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ABSTRACT 
Background: Intrinsic atopic dermatitis is a chronic cutaneous inflammatory 
disease with pruritus and eczematous lesions of skin. A long-lasting cycle of itch-
scratch roots results in substantial morbidities and discomfort. Treatment of 
patients with moderate to severe dermatitis is a challenge. 
 

Objectives: A) To characterize the relationship between spinal 
biomechanical alterations, the severity of intrinsic atopic dermatitis, and 
the blood levels of calcitonin gene-related peptide (CGRP) and B) to 
determine whether chiropractic spinal manipulative therapy can be an 
effective complementary treatment. 
 

Materials and Methods: In this prospective study, 33 patients with 
severity index (EASI) score less than 7 were compared with 40 patients 
with EASI score greater than 7. The severity level of spine biomechanical 
alterations (spinal biomechanical alterations) was quantified using full 
spine radiographic descriptions. The expression of CGRP was determined 
in blood using ELISA tests. All patients were prescribed the same anti-
inflammatory topical cream. Of the 73 patients, 51 choose to be also 
treated by chiropractic and the 22 others were used as control. Data were 
analyzed before and after the treatment. 
 

Results: A strong correlation was found between overall spinal 
biomechanical modifications, altered skin status and CGRP levels. The 
EASI scores were correlated with the different segments of the spine. 
Although the EASI score of the patients in the control group decreased 
after 2 weeks of using the anti-inflammatory cream, 3 months later the 
dermatitis symptoms flared up again and the EASI scores returned to 
baseline values. In contrast, both the EASI scores and the CGRP levels of 
treated patients by chiropractic remained low after 3 months. 
 

Conclusions: This study shows that the severity of intrinsic dermatitis is 
related to that of spinal biomechanical alterations, and that CGRP levels 
may serve as a valuable pathological marker. Chiropractic proved to be a 
valuable complementary therapeutic tool. 
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Introduction 
Atopic dermatitis (AD) is a chronic inflammatory 
skin disease with exclusive clinical manifestations 
through age, race or ethnicity groups. It is an 
important public health problem, with a lifetime 
prevalence of 10 20% in children, and 1 3% in 
adults1. Intensive pruritus and eczematous lesions 
of skin are the main symptoms2. In most patients 
with AD, a long-lasting cycle of itch-scratch roots 
results in substantial morbidities and discomfort. 
Etiologically, AD is multifactorial with genetically, 
environmental and immunological interacting 
factors3. Similar to many other dermatological 
diseases, a psychosomatic component might be 
involved in the development of AD4. The clinical 
phenotype of AD is characterised as the product of 
several interactions including susceptible genes, 
environment, defective cutaneous barrier function, 
and the immunologic diversity of the immune 
responses. A simple classification divides AD into 
two groups: extrinsic and intrinsic. The extrinsic 
group is characterised by high immunoglobulin (Ig) 
E levels and impaired barriers. The intrinsic group, 
which comprises 20% of the patients, is defined by 
normal IgE levels and preserved barriers1,5.  
 

Several studies have shed light on the role of the 
nervous system in the pathogenesis of AD6-8. The 
nervous system is critical for disease progression 
through an irregular expression of neuropeptides 
in the affected skin6,7. Neurogenic inflammation 
occurs during cutaneous inflammatory reactions. 
The nerve endings secrete neuropeptides, such as 
calcitonin gene-related peptide (CGRP) and substance 
P, which induce the release of inflammatory 
mediators (cytokines and neuropeptides) by 
immune cells increasing inflammation9.  
 

Several studies attempted to determine the bone 
mineral density in AD patients. These studies 
showed a relationship between AD and a decrease 
in bone mineral density that could explain the 
increase in bone fractures of these patients10,11. 
Based on these findings, a prospective study was 
designed to explore the relationship between 
spinal biomechanical alterations and intrinsic AD. 

Understanding this relationship may help optimise 
approaches used to control some of the 
pathological mechanisms in AD and thus contribute 
to the development of effective treatments. 
 

Materials and Methods: 
 

PATIENTS: 
All study participants were patients 

Barcelona, Spain. Patients were aged between 20 
and 70 years of both sexes (48 females and 25 
males) with confirmed atopic dermatitis (American 
Academy of Dermatology Consensus Criteria)12 
with moderate-to-severe disease activity and 
affected body surface area 10% or higher at both 
screening and baseline, with documented history 
(within 1 year) of inadequate response to topical 
medications. In any of the patients no significant 
high levels of IgE were observes. Patients with 
diagnosis of dermatitis along with other 
dermatological conditions or other systemic 
diseases were excluded from the study. The 
studies were reviewed on 2021/02/23 and 
approved by the ethics committee, Hospital group 
Quiron Salud-Catalunya with protocol number 
INCV-001. All patients gave written informed 
consent to participate in this study. 
 

CLINICAL EVALUATION: 
For the clinical evaluation the following areas: 
scalp, forehead, eyes, ears, face, chin, neck, trunk, 
arms, and hands, legs, genital area, and feet were 
photographed at each visit. The revision of the 
photographs was used to quantitatively assessed 

sing "The Eczema 
Area and Severity Index" (EASI) system13-15. 
 

FULL-SPINE X-RAY VIEW (SPINOGRAPHIC 
TELEMETRY): 
To calculate the severity score of spinal 
biomechanical alterations full spine x-rays 
(scoliogram) were taken for each patient. X-ray 
analysis was performed by a team of MD 
radiologists and in double blind they quantified the 
scoliogram according to literature-based criteria16-

23 in different areas of the spine: cervical23, 
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thoracic17, lumbar20 and sacrum22. In order to allow 
statistical analysis a numerical score was assigned 

to each radiological finding as described in Table 
S1. 

