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INTRODUCTION

Idiopathic scoliosis in children accounts for over 80% of scoliosis cases, with a global incidence of 2—
3%. Treatment consists of conservative methods (physical exercises, rigid bracing) or surgical options
(spinal fusion, vertebral body tethering), both involving significant economic and psychological costs.
In Romania, limited access to treatment outside urban centers and the discontinuation of screening
programs since 2017 exacerbate this issue. The doctoral thesis is structured into two parts: a review of
the specialized literature, with emphasis on neurodevelopmental etiology and conservative methods,
and the personal contribution, which includes three studies: the association of vestibular disorder history
with Cobb angle, the relationship between persistent primitive reflexes and scoliosis, and the validation
of the SRS-22r questionnaire translation for evaluating patients' quality of life. The conclusions propose
the development of a free, validated, and easy-to-apply early screening protocol with national and
international applicability.

CURRENT STATE OF KNOWLEDGE

Chapter 1. Idiopathic Scoliosis in Children

1.1.Definition — Scoliosis is a three-dimensional deformation of the spine, regardless of the location of
the pathological curve, provided the Cobb angle exceeds 10°. Thus, it is defined by the appearance of
a pathological curve in the frontal plane, rotation of the vertebrae within the pathological curve in the
transverse plane, and either accentuation or flattening of the physiological curves in the sagittal plane
[1-3]. Idiopathic scoliosis (IS), as the name suggests, does not yet have a well-determined cause, and
there are currently several etiopathogenic theories, still not fully proven. The most common form of
scoliosis is adolescent idiopathic scoliosis, with a global incidence ranging from approximately 2—-3%
up to 5.2% [4-8]. The average age of onset for adolescent idiopathic scoliosis (AIS) is around 8-9 years
for girls and 10-12 years for boys, due to the different timing of puberty onset between the sexes,
although forms with earlier onset also exist [4—8].

1.2. Current Etiopathogenic and Morphological Theories

Currently, various theories attempt to explain the pathogenesis of idiopathic scoliosis (IS), including
the factors responsible for its onset and progression [9-12]. To better understand the multifactorial
pathogenesis of IS, these theories can be classified as follows: the genetic theory, the mesenchymal
stem cell theory, the tissue theory, the biomechanical theory of spinal development, the neurological
theory, the hormonal theory, the biochemical theory, the environmental and lifestyle theory, and the
integrative theory —a more recent approach that attempts to link the aforementioned factors [9-12].1.2.4.
Biomechanical Theory of Spinal DevelopmentThe biomechanical hypothesis of idiopathic scoliosis
(IS), one of the most accepted and intensively researched, supports the existence of a growth imbalance
between the two vertebral columns: the anterior column (formed of spongy bone) and the posterior
column (formed of compact bone), with a faster development of the anterior column (RASO — Relative
Anterior Spinal Overgrowth). Experimental studies (Murray, Shi, Crijins) have demonstrated that this
asymmetric growth can induce spinal curves similar to those in IS, though there were differences
regarding whether RASO is a primary or secondary condition [13-15]. Other research (Guo, Will,
Brink) has highlighted the differential contribution of ossification types and intervertebral discs in the
onset and progression of spinal curves [16-18]. Additionally, complex biomechanical relationships have
been explored, such as the influence of rib length differences, muscle asymmetries determined by
laterality (Yang), or growth discrepancies between the sternum and the thoracic spine (Chen), all
suggesting a multifactorial mechanism in the etiopathogenesis of idiopathic scoliosis [19,20].

1.2.5. Neurological Theory - This hypothesis of secondary adaptation is also supported by functional
studies that analyzed brain connectivity, suggesting alterations in neural networks involved in
proprioceptive processing and postural balance.



Central Nervous System — The study by Schlosser et al., using functional magnetic resonance imaging
(fMRYI), identified reduced connectivity between the cerebellum and the posterior parietal cortex, a
region involved in integrating sensory information for postural control [21]. Furthermore, multisensory
integration dysfunctions in the vestibulo-cerebellar areas were also suggested by research from Chen et
al., who demonstrated decreased activity in the nodulus-uvula region in adolescents with IS, correlated
with chronic postural imbalance [22]. Along this line of research, the hypothesis of dysfunction in the
cerebello-thalamo-cortical axis is gaining increasing clarity, as inadequate functioning of this fine motor
control loop may influence the asymmetric neuromuscular development of the trunk during the rapid
growth period. Although rare, post-mortem histological studies have shown alterations in the density
and organization of Purkinje cells in the medial cerebellar cortex, supporting the neurodevelopmental
etiopathogenesis hypothesis [23]. Nevertheless, the lack of robust longitudinal studies and the difficulty
in establishing a causal relationship between neuroanatomical abnormalities and the onset of scoliosis
warrant cautious interpretation. The question remains open as to whether cerebellar changes are causal,
adaptive, or coexistent, with the etiology of idiopathic scoliosis likely being multifactorial, with a
complex neuromuscular substrate.

Vestibular System — The distinction between peripheral and central origins of vestibular dysfunction is
essential for understanding the etiopathogenesis of idiopathic scoliosis. Supporting a central
mechanism, functional neuroimaging studies have shown changes in cortical activity associated with
vestibular information processing. For instance, Iwasaki et al. demonstrated through fMRI an atypical
activation of the insula and posterior parietal cortex in adolescents with IS during galvanic vestibular
stimulation, suggesting altered multisensory integration [24]. Meanwhile, electrophysiological research
has revealed increased latency and reduced amplitudes of vestibular evoked myogenic potentials
(VEMP) among IS patients, suggesting decreased excitability of the vestibulo-spinal pathway [25].
These findings converge on the hypothesis of a sensory integration defect that could affect postural tone
and axial alignment in the long term, particularly during the growth spurt. An important aspect
highlighted by several studies is the unilateral or asymmetric nature of these deficits, which may explain
the dominant direction of the scoliotic curve (e.g., left or right concavity), depending on the predominant
vestibular hypofunction. In this regard, Bohr et al. showed that vestibular system functional
abnormalities were significantly correlated with the direction and severity of the Cobb angle, raising
the issue of a possible causal relationship [26]. In conclusion, although evidence of the vestibular
system’s involvement in IS pathogenesis remains contradictory, there are sufficient indications of
functional impairment (peripheral, central, or combined) that may contribute to the development and
progression of spinal curves. Clarifying this relationship could significantly impact diagnostic and
treatment strategies, including the development of early vestibular rehabilitation interventions for
preventive purposes.

1.3. Diagnosis of Idiopathic Scoliosis

Patients with idiopathic scoliosis (IS) typically present for specialist evaluation after a postural spinal
deformity is noticed by family members or identified during school screening or by a family physician.
According to the SOSORT guidelines, the diagnosis is one of exclusion, meaning that neurological and
congenital causes must first be ruled out. Once these are excluded, clinical and/or imaging
investigations are tailored to the patient’s age and the presence of specific clinical signs.

