5+ P<0.0001
4-
< Damaged L1
3-
24 3 Moderately
Damaged L1
14 1 Slightly
Damaged L1
[ Normal L1
0 1 I
Group A Group B
(n=22) [n=29)

Table62 - Analytical data of Mann-Whitney  Figure 127- Scatter plot of the mean level of

test of the L2 severity score between two

the L2

severity score Severity score in each

patient groups of A and B. group of the study.
Gaussian -
Bestfit values EASI vs. L2 Severity Score
Amplitude 4,081
Mean 52,26 r=-0.70
sD 35,79 59 P<0.0001
95% CI (profile likeli ¢ 44 ® o0 __ame—_ o
=] - i
Amplitude 3,659 to 4,622 @ o
Mean 43,9110 83,02 "E 3 3 ;/.,
sD 27,44 to 59,87 § 24 .ﬁ/l [ ]
Goodness of Fit q
Degrees of Freedom 26 14 o
R squared 0,7019
Sum of Squares 9,498
%!o:minu e ' / / ] ;
Eq D50 0 20 40 60 80
Number of points
# of X values 29
#Y values analyzed 29

Table63 - Analytical data of Gaussian

Figure

128- Scatter plot of the correlation

correlation test of the EASI levels vs. 2 petyeen the EASI levels and 2 severity score
severity score in patients with severe

Dermatitis.

in patients with severe Dermatitis.

175



LT

= o
| &

y

ii) L3-L5 (Lumbar segments L.3-L5) Severity Score Analysis

The scatter mean-plot of the severity score of the L3-L5 region is presented
in Figure 129. There is a significant difference (P<0.0001) between the L3-
L5 severity score between groups A and B (Figure 129). However, there
was no correlation between the L3-L5 severity score and the EASI level

(r=0.43) (Figure 130).

L3-5 Severity Score

Table Analyzed Treatment Group
L3-5 Saverity Sc.
Column B Group B 100~ P<0.0001
vs. VS,
Column A Group A % 60< bl
= 80 - Tt
P valus <0.0001 2 o [
Exactor approximate P value? Exact g 60- ®e ° o959®, S [ Risnnen
P value summary i b t T 1."
Significantly different (P < 0.05)? Yes g hat 4 e
One- or two-tailed P value? Two-tailed ¢ 404 :
Sum of ranks in column AB 337, 989 ] e ! H S50 shightly
Mann-Whitney U 84 e S i b
204 °e®
Difference betweon medians
Median of column A 44.00, n=22
Medi f col B 63.40,n=29 0 T T o Normal L3-5
Difference: Actual 19.40 GroupA  Growd
Difference: Hodges-Lehmann 20.60 n=29)

Table 64. Analytical data of Mann-Whitney Figure 129. Scatter mean-plot of the level of

test of the L3-5 severity score between two the L3-5 severity score Severity score in each

patient groups of A and B. group of the study. Individual points,
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S Pt feaes EASI vs. L3-5 Severity Score

Best-fit values L3-5Sev. Cor.
Amplitude 150+ r=-0.43
Moan 3387 P<0.0001
sD 7242 >
95% Cl (profils likelihood) 5 -
Amplitude ery wide| & 1004
Mean o £ . et
sD L s s B v o
Goodness of Fit - "' 3 L
50
Degrees of Freedom 26 L e
R squared 0.4343 3
Sum of Squares 2430
Sy.x 9.668 0 T T T 1
Constraints 0 20 40 60 80
s 5020 EASI Unit
Number of points
#of X values 29
#Y values analyzed 20

Table 65- Analytical data of Gaussian Figure 130. Scatter plot of the correlation
correlation test of the EASI levels vs. L3-5 between the EASI levels and L3-5 severity
severity score in patients with severe score in patients with severe Dermatitis.

Dermatitis.

B) Case Reports

According to the Netter’s Dermatome, neuron fibres initiating from the
lumbar section have a direct and indirect impact on the situation of
inflammatory process in the lower parts of the human body such as legs
and feet (Figure 28). (225) Accordingly, data from a patient with alteration
of spine in L1 and L2 is presented in Figure 131. The altered CGRP level
due to the neurogenic inflammation in this patient may initiated from
alteration of their spine. This fact becomes clearer by reviewing the data
after the chiropractic adjustment. This example demonstrates that by
correcting the condition of lumbar and thoracic spine in this patient, the
level of CGRP and the level of EASI decreased and resulted to a better
quality of skin, decrease in itching sensation, and of course, a better quality

of life.
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Figure 131- Case report 16: Dermatitis of the back in both upper and lower parts of the trunk, -
Analytical data obtained from a patient diagnosed with dermatitis upper and lower parts of the
trunk, and severe SBA in lumbar and thoracic sections, before and after the chiropractic treatment-
(A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical picture of inflammated
area after the chiropractic treatment. (C) Netter’s dermatome map indicating the area of skin
provided by cutaneous divisions of a single spinal nerve, (D) Analytical graphs indicating the
correlation of EASI level and the lumbar spine total SpSS and (E) correlation of EASI level and the
total thoracic SpSS (F) Severity scores of different parts of the patient’s spine, before and after the
chiropractic treatment.
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In our study, although the results could not indicate a significant
correlation between the EASI scores and SBA in lumbar spine (r= 0.697),
almost all of the patients with dermatitis in legs and/or feet diagnosed with
SBA in lumbar spine. In addition, chiropractic treatment in those patients
provided a significant decrease in the level of EAS in patients with

dermatitis of the legs and feet. (See Figure 132 and Figure 133)
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Figure 132- Case report 17: Dermatitis of the legs- Analytical data obtained from a patient
diagnosed with dermatitis on the legs and severe SBA in lumbar section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total lumbar SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 133- Case report 18: Dermatitis of the feet- Analytical data obtained from a patient
diagnosed with dermatitis on the feet and severe SBA in lumbar section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total lumbar SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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4.2.5 Sacral and Coccyx

A) Analytical Data

The sacrum and coccyx (S-C) are different from other parts of human spine
The sacrum is a large and flat bone located below the last lumbar vertebra
(L5) and the coccyx is located under the sacrum. The sacrum consists of 5
vertebrae (S1-S5) while the coccyx is made up by 3 to 5 small bones. Both
help in supporting the human weight and are essential for walking,
standing, and sitting.

Results gathered from analyzing the S-C severity score, showed a
significant difference (P<0.0001) in between two groups of A and B but
(Figure 134), the correlation between this variable and EASI level was not

significant (r=0.61). (Figure 135)

S-C Severity Score

Table Analyzed Treatment Group
S-C SeverityScore 150 -

Column B Group B P<0.0001
vs, Vs,
Column A Group A

= L]

=
Mann Whitney test S 100+ RS Dmﬁ!"lrll‘;{
P value =0.0001 @
[Exact or approximate P valus? Exact Q ™
P value summary e a S:"" 41-80 D':“‘".m
Significanty different (P <0.05)7 ___ Yes g Sos * e
One- or two-talled P value? Two-tailed g 50 ' o~
Sum of ranks in column A8 325.5,949.5 2 . o 1-40 mm:.‘:\‘s_c
Mann-Whitney U 84.50 L
Difference betwesn medians
Median of column A 55.00, n=22 0 . e
Median of column B 56.00, n=29 I 1
Difference: Actual 11.00 Group A Group B
Difference: Hodges-Lehmann 13.80 (n=22) (r=29)

Table 66. Analytical data of Mann-Whitney Figure 134. Scatter mean-plot of the level of
test of the S-C severity score between two the S-C severity score Severity score in each

patient groups of A and B. group of the study.
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Gaussian Treatment

Best-fit values 5-C Sev.Cor.
Ampiitude 183668
Mean 2151
8D 533.5
95% Cl (profil likslihood)

Amplitude —
Mean o

sD —
Goodness of Fit

Degrees of Freedom 26

R squared 0.6129
Sum of Squares 1837
Syx 8.406
Constraints

5D S50=>0
Number of points

#of X values 29

#Y values analyzed 29

Table 67. Analytical data of Gaussian
correlation test of the EASI levels vs. S-C SBA
severity score in patients with severe

Dermatitis.