 
Table S1 
 

Antero-posterior (AP) and AP transoral cervical spine X-ray view. 
 
AT-AX1. Atlas-axis relationship 1 37,39. Parameters evaluated: 
1. Preserved atlanto-odontoid relationship: score 0. 
2. Atlanto-odontoid relationship with asymmetry (rotational subluxation) Right> Left or Left > Right: score 1. 
 

AT-AX2. Atlas-axis relationship 2. Parameters evaluated: 
1. Preserved bilateral atlanto-axial joint: score 0. 
2. Mechanical changes of the articular surfaces of the bilateral atlanto-axial joint: score 1. 
3. Degenerative changes of the articular surfaces of the bilateral atlanto-axial joint: score 2 for incipient changes, score 
3 for moderate changes, and score 4 for severe changes. 
 

CC1. Parameters evaluated: 
1. Preserved uncoapophyseal and interapophyseal joints: score 0. 
2. Generalised mechanical changes of the uncoapophysial and interapophyseal joints of the cervical spine: score 1. 
3. Generalised degenerative changes of the uncoapophysial and interapophyseal joints of the cervical spine: score 2 
for incipient changes, score 3 for moderate changes, and score 4 for severe changes. 
 

CC2. C7-T1 spinal transition anomaly. Parameters evaluated: 
1. C7-T1: Unilateral/bilateral mega transverse processes of C7: score 0. 
2. C7-T1: Unilateral/bilateral mega transverse processes of C7 with articulated/fused ossicles (discrete supernumerary 
ribs of C7): score 1. 
3. C7-T1: Unilateral/bilateral mega transverse processes of C7 with cervical ribs (true supernumerary ribs of C7): score 2. 
 

CC3. Closure defect in the posterior arch with absence of union in the spinous process (occult spina bifida). Parameters 
evaluated: 
1. Preserved closure: score 0. 
2. Closing defect: score 1. 
 
Lateral cervical spine X-ray view 40 
 
CC4. Anterior Atlantodental Interval (ADI). Parameters evaluated: 
1. Preserved atlanto-odontoid joint. Anterior ADI distance 2-3 mm: score 0. 
2. Degenerative changes of the atlanto-odontoid articular surfaces with preserved joint space: score 1 for anterior ADI 
distance 2-3 mm, and score 2 for anterior ADI distance < 2 mm. 
3. Degenerative changes of the atlanto-odontoid articular surfaces with a slight decrease in joint space, anterior ADI 
distance > 3 mm: score 3. 
 

CC 5. Cervical lordosis. Parameters evaluated: 
1. Cervical lordosis angle C1-C7 (value "-" = lordosis; value "+" = kyphosis). 
2. C2-C7 cervical lordosis angle (N between -25º and -40º) (<-25º= rectification / > -40º = hyperlordosis). 
2.1. Preserved: score 0 (Physiological Lordosis between -25º and -40º). 
2.2. Rectification: score 1 (value between 0º and -25º). 
2.3. Rectification with kyphotic inversion: score 2 (value +). 
 

CC 6. Interbody space of global segment C2-C7: 
1. Preserved space: score 0. 
2. Decreased space: score 1. 
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CC 6-1. Interbody spaces of the proximal segment C2-C4: 
1. Preserved space: score 0. 
2. Decreased space: score 1. 
3. Decreased space with signs of degenerative disc disease: score 2. 
4. Decreased space with signs of degenerative disc disease and anterior/posterior marginal osteophytosis: score 3. 
 

CC 6-2. Interbody spaces of the distal segment C4-C7:  
1. Preserved space: score 0. 
2. Decreased space: score 1. 
3. Decreased space with signs of degenerative disc disease: score 2. 
4. Decreased space with signs of degenerative disc disease and anterior/posterior marginal osteophytosis: score 3. 
 

CC 7. Parameters evaluated: Facet joints of the cervical rachis. 
1. Preserved: score 0. 
2. Mechanical changes: score 1. 
3. Incipient degenerative changes: score 2. 
4. Degenerative changes: score 3. 
 

CC 8. Cervical instability global segment C2-C7: 
1. No signs of segmental instability observed in relation to the sagittal alignment of the posterior vertebral walls: score 0. 
2. Signs of segmental instability in relation to the sagittal alignment of the posterior vertebral walls: 
2.1. Instability sagittal alignment of the posterior vertebral walls, < or = 2mm, (anterolisthesis vs retrolisthesis): score 1. 
2.2. Instability sagittal alignment of the posterior vertebral walls > 2 mm (anterolisthesis vs retrolisthesis): score 2. 
 

CC 8-1. Cervical instability proximal segment C2-C4: 
1. No signs of segmental instability observed in relation to the sagittal alignment of the posterior vertebral walls: score 0. 
2. Signs of segmental instability in relation to the sagittal alignment of the posterior vertebral walls: 
2.1. Instability sagittal alignment of the posterior vertebral walls, < or = 2mm, (anterolisthesis vs retrolisthesis): score 1. 
2.2. Instability sagittal alignment of the posterior vertebral walls > 2 mm (anterolisthesis vs retrolisthesis): score 2. 
 

CC 8-2. Cervical instability distal segment C4-C7: 
1. No signs of segmental instability observed in relation to the sagittal alignment of the posterior vertebral walls: score 0. 
2. Signs of segmental instability in relation to the sagittal alignment of the posterior vertebral walls: 
2.1. Instability sagittal alignment of the posterior vertebral walls, < or = 2mm, (anterolisthesis vs retrolisthesis): score 1. 
2.2. Instability sagittal alignment of the posterior vertebral walls > 2 mm (anterolisthesis vs retrolisthesis): score 2. 
 