1.3.1. Clinical Diagnosis of Idiopathic Scoliosis

The clinical assessment of idiopathic scoliosis focuses, in the frontal plane, on identifying asymmetries
in the shoulders, scapulae, iliac crests, gluteal fold, kneecaps, and other pelvic or lower limb landmarks.
In the sagittal plane, the examiner evaluates the physiological curvatures of the spine, head alignment,
pelvic positioning, and knee extension. In addition, the symmetry of the paravertebral muscles is
examined, along with the presence of a rib hump during the Adam’s forward bend test and any spinal



axis deviation. These findings help determine the type of scoliosis and whether imaging studies are
necessary

The Adam’s forward bend test is performed with the patient standing upright and bending forward at
the waist. During this maneuver, the examiner inspects the ribcage for the presence of a rib hump, noting
its position—whether it appears on the right or left side, and whether it is located in the upper thoracic,
thoracolumbar, or lower regions. From the same position, the examiner also observes any lumbar
prominence and detects any lateral shift of the pelvis to the right or left [3].

Special Clinical Tests - The Fukuda stepping test (also known as the Unterberger test) is the preferred
method for evaluating the presence of peripheral vestibular disorders. It can be performed in three
different ways:The patient marches in place with eyes closed and arms crossed at the shoulders.The
patient marches in place with eyes closed and arms extended at 90° to the trunk.The patient marches in
place with eyes closed, forearms flexed, and performs alternating anteroposterior swinging motions
with the legs.In all versions, the patient counts silently up to 100 steps. The examiner then measures the
anteroposterior displacement and any rotational deviation to the right or left. The test is considered
positive if the patient moves more than 50 cm forward or backward and rotates more than 20° laterally
[27].

Stabilometry tests are performed by having the patient stand on one foot, both with the entire foot
(plantigrade) and on the toes (digitigrade), on each leg. These tests assess the patient’s ability to
maintain a stable position without using their arms for support. For children older than six, the normal
duration for the plantigrade test is 20—30 seconds. The digitigrade duration is expected to be about half
of that achieved in the plantigrade position [3].

Testing of residual primitive reflexes is limited to those reflexes related to the motor skills required for
trunk control, sitting, crawling, and walking. This testing applies only to older children who have
already acquired these motor milestones and who do not present with any neurological symptoms. The
results are scored using the Ayres scale, ranging from 0 to 4. A score of 0 indicates full age-appropriate
integration of the reflex. A score of 1 means that only one automatic response element is present. A
score of 2 reflects two elements, 3 indicates three motor components, and a score of 4 shows a fully
present typical reflex response. The reflexes tested include the Moro reflex, the Symmetric Tonic Neck
Reflex (STNR), the Asymmetric Tonic Neck Reflex (ATNR), and the Galant Spinal Reflex (GSR) [28,
29].

Instrumental Clinical Tests

The Scoliometer - is a standardized instrument, graded from 0° to 20°, used to determine the lateral tilt
of'a rib hump. However, it is not a device that can replace the standard radiological examination, as the
results are not directly comparable. It serves to guide the examiner regarding the clinical progression of
the patient and the need for repeating an X-ray.For the examination, the patient is placed in the Adam's
forward-bending position, and the goniometer is positioned with its central zone (cut-out) on the spine
at the highest point of the rib hump, and the indicated value is read. An angle greater than 5° is
considered positive and defines the Adam's test in both standing and seated positions. It evaluates the
transverse plane of the spine. A positive progression, meaning an increase in the scoliometric tilt angle,
requires the examiner to perform a new X-ray [3].

Platforms for Instrumental Evaluation of Proprioceptive/Vestibular/Gait DeficitsThe Framinal
Multi-Equilibre platform is an evaluation and re-education system developed in France in the mid-
2000s at the University of Marseille. It uses a suspended platform with motion sensors, connected to
software that analyzes the spontaneous motor response for balance after exposure to visual stimuli
and/or during cranial box movement.Along with posturographic evaluation, a videonystagmographic
assessment is also performed, which records the spontaneous oculomotor response caused by the
movement of the otoliths when the patient is seated in a rotating chair. The calculated indices include
those previously mentioned, specifically the Romberg index, for all tested situations: eyes open — eyes



closed in a fixed and free (unstable) position, with and without concurrent visual stimulus, and eyes
open — eyes closed with lateral head movements.The suspended platform does not generate any
movements of its own; all recorded movements are those of the tested patient. After the software
analyzes the collected patient data, it can generate, in addition to a precise diagnosis—such as
hyporeflexia in the left or right ear, areflexia in the left/right ear, etc.—a specific training program
designed to reduce the risk of worsening the specific vestibular disorder [30].If the patient wears
corrective lenses, the test can be performed with or without glasses.

1.3.2. Imaging Diagnosis of Idiopathic Scoliosis

Imaging currently represents the gold standard for establishing a definitive diagnosis of spinal
alignment disorders. It is the evaluation method for which there is universal professional consensus,
regardless of the medical specialty to which the patient is referred. At present, the guideline used for
imaging analysis of the scoliotic spine is the Radiographic Measurement Manual, developed in 2016
through a consensus by the Scoliosis Research Society (SRS), the Harms Study Group for Scoliosis
(HSGS), and the International Society on Scoliosis Orthopedic and Rehabilitation Treatment
(SOSORT). The radiographs of the patients in this doctoral study were performed according to the
model presented in this manual (https://www.srs.org/Files/Research/Manuals-and-Publications/sdsg-
radiographic-measuremnt-manual.pdf).

The Cobb-Webb method - is the reference standard for evaluating spinal deviations in the frontal plane.
It determines the Cobb angle, a radiological technique that allows objective quantification of scoliotic
curves and is regarded as the gold standard for diagnosing and monitoring scoliosis. The orientation of

the curvature, or the scoliosis, is determined by the convexity. According to the Cobb angle value,
scoliosis is classified using the Lippman-Cobb system, which is the most commonly used in clinical
practice. Scoliosis is classified as Grade I for angles between 10 and 20 degrees, Grade II for angles
between 21 and 30 degrees, Grade III for angles between 31 and 50 degrees, Grade IV for angles
between 51 and 75 degrees, Grade V for angles between 76 and 100 degrees, Grade VI for angles
between 101 and 125 degrees, and Grade VII for angles over 125 degrees.