B) Case reports

EASI vs. S-C Severity Score

1504 r=0.61
P<0.0001

S
S
L

¥ ey
L]

*
o #
—

L 4
' L]

5-C Severity Score
w
o
L

o 20 4 60 80
EASI Unit

Figure 135. Scatter plot of the correlation
between the EASI levels and S-C SBA severity

score in patients with severe Dermatitis.

In Figure 136, Figure 137, and Figure 138 for example, show the

manifestation of dermatitis in the anus, vulva, penis, and penis scrotum.
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Figure 136- Case report 19: Dermatitis of the anus- Analytical data obtained from a patient
diagnosed with dermatitis on the anus and severe SBA in the sacral section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total sacral SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 137- Case report 20: Dermatitis of the vulva (vulvitis)- Analytical data obtained from a
patient diagnosed with vulvitis and severe SBA in the sacral section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total sacral SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 138- Case report 21: Dermatitis of the penis- Analytical data obtained from a patient
diagnosed with dermatitis on the penis and severe SBA in the sacral section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total sacral SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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Figure 139- Case report 22: Dermatitis of the scrotum- Analytical data obtained from a patient
diagnosed with dermatitis in the scritum and severe SBA in the sacral section, before and after the
chiropractic treatment- (A) Patient’s clinical picture before chiropractic treatment, and (B) a clinical
picture of inflammated area after the chiropractic treatment. (C) Netter’s dermatome map
indicating the area of skin provided by cutaneous divisions of a single spinal nerve, (D) Analytical
graph indicating the correlation of EASI level and the total sacral SpSS, and (E) Severity scores of
different parts of the patient’s spine, before and after the chiropractic treatment.
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4.2.6 Summary of the spine severity score evaluation

The results presented above may be indicative of a correlation between the
altered biomechanics of different spinal segments and the altered state of
the skin.

When reviewing all the data collected from the radiographic spinal
examination of the study patients, we found that the EASI levels in the
patients suffering from Dermatitis were significantly correlated with SBA
in the Atlas- Axis (AT- AX) (r=0.82), in the cervical spine (r=0.91), in the
sagittal balance of the spine SBS (r=0.88), in Spondylolisthesis (r=0.85),
in T10 (r=0.87), in L1 (r=0.81), and L2 (r=0.70).

4.3 Calcitonin Gene Related Peptide (CGRP) and
Dermatitis

As we discussed earlier, pressure and strains on the vertebrae lead to SBA
and subsequent inflammation, called neurogenic inflammation. 3848181
Neurogenic inflammation is a local inflammatory response characterized
by enhanced vascular absorption mast cells degranulation, and
neuropeptides release. It has already been found that there are quantitative
differences in the level of neuropeptides between clinically normal skin
and altered cutaneous neuropeptide expression in Dermatitis patients,
which contribute to the pathogenesis of the disease. 2%°-30!

Another question we wanted to answer in this study was: “Is there any

correlation between the level of CGRP and the severity level of

Dermatitis?”
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To answer this question, the level of calcitonin gene-related peptide
(CGRP) in patients suffering from Dermatitis has been analyzed following
the first visit of the dermatologist (before any treatments).

As shown in Figure 140, there was a significant difference (P<0.0001) in
the level of CGRP between the two groups of patients, A and B (with high

and respectively mild dermatitis) EASI scores.

Treatment Group

Table Analyzed CGRP First Visit CG RP Levels

Column B Group B U P<0.0001 *e**

::.Inmn A ;sruug A st Lol Altared Range
aatgtes fe/mt

Mann Whitney test = 4= .

P value <0.0001 £ * o

Exact or approximate P value? Exact = é

P value summary = 28 5

Significantly different (P < 0.05)7 Yes paf mi

One- or two-tailed P value? Two-tailed 2

Sum of ranks in column A.B 233.5, 1083

Mann-Whitney U 2.500

Difference between medians

Median of column A 3.100, n=22 0 T T

Median of column B 4.500, n=29 Group A Group B

Difference: Actual 1.400 n=22) [n=23)

Difference: Hodges-Lehmann 1.200

Table 68- Analytical data of Mann-Whitney  Figure 140- Scatter plot of the patient’s CGRP
test of the CGRP between two groups of A level in each subgroup of the treatment

and B. group.

4.3.1 Correlation of the CGRP levels and EASI Scores

Analyzing the CGRP levels and EASI scores showed a strong correlation
between the plasma CGRP level in the of patients with high EASI score.
(r=0.83) (Figure 141).
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EASI Levels vs. CGRP Levels

Best-fit valuss
5358 6.0 r=0.83

Moan 123.3 P<0.0001 op &
sD 115.4 5.5 o
5% I (profie = e
Ampiitude 5.260 E 504 o __,5/‘
Mean 62,49 g . s il
0 6519 = 4.5- A

of Fit & ee
Degrees of Fresdom 26 0 4.0 - e
R squared 0.8308 I3} ,' )
Sum of Squares 2.129 3.5
Syx 0.2862

3.0 T T T 1

B 22 0 20 40 60 80
Number of points EASI (unit)
£ ol X values 29
®Y values analyzed 28

Table 69- Analytical data of Gaussian Figure 141- Scatter plot of the correlation
correlation test of the EASI levels vs. CGRP  between the EASI levels and CGRP levels in

levels in patients with severe Dermatitis. patients with severe Dermatitis.

4.3.2 Correlation of the CGRP levels and Spine Severity Scores

The correlation of CGRP levels with spine severity scores is shown in
Figure 142. The Gaussian test between these two factors showed a good
correlation between the plasma CGRP level and spinal biomechanical

alterations (SBA) severity score (r=0.70).
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CGRP Vs. Total Spine

Group B

Aaehn 100- Severity Score
Best-fit values r:ol?c
41282
Moan 40.44 £ 804 P<0.001 °
S0 9,622 3
85% CI {profik @ = .
Somt = g 60+ o
s0 = .E‘ ® _‘1/// i
o a 404 ¢ * . . »
Dogress of Freedom 26 3 ° 04 o
R squared 07075 A ____!___ [
& 2428 @ o ™
Syx 9,664 E_ 20 L
v
S0 S030 0 : ; : | :
e 35 40 45 50 55 6.0
#of X values 29
#Y values analyzed 29 CGRP {pgfﬂ‘ll]

Table 70. Analytical data of Gaussian Figure 142. Scatter plot of the correlation
correlation test of the CGRP levels versus between the CGRP levels versus Spine Total
Spine Total severity score in patients with severity score in patients with severe

severe Dermatitis. Dermatitis.

Previously, in section 5.2 we showed that the spinal biomechanical
alterations (SBA) in some areas correlated with the EASI score (AT-AX,
Cervical Spine, SBS, and the Thoracic 10). This time, we examined those
parts against CGRP levels to see if there is any correlation between the
level of CGRP and spine severity score in those areas.

The results presented in Figure 143 demonstrate a good correlation
(r=0.70) between the level of AT-AX severity score and the level of CGRP

in patients with severe Dermatitis.
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Group B

CGRP Vs. AT-AX 3

Bast s vaiues CGRP vs. AT-AX Severity Score
2931

Mean 5.524 5- r=0.67

80 1016 P<0,001

85% €I (profils likelihood)
3.20810 6.900 44 sss o __as

n G -

so 07319102106 Xafe ;4-

Goodness of Fit 3

R squared ﬁm < 2 . /6/- ° S

e - .

Sum of Squares 1933 S

Syx 0.8622 1] ase o

2p 020 0 Wy T T T 1

35 4.0 4.5 5.0 55 6.0

Humber of points

ot X values 20 CGRP (pg/mli)

#Y values analyzed F

Table 71. Analytical data of Gaussian Figure 143. Scatter plot of the correlation
correlation test of the CGRP levels versus AT- between the CGRP levels versus AT-AX
AX severity score in patients with severe severity score in patients with severe

Dermatitis. Dermatitis.

