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Methods used in the rehabilitation

and treatment of scoliosis

Kotodziejczyk A* Swiqtko M, Sosnowski P, Rybak J,
Grzebyk M, Tokarska A, Arnista A, Gawronska K, Waszczuk
A, Lapinski P

ABSTRACT

The aim of this paper is to review and characterize the current rehabilitative and
conservative methods used in the treatment of scoliosis. The importance of
diagnosis is discussed and special attention is given to the effectiveness of modern
physiotherapeutic methods, such as the Schroth method, FITS and SEAS. These
methods show great effectiveness in stabilizing and slowing the progression of
curvature. The role of corset treatment and indications for surgical treatment are
also presented. The paper emphasizes the importance of an individual approach to

the patient.

Keywords: idiopathic scoliosis, rehabilitation, scoliosis treatment, Cobb angle

1. INTRODUCTION

Scoliosis is primarily classified based on its underlying cause. Congenital scoliosis
results from defects in vertebral formation or segmentation that may lead to
progressive spinal deformity as the child grows. Neuromuscular scoliosis arises due
to disorders of the central nervous system (e.g., spastic quadriplegia), peripheral
neuromuscular unit (e.g., muscular dystrophies or spinal muscular atrophy), or
combined motor and sensory dysfunctions (e.g., syringomyelia). Scoliosis is also
frequently observed in patients with neurofibromatosis and certain connective
tissue disorders such as Marfan syndrome or Ehlers-Danlos syndrome. In most
cases, the cause remains unknown, resulting in a diagnosis of idiopathic scoliosis,
which is further subdivided into infantile (birth to 3 years), juvenile (3-10 years),
adolescent (>10 years), and adult types.

In adulthood, scoliosis may develop secondary to degenerative disc disease.
First-degree relatives of affected individuals carry approximately a 10% risk,
suggesting a genetic contribution, although the exact genes involved remain
unidentified. Trunk and chest asymmetry, the key element of physical screening for
scoliosis, is relatively common in otherwise healthy school-age children
(Wawrzyniak et al., 2017). Complete postural symmetry is seen in only about 1.6%
of adolescents. In a school-based screening of over 2000 children, 4.1%
demonstrated abnormal findings on visual inspection and Adams forward-bend
test, 1.8% had idiopathic scoliosis exceeding 10° and 0.4% required active treatment.

In growing children, the primary consequence of scoliosis is trunk deformity, with
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shoulder or waist asymmetry, trunk imbalance, and rib rotation. A 50-year natural history study of untreated idiopathic scoliosis
revealed that cosmetic disfigurement remained the dominant concern into adulthood. Mild discomfort is frequent in children with
significant curves, whereas severe pain that interferes with sleep or function is uncommon and warrants evaluation for underlying
conditions, including spinal tumors, infection, Chiari I malformation with syrinx, or tethered cord syndrome (Wawrzyniak et al., 2017).
For most patients, idiopathic scoliosis does not progress. Progression risk increases in girls, in those with larger curves, and in the
presence of remaining growth potential. Natural history studies indicate that curves <30° at skeletal maturity rarely worsen, whereas
curves >50° progress in adulthood at a rate of 0.75-1° per year. Thus, an immature patient with a curve of >25-30° is considered at risk
for progression. Lung development requires normal thoracic growth, and pulmonary volume nearly doubles from age 10 to skeletal
maturity. Adolescents with thoracic scoliosis exceeding 50° face a markedly increased risk of later-life dyspnea (odds ratio ~15 at 30
years and ~4 at 50 years).

When thoracic idiopathic scoliosis reaches 70°, lung volumes decline below normal, and symptomatic restrictive pulmonary disease
becomes familiar with curves exceeding 100°. Proper posture is the effortless alignment of the various sections of the body, unaffected
by changes (Wawrzyniak et al., 2017). It is fundamental to the maintenance of musculoskeletal health and overall well-being. The term
postural defects, on the other hand, can be interpreted in various ways. In a broad sense, it is a condition that deviates from the
physiological state. Postural defects are also deviations that allow themselves to be actively or passively corrected, however, significant
deviations from normal posture can nevertheless become fixed and lead to obvious structural changes (Zielinska, 2011). Scoliosis is
three-dimensional spinal deformity characterized by lateral curvature of the spine. It is classified based on etiology into several types,
including idiopathic and neuromuscular (Negrini et al., 2018). Progressive curves may lead to chronic pain, reduced pulmonary
function, visible deformity and diminished quality of life.