Musculoskeletal ultrasound - has limited clinical value in scoliosis assessment and is typically used
only when there is suspicion of associated acute or subacute muscle injury. The only ultrasound system
that evaluates the spine as a whole is Scolioscan, which uses imaging ultrasound. However, this method
is not yet considered a complete substitute for standard radiography. It is instead regarded as an
intermediate assessment method, used to reduce excessive radiation exposure in scoliotic patients.

1.4. Treatment of Idiopathic Scoliosis

The therapeutic decision in idiopathic scoliosis depends greatly on factors such as the age of onset, the
Cobb angle value, the number of pathological curves, the degree of bone maturity as indicated by the
Risser index, the location of the main curve, and the rate of progression.There are two main types of
treatment.

The conservative treatment - which includes scoliosis-specific physical exercises (known in the
literature as Physiotherapeutic Scoliosis-Specific Exercise or PSSE) and rigid bracing, referring to the
use of rigid cervico-thoraco-lumbo-sacral orthoses.

The surgical treatment - which involves the surgical correction of pathological curves using
osteosynthesis materials. The objectives of each type of treatment are described in detail within the
body of the thesis.

SPECIAL PART (PERSONAL CONTRIBUTIONS)

Chapter 1. Purpose, Objectives, and Working Hypothesis

1.1. Thesis Motivation - The main motivation of the thesis lies in the need to identify early, accessible,
and reproducible functional tools capable of anticipating the risk of developing adolescent idiopathic
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scoliosis (AIS) before the formation of structural deformity. In the context of a lack of clear etiological
markers and the frequent late diagnosis, the work proposes integrating tests for persistent primitive
reflexes and peripheral vestibular dysfunctions into the screening protocol. This supports a preventive,
multidisciplinary approach that complements classical morphological evaluation and allows for early
interventions with potential impact on functional prognosis and therapeutic costs.

1.2. Thesis Objectives - This thesis aims to use two of the previously presented etiopathogenic theories:
the biomechanical theory of spinal development and the neurological theory. The latter involves the
vestibular system and the theory of automatic motor acquisition (persistent primitive reflexes). The goal
is to integrate these two theories—developmental and neurological—into the creation of a more
effective treatment plan with better patient adherence in the medium and long term. The thesis also
proposes the potential inclusion in the AIS evaluation and monitoring protocols of the following
elements:Sensorimotor assessment of peripheral vestibular disorders in static and dynamic vertebral
disorders (using clinical tests such as the Fukuda test and/or instrumental assessments on vestibular
evaluation platforms like Framiral or standardized stabilometric platforms);Evaluation and integration
of sensory-proprioceptive deficiencies in patients with AIS;Assessment of pathologically persistent
primitive reflexes and their integration into efficient motor patterns;Evaluation of the quality of life of
AIS patients using an internationally validated questionnaire endorsed by professional societies
involved in scoliosis diagnosis and treatment.

1.3. Significance of the Study - The study critically analyzes the current limitations of conservative
treatment for idiopathic scoliosis (AIS), highlighting its predominantly biomechanical nature, lack of
international standardization, and low long-term effectiveness. Internationally recognized methods such
as Schroth, SEAS, Rigo, or Dobomed—although validated by guidelines like those of SOSORT or
SRS—are based exclusively on biomechanical principles (derotation, elongation, active posturing)
without incorporating neurological dimensions or sensory evaluations. The thesis introduces an
emerging neurological theory suggesting that peripheral vestibular dysfunctions may play a role in the
etiopathogenesis of AIS. In this context, it explores the hypothesis that scoliosis patients are more prone
to vestibular dysfunctions than the general population. The vestibular system, involved in vertical
perception and spatial orientation, if deficient from early childhood, could negatively influence the axial
development of the spine during rapid growth periods. Motion sickness (kinetosis), often present in
children with vestibular dysfunctions, is proposed as a potential early predictor of scoliosis risk.
Supporting this hypothesis, the use of the Fukuda Step Test (FST)—a simple clinical tool for evaluating
vestibular function—is analyzed, with a proposal to correlate its results with motion sickness history
and Cobb angle values obtained radiologically.

Chapter 2. Methodology

The data of patients evaluated within the Pediatric Neuropsychomotor Recovery Department of the
Techirghiol Balneary and Rehabilitation Sanatorium and at the FizioZone Clinic in Constanta were
analyzed in three retrospective observational studies conducted between March 1, 2022, and December
31, 2024. Out of a total of 723 patients examined, only 179 met the inclusion criteria, and among them,
135 consented to standard radiological evaluation, thus being included in the first two studies. The third
study was conducted on the entire group of 179 patients with postural spinal disorders. The methodology
described below was used for all three studies included in the doctoral thesis.

2.1. Inclusion Criteria - Patients under the age of 19, with a primary diagnosis of spinal disorders, who
were able to walk independently and provided written consent for the use of their personal data for
scientific purposes were included.

2.2. Exclusion Criteria - Patients over the age of 19, with a history of neurological, genetic, or
orthopedic diseases, with assisted walking, or who did not provide written consent for data analysis
were excluded.



2.3. Standard Clinical Evaluation - Included the Adam's Forward Bend Test, the finger-to-floor index
(IDS), finger-to-finger index (IDD), Fukuda Stepping Test (FST) for vestibular dysfunction, evaluation
of primitive reflexes (STNR, ATNR, Galant, Moro) using the Ayres scale (0—4), and single-leg
stabilometric testing.

2.4. Standardized Anamnestic Evaluation - Information was collected regarding: personal data, history
of motion sickness based on Baradny Society criteria [34], optical corrections, history of crawling, and
other relevant pathologies.

2.5. Imaging Evaluation - Standard upright (posteroanterior and lateral) X-rays were performed
according to SOSORT guidelines [3], with measurements of the Cobb angle (scoliosis >10°), vertebral
rotation (Nash-Moe), bone maturity (Risser), iliac crest asymmetry, and any congenital spinal
malformations.

2.6. Computerized Evaluation on the Framinal Multi-Equilibre Platform - Used for vestibular and
proprioceptive analysis by calculating the Romberg index (sway area, mm?) under four sensory
conditions (OIS, ODS, OII, ODI), and for vestibular diagnosis using videonystagmography, identifying
involved canals and sides (uni-/bi-/tricanal).