Antero-posterior (AP) full-spine X-ray view (scoliogram). 
 
AP 1. Parameters evaluated: lower extremities (EEII) dysmetria, femoral head height difference. 
1. Preserved: score 0. 
2. Dysmetria: score 1 (1 cm). 
3. Dysmetria: score 2 (1.5 cm and 3 cm). 
4. Dysmetria: score 3 (> 3 cm). 
 

AP 2. Parameters evaluated: clavicle height difference. 
1. Preserved: score 0. 
2. Asymmetry: score 1. 
 

AP 3 41. Parameters evaluated: Coronal Spinal Balance (CSB) and Coronal Balance Distance (CBD) (CBD: N = 0 mm 
with deviation of +/- 20 mm): 
1. Neutral CSB: C7 plumb line (C7PL) located in the same vertical plane as central sacral vertical line (CSVL) considered 
as a normo-axated spine (CBD: distance between the C7PL and CSVL. CBD = 0 mm). 
2. -  
2.1. Negative CSB: CBD between -1 mm and -20 mm (within the normal range): score 1.  
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2.2. Negative CSB: CBD between -20 mm and -30 mm (value greater than normal range): score 2.   
2.3. Negative coronal imbalance: CBD > -30 mm = Coronal Imbalance: score 3. 
3. Positive CSB:  
3.1. Positive CSB: CBD between +1 mm and +20 mm (within the normal range): score 1. 
3.2. Positive CSB: CBD between +20 mm and +30 mm (value greater than normal range): score 2.  
3.3. Positive coronal imbalance: CBD > +30 mm = Coronal Imbalance: score 3. 
 

AP 4. Parameters evaluated: Scoliotic attitude. Scoliosis. 
1. Normoaxade (normal curve): score 0. 
2. Scoliotic attitude (main curve value < 11º): score 1. 
3. Mild scoliosis (main curve value < 20º): score 2. 
4. Moderate scoliosis (main curve value between 20º and 40º): score 3. 
5. Moderate/severe scoliosis (main curve value between 40º and 50º): score 4. 
6. Severe scoliosis (main curve value > 50º): score 5. 
 

AP 5. Parameters evaluated: Vertebral bodies and posterior elements of the thoracic and lumbar spine 42. 
1. Preserved: score 0. 
2. Mechanical changes: score 1. 
3. Degenerative changes (incipient degree): score 2. 
4. Degenerative changes (moderate degree): score 3. 
5. Degenerative changes (severe degree): score 4. 
 

AP 6. Parameters evaluated: Bilateral sacroiliac joint and pubic symphysis 42. 
1. Preserved: score 0. 
2. Incipient mechanical changes: score 1. 
3. Mechanical changes: score 2. 
4. Degenerative changes: score 3. 
 

AP 7. Parameters evaluated: Bilateral femoroacetabular (FA) joint 42. 
Preserved femoroacetabular joint: score 0. 
1. FA joint with incipient mechanical changes: score 1. 
2. FA joint with mechanical changes: score 2. 
3. FA joint with incipient degenerative changes (coxarthrosis): score 3. 
4. FA joint with moderate degenerative changes (coxarthrosis): score 4. 
5. FA joint with severe degenerative changes (coxarthrosis): score 5. 
 

AP 7-1. Parameters evaluated: Femoroacetabular impingement (FAI), CAM type hump deformity, Pincer type or mixed 42.  
1. Conserved sphericity: score 0. 
2. Femoroacetabular impingement (FAI): score 1.  
3. FAI: CAM type hump deformity (pistol grip deformity) 43: score 1. 
4. FAI: Pincer type (acetabular over coverage of the femoral head): score 1. 
5. FAI Mixed: CAM and Pincer: score 2. 
 
Lateral full-spine X-ray view (spinographic telemetry): 
 
LAT 1. Parameters evaluated: Sagittal Spinal Balance (SSB) and Sagittal Vertical Axis (SVA) (SVA: N = 0 mm with 
deviation of +/- 30 mm): 
1. Neutral SSB: C7 plumb line (C7PL) located in the same vertical plane as posterior-superior corner S1 (SVA: distance 
between the C7PL and the posterior-superior corner of S1. SVA = 0 mm): score 0. 
2. Positive SSB: C7PL located in front of the posterior-  
2.1. Positive SSB: SVA between +1 mm and +30 mm (within the N range): score 1. 
2.2. Positive SSB: SVA between +30 mm and +50 mm (value greater than N range): score 2. 
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2.3. Positive Sagittal Imbalance (SI): 
2.3.1. Moderate SI: SVA between +50 mm and +95 mm: score 3. 
2.3.2. Severe SI: SVA > +95 mm: score 4. 
3. Negative SSB: C7PL located behind posterior- -  
3.1. Negative SSB: SVA between -1 mm and -30 mm (within the N range): score 1. 
3.2. Negative SSB: SVA between -30 mm and -50 mm (value greater than N range): score 2. 
3.3. Negative Sagittal Imbalance (SI): 
3.3.1. Moderate SI: SVA between -50 mm and -95 mm: score 3. 
3.3.2. Severe SI: SVA > -95 mm: score 4. 
 

LAT 2. Parameters evaluated: Main physiological thoracic kyphosis angle T4-  
1. Preserved T4-T12 thoracic kyphosis: N range between +20º and +40º: score 0. 
2. Tendency to thoracic hyperkyphosis T4-T12: value between +40º and +50º: score 1. 
3. Hyperkyphosis of thoracic spine T4-T12: value > +50º: score 2. 
4. Thoracic hypokyphosis T4-T12: value < +20º (value < +10º = flat back): score 3. 
 