In addition, as presented in Figure 144, there is good correlation between

the cervical spine total severity score and the plasma CGRP level.
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GroupB

CGRP vs Cervical Sp.
Total
Best-fit values
5833
Mean 5.391
0.9218
95% CI (profile
5,339 to 6.555
Mean 5.201105.773
5D 0.7679101.219
Good of Fit
D Freedom 26
R squared 0.8395
Sum of Squares 1661
% D00
=
-l ] S0>0
Number of peints.
#of X values 29
#Y values analyzed 2]

Table 72. Analytical data of Gaussian
correlation test of the CGRP levels versus
Cervical Spine Total severity score in patients

with severe Dermatitis.

Cervical Spine Total Severity

CGRP vs. Cervical Spine Total

Severity Score
8- =0.83
P<0.0001
6 ® o o o0
= = e ]
5
° 4 e o
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v
2- e °
ee
0= T T 1

1 L)
35 4.0 45 5.0 55 6.0
CGRP pg/ml

Figure 144. Scatter plot of the correlation
between the CGRP levels versus Cervical
Spine Total severity score in patients with

severe Dermatitis.

The results of the correlation test between the plasma CGRP level and SBS

(Sagittal Spinal Balance) severity score is presented in Figurel45 and

indicates a good correlation (r=0.74) between the CGRP level and the SBS

severity scores in patients with severe Dermatitis.
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Gaussian Group B CGRP vs. Spondylolisthesis
Best-fit values mm Severity Score
e o 5 r=0.81
n
sD 1,424 P<0.0001
95% CI like g 4 ® o mos o v
[*)
Amplitude 3,823 to 4,425 ; "é = . =
Mean 5,156 to 6,040 %5 g
-£=
so 1,167 t0 1,967 B E 2] esvoe
Goodness of Fi 23
Degrees of Freedom 26 E-
R squared 0,8188 c 14
Sum of Squares 4111 ‘%
Syx 0,3977
Constraints 0 T T T T 1
so 3020 35 4.0 4.5 5.0 5.5 6.0
:‘:fm:.u::‘. = 29 CGRP pg/mi
#Y values analyzed 29

Table73 - Analytical data of Gaussian
correlation test of the CGRP levels versus
Spondylolisthesis severity score in patients

with severe Dermatitis.

Figure145 - Scatter plot of the correlation

between the CGRP levels versus

Spondylolisthesis severity score in patients

with severe Dermatitis.

The results of the correlation test between the level of CGRP and SBS
severity score is presented in Figure 146, and it is indicating a good
correlation (r=0.74) between the level of CGRP and the level of SBS

severity scores in patients with severe Dermatitis.
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Group B

Gaussian CORP ve 303

Best-fit values

Ampiude. G345

Mean 5,688

20 0.8535

95% CI [profile likelihood)

Amplitude 51.6610 106.8

Mean 5,352 to B.467

S0 0.5652 1o 1.943
of Fit

Degrees of Fresdom 26

R sguared 0.7460

Sum of Squares 4526

Syx 1319

20 20>90

Humber of points

#of X values 20

#Y values analyzed 2

Table 74. Analytical data of Gaussian
correlation test of the CGRP levels versus SBS
severity score in patients with severe

Dermatitis.

CGRP vs. SBS Severity Score

150+

r=0.74
P<0.001
& 100- .
= .
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Figure 146. Scatter plot of the correlation
between the CGRP levels versus SBS severity

score in patients with severe Dermatitis.

Similarly, there is a good correlation (r=0.70) between the level of CGRP

and Thoracic 10 (T10) severity score, presented in Figure 147.
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Sroup
CGRP vs T10
Best-fit values
13.81
Mean B.007T
5D 2195
a5% cl i
Mean 5618
5D 1072
Goodness of Fit
Degreas of Fresdom 28
R squared 0.70T6
Sumof Squares 25,24
Sy.x 1.334
Sonsusints
5D SD=0
Humber of points
#of X values 29
#Y values analyzed 29

Table 75- Analytical data of Gaussian
correlation test of the CGRP levels versus T10
severity score in patients with severe

Dermatitis.

In addition, the non-linear Gaussian test indicates a meaningful correlation

(r=0.71) between CGRP levels and Lumbar 1 severity scores. (See Figure

148)
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Figure 147- Scatter plot of the correlation
between the CGRP levels versus T10 severity

score in patients with severe Dermatitis.



Gaussian

Best-fit values

Amplitude 7,004

Mean 5,905

so 1,493

95% CI (profile likelihood)

Amplitude 59465

Mean 5307 =
=

sD 1,038 B

Goodness of Fit E

Degrees of Freedom 26 3

R squared 07162

Sum of Squares 30,38

Syx 1,081

Constraints

SD 5D>0

# of X values 29

#Y values analyzed 28

Table76 - Analytical data of Gaussian
correlation test of the CGRP levels versus
Lumbar 1 severity score in patients with

severe Dermatitis.

Severity Score Unit

CGRP vs. Lumbar 1

Severity Score
r=0.71
10+ P<0.0001
8- ] [ ]
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Figure 148- Scatter plot of the correlation
between the CGRP levels versus Lumbar 1
severity score in patients with severe

Dermatitis.

As well as Lumbar 1, analysis of the data obtained from Lumbar 2 presents

a meaningful correlation (r= 0.74) with the level of CGRP in patients with

severe Dermatitis. (See Figure 149)

Gaussian

Best-fit values

Amplitude 4,045

Mean ,377

SD_ 1295

985% CI le likeli

Amplitude 3,693 to 4,545

Mean 5,099 to 6,196

sD 1,030 to 1,947 2
Goodnass of Fit 2
Degrees of Freadom 26 E
R squared 0,7473 3
Sum of Squares 7,825

Syx 0,5486

Constraints

SD SD=>0

Number of points

# of X values 20

#Y values analyzed 29

Table77 - Analytical data of Gaussian
correlation test of the CGRP levels versus
Lumbar 2 severity score in patients with

severe Dermatitis.

Severity Score Unit

CGRP vs. Lumbar 2

Severity Score
r=0.74

i P<0.0001
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Figure 149- Scatter plot of the correlation
between the CGRP levels versus Lumbar 2
severity score in patients with severe

Dermatitis.
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Overall, when reviewing all the data obtained from the study patients and
summarizing them in graphs, we observed that the improvement in the
plasma CGRP level correlates with the improvement in the EASI level and
the improvement in the SBA severity score.

It suggests that spinal biomechanical alterations (SBA) may contribute to
the release of neuropeptides, including CGRP, from sensory nerves
endings. Increase of plasma CGRP results in neurogenic inflammation of

the skin and contributes to dermatological disorders such as dermatitis.

4.3 The control group of patients receiving only

pharmacological treatment

A) Analytical Data

To determine the role of this chiropractic treatment we used a control group
of 22 patients (Group C) suffering from dermatitis that they only received
the same pharmacological treatment consisting of the compound cream.
However, they did not undertake chiropractic treatment. The same as the
treatment group, analysis of the CGRP, the EASI level, and the spine
severity score have been carried out.

In order to determine if the patients in control group can be used, first we
compare both groups (treatment group and control group) in different
aspects such as spine severity score, EASI and CGRP levels. As presented
in Figure 150 to Figure 152, there is no significant differences between the
levels of spine severity score, EASI, and CGRP in the two groups. These
figures indicate to us that the two groups are similar and can be used to

evaluate the chiropractic treatment.
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Table Analyzed Soi

o oo e e

vs. vs.
Solymn A TresomentGroup
Mann Whitney test

P valus 0.5931

Exactor P value? Exact

P val ns

Significantly different (P < 0.05)7 No

One- or two-tailed P value? Two-tailed

Sum of ranks in column A8 4721, 8355

Mann-Whitney U 4955

Dif b medians

Median of coimn A 20.00, pedd

Median of column B £8.00, n=g2

Difference: Actual -2.000

Difference: Hodges-Lehmann 2.000

Table 78. Analytical data of Mann-Whitney
test of the spine severity scores between two

groups of treatment and control.