2.7. Statistical Data Analysis - Performed with IBM SPSS Statistics 25 and Microsoft Excel/Word
2024. Quantitative variables were analyzed using Shapiro-Wilk, Mann-Whitney U, Kruskal-Wallis H,
Wilcoxon tests, and Spearman correlations. Qualitative variables were analyzed using Fisher’s test. The
statistical significance threshold was set at o = 0.05

Chapter 3: Study 1 — Peripheral Vestibular Disorders in Idiopathic Scoliosis

3.1. Introduction

Adolescent idiopathic scoliosis (AIS) is a spinal deformity in the frontal plane characterized by a Cobb
angle greater than 10°, with no known cause. It typically begins around the ages of 9-10 in girls and
11-12 in boys, and it is the most common form of scoliosis, with a prevalence of 2 to 5.2 percent.
Classification is based on the Cobb angle, the location and orientation of the spinal curve, and the age
of onset. Treatment options include conservative and surgical approaches, with most mild to moderate
cases requiring only conservative management, such as physical therapy and bracing. The most widely
accepted physical therapy methods are those following the EFSS model (e.g., Schroth, SEAS), which
are based solely on biomechanical principles. These approaches do not incorporate stimulation of
antigravity postural reflexes or assessment of oculo-vestibular function, both of which are essential for
diagnosing peripheral vestibular syndromes.

3.2. Working Hypothesis / Objectives

A recently proposed but not yet proven neurological hypothesis suggests that peripheral vestibular
dysfunctions may be associated with the onset of scoliosis. Patients with AIS may be more predisposed
to such dysfunctions compared to the general population. The vestibular system influences spatial
orientation, and an inaccurate perception of verticality—if present during early motor development—
may contribute to spinal deviations during periods of rapid growth. Motion sickness (kinetosis), often
appearing as early as one year of age in the form of dizziness or nausea, is already correlated with
vestibular hypersensitivity. This raises the question of whether this symptom could serve as an early
predictor of scoliosis and its severity, particularly regarding high Cobb angle values. The Fukuda
stepping test (FST), a clinical tool for evaluating vestibular dysfunction, is considered positive if the
patient rotates more than 45° during the test. The extent of rotation is correlated with the severity of the
dysfunction. Since there is currently no formal link between scoliosis screening and vestibular
symptoms, this study aims to investigate whether AIS patients frequently have a history of motion
sickness and positive Fukuda test results, and whether there is a relationship between Cobb angle values,
history of kinetosis, and FST results. The specific aims of the study are to identify a possible correlation
between the Cobb angle and peripheral vestibular dysfunction, to analyze the link between a history of



kinetosis and vestibular disorders, to explore the relationships between vestibular test results (such as
Romberg and videonystagmography) and the clinical and imaging characteristics of scoliosis, and to
statistically assess the demographic and biometric features of the studied group.

3.3. Methodology

3.3.1. Informed Consent - All participants provided informed consent for the scientific use of their
medical data. For patients under the age of 16, consent was also signed by their parents or legal
guardians. The study was approved by the Ethics Committee under approval number 3739/15.03.2022.
Out of 723 patients evaluated between March 2022 and December 2024, a total of 177 minors (106 girls
and 61 boys), aged between 7 and 19 years, were selected. These patients were followed in the clinic
over an 18-month period for assessment and treatment of spinal disorders.Patients under 19 years old,
with a primary diagnosis of a vertebral static disorder, who could walk independently and who provided
written consent for the scientific use of their data, were included in the study. Patients over 19, those
with neurological, genetic, or orthopedic conditions, those requiring assisted walking, or those who did
not provide written consent were excluded.

3.3.2. Clinical assessment - included the Fukuda stepping test, Adam’s test, and the finger-to-floor
index. The Fukuda test was conducted under controlled conditions with clear instructions given to the
patients. It was considered positive if the rotation exceeded 45° or if there was a forward displacement
greater than 50 cm. In these cases, patients were referred for instrumental vestibular testing using the
Framiral platform, which allowed for the identification of peripheral vestibular syndrome and
localization of the affected area.

3.3.4. Medical history - The standard medical history included questions regarding the presence of
motion sickness, the need for optical correction, and the patient’s past medical history, particularly in
relation to the exclusion criteria.

3.3.5. Imaging - was performed using cervico-dorso-lumbar “stitching” radiographs in a standing
position, following SOSORT guidelines. The Cobb angle, vertebral rotation (Nash-Moe), bone
maturation level (Risser), iliac crest asymmetry, and any bone malformations were evaluated, with only
clinically insignificant spina bifida occulta being accepted.

3.3.6. Statistical analysis was performed using IBM SPSS Statistics 25 and Microsoft Excel/Word
2024. Quantitative variables were expressed as means or medians, and their distribution was assessed
with the Shapiro-Wilk test. Group differences were analyzed using Fisher’s Exact Test, and non-
parametric quantitative variables were assessed with the Mann-Whitney U and Kruskal-Wallis H tests.
Correlations were measured using Spearman’s coefficient, and paired measurements were compared
using the Wilcoxon test. To evaluate the predictive value of the Cobb angle in diagnosing peripheral
vestibular syndrome, a ROC curve was used. Predictive performance was expressed through the AUC,
and the optimal threshold was identified based on Youden’s index. The significance level used for the
analysis was set at a = 0.05.

3.4. Results

The general statistical data of the study group shows that most of the analyzed patients were
girls (63%), with a mean age of 13.42 £+ 2.83 years and a median age of 13 years. Out of the 177 patients
enrolled in this retrospective study, 135 consented to undergo a standard cervico-thoraco-lumbar X-ray,
following SOSORT guidelines, to assess the Cobb angle, Nash-Moe classification, and Risser score.
The average Cobb angle was 16.14 + 11.31 degrees, with a median of 12 degrees (range: 10-17).
According to the SI classification based on the Cobb angle, 76.27% (135 patients) had scoliosis, with
most of them (69.6%) presenting with grade I scoliosis.

The study titled "Peripheral Vestibular Disorders in Idiopathic Scoliosis" explores potential
links between adolescent idiopathic scoliosis (AIS) and peripheral vestibular dysfunction (PVD). The
working hypothesis suggests that patients with AIS may have a higher likelihood of exhibiting
peripheral vestibular dysfunctions, which could point to a partially neurosensory origin for the



condition. The study cohort consisted of 177 patients aged between 7 and 19, with a predominance of
females (63%). Out of these, 135 underwent imaging to determine the Cobb angle.

The initial mean Cobb angle was 16.14° £ 11.31°, while the final mean angle was 15.31° +
9.81°, and the difference between them was statistically significant (p = 0.007, Wilcoxon test).The
comparison of Cobb angle values based on the results of the Fukuda Stepping Test (FST) revealed
significant differences. The median initial Cobb angle was 27.5° (interquartile range: 14-34.25) in
patients with a positive FST, compared to 12° (interquartile range: 10—15) in those with a negative FST,
with a p-value of less than 0.001. The final median Cobb angle was 23.5° (IQR: 10.75-30) in the FST-
positive group and 12° (IQR: 10-15) in the FST-negative group, also with a p-value below 0.001.

Regarding the presence of peripheral vestibular syndrome (PVS), the analysis indicated that
patients with right-side PV'S had a median initial Cobb angle of 18.5° (IQR: 12-31.5), while those with
left-side PVS had a median angle of 20° (IQR: 13.5-32.5). In contrast, patients without PVS had a
significantly lower median initial Cobb angle of 11.5° (IQR: 9.75-14), with a p-value below 0.001.

