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Abstract.
BACKGROUND: Adolescent idiopathic scoliosis is a complex gondition whose pathogenesis may include inflammation and
signs of joint and bone degeneration.

OBJECTIVE: The main objective of this study is to evaluate the relationship between the severity of adolescent idiopathic
scoliosis and inflammatory blood parameters.

METHODS: The study recruited patients with adoleseent idiepathic scoliosis who attended the Rehabilitation Center of the
IApostolo Foundation in Merate (LC). The scoliosis curve (Cobb’s angle) was used as a severity index to compare with inflammatory
blood parameters (white blood cells subpopulations, immunoglobulins, protein electrophoresis). In addition, the study used an
overall severity grading called “Scoliosis Scere™which includes all spine angles and Risser’s score (bone development index).
RESULTS: Thirty-four subjects were recruited (mean age 14 years, 2 months), 30 females and 2 males. A significant correlation
was found between Cobb’s angle and the percentage values of beta-2 globulins in a directly proportional manner (r = 0.42, p =
0.01), and gamma globulins in an inversely proportional manner (r = —0.366, p = 0.04). However, no significant correlation
between Cobb’s angle and the absolute’values of white blood cells and percentage subpopulations was found (r = 0.0821 p =
0.655). A moderate, inverse cQrrelation was found between the Scoliosis Score and the percentage of neutrophils (r = —0.385,
p = 0.02), a direct correlation was found between the Scoliosis Score and the percentage of lymphocytes (r = 0.404, p = 0.02).
In addition, there was a strong’correlation of the Scoliosis Score with alpha-2 globulin (r = 0.564, p = 0.0012), beta-1 globulin
(r = 0.478, p = 0.0074), and beta-2 globulin (r = 0.370, p = 0.044) and an inverse relationship with gamma globulin (r =
—0.625, p = 0.0002). The main correlations were confirmed by regression analysis.

ICONCLUSION: The correlation between beta-2 globulins and gamma globulins with Cobb’s angle and the Scoliosis Score]
suggests a link between spinal curvature and inflammation in scoliosis patients, This link may indicate the significance of these|
parameters for diagnosing, staging the disease, and monitoring therapies.

Keywords: Beta 2 globulins, cobb’s angle, electrophoresis, inflammation, plasma proteins, scoliosis

1. Introduction

Adolescent idiopathic scoliosis (AIS) is a spinal de-
*Corresponding author: Valeria Giorgi, Fondazione Apostolo, Via P ( ) p

San Marcellino 25 23807 Merate, Lecco, Italy. E-mail: vale.gio@ formity that affects apprOXimately 2% to 3% of the pe-
fastwebnet.it diatric population, typically occurring between the ages
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of 11 and 18 [1]. AIS is a complex and highly diverse
condition that remains incompletely understood, par-
ticularly with regard to its underlying causes and asso-
ciated conditions. It is evident that AIS is a polygenic
disorder, influenced by various genetic, epigenetic, neu-
rological, hormonal/metabolic, and environmental fac-
tors, all contributing to its development [2].

Some studies have proposed a potential connection
between the skeletal muscles and the immune system in
IAIS [3.4]. This interplay between the musculoskeletal
and immune system is notably pronounced in rheumatic
diseases, such as rheumatoid arthritis and osteoarthri-
tis [5], as well as in orthopedic disorders linked to in-
tervertebral disc degeneration [6].

However, the relationship between the immune sys-
tem and scoliosis remains relatively understudied.
Recent investigations have explored the role of im-
mune imbalances and inflammation in individuals with
AIS. For instance, Rudapatna and colleagues observed
macrophage infiltration and fibrosis in the paraspinal
muscles of AIS patients [4], while Wang and colleagues
detected several inflammatory markers in the plasma
of this population [7]. Additionally, altered expression
of dystrophin proteins and inflammatory changes, in-
cluding T cell infiltration in the paraspinal muscles, has
been noted [8].