Table Anaivzed EASI Lovels
Column B Control Group
vs. vs.

Column &

Mann Whitney test

P valus 0.9453
Exact or approximate P valus? Exact

B val ns
Significantly different (P < 0.05)7 No

One- or two-taled P value? Two-tailed
Sum of ranks in column A.B 1881, 820
Mann-Whitney U 555
Difference between medians

Median of column A 13.10, n=51
Median of column B 14,80, 032
Difference: Actual 1.500
Difference: Hodges-Lehmann 0.2000

Table 79. Analytical data of Mann-Whitney
test of the EASI levels between two groups of

treatment and control.

Spine Severity Score

100+ P=0.59
T2c VWMW
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Figure 150. Scatter plot of the patient’s spine
severity score in the treatment and control

group.
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Figure 151. Scatter plot of the patient’s EASI

levels in the treatment and control group.
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Treatment G vs. Control G CGRP Levels

Table CGRP TretwsContr
B -
Column® CGRP ConrolBefors s
Vs, VS,
Column A CGRP Treatment Before 28< Altered Range
- Pgfmi

- 6 =g .
Menn Whitney test E - .
P valus 0.6434 - P
Exactor approximats P value? Exact P 4 :
P valu ns a 2 8 Mormal Rangs
Significantly different (P < 0.05)7 No o s . g/ mi
One- or two-tailed P value? Two-tailed 8 L
Sum of ranks in column A.B 1826, 775 2
Mann-Whitney U 522
Diff b medians
Madian of column. A 3.800, n=51 0 -
Median of column B 3,615 n=22

Treatment Control
Difference: Actual -0.1850
m. Group Group

Difference: Hodges-Lehmann -0.08500

{ne51) (n=22)

Table 80. Analytical data of Mann-Whitney  Figure 152. Scatter plot of the patient’s CGRP
test of the CGRP levels between two groups levels in the treatment and control group.

of treatment and control.

Therefore, in none of the mentioned aspects (Spine severity score, EASI
or CGRP) there were no significant differences between patients in

treatment group and the control group.

4.3.2 Evaluation of the CGRP levels in the control group (Group C)

The level of CGRP has been evaluated before and after the
pharmacological treatment for the control group. Figure 153 clearly shows
that there is no significant difference (P=0.53) between the level of CGRP

before and after the usage of the pharmacological treatment.
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CGRP Levels Before and After Using
Cream in the Control Group

Group C P=0.53
Table Analyzed CGRP befors aft Cream 6
Column B After o
= L L] 28< Il aiered Range
Column A Bafore ‘. ? Pgfmi
Mann Whitney test £ 4+ .
P value 0,5337 E
Exact or approximate P valus? Exact - . =
P R S H 28 Hormal Range
3 pa/ ml

Significantly different (P < 0.05)7 No a

7 Bad T e o
One-or P valua? 5 2 o
Sum inks in colurmn A, 468 Lo
Mann-Whitney U 215
Difference. n =
Median of column A 3.615, n=22
Medion of column B 3.400, n=22 0
Difference;Acwsl 02150 ' !
Difference: Hodges-Lehmann -0.1100 Bafore Using Aftar Using

Cream Cream

| Group € [n=22)

Table 81. Analytical data of Mann-Whitney  Figure 153. Scatter plot of the patient’s CGRP
test of the CGRP before using the cream and level in the control group, before using the

3 months after using the cream in the control  cream and 3 months after using the cream.

group.

4.3.2 Evaluation of EASI levels in the control group (Group C)

After using the compound cream (as the usual treatment for Dermatitis) for
two weeks, all patients in the control group (group C) improve their
symptomatology of Dermatitis and they become cured. As shown in Figure
154, the level of EASI in patients of this control group decreases after 2
weeks of using the cream (as it prescribes for 2 weeks). However, after 3
months, the initial symptomatology returned and the levels of EASI were

similar to the ones at the beginning, before any treatment.
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EASI Levels Before, After 2 weeks, and After 3

A B Months of Using the Cream as a Treatment in
T e—r— L i the Control Group
fpe— =4
[T T T T P=0.45
L I— 17T N
n i i
=7y =Ty T 50- o7
Be——
s e - = .
» T P=0.022
= — 404 o o2
s, -
et 1 o
b
e b = 4 ¢ 55
A Es ]
frssrar— ey fr=r—r—y Er-y o
o TR
i R —— s Lo S *_
=y o e
e T
.
Bt ]
oAl il L 0
FrTRTY
Ahi EASI Afvar3
L. the Treatment Months of the
000 el (22} Eas)Lgvets Afrarz Trestmant
Bftwme e rr-ra— Weoks of the {r=22)
rftenia Hodgen Lotmmnn s Treatment

{r=22)

Table 82- Analytical data of Mann-Whitney test  Figure 154. Scatter plot of the patient’s
of the EASI levels before treatment versus EASI  EASI level in the control group, before
levels after 3 months (A), before treatment treatment, after 2 weeks, and after 3
versus EASI levels after 2 weeks (B), after 2 months in the control group.

weeks versus after 3 months (C) in the control

group

4.4 Results of the TG (Treatment Group) - Group
of patients treated with chiropractic STM)

The results of the treatment group TG (n=51), who beside using the topical
cream, underwent chiropractic treatment, indicate a significant difference

between EASI level before and after the chiropractic STM, after 3 months.
(Figure 155).
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Treatment Group

Table EAS| Bofors vs EASI After
ColumnB EAS| After
vs. vs.
Column & EAS| Befors
Mann Whitney test
P valus <0,0001
Exact or approximats P valus? Exact
=

P value

Significantly different (P < 0.05)7 _ Yes

One- or two-tailed P valus? Two-tailed
Sum of ranks in column A B 35091, 1662
Mann-Whitney U 236
Difference betwsen medians

Median of column A 7.400, n=51
Medisn ot colymn® 1,000, n=51
Ditference: Actual -6.400
Difference: Hodges-Lehmann -6.200

Table 83- Analytical data of Mann-Whitney test
of the EASI levels before chiropractic treatment
versus CGRP levels after chiropractic treatment

in 3 months after the first visit.

EASI Levels Before and After Chiropractic
Treatment in the Treatment Group

80+ P<0.0001
b
60_
T [
= 5
a
< .
w
3
'
0_

EASI Levels Before EASI Levels After
Chiropractic Treatment  Chisopractic Treatmaent
81 1)

Figure 155-Scatter plot of the patient’s

EASI level in the treatment group, before

chiropractic treatment, and after 3

months of the chiropractic treatment.

In addition, plasma CGRP level has also normalized after the chiropractic

treatment in the 51 patients of the treatment group (Figure 156). In more

detail, we can clearly see that there is a significant difference between the

level of CGRP in patients before and after the chiropractic treatment (See

Figurel57).

Treatment Grovp

CGRP Beforel Atter
Table Analyzed Ch ctic treatment
ColumnD CORE After
¥s, S,
Column A CGRP Bafore
Mann Whitney test
P valus <0.0001
Exact or approximate P valus? Exact
P value summary Lo

P < Yes

One- or two-tailed P value? Two-tailed
Sum of ranks in column A, 72T, 1526
Mano-Whisneyy 200
Diffs medians
Median of column A 3.800, n=51
Median of column B 2,800, n=51
Difference: Actual -1.000
Difference: Hodges-Lehmann 1.000

CGRP Levels Before and After Chiropractic
Treatment in the Treatment Group

= P<0.0001
"
" 28¢< Altered Range
] Pa/mi
T d .
g ¥
T 28 Narmal Range
8 e
& 2- L
8

e
CGRP Laveks Bafore CGRP Lovels After

Chircpractic Treatment Chiropractic Treatment
{n=51} {n=51)
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Table 84- Analytical data of Mann-Whitney Figure 156- Scatter plot of the patient’s CGRP

test of the CGRP levels before chiropractic level in the treatment group, before

CGRP after

chiropractic treatment in 3 months after the

treatment  versus levels chiropractic treatment, 3 months after the

chiropractic treatment.

first visit

A CGRP Levels Before and After Chiropractic
inthe

Group

P<0.0001 P<0.0001

18«

Altered Range
P/l

f -9
1

4

®

&
prs
&

@
CGRP Level (pg/mil)

L]
1

0 I 1 ) I
After Chirs, i
Treatment  Treatment  Treastment

I I Group B{n=29) ]

Treatment
Group A [n=22)

.70 I

Table&85 - Analytical data of Mann-Whitney
test of the CGRP levels before chiropractic
CGRP after

chiropractic treatment in 3 months after the

treatment  versus levels

Figure 157 - Scatter plot of the patient’s CGRP
level in group A and B, before chiropractic
and 3 months the

treatment, after

chiropractic treatment.

first visit.