The final Cobb angle values were 16° (IQR: 10-25) for right-side PVS, 20° (IQR: 13.5-26) for
left-side PVS, and 11° (IQR: 10-14) for those without PVS, again with statistically significant
differences (p < 0.001).

3.5. Discussion

This section analyzes and interprets the results concerning the relationship between adolescent
idiopathic scoliosis (AIS) and peripheral vestibular dysfunctions (PVD). The findings suggest a
significant correlation between vestibular dysfunction and scoliosis severity, as measured by the Cobb
angle. Patients with a positive Fukuda test displayed significantly higher Cobb angle values both at the
beginning and during the evolution of the condition, which may indicate a potential influence of
vestibular dysfunction on the development or progression of the scoliotic curve.

Additionally, there was a higher prevalence of motion sickness among patients with severe
scoliosis, supporting the hypothesis that a sensitized vestibular system from early childhood might
contribute to postural imbalances that, in turn, affect spinal alignment. These findings are reinforced by
the positive correlations observed between Romberg test scores and Cobb angle values. The presence
of PVD, confirmed by instrumental assessments such as videonystagmography and posturography tests,
was associated with higher Cobb angles and more advanced scores in the Nash-Moe and Risser
classifications. This suggests a possible influence of vestibular function on vertebral rotation and bone
maturation during growth.

Among the limitations of the study are its retrospective nature, the absence of a control group
without spinal disorders, and the heterogeneity of patient ages within the sample. Nevertheless, the
statistical consistency and the multiple correlations between relevant variables support the validity of
the proposed hypotheses.

3.6. Conclusions

The study supports the hypothesis of a significant correlation between peripheral vestibular
dysfunction and the severity of scoliosis, observed both during the initial evaluation and at the end of
treatment. The integration of vestibular tests such as the Fukuda test, videonystagmography, and the
Romberg test into the screening of AIS patients may help identify early those cases with a high risk of
severe progression. The conclusions also emphasize the necessity of incorporating vestibular evaluation
into the screening and treatment protocols for idiopathic scoliosis. Moreover, the study provides a strong
argument in favor of therapeutic approaches that include vestibular reflex stimulation and postural
balance training as part of physical therapy.



Chapter 4: Study 2 — Unintegrated Primitive Reflexes — A Possible Predictor for the Onset and
Progression of Idiopathic Scoliosis
4.1. Introduction

Idiopathic scoliosis (IS) is defined as a spinal curvature in the frontal plane >10° Cobb angle,
associated with vertebral rotation, in the absence of an identifiable structural, neurological, or
syndromic cause [1-3]. The most common form is adolescent idiopathic scoliosis (AIS), with a global
estimated incidence of 2-5.2% in the 10—19 age group [4-8]. Treatment is conservative for curvatures
<45°, including specific scoliosis exercises (SSEs) for curves under 25°, and for angles >30°, flexible
or rigid bracing. Curves >45° are eligible for surgical treatment [3].Recent etiopathogenic hypotheses
include genetic and neurodevelopmental components, but genetic testing remains limited to specialized
centers [9—12]. Primitive reflexes—ATNR, STNR, and GSR—are innate motor responses involved in
early motor development [46—49]. Their integration typically occurs by 12 months of age. Persistence
in the absence of neurological pathology may suggest neuromotor immaturity, potentially relevant for
IS.
4.2. Working Hypothesis

Starting from the observed difficulty of patients with idiopathic scoliosis in maintaining correct
derotated postures, this study investigated whether the persistence of primitive reflexes (Moro, ATNR,
STNR, GSR) affects active correction capacity. The incidence of unintegrated reflexes, their correlation
with Cobb angle and vertebral rotation, and their impact on curve progression were analyzed. The
results could support the development of accessible and effective early screening tools.
4.3. Materials and Methods
This prospective observational study was conducted between June 2022 and December 2024, with
ethics approval (decisions no. 3739/11.03.2022 and no. 19377/08.12.2022). Written informed consent
was obtained from all participants, age-appropriately.Out of 723 patients with vertebral pathology
evaluated, 179 (106 girls, 73 boys; aged 7-19) met the inclusion criteria: diagnosed with idiopathic
scoliosis, under 19 years of age, and written consent for data use.
Evaluations included clinical examination (Adam’s test, IDS, IDD), primitive reflex testing (Moro,
ATNR, STNR, GSR) using the Ayres scale [28, 29, 46-49], and stabilometric testing.
Anamnesis focused on motor milestones in the first year of life and optical correction needs.
Imaging included standard radiographs (PA and LL), with analysis of Cobb angle, vertebral rotation
(Nash-Moe), bone maturity (Risser), iliac crest asymmetry, and presence of congenital malformations
(only spina bifida occulta accepted).
Statistical analysis was performed with SPSS 25 and Excel 2024. Variable distribution was evaluated
using the Shapiro-Wilk test. Mann-Whitney, Kruskal-Wallis, and Wilcoxon tests were used for non-
parametric quantitative variables; Spearman was used for correlations. Qualitative data were compared
using Fisher’s Exact Test. Cobb angle's predictive value for vestibular syndrome was evaluated via
ROC analysis, with AUC and threshold determined by the Youden Index. The significance threshold
was o = 0.05.
4.4. Results
All variables analyzed were found to be non-parametric (p<0.05, Shapiro-Wilk test). Spearman
correlation was used for relationships between primitive reflex scores and radiological scoliosis
parameters (Cobb angle, Nash-Moe score).
Initial Cobb angle showed a significant, moderate positive correlation with the Moro reflex score
(R=0.353, p<0.001). This remained significant at final evaluation, though weaker (R=0.205, p=0.017).
ATNR showed no significant correlation initially (R=0.139, p=0.109), but a moderate significant
correlation with Cobb angle at final evaluation (R=0.422, p<0.001).
STNR had a weak but significant correlation with Cobb angle both initially (R=0.202, p=0.019) and at
final evaluation (R=0.213, p=0.013).



GSR had consistent, significant, moderate correlations with Cobb angle initially (R=0.347, p<0.001)
and at final evaluation (R=0.375, p<0.001).

Primitive reflex scores also significantly correlated with Nash-Moe scores. Moro reflex correlated
positively and significantly with initial (R=0.319, p<0.001) and final Nash-Moe scores (R=0.275,
p=0.001). ATNR showed significant positive correlation with Nash-Moe score, initially weak
(R=0.211, p=0.014), and moderately strong at final evaluation (R=0.491, p<0.001). STNR had weak
but significant correlations both initially (R=0.293, p=0.001) and at final evaluation (R=0.307,
p<0.001). GSR had moderate, significant correlations with Nash-Moe score initially (R=0.369,
p<0.001) and at final evaluation (R=0.396, p<0.001).