In this study, we postulate that AIS is a multifactorial
condition in which the interaction between the muscu-
loskeletal and immune systems plays a significant role.
Furthermore, we propose that the Cobb’s angle may
not fully capture the severity of scoliosisyprompting us
to develop an index that offers a more comprehensive
assessment of clinical severity in affected individuals.

2. Methods

This is a retrospective observational study conducted
at the Rehabilitation Center of the Apostolo Foundation
in Merate (LC), Italy. This study included all consecu-
tive patients with AIS who visited our outpatient clinic
during a 7-year period. All tests were conducted on an
outpatient basis at the University Hospital of Verona.
Data were collected retrospectively and evaluated at the
Department of Diagnostics and Public Health, Univer-
sity of Verona, specifically in the Section of Epidemi-
ology and Medical Statistics. We reviewed the medical
records of eligible patients to extract relevant laboratory
data. The data evaluation and analysis were performed
retrospectively at the time of subject enrollment, mean-
ing that there was no ongoing monitoring or follow-up

of patients over a specific timeframe. Inclusion crite-
ria comprised a previous diagnosis of AIS, a Cobb’s
angle of at least 10 degrees (ensured by correctly po-
sitioned anteroposterior X-rays), age between 10 and
18 years, and patient comprehension of the study’s
methods and objectives. Exclusion criteria were: high-
dose steroid therapy, anti-thrombotic drugs, immuno-
suppressive therapy, active infection within 15 days be-
fore participation, autoimmune diseases, and pregnancy.
As a retrospective observational study, our research did
not involve any procedures or interventions that devi-
ated from the standard clinical routine analysis. Patients
provided consent for data processing, with parental
consent obtained for minors, ensuring anonymity. The
study’s principal investigator,and research team en-
sured participant confidentiality. Sensitive data of re-
cruited subjects wereprocessed in accordance with EU
Regulation 2016/679«(GDPR) and Legislative Decree
30/6/2003, n. 196 (€ode regarding the protection of]
personal data)./Only researchers directly involved in the
analysis.had acCess to electronically stored data on an|
encrypted access computer throughout all study phases.
Thesstudy adhered to the principles of the 1964 Decla-
ration’of Helsinki and its subsequent amendments.

To assess scoliosis severity, we employed the Cobb’s
angle, representing the maximum angle recorded in|
any position. Cobb’s angle is measured by identify-
ing the most tilted vertebrae in each curve. Lines are
drawn along the tops and bottoms of these vertebrae,
and two additional lines are drawn perpendicularly at
a 90-degree angle to the first lines. The angle is mea-
sured at the intersection of these lines, expressed in|
degrees [9,10].

Additionally, we introduced an overall severity grad-
ing, provisionally named the “Scoliosis Score,” which
considers all spinal curvatures and the bone develop-
ment index, offering a single numerical value suitable
for statistical analysis. The severity of scoliosis is de-
fined as follows: Scoliosis Score = 0.5 * X1 4 0.3
*X2 +02* (X3 4+ X4+ X5)+ 03 *X6* (5 —
X7), where X1 = cervical curve degrees, X2 = thoracic
curve degrees, X3 = lumbar curve degrees, X4 = de-
viation from the standard kyphotic curve (35°), X5 =
deviation from the standard lordotic curve (35°), X6 =
maximum scoliotic curve value (Cobb’s angle), X7 =
Risser’s parameter. The cervical curve has a greater
weight in this evaluation, which is in line with clini-
cal observations and new proposed classifications of]
scoliotic torsion [11]. The index also accounts for flat
back, hyperkyphosis, or hyperlordosis, and considers
a single greater curve a greater biomechanical imbal-
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Table 1