LAT 3. Parameters evaluated: Transitional kyphosis angle T10-  
1. Preserved T10-L2 transitional physiological kyphosis: N < +20º: score 0. 
2. Lordotic inversion of transitional kyphosis T10-L2: value "-": score 1. 
3. Rectification of thoracolumbar transitional kyphosis T10-L2: value 0º: score 2. 
4. Hyperkyphosis of the thoracolumbar transition T10-L2: value > +20º: score 3. 
 

LAT 4. Parameters evaluated: Lumbar Lordosis angle (LL = L1- -  
1. Preserved LL (N between -40º and -70º): score 0. 
2. Hypolordosis (LL < -40º): score 2. 
3. Hyperlordosis (LL > -70º): score 1. 
 

LAT 5. Parameters evaluated: Lordosis Distribution Index (LDI) (L4-S1/L1-S1 x 100 = %). 
1. Aligned and offset distribution: 50%-80%: score 0.  
2. Hyperlordotic maldistribution: > 80%: score 1. 
3. Moderate hypolordotic maldistribution: 40%-49%: score 2. 
4. Severe hypolordotic maldistribution: > 40%: score 3.  
 

LAT 6. Parameters evaluated: Interbody spaces of the thoracic spine. 
 

LAT 6-1. Interbody spaces of the thoracic spine main segment T4-T12. 
1. Preserved space: score 0. 
2. Decreased space: score 1. 
 

LAT 6.2. Interbody spaces of the thoracic spine middle segment T4-T9. 
1. Preserved space: score 0. 
2. Decreased space: score 1. 
 

LAT 6-3. Interbody spaces of the distal segment thoracic spine T9 -T12. 
1. Preserved space: score 0. 
2. Decreased space: score 1. 
 

LAT 7. Parameters evaluated: Interbody spaces of the lumbar spine L1-S1. 
 

LAT 7-1. Interbody spaces of the lumbar spine L1-L3 (proximal segment). 
1. Preserved space: score 0. 
2. Decreased space: score 1. 
3. Decreased space with signs of degenerative disc disease: score 2. 
4. Decreased space with signs of degenerative disc disease and anterior/posterior marginal osteophytosis: score 3. 
 

LAT 7-2. Interbody spaces of the lumbar spine L3-S1 (distal segment). 
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1. Preserved space: score 0. 
2. Decreased space: score 1. 
3. Decreased space with signs of degenerative disc disease: score 2. 
4. Decreased space with signs of degenerative disc disease and anterior/posterior marginal osteophytosis: score 3. 
 

LAT 8 (Global column). Parameters evaluated: Assessment of vertebral bodies and posterior arches of the spine. 
 

LAT 9 (Thoracic spine). Assessment of vertebral bodies, posterior arches and interbody spaces of the thoracic spine. 
1. Preserved vertebral bodies and posterior elements of the thoracic spine: score 0. 
2. Mechanical changes: score 1. 
3. Degenerative changes (incipient degree): score 2.  
4. Degenerative changes (moderate degree): score 3.  
5. Degenerative changes (severe degree): score 4.  
 

LAT 10 (Lumbar spine). Assessment of vertebral bodies, posterior arches and interbody spaces of the lumbar spine. 
 

LAT 10-1 (Distal segment L3-S1). Assessment of vertebral bodies, posterior arches and interbody spaces of the lumbar spine. 
1. Preserved vertebral bodies and posterior elements of the lumbar spine: score 0 
2. Mechanical changes: score 1. 
3. Degenerative changes (incipient degree): score 2.  
4. Degenerative changes (moderate degree): score 3.  
5. Degenerative changes (severe degree): score 4.  
6. Degenerative changes with signs of degenerative disc disease: score 5. 
7. Degenerative changes with signs of degenerative disc disease + anterior/posterior marginal osteophytosis: score 6. 
 

LAT 11 (Instability). Lumbar Spine (L1-S1): Sagittal alignment of the posterior vertebral walls. 
1. Preserved: score 0. 
2. Instability: score 1. 
 

LAT 11-1 (Instability). Lumbar Spine (L1-S1): Retrolisthesis. 
1. Preserved: score 0. 
2. Retrolisthesis: score 1. 
 

LAT 11-2 (Instability). Lumbar Spine (L1-S1): Anterolisthesis. 
1. Preserved: score 0. 
2. Anterolisthesis: 
2.1. G1: Low-grade spondylolisthesis with displacement < or = 25% according to Meyerding's classification 44: score 1. 
2.2. G2: Low-grade spondylolisthesis with displacement between 26% and 50% according to Meyerding's 
classification: score 2. 
2.3. G3: High-grade spondylolisthesis with displacement between 51% and 75% according to Meyerding's 
classification: score 3. 
G4: High-grade spondylolisthesis with displacement between 76% and 100% according to Meyerding's classification: score 4. 
 
STUDY DESIGN: 
Seventy-three patients (48 females and 25 males) 
suffering from AD and with no significant high IgE 
levels participated in this study. Due to the 
difficulty in recruiting patients without spinal 
biomechanical alterations, in the first part of the 
study patients were divided into two groups 
according to their dermatitis severity measured 
using the EASI score (see above): patients with 
EASI score equal to or lower than 7 units (n=33) 

and patients with EASI score higher than 7 units 
(n=40). The male/female and age ratios were 
similar in both groups. Following diagnosis, 
patients were treated with a topical compound 
anti-inflammatory cream, 3 times a day for 15 days. 
The composition of the cream was as follows: 
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%24.  
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In the second part of the study, 51 patients 
voluntarily chose to be treated through 
chiropractic spinal manipulative therapy (SMT), a 
current treatment for biomechanical problems of 
the spine25,26. The remaining 22 patients were used 
as control group.  
 