Additionally, we studied the differences in EASI level and CGRP level,
before and after the chiropractic treatment [ (EASI/CGRP Before) -
(EASI/CGRP After)]. The result showed a good correlation between
changes in EASI level and changes in plasma CGRP level, before and after
chiropractic STM. (Figure 158)
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CGRP/ EAS! Before | Aftre
Diffece

Gaussian
Best{kvolues
Amplitude 3188
Mean 69.64
5D 42.39
85% €I (profile

2389
Mean 40.46
3D 2332
Goodness of Fit
Degrees of Fresdom 26
R squared 07048
Sum of Squares 5.336
Sy.x 0.4530
5D SD>0
Mumber of points
#of Xvaiues 2
#Y values analyzed 2

Table 86- Analytical data of Gaussian
correlation test of the differences of CGRP
and EASI levels before and after the

chiropractic treatment.

B) Case report

(CGRP Before Ch.)-{CGRP After Ch.) Unit

Correlation of differences in the level of CGRP
and EASI before and after chiropractic treatment

r=0.70
P<0.0001

(EASI Before Ch.) - (EASI After Ch.) Unit

Figure 158. Scatter plot of the correlation

between the differences of CGRP and EASI

levels before and after the chiropractic

treatment.

As a case report from the control group, Figure 159 shows a 31-year-old

woman with dermatitis of the face. As clearly presented, although the level

of EASI decreased after 2 weeks of using the compound cream, the level

of CGRP did not have a significant change. Therefore, after 3 months the

Dermatitis symptoms showed up again and the level of EASI increased

significantly.
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A r 3 K or g EASI Levels Before, After 2 weeks, and After 3
= : Months of Using the Cream as a Treatment in
5 the Control Group
£ P=0.45
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(Treatment: Using a compound cream)

Figure 159- Case report 23: Data obtained from a 31-year-old patient of the control group
presenting the situation of her skin (A) before using the compound cream, (B) after completing the
use of cream-2 weeks-, and (C) after 3 months of starting the treatment. (D) CGRP and EASI level
of the exact patient indicating the change of EASI after 2 weeks and 3 months.
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CHAPTER§:
DISCUSSION






This study is designed to determine the relationship between spinal
biomechanical alterations and dermatitis by focusing on the level of CGRP
in patients’ plasma. The link between the peripheral sensory neurons
irritation and neurogenic inflammatory response has been contemplated,

15,302-361 However, the main role

studied, and described in many papers.
player of this mechanism remains unknown. 395332336 The correlation of
neurogenic inflammation and many other chronic diseases has been

15,325-331

demonstrated in various studies. Itching 3327342 Asthma , eyes

370-377

inflammation 357324, migraine %314, Psoriasis *273%°, Rosacea and

308-318,378

Sleep Apnea , are some examples of them.

A. Treatment Group

In this section, we presented the data obtained from the patients in the
treatment group (TG), who in underwent chiropractic treatment.

Chiropractic spinal manipulation therapy (SMT) has been shown to be an
effective adjunct treatment for neurogenic-related conditions and chronic
pain, such as cystitis 37982 and migraine %3738, In 1999, Eldred et al.
published a case study describing the surprising beneficial effect of
chiropractic treatment on a patient with acute atopic eczema.’*’

In 2004, Takeda Y. and Arai S. published a large study investigating the
spinal condition of 1,028 atopic dermatitis patients and bronchial asthma
patients, to consider the relationship between allergic disease and spinal
misalignments. They found that “vertebral misalignment is a common and
characteristic finding in patients with atopic dermatitis and bronchial
asthma and concluded, on behalf of their results, that chronic nerve

compression, secondary to vertebral deformity (misalignment), in the
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thoracic spine may have “a significant effect on the immune function of
atopic dermatitis and bronchial asthma patients.”*

Our results are consistent with their findings and support the hypothesis of
our study, which focuses primarily on the role of CGRP in the production
of skin inflammation in the form of dermatitis.

Below we will discuss our study results of the plasma CGRP level, EASI
level and Spine Severity Score in study patients before and after treatment.
By using the term ‘spine severity score’ we refer to the score of chronic

SBA and subsequent spinal degenerating changes, detected by

radiographic analysis.

5.1 CGRP Level, EASI level, and Spine Severity Score

As mentioned in section two, the main objective of this thesis was to
determine if the quantification of the spinal biomechanical alterations
(SBA) correlates with the quantification of the Dermatitis lesions. The
results show a correlation between the severity level of Dermatitis (EASI
level) and the spine severity score in patients suffering from Dermatitis.
Analysis of the data in the 73 patients revealed that in most cases (r=0.76)
an increase in the EASI level was correlated with an increase in the severity
score of the spine. This is in line with the findings of the study of Takeda
et al. mentioned above. 3*° In addition, a study by Han et al. published in
2015 tried to identify dermatological conditions following spinal cord
injury and examined these conditions in relation to various characteristics
of spinal cord injuries. They reported that 64% of patients with spinal cord
injuries had dermatitis and suggested that more research might be needed

in this regard. 3%!
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Moreover, these findings are in line with Akiyama et al. 32, Cevikbas et
al. 3%, and Carstens et al. 3** indicating the role of spinal neurotransmitter
receptors in itching and chronic diseases such as Dermatitis.

In a recent study, Koga et al. (2020) established the potential mechanisms

underlying the spinal alterations and itching in mice with Dermatitis. 3

5.1.1 Cervical spine

In a study by Kira et al. the correlation between cervical spine disfunction
in patient with Dermatitis has been reviewed. They indicated that “the
preferential involvement of the cervical cord and Dermatitis appears to be
closely related.” 3%

Ito et al. also, indicated that there is a correlation between spinal alteration
and disc degeneration in the cervical spine and dermatitis. In their study,
they observed that 67% of the patients with Dermatitis, had cervical spine
disfunctions and suggested that more research be done on the topic. *°7
Our study results indicated a strong correlation (r=0.81) between EASI
level and cervical spine severity score.

Other studies indicated the same correlation between neurogenic
inflammation of the skin and cervical spine abnormalities such as
anterolisthesis of cervical spine, retrolisthesis of cervical spine, and
abnormal sagittal balance of the cervical spine.

For instance, Liu et al. recently studied the impact of cervical spine on
neurogenic inflammation.). In their study, they examined expression of
various markers in the cervical spinal cord and indicated that the
disfunction of cervical spine may result to the release of CGRP from
histamine independent neurons and lead to chronic itching and dermatitis

of the skin. They suggest that, by targeting CGRP dermatitis—associated
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chronic pruritus, dermatitis—associated chronic pruritus can be effectively
treated. 3%

Moreover, in a study by Kira et al. (370) the correlation between
disfunction in cervical spine in patient with Dermatitis has been reviewed.
They indicated that “the preferential involvement of the cervical cord and
Dermatitis appears to be closely related. They suggested that more research
be done on this topic. .” 3%

Our results demonstrate severe facial dermatitis in patients showing high
SBA at the AT-AX level and in the upper cervical spine. This fact has been
observed by other studies. 400407

For instance, a study by Park et al. demonstrated the impact of upper

cervical spine on the dermatitis of the face. %%

They suggested that
mechanical manipulation of the spine would be helpful in treatment of
Dermatitis.