Comparisons of Cobb angle based on crawling acquisition showed no significant differences (initial
p=0.351; final p=0.434).

Similarly, Nash-Moe score comparisons related to crawling were not statistically significant (initial
p=0.055; final p=0.159).

Cobb angle did not differ significantly based on foot type (initial p=0.393; final p=0.150), although
mean Cobb angles were higher in patients with altered foot posture.

Plantar stabilometric testing showed significant differences. Cobb angles were higher in patients with
abnormal results, both initially (p<0.001) and at final evaluation (p=0.002).

Digitigrade stabilometry showed similar trends (initial p=0.004; final p=0.040).In Jack’s test, initial
Cobb angle was higher in patients with a negative result (p=0.048). At final evaluation, the difference
approached but did not reach significance (p=0.052).

No significant differences were found in Cobb angle based on curve location (p=0.221) or side
(p=1.000) related to Jack’s test.

4.5. Discussion

Conservative treatment of idiopathic scoliosis involves specific scoliosis exercises (SSEs) and
individualized spinal bracing, following SRS and SOSORT guidelines [3, 50-61]. The 2016 and 2018
guidelines recommend that interventions be initiated by physiotherapists trained in recognized methods
under supervision of experienced physicians. In practice, trained specialists are unequally distributed,
mostly in large urban centers. Physiotherapist expertise varies significantly by experience, employer,
and access to continuing education [62—65].

Adolescent patient compliance poses an additional challenge, particularly due to the discomfort of rigid
bracing and the demanding exercise regimens [59—61]. Early identification of scoliosis progression risk
is crucial. In this context, primitive reflexes could serve as accessible, non-invasive tools for use in
primary care. These are already part of neuromotor assessments in infants and toddlers [28, 29, 4649,
66—68]. While no studies to date establish a direct link between idiopathic scoliosis and persistent
primitive reflexes, literature supports their association with motor coordination disorders and poor
postural control [66—68].

The reflexes analyzed in this study — Moro, ATNR, STNR, and GSR — are considered functional
developmental markers mediated subcortically and reflect persistence of primary motor patterns. Reflex
scores were evaluated with the Ayres scale at baseline and again 12 months later.

Initial hypotheses predicted significant correlations between GSR and ATNR reflexes and scoliotic
curves (given their role in frontal and transverse planes). Results showed significant reductions in all
four reflex scores, suggesting a favorable therapeutic response. However, Cobb angle progression did
not significantly differ between groups based on reflex scores, indicating that while reflex integration
improved, it did not directly affect measurable scoliosis progression.

Initial Ayres scores significantly correlated with Cobb angles for Moro (R=0.353, p<0.001), STNR
(R=0.202, p=0.019), and GSR (R=0.347, p<0.001), but not ATNR (R=0.139, p=0.109). At final
evaluation, all four reflexes showed significant positive correlations with Cobb angle: Moro (R=0.205,
p=0.017), STNR (R=0.213, p=0.013), GSR (R=0.375, p<0.001), ATNR (R=0.422, p<0.001).



These findings suggest that persistence of primitive reflexes is associated with higher Cobb angles both
at diagnosis and at follow-up. Notably, STNR and Moro—predominantly sagittal reflexes—show
similar correlations to those seen with GSR and ATNR, supporting a multiplanar role in postural
control.

Crawling was assessed via anamnesis. Children who had gone through a crawling phase had lower
ATNR, STNR, and GSR scores, consistent with previous findings (Vladareanu et al., Medicina, 2025).
However, no significant statistical correlations were observed between crawling and initial/final Cobb
or Nash-Moe scores (p>0.05).

Reflex testing methods aligned with existing literature. Moro, STNR, ATNR, and GSR assessments
followed age-adapted, wvalidated protocols [28, 29, 46-49]. Each reflex's biomechanical
characteristics—based on the movement plane involved—highlight their functional utility in assessing
scoliosis progression risk.

Overall, these observations support the idea that primitive reflex assessment can provide additional,
relevant insights for managing idiopathic scoliosis, without replacing existing diagnostic or monitoring
methods. Further studies are needed to determine their predictive value and practical applicability.

4.6. Conclusions

Positive Ayres scores for Moro, ATNR, STNR, and GSR reflexes indicated neuromotor immaturity
associated with higher Cobb angles. This suggests that early integration of these reflexes—by age 5
through targeted motor interventions—could offer an opportunity for preventing the development of
non-structural spinal curvatures.

Chapter 5: Study 3 — Quality of Life — Using the Validated SRS-22 Questionnaire for Patients
with Idiopathic Scoliosis in Romania

5.1 Introduction

Idiopathic scoliosis requires sustained monitoring. For spinal curves greater than 25°, conservative
treatment includes SEAS exercises, active posture correction, and rigid bracing for at least 12 hours per
day. Psychosocial factors often reduce compliance, which justifies the use of standardized
questionnaires like the SRS-22r, recommended by SOSORT and the Scoliosis Research Society (SRS)
for assessing quality of life.

5.2 Working Hypothesis / Objectives

Despite Romania’s active participation in international societies like SOSORT and EuroSpine, the SRS-
22r questionnaire does not yet have an official Romanian translation. To address this gap, the validated
English version available on the SRS website was used as a basis for translation and cultural adaptation,
following current guideline recommendations. The primary goal of this study was to develop a
Romanian version of the SRS-22r that is clinically applicable and facilitates the evaluation of quality
of life in patients with idiopathic scoliosis. Additionally, the study explored correlations between
questionnaire scores and clinical parameters such as Cobb angle, sex, and age, to support the
questionnaire’s integration into routine clinical practice in Romania.

5.3 Materials and Methods

All participants gave informed consent for medical procedures and scientific data use. For patients
under 16 years old, consent was provided both by the patient and their parent or legal guardian. The
study was approved by the ethics committee under approval form no. 3739/15.03.2022.Between March
2022 and December 2024, 723 patients were assessed. Out of these, 179 minors (106 girls and 63 boys,
aged between 7 and 19), diagnosed with developmental spinal disorders and capable of independent
ambulation, were included in this retrospective observational study.

Inclusion criteria were age under 19, a primary diagnosis of a spinal postural disorder, and written
consent.