The following data were analyzed in all patients: a. 
dermatological examination once a month with 
quantification of the EASI score; b. radiographic 
description and quantification of the spinal 
biomechanical alterations (SBA) severity; and c. 
once a month measurement of plasma CGRP levels. 
 

DETERMINATION OF CALCITONIN GENE-
RELATED PEPTIDE: 
Blood calcitonin gene-related peptide (CGRP) levels 
were determined in duplicate using a commercial 
Elisa kit, EAI kit (K-015 09, Phoenix Pharmaceuticals).  
 

CHIROPRACTIC SPINAL MANIPULATION 
TREATMENT: 
Patients that chose to be treated by chiropractic 
spinal manipulation treatment (SMT) underwent 12 
sessions of chiropractic treatment as follows: twice 
a week for 3 weeks, once a week for 4 weeks, and 
twice a month for one month. The duration of the 
chiropractic treatment was 3 months. The 
chiropractors aimed to detect and treat with 
specific manual techniques, called "adjustments", 
also known as SMT27,28, any alteration in the normal 
dynamic, anatomical or physiological joint 
relationships of adjacent structures in the spine to 
restore proper spinal biomechanics and 
physiological balance. Two types of techniques 
were used: high-velocity, low amplitude (HVLA)-
diversified technique29 and activator technique30. 
 

DATA ANALYSIS: 
To compare non-parametric variables U-Mann 
Whitney test was performed for group comparison. 
In addition, non-parametric linear Gaussian test 
was performed to find correlations between the 
levels of variables. To study correlations, only the 
most severe patients with EASI>7 group were 
used. All statistics analyses were conducted using 
GraphPad Prism version 10, GraphPad Software, 

San Diego, California, USA. The results are shown 
as the mean ± SD.  
 

Results: 
 

THE SEVERITY OF DEGENERATIVE CHANGES 
INDUCED BY SBA CORRELATED WITH THE 
SEVERITY OF DERMATITIS AND THE CGRP LEVELS:  
The scores assigned to the different parts of the 
spine of a patient were then summed, thereby 
calculating a total spine SBA severity score for that 
patient. None of the 73 patients participating in 
this study was free of radiographically evidenced 
spinal biomechanical alterations and, they were 
divided into two groups according to the severity 
of the dermatitis, based on the EASI score. As 
expected, difference in EASI scores between the 

statistically significant (Figure 1a). Difference in the 
total spine severity score of the two groups was 
also statistically significant (Figure 1b). A good 
correlation (R= 0.76) between the severity of AD 
and the total spine severity score (Figure 1c) was 
observed. Interestingly, CGRP levels were also 
higher in the EASI>7 group (Figure 1d) and they 
correlated with EASI scores (R= 0.70, Figure 1e) 
and the spine severity scores (R= 0.70, Figure 1f). 
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Figure 1. Correlation between the severity of dermatitis (EASI), the spinal condition and CGRP. (a) EASI score in the two groups. (b) Total 
spine severity score. (c) Correlation between total spine severity scores and EASI scores. (d) CGRP levels. (e) Correlation between CGRP 
levels and EASI scores. (f) Correlation between CGRP levels and total spine severity scores. 
 
DEGENERATIVE CHANGES IN THE CERVICAL 
SPINE: 
The study then determined which areas of the 
spine were responsible for the correlation between 
SBA severity and the dermatological anomalies. 
For this purpose, the spinal severity score was 
calculated starting from the upper (C1-Atlas) to the 
lower spinal section (Sacral section) separately. This 
calculation aimed at establishing which specific 
area of the spine (i.e., cervical, thoracic, lumbar, 
and sacro-coccygeal, including sagittal balance) 
could be associated with dermatitis.  
 

When comparing the severity score of the cervical 
spine (C1 to C7), a significant difference was 
observed between 
group (Figure 2a). A good correlation was observed 
between the spine severity and the EASI (R= 0.73, 
Figure 2b) or the CGRP levels (R= 0.74, Figure 2c). 
The different segments of the cervical spine were 
analysed in more detail in Supplementary Figures. 
 

ALTERATIONS IN THE SAGITTAL BALANCE OF 
THE SPINE 
The sagittal balance of the spine refers to the 
physiological spinal alignment in the sagittal plane. 
Muscular forces maintain this balance. During walking 
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 are the superior (O C2), lower cervical 
curve (C2 C7), the slope of C7, the vertical cervical 
balance, and the spinal-cranial position. Apart from 
the cervical lordosis, the thoracic and lumbar spine 
are kyphosis and lordosis, respectively31,32. 
 

In order to analyse the sagittal balance of the spine 
radiographic lateral views of the patients' spine 
were evaluated. There was a statistically significant 
difference in the thoracic spine total severity score 

EASI>7s (Figure 2d). Nevertheless, the correlations 
of the severity scores of the sagittal balance and 
the importance of cutaneous involvement were 
borderline significant (Figure 2e), as well as with 
the CGRP levels (Figure 2f). 
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Figure 2. Cervical spine and sagittal balance of the spine. (a) Cervical spine severity score. (b) Correlation between cervical spine severity 
scores and EASI scores. (c) Correlation between cervical spine severity scores and CGRP levels. (d) Levels of sagittal balance of the spine. 
(e) Correlation between the levels of sagittal balance of the spine and EASI scores. (f) Correlation between the levels of sagittal balance of 
the spine and CGRP levels. 
 