Characteristics of the sample (/N = 34)

mean SD median  25th Perc.  75th Perc. Min Max
Cobb’s (degrees) 54.09 24.56 55 38 65.5 14 116
Scoliosis Score 65.17 41.34 58.45 40.82 77.42 14.6 211.2
Age (years) 14.26 3.74 14 13 16 5 23
WBC (103/uL) 6.75 1.88 6.88 5.60 7.68 3.13 11.16
Neutrophils (%) 49.87 11.51 49.15 41.85 60.18 28.50 69.80
Lymphocytes (%) 3845 10.56 34.95 29.13 45.88 22.80 58.60
Monocytes (%) 5.94 2.03 5.35 4.68 6.93 3.90 13.40
Eosinophils (%) 2.83 2.13 2.05 1.40 3.78 0.00 9.40
alfal globulins (%) 3.78 0.50 3.7 34 4.1 2.7 49
alfa2 globulins (%) 9.79 1.35 9.95 8.75 10.77 7.4 12.6
betal globulins (%) 5.60 0.71 5.55 5.02 5.97 44 7.1
beta2 globulins (%) 4.01 0.69 4 3.6 4.37 2.7 5.6
Gamma globulins (%)  15.57 2.83 15.25 14.22 17.2 9.4 20.9
IgG (g/L) 11.66 247 11.55 10.40 13.28 6.99 17.90
IgA (g/L) 1.50 0.65 1.23 1.04 1.82 0.72 2.95
IgM (g/L) 1.31 0.54 1.27 0.89 1.63 0.59 2.49

SD: Standard deviation. WBC: White blood cells.

ance (the greater the asymmetry, the greater the imbal-
ance in forces exerted by the muscles on either side of
the spine). Finally, the last term considers the potential
evolution of scoliosis, with a value of zero when bone
growth is complete and the Risser’s score is five [12].

2.1. Statistical analysis

The data were summarized using mean, standard
deviation, median, interquartile range and minimum
and maximum. The Shapiro-Wilk test was usedtotest
the normality of the distribution of variables.

Pearson’s correlation r was used to méasure the de-
gree of association between grade of s¢6liosis and the
other variables. According to Colten 3], an r be-
tween 0—0.25 shows an absent or low/correlation, 0.25—

.5 a decent one, 0.5-0.75 from“moderate to good,
0.75-1 from very good to €xcellent correlation. A p-
value < 0.05 was consideted as statistically significant.
Monocytes and eosinophils‘data were log transformed
to obtain a normal distribution.

Multiple linear regression models were used to fur-
ther investigate the relation between the laboratory pa-
rameters, as dependent variables, and Cobb’s angle and
Scoliosis Score each as independent variables in differ-
ent models adjusting for age.

Statistical analyses were performed with Stata 16.1
(www.stata.com).

3. Results

We analyzed clinical and laboratory data from

30 females and 4,mal€s. The sample characteristics are|
presented in Table 1.

First, we,assessed the correlation between the Cobb’s
angle and.the Scoliosis Score (Fig. 1A). While these
two pdrameters showed a correlation it was not entirely|
definitive, suggesting that other factors or measurement
errors might influence the test results. A sensitivity|
analysis on this correlation yielded consistent results,
with only a slight reduction in the correlation coefficient
(from 0.64 to 0.61) after removing outliers, maintaining
statistical significance (data not shown). Notably, when|
considering only female participants (Fig. 1B), the cor-
relation coefficient increased, both with and without
outliers (data not shown).

Next, we examined the correlation between Cobb’s
angle and the laboratory test values, as shown in scatter]
plots in Figs 2—4, depicting the correlation with leuko-
cytes (Fig. 2A-E), plasma proteins (Fig. 3A-E), and
immunoglobulins (Fig. 4A—C). Pearson’s correlation|
coefficient (r) was used to calculate correlation values,
and statistical significance of the correlation is repre-
sented by the p-value in parentheses.

Figure 2 displays the relationship between Cobb’s
angle (x-axis) and different white blood cell subpopu-
lations (y-axis). We did not observe a significant cor-
relation between Cobb’s angle and the absolute val-
ues of WBC, neutrophils %, lymphocytes %, or mono-
cytes %. However, there was a non-statistically signifi-
cant increase in eosinophil percentage values, partially,
correlated with an increase in Cobb’s angle, although
removing outliers weakened this correlation (data not
shown).