As a result, early detection is essential. Screening protocols use clinical tools like the Adams Test and radiographic confirmation to
identify scoliosis early. Management strategies are typically individualized based on curve severity, patient age, skeletal maturity and
risk of progression. Conservative treatment such as scoliosis-specific exercise, bracing, and physiotherapy are widely used in growing
individuals to prevent curve progression. Rehabilitation plays a vital role both as a non-surgical treatment and in the postoperative
recovery process (Monticone et al., 2014).

The purpose of this paper is to provide an overview of the diagnosis and the most commonly used rehabilitation methods for the

treatment of scoliosis and their effectiveness at different stages of the disease.

2. REVIEW METHODS

To conduct this review, we analyze the literature in with literature databases such as “PubMed”, “Google Scholar” and scientific
databases to treatment of scoliosis. Our focus was on paper published between January 2011 and November 2024 using phrases
“idiopathic scoliosis”, “rehabilitation”, “scoliosis treatment”, “Cobb angle”, “etiology”. The selected study duration reflects both
foundational research and the most advanced in the understanding of scoliosis. We assessed the articles by titles, abstracts, and full

texts. Publications that did not fall within the mentioned date range were excluded.

Objective
The aim of this systematic review was to collect and critically analyze current evidence on conservative management strategies for
idiopathic scoliosis, with particular emphasis on contemporary physiotherapeutic approaches, including the Schroth, FITS, and SEAS
methods.

Eligibility Criteria

We included original and review articles published between January 2011 and November 2024 that evaluated non-pharmacological,
non-surgical interventions for idiopathic scoliosis. Studies involving children, adolescents, and adults were considered if the primary
goal was to halt curve progression or improve functional and postural outcomes. Exclusion criteria comprised publications outside the

specified date range, studies focused on other scoliosis types, and those solely addressing surgical management.

Information Sources

A systematic search was conducted in PubMed and Google Scholar databases. The last search was performed in November 2024.
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Search Strategy
The search was performed in English and Polish, applying filters to limit results to studies published within the last 13 years. Clinical

trials, observational studies, systematic reviews, and meta-analyses were eligible.

Selection Process
The selection process was carried out in three stages:
1. title screening,
2. abstract evaluation,
3. full-text review for eligibility. Two independent reviewers screened the studies, and disagreements were resolved through

discussion.
ldentification of new studies via databases and registers
e Records identified from: Records removed before screening:
a Databases (n = 2): Duplicate records (n = 54)
é PubMed (n = 145) —= FRecords marked as ineligible by automation
E Google Scholar (n= 167) tools (n=10)
E Registers (n=0) Records removed for other reasons (n=3)
Records screened Records excluded
I:I'I=255:I I:I'I=1QE:I
Y
Reports sought for retrieval Reports not retrieved
(n=57) ™ (n=5)
P
5
)
]
Reports excluded:
Y Reasoni - defferent type of
Reports assessed for eligibility . scoliosis (n=15)
n=52 Reason2 - surgical treatment only (n=12)
Reason3 - no data rehabilitation
methods (n = 8)
Y
Mew studies included in review
B (n=17)
4 Reports of new included studies
B n= 1 T:I

Fig. 1. The flow diagram of the study selection process
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Data Collection Process
From each included study, we extracted data on: study population characteristics (age, sample size, baseline Cobb angle), intervention

type, therapy duration, primary clinical outcomes, and reported effects.

Risk of Bias Assessment
The risk of bias was assessed based on methodological clarity, sample selection, and result consistency.

Effect Measures
For each study, we reported key effect measures, including change in Cobb angle (°), percentage of patients with halted curve

progression, improvement in functional test results, and quality-of-life scores.

Synthesis Methods

Due to heterogeneity in study designs, a narrative synthesis was conducted to compare the effectiveness of different interventions.

Certainty Assessment
The certainty of evidence was assessed based on the number of high-quality studies, consistency of findings, and sample sizes. The

selection process is shown in Figure 1.

3. RESULTS AND DISCUSSION
3.1. Epidemiology

Scoliosis is a three-plane curvature of the spine, which can include lateral curvature (in the frontal plane), vertebral rotation (in the
transverse plane) and physiological curvature abnormalities (in the sagittal plane; Negrini et al., 2021). As established by the Scoliosis
Research Society, the medical definition of scoliosis, describes a spinal curvature that exceeds 10 degrees when viewed through X-ray
images (Kuliniski, 2023). The deformity may also involve the thorax, pelvis, limbs, as well as internal organs, and the consequence of the

deformity may be circulatory and respiratory disorders (Barczyk et al., 2009).