THORACIC SPINE SEVERITY SCORE: 
These scores were calculated by reviewing the 
lateral X-ray images 
was a statistically significant difference in thoracic 
spine total severity score between patients with 

 and those with EASI>7 (Figure 3a). While 
there was a reduced correlation between the 
severity of spinal degeneration and that of 
dermatitis (Figure 3b), there was a good correlation 
with the CGRP levels (Figure 3c). 
 

LUMBAR SPINE SEGMENTS SEVERITY SCORE: 
The lumbar spine segments are located at the 
bottom of the spine, between the thoracic and the 

sacral segments. It consists of five separate 
vertebrae that are the largest vertebrae in the 
human spine. The lumbar segments help the spine 
to support its structure. Concerning the lumbar 
spine, there was a statistically significant difference 
between the  group and the EASI>7 group 
(Figure 3d). Moreover, the correlation between the 
EASI score and the lumbar spine severity score was 
R=0.63, which was close to significance (Figure 3e). 
However, there was an excellent correlation (R= 
0.88) between the spine severity scores and the 
CGRP levels (Figure 3f). 

 

 
Figure 3. Thoracic spine and lumbar spine. (a) Thoracic spine severity score. (b) Correlation between thoracic spine severity scores and EASI 
scores. (c) Correlation between thoracic spine severity scores and CGRP levels. (d) Lumbar spine severity score. (e) Correlation between 
lumbar spine severity scores and EASI scores. (f) Correlation between lumbar spine severity scores and CGRP levels. 
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SACRAL AND COCCYX SCORE AREA: 
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. There was a difference 
between the two EASI groups (Fig 4(a)). The 
correlation between the severity score and EASI 
level was significant (Fig 4(b)), as well with the 
CGRP values (Fig 4(c)). 
 

 

 
 

Figure 4. Coccyx and sacral spine. (a) Coccyx and sacral spine severity score. (b) Correlation between coccyx and sacral spine severity scores 
and EASI scores. (c) Correlation between coccyx and sacral spine severity scores and Calcitonin Gene-Related Peptide (CGRP) levels. 
 

THE AGE OF THE PATIENTS CORRELATED WITH 
THE SEVERITY OF DERMATITIS: 
Aging causes important cutaneous modifications. 
With age the stratum corneum and epidermis 
becomes thicker, the papillary dermis contains less 
collagen than the reticular dermis and is more 
fragmented and clustered, epidermal rete edges 
and the dermal/epidermal junction dermal papillae 
become flat due to the retraction of villi. In addition, 
in the stratum basale, keratinocytes proliferate less 
and fibroblasts have a lower ability to migrate, due 
to the fragmented extracellular matrix33. 
 

Aging in patients with AD has been reported to 
exhibit unique clinical phenotypes and 
immunologic endotypes34-36. Hence, the effect of 
age in relation to the importance of dermatological 
lesions was evaluated in all patients. An excellent 
correlation was found between the age of the 
patients and the EASI score (R= 0.81, Figure 5a), 
thus suggesting that age is associated with more 
severe clinical presentation of AD. Age was also 
associated with spinal damage severity score, but 
with a limited value of R= 0.61 (Figure 5b), and with 
the GCRP levels (R= 0.59, Figure 5c). 

 
 

Figure 5. Correlation between patient age and atopic dermatitis. (a) Correlation between patient age and EASI scores. (b) Correlation 
between patient age and CGRP levels. (c) Correlation between patient age and total spine severity scores. 
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CHIROPRACTIC SPINAL MANIPULATIVE THERAPY 
AS COMPLEMENTARY THERAPEUTIC TOOL: 
All 73 patients were treated with a topical anti-
inflammatory cream 3 times a day for 15 days as 
soon as dermatitis was diagnosed 51. Patients 
chose to be treated by the chiropractic spinal 
manipulative therapy (SMT). The 22 patients who 
chose not to undergo chiropractic treatment were 
used as control group. The chiropractic SMT 
consisted of 12 sessions during 3 months 
distributed as follows: twice a week for 3 weeks, 
once a week for 4 weeks, and twice a month for 
one month. 
 

Before chiropractic SMT, the spine severity scores, 
the EASI scores and the CGRP levels of the 
treatment and control groups were similar (Figures 
6a, 6b and 6c). In the control group treated only 
with the cream, the EASI score decreased 

significantly after 2 weeks (p< 0.005, Figure 6d). 
However, after 3 months, the EASI score increased 
again (p< 0.02, Figure 6d). No significant 
differences were found between the EASI score 
before cream treatment and after 3 months (Figure 
6d). After 3 months of chiropractic SMT, the EASI 
scores and the CGRP levels decreased significantly 
(p< 0.0001, Figures 6e and 6f). When we compared 
the effect of chiropractic treatment in relation to 
the group untreated, both the levels of EASI and 
CGRP levels were significantly reduced (p< 0.0001, 
Figures 6g and 6h). 
 
 
 
 
 
 

 

 
 

Figure 6. Effect of chiropractic Spinal ManipulationTreatment (SMT) on the EASI scores and (CGRP levels. (a) Total spine severity score 
before treatment. (b) EASI score before treatment. (c) CGRP level before treatment. (d) Effects of cream treatment on the EASI scores. (e) 
Effects of chiropractic SMT on the EASI scores. (f) Effects of chiropractic SMT on the CGRP levels. (g) EASI score after 3 months of treatment. 
(h) CGRP level after 3 months of treatment. 
 