Clinical evaluation included the Fukuda stepping test, Adam’s forward bend test, the fingertip-to-floor
index, and the administration of the SRS-22r questionnaire. Medical history data included motion
sickness (based on Barany criteria), type of optical correction, and any exclusionary comorbidities.
Radiographic evaluation was conducted using a cervico-thoraco-lumbar full-spine "stitching" X-ray in
standing position, both posteroanterior and lateral views, according to SOSORT guidelines.
Measurements included the Cobb angle (considered significant if greater than 10°), vertebral rotation
(Nash-Moe scale, grades 0-4), skeletal maturity (Risser scale 0-5), iliac crest asymmetry (in
millimeters), and the presence of spinal malformations. Only spina bifida occulta without clinical
significance was accepted.

The SRS-22r questionnaire was downloaded from the official SRS website. It was translated into
Romanian using a combination of manual translation and automated translation via a licensed large
language model (LLM). The two versions were reviewed and compared by three bilingual evaluators
experienced in idiopathic scoliosis rehabilitation. The manually translated version was validated, and
then back-translated into English using the same software to check fidelity.

The questionnaire consists of 22 items, distributed across five domains: function, pain, self-image,
mental health, and treatment satisfaction. Responses are scored from 1 to 5. Although the questions are
presented to patients in random order, they are later grouped by the evaluator for domain scoring.
Statistical analysis was conducted using IBM SPSS 25 and Microsoft Excel/Word 2024. The
distribution of quantitative variables was tested with the Shapiro-Wilk test. Quantitative variables were
reported as means with standard deviations or medians with interquartile ranges. Qualitative variables
were presented as frequencies and percentages. Group comparisons were made using Fisher’s Exact
Test.For non-parametric data, the Mann-Whitney U test, Kruskal-Wallis H test, and Dunn-Bonferroni
post-hoc analysis were used. Correlations were assessed using Spearman’s rho, and paired comparisons
were analyzed using the Wilcoxon signed-rank test. The significance threshold was set at a = 0.05.

5.4 Results

5.4.1 Correlation Between Cobb Angle and SRS-22r Scores

The analysis examined the relationship between scoliosis severity and perceived quality of life in
adolescents, using initial and final Cobb angle values correlated with scores in each SRS-22r domain.
Both variables had non-parametric distributions.

In the Function domain, both initial and final Cobb angles showed strong and statistically significant
negative correlations (R =-0.530 and R =-0.539, p <0.001), indicating that better functional outcomes
were associated with less spinal deviation.

For Pain, the relationship was also negative and moderately strong (R = -0.473 initially and R =-0.515
finally, p < 0.001), suggesting that patients with lower Cobb angles reported less pain.

The Self-image domain showed one of the clearest inverse correlations, with R =-0.608 initially and R
=-0.607 finally (p <0.001), indicating that body image perception was particularly sensitive to scoliosis
severity.

In the Mental Health domain, correlations were significant but slightly weaker (R =-0.512 initially and
R =-0.475 finally, p < 0.001), reflecting a likely psychological impact of spinal deformity.

Treatment Satisfaction scores had moderate negative correlations with Cobb angle (R =-0.332 initially
and R =-0.339 finally, p < 0.001).

The total SRS-22r score also showed a significant negative correlation with Cobb angle both at baseline
(R = -0.635) and follow-up (R = -0.629), highlighting a consistent relationship between scoliosis
severity and overall patient-reported quality of life.

5.4.2 Gender-Based Differences in SRS-22r Scores

Differences by sex were examined using non-parametric tests. Function domain scores showed a trend
toward better results in boys (median 4.8) compared to girls (median 4.4), though not statistically



significant (p = 0.199). Pain scores had identical medians (5) in both groups, with no significant
differences in means or ranks (p = 0.364).

In the Self-image domain, boys had significantly higher scores than girls (median 5 vs. 4.8, p = 0.024).
In the Mental Health domain, boys again scored higher (median 5 vs. 4.6, p <0.001).

For Treatment Satisfaction, there were no statistically significant differences between the sexes (p =
0.243).

The total SRS-22r score was significantly higher in boys (median 4.77) than in girls (median 4.55), with
p =0.009.

5.4.3 Correlation Between Age and SRS-22r Scores

Correlations were calculated using Spearman’s rho. Function scores were moderately and negatively
correlated with age (R = -0.426, p < 0.001), indicating that younger patients tended to report better
functionality.

Pain scores followed a similar pattern (R =-0.317, p <0.001).

Self-image also had a moderate negative correlation with age (R =-0.337, p <0.001).

Mental Health scores showed a weak, statistically insignificant correlation with age (R =-0.128, p =
0.138).

Treatment Satisfaction had a weak but statistically significant negative correlation (R = -0.218, p =
0.011).

The total SRS-22r score had a moderate negative correlation with age (R = -0.389, p < 0.001),
suggesting that younger patients tended to report better overall quality of life.

5.5 Discussion

The consistent and statistically significant negative correlations between Cobb angle and SRS-22r
scores across all domains reflect findings in existing literature that supports early intervention and
conservative treatment for idiopathic scoliosis. Lower Cobb angles were associated with better
outcomes in function, pain, self-image, mental health, treatment satisfaction, and overall quality of life,
regardless of the timing of assessment.

Sex had no significant impact on function or pain perception, which aligns with international data
suggesting no consistent association between spinal pain in children and variables such as biological
sex, school furniture, or backpack weight. However, boys had significantly better self-image and mental
health scores. This is supported by psychological studies indicating that adolescent girls are more
affected by body image concerns and social pressures, especially when using visible treatments like
braces.

Though satisfaction with treatment did not differ significantly between sexes, boys had higher total
SRS-22r scores, which aligns with findings from psychological research indicating that male
adolescents tend to report better perceived quality of life across cultures.

The study’s urban—rural imbalance limited conclusions about environmental influences, although
higher Cobb angles were observed in rural patients.

Age-related findings showed significant negative correlations for function, pain, and self-image, but
not for mental health or treatment satisfaction. These results reflect age-related changes in body image
perception and the role of social media in reinforcing idealized beauty standards.

The total score also showed a statistically significant negative correlation with age, consistent with the
observation that younger patients often had smaller Cobb angles.

A final methodological observation concerns the need for an official Romanian version of the SRS-22r.
Although validated in many languages, including Arabic, Chinese, Danish, Japanese, Dutch, Slovenian,
and Turkish—and used unofficially in Greek, Hindi, and Thai—there is still no published Romanian
version. This gap limits access to standardized assessment tools in national clinical practice.