In addition, Wiles et al. highlighted the importance of AT-AX in

manifestation of dermatitis in the face.*®

(i) Upper Cervical region: Atlas— Axis (AT-AX)

By dividing the cervical spine into its subsections, we found a meaningful
correlation (r=0.82) between the SBA in the upper cervical spine C1-C2
(AT- AX) and the EASI level.

Biomechanical alterations on AT-AX may result in chronic inflammations
leading to chronic disease such as dermatitis. 4%

In addition, as already mentioned, association of Cl and C2 with
trigeminal nerves are indicated in various studies. 23923

For example, in 1975, at John Hopkins University, Knox et al.#!° reported

that the pressure on the greater occipital nerves may stimulate tenderness
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and mimic increased pain in eye and its surrounding skin, and can lead to
chronic inflammation. They also suggested that the therapy should be
applied directly on posterior neck tension to decrease painful stimuli of the
irritated

. Additionally, the correlation between dermatitis in scalp area and AT-AX
is reported in many studies. 28411412

In line with these findings, a recent study by Muehlberger T. and Rodi T.
413 indicated that the tensions in Atlas (C1), Axis (C2) and C3, affect both
frontal and occipital afferents resulting to neurogenic inflammation in
neck, scalp, and face.

In addition, as mentioned above, alteration of the spine in the cervical area
can cause inflammation of the skin of the face.

A recent study by Sugimoto et al. they stated that “In patients with atopic
dermatitis, not only skin but also intestinal and cervical spine disorders
have been recognized in many cases.”*'

Orme et al. from New York University of Medicine, presented an
interesting case report from a 48-year-old woman with carcinoma tumour
of the rectum. They explained that after the patient underwent surgery to
correct her cervical disc disease (due to the tumour), she began to face
inflammatory and chronic diseases, including dermatitis of the face. #!3
There are many other references that report similar correlations between
the cervical spine and Dermatitis of the face. 416420

Consistent with these findings, in our study, approximately 92% of the
patients with alteration of the cervical spine were diagnosed with facial
dermatitis.

In addition, recently some scientists reported the manifestation of

alteration of the cervical spine in patients with ear dermatitis. 4>1-423
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A study by Memar et al., published in 2019, indicates that the external
posterior wall of the ear canal and the auricle receive sensory innervation
through branches of the C2 and C3 spinal nerves that arise between the
first two vertebrae, the atlas, and the axis (AT-AX).

They suggest more studies on correlation of ear dermatitis and neurogenic

inflammation. 423

(ii) Cervical Segments C3- C8

In this study, results indicated a meaningful correlation (r= 0.81) between
the EASI levels and of SBA scores in the cervical spine (C3-C8).

A similar finding was described in a recent experimental study by Liu et
al. #* They examined the peripheral and spinal pathway of itching in a
mouse model and reported a higher severity of dermatitis in mice with
severe cervical spine alteration. Furthermore, in 2013, Converse et al.,
reported the case of a 61-year-old woman suffering from a hidden cervical
spinal tumour and manifestation of dermatitis on her arms. 4> Netter's
dermatome map indicates that nervous fibres from C3-C8, may directly
affect the situation of epithelial cell on the chest, shoulders, arms, and
hands (Figure 28).

In line with this, in our study, patients with manifestation of dermatitis in

the arms and hands, demonstrated a higher SBA in C3-C8 section.

5.1.2 EASI level and Sagittal Balance of the Spine (SBS)

Treatment of abnormal sagittal balance of the spine remains a challenge
for orthopaedic surgeons, neurosurgeons, and paediatrics.*?® In an
abnormal SBS patient, the impact of tensions received by spine may result

in chronic inflammation. 4%’
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In 2014, Marcos Antonio Tebet, a Brazilian scientist, studied the secondary
impacts of abnormal sagittal balance of spine on other pathologies. 3’® His
study demonstrated that the SBS is correlated with neurogenic claudication
and inflammation.

Also, recently, Lovegreen et al.*?® established that biomechanical
alteration in the lower limbs may affect sagittal balance in patients. They
added that this fact may affect the patient’s skin in the form of allergic
dermatitis, acroangiodermatitis, skin infections and malignancies. 42342
The results of our study are in line with their findings.

When analysing the X-ray data collected from the sagittal balance of the

spine, we found a significant correlation (r = 0.88) between the SBS

severity score and the EASI level.

5.1.2 Thoracic Spine

Although our results cannot clearly demonstrate a meaningful correlation
between total SBA in the thoracic spine and EASI, we-indieate-a found a
meaningful correlation (r = 0.87) between the level of SBA in thoracic 10
(T10) and the level of EASI.

Other researchers have contemplated the impact of the chronic
inflammatory process of dermatitis on the spine. 430433

In 2009, Haeck et al. #*° studied 125 adult patients with moderate to severe
atopic dermatitis (AD) to see if there was any correlation between the
chronic inflammatory process of dermatitis and low bone mineral density.
(BMD) They found a high prevalence of spine and hip osteopenia in this

population sample. Because no correlation was found between long-term

use of corticosteroids and the low BMD they could not exclude that chronic
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skin inflammation was a potential causative factor for low BMD in the
spine.

Kido-Nakahara et al. **3 studied the process of itching in dermatitis. In this
study, they stated that cutaneous sensory nerve fibres originating form the
thoracic spine, has a direct impact on itching, and consequently, on the
inflammatory process of dermatitis. Likewise, in a study published in
2017, by Elmariah et al.¥! investigated pruritus in dermatitis and its

relationship with the dorsal roots of the thoracic spinal nerves.

Moreover, in 2019 Pail et al. .*** in a study on the role of kinin receptors
Bl and B2 in the mouse model with Dermatitis, found that the
immunopositivity for either kinin receptor is affected by the alteration of
the thoracic spine and results in increased mouse skin dermatitis. Closer to
our line of thought, in a clinical case by Hird et al.***, a dysfunction was
observed in the tenth thoracic vertebra (T10) of a patient with dermatitis.

Although they could not relate T10 dysfunction and dermatitis, due to the

need for more information, our study reinforces their findings.

5.1.3 Lumbar Spine

In our study, analysing the data obtained from the lumbar spine
examination demonstrated a significant difference (P<0.0001) between the
severity of lumbar spine alteration in patients with mild Dermatitis and
patients with Severe Dermatitis.

Although numerous studies indicated the role of lumbar spine’s alteration
in generating neurogenic inflammation and chronic disease, in our study,
a clear correlation between lumbar severity scores and EASI levels was

not found. The calculated r square (r= 0.697) was very close to the
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significant area (r= 0.70), however, scientifically we cannot consider it as
correlated. Therefore, we suggest further studies on the correlation of
biomechanical alteration of the lumbar spine and dermatitis.

However, analysing the data of lumbar spine, separately, presented a
significant correlation between the level of L1 and L2 severity scores and
EASI levels. This correlation was meaningful for L1 -L2 severity scores
and the plasma CGRP levels.

In 2019, US Chiropractic Directory reported the cervical and lumbar spine
injuries as the most injured areas. 43

The lumbar spine tolerates the most pressure when holding and pushing
and that may be the reason for more damage and injury. 207208211436
There are various studies indicating the correlation between lumbar spine
and inflammatory diseases such as itching, asthma, and dermatitis. 437-440
For instance, in 2011, Akiyama et al. **! investigated the neurotransmitters
and pathways of spinal itch- signalling neurons. In their study, they
demonstrate that the lumbar spine manifests a high level of spontaneous
firing in pruriceptive dorsal horn neurons to epithelial parts of the skin,
generating itching sensation. In addition, Shiratori-Hayashi et al. *4?
reported that in patients with Dermatitis skin astroglia activation in the
lumbar and posterior horns generate the localized atopic dermatitis skin
and amplifies a chronic itch sensation in mice. Moreover, Yamasaki et al.
43 investigated the allergic inflammation and its relationship with
neuropathic pain. In their study, they also indicated a microglial activation
in thoracic and lumbar spine of mice with dermatitis. In addition,

dermatitis of the legs and feet is a common dermatitis that most of the time

prevents patients from carrying out their daily activities.
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So far, there are not many studies that have investigated foot and leg
dermatitis and its correlation with the biomechanical alteration of the
spine.