Moreover, the EASI scores before and after 
treatment correlated with the CGRP levels before 
and after treatment (R= 0.70, Figure 7a), suggesting 
a close relationship between both parameters. 
Finally, the decrease of CGRP levels before and 

after treatment correlated negatively with the 
 7b). This may be 

related to the different spinal biomechanical 
alterations associated with aging37-39. 
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Figure 7. Improvement of clinical parameters after chiropractic SMT correlated with amelioration of the CGRP values a) Correlation between 
CGRP level and EASI score improvements after chiropractic SMT. (b) After chiropractic SMT, the figure shows the correlation between CGRP 
level improvement and age of patients. 
 

Discussion: 
The results obtained in this study showed a strong 
correlation between the altered biomechanics of 
spine and the extent of dermatological lesions of 
intrinsic AD. Regarding the different spinal 
segments, the EASI scores of patients suffering 
from AD were well correlated, particularly with 
SBAs in the cervical spine as well as in the sagittal 
balance of the spine. In the upper cervical spine 
(C1-C2 and C3-C7 segments), a good correlation 
was found between SBAs and EASI scores (R=0.79 
and R=0.64). Remarkably, in this study patients 
with manifestation of dermatitis on the arms and 
hands showed more severe SBAs in the C3-C7 
segment where the nervous fibres directly affect 
the epithelial cell in the chest, shoulders, arms, and 
hands40. Of note, both measurements are related 
areas of high spinal mobility and are probably 
caused by modern habits, such as the use of 
smartphones41,42. 
 

Regarding the thoracic column, no correlations 
were found between the EASI scores and the 
radiographic alterations in the T1 to T9 column 
area. However, alterations in the T10 vertebrae 
correlated with the EASI scores (R= 0.81), as well as 
with the CGRP levels (R= 0.78). This may be related 
to the different biomechanical behaviour with 
greater mobility of this area in relation to the rest 
of the thoracic spine43,44. 
 

The lumbar spine is one of the most injured areas 
because it bears the most pressure when holding 
and pushing, hence resulting in more damage and 

injury45,46. In this study, a correlation was found 
between the lumbar severity scores and the EASI 
scores (R= 0.63) and the CGRP levels (R= 0.88). 
 

The spinal nerves of 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 scrotum40. Neurogenic 
inflammation caused by altered biomechanics of 
the sacrum has also been reported to correlate with 
inflammatory diseases in the genital area47. 
 

However, concerning the sacral and coccyx area, 
the results of this study did not indicate a good 
correlation between the EASI scores and the 
severity of spinal biomechanical alterations (R= 0.45). 
 

Interestingly, this study found a strong correlation 
between the cutaneous disease involvement, the 
SBA and the CGRP levels. Peptide CGRP is 
released by sensory neurons and is one of the main 
components involved in neurogenic inflammation 
regulating pruritus in AD48. By using degenerated 
intervertebral discs from patients with low back 
pain and healthy, painless ones from human organ 
donors, cultured ex vivo, researchers observed a 
greater release of tumor necrosis factor (TNF)-α, 
interleukin-1β, nerve growth factor (NGF) and brain 
derived neurotrophic factor (BDNF), both associated 
with inflammation and chronic low back pain. 
Furthermore, factors released by degenerating 
intervertebral discs such as NGF increased neurite 
growth and CGRP expression49.  
 

These interactions may be triggered by the 
activation of Toll-like receptors by endogenous 
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alarmins such as fragmented extracellular matrix 
proteins found in degenerating discs or cartilage 
that produce NGF50. The role of CGRP depends on 
its localisation. In the dorsal horn, skin-mediated 
central pruritus causes neuroinflammation, 
neurogenic vasodilation, and modulation of 
cutaneous and immune cell function48. To amplify 
neuroinflammation, both immune cells, and 
keratinocytes release CGRP. 
 

Of note, the CGRP levels before and after 
chiropractic treatment decreased with the age of 
the patients. This may be explained because 
despite its recognised benefit in elderly people51, 
physical activity is much reduced52. This reduced 
mobility may also border on the correlation 
between chronic dermatitis and low bone mineral 
density associated with a high prevalence of 
osteopenia of the spine and hip53.  
 

The treatment of AD is based on reducing itch 
symptoms. As a primary anti-inflammatory drug, 
topical corticosteroids are the first-line therapy for 
acute flares of eczema54. In this study, treatment 
with topical anti-inflammatory compounds reduced 
to normal values the EASI scores and the CGRP 
levels of all patients. However, evidence suggests 
a limited effect for topical and systemic targeted 
neural therapies55. Given our clinical observation of 
the presence of spinal biomechanical alterations in 
all patients with AD, we decided to treat the 
patients with chiropractic SMT for 3 months27,28. In 
accord with a review study about the usefulness of 
CAM (Complementary Alternative Medicine) in 
treating AD, our results showed that chiropractic 
can be valid a supportive treatment56. 
 

Conclusions: 
This study was undertaken because there are 
emerging evidences suggesting a role for neuro-
immune interactions in dermatological diseases. 
However, at the present, no guideline-based 
method is available for treating dermatitis and the 
pathogenesis of intrinsic atopic dermatitis remains 
unknown. This comprehensive study of the spine 
reveals for the first time several items: a) There is a 

strong correlation between the severity of spine 
biomechanical alterations and the intensity of 
atopic dermatitis (EASI score). b) The levels of 
calcitonin gene-related peptide (CGRP) correlated 
with both the severity of spinal biomechanical 
alterations and with the EASI score. c) The 
treatment with anti-inflammatory drugs reduced 
the EASI score and the CGRP levels, but both 
increased again after 3 months. However, these 
parameters remained low after chiropractic spinal 
manipulation therapy. The implication of this study 
is that spinal biomechanical alterations (SBA) are 
one of the main causal factors of the 
pathophysiology of atopic dermatitis and 
neurogenic inflammation may be the bridge linking 
spine biomechanical alterations and the intensity of 
atopic dermatitis since both are correlated with 
CGRP levels. Finally, complementary alternative 
therapies such as chiropractic may be beneficial for 
patients with atopic dermatitis. 
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Supplementary Figures: 
 