Figure 3 shows a significant correlation between

34 subjects with AIS (Cobb’s angle > 10°), including

Cobb’s angle and the percentage values of beta 2 glob-
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males.

ulins (directly proportional, » = 0.42, p = 0.01), and
gamma globulins (inversely proportional, r = 0.366,
p = 0.04). While there was no significant correlation
between Cobb’s angle and the percentage values of al-
phal globulins (r = —0.075, p = 0.69), alpha2 glob-
ulins (r = 0.172, p = 0.36), and betal globulins (r =
0.20, p = 0.274), there was a trend towards correlation,
with an inverse proportionality for the alphal and direct
proportionality for alpha2 and betal.

Concerning immunoglobulins (Fig. 4), we observed a
negative correlation with IgGs and a positive correlation
with IgAs in absolute values, although statistical sig-
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[Fig. 1. A. Correlation between the Cobb’s angle and the Scoliosis Score. B. Correlation between Cobb’s angle and the Scoliosis Score, without

spectively). Conversely, there was nearly no correlation|
with total IgMs (r = 0.1172, p = 0.53).

Figures 5-7 presented scatter plots illustrating the
correlation between the Scoliosis Score and leukocytes
(Fig. 5A-E), plasma proteins (Fig. 6A—E), and im-
munoglobulins (Fig. 7A—C). Using the Scoliosis Score
resulted in a stronger correlation. We found a robust,
inverse correlation between the score and the percent-
age of neutrophils (p = 0.02), and a direct correlation|
between the percentage of lymphocytes and the score
(p = 0.02). There was also a tendency towards an in-
verse correlation between the percentage of white blood

nificance was not reached (p = 0.19 and p = 0.23, re-

cells and the score (r = 0.2600, p = 0.15) (Fig. 5)
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The use of the Scoliosis Score confirmed the corre-
lation with beta 2 globulins observed with the Cobb’s
angle. Furthermore, there was a strong correlation be-
tween the Scoliosis Score and alpha 2 globulins (p =
0.0012), beta 1 globulins (p = 0.0074), and, inversely,
gamma globulins (p = 0.0002) (Fig. 6).

A correlation between IgG (absolute number) and
Scoliosis Score (p = 0.0037) was also evident. Ad-
ditionally, a weak direct correlation was observed be-
tween IgA and Scoliosis Score, although it did not reach
statistical significance (p = 0.21) (Fig. 7).

Table 2 displays the regression analyses performed

Fig. 2. Scatter plot of the association of the angle of Cobb of scoliosis with blood WBC and subpopulations.

for each scoliosis severity index, with age corrections
applied. The results from regression analysis were con-
sistent with those from correlation analysis, with the|
Scoliosis Score yielding a greater number of significant
results.

4. Discussion

Our data suggests a potential correlation between|
blood protein composition and the severity of AIS, as

quantified by Cobb’s angle. Cobb’s angle is a widely
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accepted metric for spinal curvature, providing an ob-
jective measure of deformity. In our study, we explored
the relationship between Cobb’s angle and various lab-
oratory parameters, including WBC subgroups, plasma
proteins, and immunoglobulin types.

Our findings show a significant correlation between
Cobb’s angle and the percentage values of beta-2 glob-
ulins and gamma-globulins. The correlation between
beta-2 globulins and Cobb’s angle suggests that scol-
iosis severity may be associated to higher levels of in-
flammatory markers in scoliosis patients. This aligns

Fig. 3. Scatter plot of the association of the Cobb’s angle with plasma proteins.
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with the findings of Wang et al. [7], who found a corre-
lation between scoliosis grade and plasma fibrinogen, a
type of beta-2 globulin. Conversely, the negative corre-
lation between gamma-globulins and Cobb’s angle sug-
gests that more severe spinal curvature may be linked
to decreased production of immunoglobulins. Around
10% of severe scoliosis cases showed significant hy-
pogammaglobulinemia. Additionally, some severe sco-
liosis cases had high concentrations of alpha-2 globu-
lins. Since alpha-2 and gamma globulins have an in-
verse correlation, subjects with elevated alpha-2 con-
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Fig. 4. Scatter plot of the association of Cobb’s angleswith immunoglobulins. Values on the y axis are expressed in g/L.

centrations also experienced hypogammaglobulinemia
compared to the rest of the group. This finding supports
the idea that dysregulated immune functionnmay play a
role in scoliosis.