Although Lazzarini et al.**, stated that it is clinically difficult to establish
the reason of non-allergic dermatitis on the legs and feet, Carstens et al.*#>
presented a case report of a 38-year-old man with low back pain. After the

first diagnostic observations, they indicated signs of dermatitis on his legs.

5.1.4 Sacrum

According to Netter's dermatome map, nerve fibers from the sacrum and
coccyx can directly affect epithelial cells in the sacral area, legs, feet, anus,
and genital parts, resulting in dermatitis of the vagina (vaginitis), penis and
scrotum.

Back in 1964, Allende et al. **® reported a rare case having Dermatitis
herpetiformis and vitiligo on the sacral area. In this study they could not
find an explanation and they suggested more studies are required to
investigate this fact. Nowadays, understanding the process of neurogenic
inflammation, provides us the knowledge to explain such chronic diseases.
In 1999, Eldred et al. %7 presented a study investigating a patient with
dermatitis in lower part of the trunk. In that study, they stated that the sacral
region has a correlation with dermatitis in lower part of the trunk.
However, they suggested more research on the topic, with better sample
population and more complete methodology.

Moreover, in 2018, Gray et al. *3 studied 5342 patients with incontinence-
associated Dermatitis (IAD) and pressure in the sacral area. Their objective
was to see if there is any relevant association between dermatitis and sacral

pressure. In their study, one third of the patients had either urine or stool
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incontinence, or both. Their analysis concluded that dermatitis may be as
risk factor for sacral pressure.

In 1997, Fox et al. reported the case of a 41-year-old woman with cervical
and sacrum SBA and genital itching and repeated episodes of
vulvovaginitis. #4°. This report attracted the attention of scientists to study
the correlation of spinal alterations and genital disorders.

In addition, studies indicating a correlation between spinal cord injuries in
cervical and sacrum sections and dermatitis in penis area (Penile
inflammation). In 2014, Iranian researchers lead by K. Rastegar, 4
presented the case study of a 20-year-old male with a 10-month history of
cervical and sacroiliac pain. Their study indicated a manifestation of
cervical and sacral spine alteration in dermatitis of the glans penis. In the
same year, Lee et al. (2014) indicated a 55% correlation of thoracic spine
with penile dermatitis.*>! Similar to SBA of the sacrum, biomechanical
alterations in the cervical spine have also has reported to correlate with
inflammatory disease the genital area. 32461

In our study, although results did not indicate a good correlation between
EASI score and Total Lumbar/ Sacral severity score, patients with
dermatitis in sacral- related parts of the body indicated a great
improvement after chiropractic treatment. Therefore, we suggest more

studies on the correlation of SBA in sacral part of the spine and dermatitis

of genital area.

5.2 CGRP and Dermatitis

The role of CGRP in neurogenic inflammation has been indicated in

various studies. A list of the most important findings about the role of
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CGRP in neurogenic inflammation of skin and Dermatitis are provided in

Table 87 .

Author/s
(Year)

Zhang et al.
(2021)

Javed et al.
(2021)

Sato et al.
(2021)

Amalia et
al. (2021)

Legat et al.
(2021)

Trilisnawati
et al. (2021)

Kahremany
et al. (2020)
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Key Finding Model Ref.

CGRP expressing nerve fibres also Human 462

increased in Dermatitis lesions, the
number of CGRP expressing nerve
fibres also increased in AD skin
lesions, CGRP may mediate itching
and other pathological processes in AD
patients, CGRP can regulate
keratinocyte, mast cell and antigen-
presenting cell functions.

CGRP has chemotactic characteristics Human 4%

to neutrophils and lymphocytes

CGRP is considered to mediate Mice 464
sensory nerve-immune cell interactions
in the skin and mucous membrane

CGRP are suggested to have arolein ~ Human 4%

the pathogenesis of Dermatitis

The induction of neurogenic Human 466

inflammation, resulting in the release
of CGRP in Dermatitis

CGRP initiate inflammation, including Human 4%’

erythema, oedema permeability and
vasodilation and attract cytokines from
keratinocytes to continue the
inflammatory response

Neurons lacking expression of CGRP  Mice 468
resulted in reduced capsaicin/heat
associated itch response in mice



Ebbinghaus
et al. (2020)

Yosipovitch
et al. (2020)

Gupta et a.
(2018)

Kubanov et
al. (2015)

Granstein et
al. (2015)

Rogoz et al.
(2014)

Kwak et al.
(2014)

Russll et al.
(2014)

Akiyama et
al. (2014)

McCoy et
al. (2013)

CGRP was implicated in injury and
neurogenic inflammation

CGRP represents potential new
therapeutic targets to address the
neuroimmune pathophysiology of itch
in Dermatitis

CGRP sensory nerves and mast cells
have an interactive role in skin
inflammatory process

CGRP promote the development of
inflammatory process in the skin and
itch

CGRP promotes Th2-mediated
inflammation damage in Dermatitis

Pharmacological blockade of the
CGRP pathway leads to a drastically
attenuated itch in Dermatitis.

CGRP seem to affect scarring via
sensory neurotransmission, it has a
regulatory role for pain and itching
sensation in hypertrophic scars.

CGRP was implicated in neurogenic
inflammation

CGRP may contribute to the spinal
transmission of pain as well as itch

Genetic ablation of CGRPa-
expressing sensory neurons reduced
sensitivity to noxious heat, capsaicin,
and itch.

Mice

Human

Human

Human

Human

Mice

Human

Mice

Human

Mice

469

470

104

12

471

472

473

79

441

474
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Sutherland ~ CGRP is a mediator of neurogenic Human 47

etal. (2013) inflammation and the most powerful
vasodilating neuropeptide

McCoy et  CGRP may contribute to the spinal Mice 476
al. (2012) transmission of pain as well as itch

Mey etal.  CGRP has a strong vasomotor effect Human 477
(2008)

Salomon et  High CGRP level is found in patients ~ Human !9

al. (2008) with Dermatitis

Jarvikallio  CGRP expressing nerve fibres also Human '°
(2003) increased in Dermatitis skin lesions
Greaves et CGRP is found in the cutaneous free-  Human 478

al. (1996) nerve endings of unmyelinated
nociceptor neurones which generate

the sensations of pain and itch.
Gillardon et CGRP can regulate keratinocyte, mast Human 47
al. (1995) cell and antigen-presenting cell

functions and causes inflammation in

skin
Ostlere et Subcutaneous injection of CGRP Human #
al. (1995) causes vasodilation and flare reaction
Sung etal.  CGRP include promoting vasodilation ~Human 48

(1992) and tissue oedema

Table 87 - The most important findings about the role of CGRP in neurogenic inflammation of
skin

CGRP is one of the inflammatory neuropeptides, produced by the sensory
nerves in the dermis, which induces mast cells to release vasoactive
amines, resulting in cutaneous inflammation.

A summary of CGRP roles and mechanism of actions in Dermatitis are

presented in Table 88.
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Source Mechanisms Connection with Ref.
Dermatitis

Nervous system, Promotes CCL17/22, IL-4 Promotes CCL17/22, IL-4 462

cardiovascular production, Vasodilation, production, vasodilation,

system, and lung Mast cell degranulation, mast cell degranulation;

tissues Inhibits CCL9/10, IFN-y Inhibits CCL9/10, IFN-y
secretion secretion.