Anteroposterior and open mouth views of the 
cervical spine  
The C1 (atlas)-C2 (axis) relationship showed that 
the spine severity score in patients with EASI>7 
was almost 4-times higher than in patients with 

(Figure S1a). Therefore, there was a high 
correlation between the severity of spine 
alterations and that of skin involvement (Figure 
S1b, R= 0.79). However, the correlation with the 
CGRP levels was limited (Figure S1c, R= 0.54). The 
C1 and C2 vertebra preservation of its 
zygapophyseal or facet joints was also measured. 
These 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. A statistically significant 
difference in the C1 facet degeneration (p<0.0001) 
was observed between the two EASI groups 
(Figure S1d). However, the correlation between the 
C1 segment damage and the dermatitis magnitude 
was limited (R= 0.60, Figure S1e). Regarding the 
C2 facet degeneration, the difference between the 
two EASI groups was also statistically significant 
(p< 0.0001, Figure S1f), and there was a good 
correlation between the EASI scores and the facet 
degeneration (R= 0.71, Figure S1g). 
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The cervical vertebral segments C3 - C4 - C5  C6 
 C7, the zygapophyseal joints and uncoapophyseal 

31 were examined 
The C3 segment 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. There 
was a statistically significant difference (p<0.0001) 
in the C3 severity score between the two EASI 
groups (Figure S2a). However, the correlation 
between the EASI score and the C3 severity score 
in the EASI>7 group was limited (R=0.42) (Figure 
S2b). Segments C4, C5, C6 and C7, differences 
according to the EASI score were found in all cases 
(Figures S2c, S2e, S2g, and S3a). The values of the 
EASI score and the severity score for C4, C6, and 
C7 were correlated (R= 0.52, R= 0.55, and R= 0.59, 
Figures S2d, S2h, and S3b, respectively) and a 
better correlation was found for C5 (R= 0.75, 
Figure S2f). The lateral views of cervical spine 
radiographs were also evaluated. The C2 C7 angle 
was defined as the angle between the lines parallel 
to the inferior end plate of C2 and C7 vertebral 

Harrison DE, Harrison 
DD, Cailliet R et al. Cobb method or Harrison 

posterior tangent method: which to choose for 
lateral cervical radiographic analysis. Spine 2000; 
25: 2072-8). The value of C2 C7 angles indicated 
a lordosis at the measured segments. The 
rectification angle in the 73 patients varied from 0 
to 38. There was a statistically significant difference 
between patients with low and high EASI scores 
(Figure S3c) and a moderate correlation between 
the EASI score and the spine severity scores (R= 
0.64; Figure S3d). Spondylolisthesis, the slippage 
of vertebra forwards or backwards,was diagnosed 
in almost 87% of the patients in the study. The 
spondylolisthesis was graded according to 
Meyerding classification (Meyerding HW. 
Spondylolisthesis; surgical fusion of lumbosacral 
portion of spinal column and interarticular facets; 
use of autogenous bone grafts for relief of 
disabling backache. Journal of the International 
College of Surgeons 1956; 26: 566-91). There was 
a statistically significant difference (P<0.0001, 
Figure S3e) between the severity of 

with EASI>7. No correlation between the EASI 
scores and the spondylolisthesis severity scores 
was found (R= 0.36, Figure S3f). 
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Analysis of the conventional anterior-posterior 
view of the cervical spine  
The cervical spine was divided into three sections: 
C1-C2, C3-C5, and C5-C7. The conventional 
anterior-posterior open mouth X-ray of the cervical 
spine revealed a significant difference between the 

with EASI>7 (Figures S4a, S4c and S4e). 
Conversely, no correlations were found between 
the spine severity scores and the EASI scores 
(Figures S4b, S4d and S4f). 
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Thoracic spine analyzed in detail 
When the thoracic spine was analyzed in detail, a 
small but statistically significant difference was 
found in T1-2 and in T3 (Figures S5a and S5c) 
between the group and the EASI>7 group. 
No differences between the two groups were 
found in T4-5, T6, T7 and T8 (Figures S5e, S5g, S6a 
and S6c). Conversely, in the lower part of the dorsal 
spine (T9, T10, T11, and T12), a statistically 
significant difference was found between the two 

groups (Figures S6e, S6g, S7b and S7d). No 
correlations were found in most of the cases 
between the severity scores of the different 
thoracic spines and the severity of dermatitis 
(Figures S5b, S5f, S5h, S6b, S6d, S7c and S7e). This 
correlation was found in the T3 and T9 segments 
(Figures S5d and S6f). Finally, T10 showed a strong 
correlation, not only between the spine severity 
scores and the EASI scores (R= 0.81, Figure S5h), 
but also with the CGRP levels (R= 0.78, Figure S7a). 
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Lumbar segments  
To facilitate the analysis, the lumbar segments 
were divided into three segments: L1, L2 and L3-
L5. A statistically significant difference in all three 

and the EASI>7 group (Figures S8a, S8c and S8f). 

Nevertheless, only L1 showed a correlation 
between the spine severity score and the EASI 
score (R= 0.65, Figure S8b). Both L2 and L3-L5 
showed poor correlation (R= 0.49 and R= 0.56, 
respectively; Figures S8e and S8f). 
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