5.6 Conclusions
The SRS-22r is a globally validated instrument that requires an official Romanian translation to ensure
standardized use in assessing quality of life among Romanian patients with idiopathic scoliosis

Chapter 6: General Discussions

Screening programs for adolescent idiopathic scoliosis (AIS) were initiated in Europe at the beginning
of the 20th century and later extended to North America. Their goal was early detection and prevention
of surgical treatment through early conservative interventions such as physical exercise and bracing
[94-99]. After a period of active support, the effectiveness of these programs was questioned between
1990 and 2004, sparking debates within relevant professional societies [94—99]. Starting in the late
2000s, within the broader shift of healthcare systems toward patient-centered models, AIS screening
was reappraised as a means of supporting informed choice and minimally invasive treatment [94-99].
In Romania, a national AIS screening program was launched in 2010 through Ministry of Health Order
no. 1591/1110/2010, as a partnership between pediatric orthopedic centers and the network of family
physicians. Although active until 2014 and administratively maintained until 2017, the program has not
been updated since, and Romania currently lacks centralized epidemiological data on AIS. Clinical
estimates suggest that 8-9% of newly diagnosed patients already present with Cobb angles >40°.
Access to conservative treatment remains significantly limited due to unequal distribution of specialized
personnel, insufficient public funding (20 reimbursed sessions/year), and logistical and psychosocial
pressures on patients and families. These barriers often contribute to treatment dropout and curve
progression.

In the absence of a validated biomarker, Adam’s forward bending test using a scoliometer remains the
evaluation standard, though its accuracy is influenced by the examiner's experience. Restarting the
screening program, along with the implementation of uniform reporting standards, remains a pressing
need, tailored to the current demographic and systemic context.

Study 1 investigated the association between peripheral vestibular dysfunction and the severity of AIS
by correlating Cobb angle values with vestibular clinical tests and motion sickness history. Patients
with a positive vestibular syndrome (identified via the FST test) had significantly higher Cobb angles
both initially and at follow-up compared to those without vestibular involvement, consistent with
published literature [58—67]. Higher values in the instrumental Romberg test were also associated with
more severe scoliotic curves. The results suggest these parameters may serve as auxiliary tools for early
evaluation and personalized conservative treatment, particularly within the EFSS (exercise-based
scoliosis treatment) framework.

Study 2 explored the hypothesis of a neurological implication in the pathogenesis of AIS by analyzing
the correlation between retained primitive reflexes and Cobb angle values. Retention of the Moro,
STNR, and GSR reflexes was significantly associated with scoliosis severity, except for the relationship
between ATNR and initial Cobb value. These findings are relevant to a patient's ability to understand
and apply EFSS derotation techniques, especially in the context of reduced spontaneous motor activity
in adolescents.

Study 3 highlighted the absence of an official Romanian version of the SRS-22r questionnaire, even
though the WHO has recommended since 2006 that treatment focus on patient quality of life, not solely
the disease itself [100]. The lack of this standardized tool, along with the interruption of the national
screening program, contributes to late diagnosis and reduces the ability to integrate the patient’s
perspective into the treatment plan.



Chapter 7: Conclusions

In the analyzed cohort, patients with a positive history of motion sickness and a positive Fukuda test
exhibited higher Cobb angle values. This supports the hypothesis of a correlation between peripheral
vestibular disorders and AIS severity. Given that motion sickness typically begins between the ages of
1-2, while scoliosis is usually diagnosed clinically around 9-12 years, early identification of these
vestibular symptoms could help in detecting children at risk of axial deviation.

Examination of unintegrated primitive reflexes revealed a positive correlation between initial Ayres
scores for the Moro, STNR, and GSR reflexes and the Cobb angle at diagnosis, suggesting a possible
neuromotor vulnerability associated with curve severity. In contrast, ATNR did not show such a
correlation, possibly indicating a lesser role in scoliosis pathogenesis or limitations in assessment at this
age. Practicing quadrupedal locomotion in early childhood was associated with significantly lower
Ayres scores, suggesting a protective effect of early motor development. A general decrease in Ayres
scores during conservative therapy points to a potential positive influence of reflex integration
interventions. Patients with low adherence to these programs had worse outcomes, including accelerated
curve progression.

Testing primitive reflexes between ages 3-8 is simple, low-cost, and can be integrated into rehabilitation
and physical education programs. Alongside the evaluation of quadrupedal history and family history
of scoliosis, it may contribute to more effective screening in pediatric populations. The development of
functional, non-invasive, and reproducible risk factors for scoliosis screening is therefore warranted.
The Romanian-translated and applied SRS-22r questionnaire revealed an inverse relationship between
curve severity and scores across all quality-of-life domains. Adolescents with curves under 20° scored
better in physical function, body image, and emotional balance. Girls reported more negative body
image and greater emotional fragility than boys, even though physical function and pain levels were
comparable. Older age was associated with lower scores for function and self-image, reinforcing the
importance of early intervention not only biomechanically but also psychosocially. The lack of an
officially validated Romanian version of the SRS-22r is a barrier to its systematic application.
Completing its validation process is essential for clinical integration and international comparability.
The data suggests that early vestibular testing and motion sickness screening may be useful tools for
identifying children at higher risk for axial deviations. Early introduction of specific exercises (oculo-
vestibular, anti-gravity) into preschool physical routines could contribute to postural stabilization and
reduce the risk of scoliosis progression. Educating parents, pediatricians, and family physicians about
the clinical significance of these early functional signs can shorten the interval between symptom onset
and initiation of conservative treatment.

Study limitations include the minimum inclusion age (seven years), which does not allow investigation
of primitive reflexes during the critical period of neuromotor development (2—-3 years), and the small
number of qualified evaluators for reflex testing and scoliosis therapy implementation. These
constraints affected sample size and result generalizability. Expanding the research in a multicenter
setting, with training of more specialists in neuromotor evaluation and conservative treatment, is needed
to validate the hypotheses and develop standardized protocols for early AIS screening.

Chapter 8: Originality and Innovative Contributions of the Thesis

The thesis proposes an original approach to adolescent idiopathic scoliosis (AIS) screening by
integrating the evaluation of primitive reflexes and vestibular function into the early detection
algorithm. Persistence of primitive reflexes (ATNR, STNR, Galant) is analyzed as a potential marker
of neurological immaturity, associated with postural imbalance and increased risk of scoliosis
progression.



In parallel, vestibular function is assessed through simple tests (Fukuda, static/dynamic balance),
revealing a correlation between vestibular dysfunctions and scoliosis curve severity. These observations
suggest that integrating neuromotor and vestibular evaluation into screening practice could enhance
diagnostic accuracy and allow early intervention.

The methodology is feasible, non-invasive, and adaptable to various clinical contexts, including school
medicine and pediatric primary care. Early therapeutic interventions are proposed, focused on
neuromotor reeducation and vestibular rehabilitation, as supportive measures in preventing curve
progression.

The thesis also incorporates a dimension related to quality-of-life evaluation (SRS-22r), emphasizing
the need for validating this tool in Romanian for standardized clinical use.

Through its interdisciplinary, patient-centered approach, the thesis offers a pragmatic direction for
optimizing AIS screening and conservative management strategies, with immediate clinical relevance.
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