Table 88- CGRP roles and mechanism of actions in Dermatitis

The involvement of CGRP in the transmission of nociceptive information
and pain sensitization in the periphery and spinal cord has already proven
by several studies. 4754817485

Granstein et al. recognized that the level of CGRP increases in the
Dermatitis patient’s plasma. They also found that the amount of CGRP
expressed by the nerve fibres was increased in dermatitis skin lesions. 486
In addition, numerous findings have indicated that itching in dermatitis
patients can be enriched by thermal stimulus and thus, using CGRP

32342 For instance, most

antagonists potentially downgrade itching
recently, Zhang et al. (2021) reviewed the role of neuropeptides in
dermatitis and indicated the fact that CGRP may play a crucial role in
itching and other pathological processes in dermatitis patients. 47 Ding et
al. (2008) established that by enhancing Th2 cellular immunity and
inhibiting Thl cellular immunity, CGRP hypothetically promotes Th2-

mediated cutaneous inflammation. (Figure 160) 438
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- [Th2- Mediated
.\ Inflammation

Figure 160- Th2-mediated inflammation: CGRP by enhancing Th2 cellular immunity and inhibiting
Th1 cellular immunity, hypothetically promotes Th2-mediated inflammations and causes itching
sensation. Reprinted and modified with permission from.48°

In a study published in 2020, by Matsui et al., established that CGRP can
increase the antigen presentation of Langerhans cells to Th2 cells and
reduce its antigen presentation to Th1 cells. Therefore, CGRP contributes
to the pathogenesis of dermatitis by stimulating the itching production and
the chemotaxis of Th2 cells. 4

In order to determine if there is a correlation between the level of CGRP
and the quantification of dermatitis lesions, our findings present a
significant difference (p<0.001) between the level of CGRP in patients

with severe Dermatitis (EASI >7) and patients with mild Dermatitis
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(EASI<7). In addition, analysis of the plasma CGRP levels and EASI
scores showed a strong correlation between the level of CGRP in the
plasma of patients with severe level of EASI (r=0.83). (See Figure 141)
According to numerous studies, CGRP has chemotactic characteristics to
neutrophils and lymphocytes '34°1=4%3 and infiltration of the cells in the skin
is one of the essential factors of inflammation. '34°? Besides, neuropeptides
control the release of cytokines and effect on the activity of immunological
cells. 1349149449 Thege properties can be both restraining or stimulating.
Consequently, the severity of Dermatitis is influenced by the actions of
neuropeptides. 44493

A study by Salomon et al. *7 reported that CGRP may play a crucial role
in pathogenesis of Dermatitis by reducing the activity of Langerhans cells,
decreasing proliferation of lymphocyte by mitogens stimulations, or
reducing lymphocytes, particularly natural killer cells.

Moreover, Stander et al.**® studied the expression and circulation of micro-
opioid receptors in peripheral nervous system. Their results indicate that
receptors in nerve fibres contained CGRP. The role of opioids in

498-500  therefore the

experience of itch is proved by many studies
observation of micro-opioid receptors containing CGRP in nerve fibres can

illuminate the role of CGRP fibres in modulation of pruritus of dermatitis.

5.3 CGRP and Spine Severity Score

To determine if there is a correlation between the level of CGRP and the
quantification of the spinal biomechanical alterations (SBA), our results
also demonstrate a meaningful correlation (r = 0.70) between the level of

CGRP and the spine severity score. (See Figure 142)
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In other words, the higher SBA level, the higher CGRP level in plasma,
and consequently, the more severity of EASI level.

This finding is in line with various studies. In 1997, Christensen et al. 3!
investigated the spinal cord injuries and its relationship with the level of
CGRP in the dorsal horn in rat model. They concluded that changes in the
severity of spinal cord injuries will manipulate the level of CGRP in the
rat model. Furthermore, Sang et al. °°? studied the level of CGRP and its
effect on the neurological heterotopic ossification following spinal cord
injuries. They concluded that CGRP accelerate the pathogenesis of
neurological heterotopic ossification resulted from spinal cord injuries.
Moreover, and the most similarly, Ackery et al. 3%, studied the changes of
CGREP level in patients with spinal cord injuries. They compared the level
of CGRP to see if there is any difference in the level of CGRP between
patients with normal spinal cord and patients with injured human spinal
cord or not. In their semiquantitative analysis, they showed a significant
enhancement (p<0.001) in the level of CGRP of patients with chronic
spinal cord injuries. In addition, they reported that in their study some of
the patients were suffering from dermatitis. Most recently, Xu et al. 3%
reported that alteration in spinal would enhance the release of CGRP from
the afferent terminals in spinal cord. Similarly, Loken et al. 3% reported
that spinal alterations and injuries increase the level of CGRP in patients’
plasma.

At present, no study reviewed the correlation of SBA level in different
parts of the spine and CGRP level. However, our results presente a
meaningful correlation between the alteration in plasma CGRP level in
patients with Dermatitis and their SBA level in AT-AX section (see Figure
143), Cervical Spine section (see Figure 144), Thoracic 10 (see Figure
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147), Lumbar 1 (see Figure 148), and Lumbar 2 (see Figure 149). In
addition, our result established a significant correlation between alteration
of CGRP levels and the SBA level obtained from sagittal balance of the
spine (see Figure 146), and antero/retrolisthesis of the spine (see Figure

145).

B. Control Group

The current treatment for dermatitis consists of either a commercialized
cream or a compound cream designed and patented by the
dermatologist.>%

However, Dermatitis as a complex disease triggered by neurogenic
inflammation requires to be cured in a more effective way. Topical
treatment, in the form of a compound cream, can temporarily relieve skin
symptoms but when tensions return, symptoms tend to reappear.
Understanding the mechanism and causative factors of neurogenic
inflammation may allow us to find more effective treatments.

For this reason, the two main objectives of our study were to find a possible
correlation between spinal biomechanical alterations (SBA), in part due to
poor postural habits, and neurogenic inflammation and, to determine the
effect of chiropractic SMT in normalizing the level of plasma CGRP and
improving dermatitis lesions.

By analysing the data gathered from the control group (who did not
undertake chiropractic treatment), we found that there was no significant
change (p= 0.53) (See Figure 153) in the level of CGRP before and after
using the compound cream. On the other hand, CGRP level in the treatment
group, treated with both the cream and chiropractic SMT, has significantly
decreased (p<0.0001) (See Figure 155).
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These results indicate that Spinal Manipulation Therapy (SMT) may have

a significant impact on the level of CGRP in patients with dermatitis.

Now, does SMT have any impact on the severity level of dermatitis (EASI
level)?

Our result revealed that although the use of the cream in the control group
decreased the EASI level after approximately 2 weeks, however, in a
longer period, 3 months, the EASI level would rise again and cause the
patients to return. to the dermatologist or they will use the cream
constantly.

(See Figure 154).

However, our treatment group patients (who also underwent chiropractic
SMT) after manual correction of vertebral alignment presented lower
plasma CGRP level and decreased the EASI score. In addition, they
maintained a lower CGRP level for a longer period (at least 3 months after

participating in this study) (See Figure 155).

Our results agree with those of Muchizuki et al. 3*7 They examined the
development of itching in dermatitis in relation with the effectiveness of
non-invasive interventions for itch relief by correcting the spinal functions.

Similar findings have been reported by Park et al. 3%
In summary, there is a need to find new, more effective, and non-invasive

therapeutic modalities for the treatment of dermatitis, focusing on the

causative factors of neurogenic inflammation.
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CHAPTER 6:
CONCLUSION






I- Our study suggests that the quantification of the spinal
biomechanical alterations (SBA) may correlate with the

quantification of the dermatitis lesions (EASI).

2- Our study suggests that there may be a correlation between the

plasma CGRP level and the SBA quantification.

3- It seems that there is a correlation between the plasma CGRP level
and the quantification of dermatitis lesions (EASI) in the study

patients.

4- The results obtained from the comparison between the treatment
group and the control group of this study indicate that chiropractic

SMT may affect the plasma CGRP level.

5- The results obtained by comparing the treatment group and the
control group of this study indicate that chiropractic SMT may

improve the outcome of dermatitis lesions.

However, considering that our conclusions are based on a relatively small
number of patients, we think that more reasearch is needed, with a bigger

population sample and a more refined methodology.
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