However, the exact causal relationship between sco-
liosis and these immunological ‘changes remains un-
clear. AIS is a complex condition in which multiple
biochemical and moleculat, mechanisms may play a
role [14]. A case-control study found a link between
a genetic polymorphism of IL-6 and the severity of
idiopathic scoliosis, indicating a possible genetic sus-
ceptibility to inflammatory mechanisms [15]. Indeed,
existing literature suggests associations between sco-
liosis and infections, autoimmune diseases, and rare
inflammatory conditions [16,17], such as rheumatoid
arthritis (RA) [18]. Particularly, the prevalence of scol-
iosis in RA exceeds that in the general population (16—
32%) [19], with its incidence correlated with RA dis-
ease activity and corticosteroid use [20]. Genetic sus-
ceptibility to RA is associated with inflammation and
immunity-related genes, so it’s plausible that inflam-
mation underlies both conditions. However, the corre-
lation between scoliosis and corticosteroid use is not

straightforward. It may indicate increased inflamma-
tion in high-activity RA patients, but it can also reduce
bone density and increase the risk of scoliosis. Indeed,
the link between inflammation and AIS may involve
alterations in bone calcification and density. AIS pa-
tients have been found to have altered bone mineral sta-
tus [21,22,23]. The presence of RANKL, an important
pro-inflammatory modulator [24], has been found to be
increased in the serum of idiopathic scoliosis patients,
leading to loss of bone density [25,26]. Decreased bone
density is a common factor in RA and scoliosis comor-
bidity [27], and RA’s chronic inflammation is a risk
factor for osteoporosis [28]. Therefore, altered bone
mineral status in AIS may help explain the connection|
between inflammation and spinal curvature. Addition-
ally, beta2-microglobulin, a key beta-2 globulin, has
been identified as a biological marker of bone remod-
eling, stimulating osteoclastic and osteoblastic activ-
ity [29,30,31]. The role of immunoglobulins warrants
further exploration. It’s conceivable that immunocom-
promised patients (with lower immunoglobulin levels)
may be more susceptible to infections, including vi-

ral ones, leading to increased inflammation and rapi
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bone damage. However, additional research is needed
to substantiate this hypothesis.

Our assessment of scoliosis severity was improved
by introducing a new index that considers multiple pa-
rameters, including the Risser index. Since the progres-
sion of curvature in AIS heavily depends on skeletal
age [32], the correlation between this index and certain
laboratory values related to the immune and inflam-
matory systems highlights its potential significance in
case collections and clinical practice. There is a corre-
lation between the two scoliosis indexes, although it is
not perfect. In extreme cases, the correlation may be

Fig. 5. Scatter plots of the association of the Scoliosis Score with blood WBC and subpopulations.
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weak. This can be explained by the non-uniform distri-
bution of ages in our sample. The Scoliosis Score takes
into account the Risser index, which assigns different
weights to degrees of curvature based on skeletal de-
velopment. Therefore, a patient in the early stages of]
skeletal development may be classified as more severe
than one whose development is already complete, even
if they have the same degree of curvature. This shows
that clinical severity is influenced not only by scoliosis
itself but also by individual variations in developmental
stages [11,33]. This approach could provide a more pre-
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cise understanding of clinical severity and age-related
variations in scoliosis patients.

Future research in scoliosis may lead to the discov-
ery that specific protein species are responsible for the
observed increase in globulins. For instance, alpha-2-
macroglobulin, representative of alpha-2 globulins in
serum, decreases during Deer antler treatment, which
promotes bone and cartilage development [34]. It re-
mains an underexplored area to identify proteins as in-
dicators of AIS severity and progression risk [35]. No-

Fig. 6. Scatter plot of the association of Scoliosis Score with plasma proteins.

platelet systems, holds promise in predicting severity|
and therapeutic response. Platelet calmodulin levels are|
abnormal in scoliosis and higher in patients with pro-
gressive curves [36,37]; in addition, it showed potential
as an independent predictor of severity and therapy re-
sponse [38]. Beta-2 microglobulin, linked to inflamma-
tory processes [39,40], could be valuable in evaluating
disease activity. Furthermore, exploring the potential
benefits of dietary flavonoids with osteoprotective and
mild anti-inflammatory properties for this population is

tably, calmodulin, a regulator of skeletal muscle and

also worth considering [41,42.43]
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Table 2
Regression analysis for each scoliosis index
Cobb’s angle Age (per Cobb’s angle) Scol. Score Age (per Scol. Score)
Coeff st.err p Coeff st.err p Coeff st.err P Coeff st.err p
alphal —0.032 0.096 0.738 0.021 0.093 0.825 —0.075 0.107  0.490 —0.0313 0.107  0.907
alpha2 0.113 0.234  0.633 0.504  0.228  0.036 0.614  0.238  0.015 —0.197 0.238 0413
betal 0.131 0.133  0.331 —0.048 0.129 0.712 0.394  0.132  0.006 0.136 0.132  0.310
beta2 0.308 0.117  0.014 0.112  0.114  0.336 0.374 0,129  0.007 0.248 0.129  0.066
gamma —0.888  0.494  0.083 0.553 0.480  0.260 —1.800 0476  0.001 —0.227 0.476  0.637
1gG —0.513 0.447  0.261 0.637 0472  0.188 —1.200 0456 0,014 0.040 0.498 0937
IgA 0.168  0.119  0.171 0.169 0.126  0.191 0.291 0.126  0.029 0.307 0.137  0.034
IeM —0.058 0.103 0579 0.038  0.109 0.727 —0.061 0.115  0.602 0.013 0.125  0.921
WBC —0.093 0.346  0.790 0.279  0.343 0.422 —0.441 0.386  0.262 0.065 0.387  0.869
neutro 2,313 1.875 0.227 5.511 1.856  0.006 —2.295 2.106  0.294 3814 2.153 0.087
lympho —2.490 1.627  0.137 —5.822 1.611 0.001 1.879 1.891 0.329 —4.309 1.898  0.031
mono (log) —0.048 0.052 0.371 0.065 0.052  0.220 —0.033  0.060 0.587 0.057 0.060  0.350
eos (log) 0.113 0.131 0.396 0.147  0.136  0.290 0.074  0.149  0.622 0.159 0.156 0314
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Fig. 7. Scatter plot of the association of the Scoliosis Score with immunoglobulins.

Our study has certain limitations. Our results are
preliminary and therefore should be interpreted with
caution. Our sample size is relatively small, with only
4 male participants, which may introduce a potential
confounding variable. This, combined with the low
mean and median age of our sample, raises considera-
tions about the generalizability of our findings, although
we added a partial analysis excluding the male popu-
lation. To gain a comprehensive understanding, further

research with larger and more diverse populations is
necessary. In addition, our proposed Scoliosis Score
also requires validation through additional studies.

5. Conclusion

In conclusion, our pilot study supports the idea that
scoliosis involves systemic inflammation and immune|
system dysregulation in some patients. It highlights dif-
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ferences between Cobb’s angle and the Scoliosis Score
index, emphasizing the need for considering various
clinical factors in the scoliosis population. The intri-
cate relationship between blood proteins and scoliosis
severity suggests potential for novel therapies. Further
research is crucial to validate and explore these insights.
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