3.2. Etiology
There are different types of scoliosis in terms of etiology (Jarman and Arlet, 2022).
Idiopathic scoliosis - the most common form of scoliosis, the cause of which is unknown but often occurs during adolescence.
Congenital scoliosis - caused by abnormalities in the development of the bones and spine. Neuromuscular scoliosis is associated with
neurological and muscular diseases, such as cerebral palsy or muscular dystrophy.

Idiopathic scoliosis is a multifactorial disease and accounts for more than 90% of all scoliosis, but to date the cause has not been
established. Many studies are devoted to the genetic basis of this disease, but none of the formulations have found definitive

confirmation as the main cause (Peng et al., 2023).

3.3. Pathogenesis

Scoliosis is a multifactorial disease, consisting of both genetic factors, which have been shown to have a familial occurrence, nervous
system disorders, biomechanical factors and hormonal Postural defects can also result from chronic medical conditions or improper
weight-bearing by the child and metabolic factors. In some patients with idiopathic scoliosis, we observe reduced bone mineral density.
The formation of the curvature of the spine is observed at school age around 7- 8 years. The period that will most affect the
deterioration of posture up to this point is the time of sexual maturation. Mental and physical fatigue appear at that time, which causes
changes in the care of proper maintenance of the figure. The most common cause of postural defects is muscle hypotonia, which causes
weakness, difficulty in working properly and lack of postural control. Postural defects can also result from chronic medical conditions
or improper weight-bearing by the child (Barczyk et al., 2009). The lack of physical activity stands as one of the causes because it leads
to muscle laxity and prevents proper muscle strength development (Li et al., 2024).
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3.4. Diagnosis

The diagnosis of scolisis requires a complete evaluation that combines medical history with clinical assessment and imaging studies.
The following are essential in establishing a diagnosis (Hutchins et al., 2021).

a. Medical history: Inquire about the family history of scoliosis or other spinal deformities. Age of symptom onset, pain complaints, or
discomfort.

b. Clinical trials: Visual inspection of posture: asymmetry of shoulders, shoulder blades or pelvis tilt. Measurement of lower limb length,
assessment of muscle tone. Adams test - assessment of trunk rotation to visualize any spinal deformities. The patient ends forward
while the examiner observes for asymmetry in the back.

¢. Measurement of the trunk rotation angle

d. Imaging diagnostics: Radiology and other imaging techniques (X-ray, MRI, CT), the most useful is an X-ray in the anterolateral plane
covering the entire spine (Gustowski, 2019). The X-ray is presented as a measure of skeletal maturity in the Risser category from 0 to 5
(Chopra et al, 2020). Cobb angle -the basic parameter that determines the degree of curvature (Table 1).

e. Bone maturity assessment: Risser scale - determines the degree of ossification of the hip plates, which aids in predicting the likelihood
of curve progression.

f. Advanced Imaging Techniques: MRI and CT scans can be valuable tools in evaluating spinal cord involvement in complex cases.

Table 1. Definition of Cobb angle

Cobb angle Definition

0°-10° Spinal curve
10°-20° Mild scoliosis
20°-40° Moderate scoliosis
>40° Severe scoliosis

3.5. Differential Diagnosis
Differential diagnosis from other spinal abnormalities such as kyphosis, vertebral deformities due to tumors, trauma, or infections is a

critical step in clinical evaluation. While these conditions may present with spinal asymmetry, they often have a distinct cause.

3.6. Treatment

The primary objectives of treatment involve decreasing respiratory distress while treating pain syndrome and enhancing patient
appearance through posture improvement (Dimirijevic et al., 2022). The treatment of scoliosis should be divided into conservative and
surgical, which depends on the size of the curvature angle, the child's age and progressive features (Gao et al., 2021). Other features
that characterize specific therapy include individualized therapy selection, considering scoliosis pattern and size, progression risk, and

patient needs. Educate the patient, inform caregivers and students about the indications and consequences of scoliosis.

Active corrective spine movement:

Maintaining a corrected spinal position throughout the day, reducing sedentary behavior and encouraging regular movement breaks,
ergonomic adjustments in daily activities - wearing backpacks on both straps, Stability training conducted in a properly corrected
posture (Biatek, 2014). Rehabilitation for scoliosis focuses on stabilizing the spinal curvature, improving posture, increasing range of
motion and muscle strength, and reducing pain. Tailored to the individual condition and degree of Cobb's angle, these interventions

play a vital role in conservative treatment.
1) Kinesitherapy
- The exercises should be asymmetrical to match each person's muscle tension levels.

- The corrective exercises function to position the trunk correctly while maintaining proper posture alignment.
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- The breathing exercises enhance lung ventilation because they are essential for people with chest deformities.

- The exercises should include stretching and strengthening of back muscles and abdominal muscles and buttock muscles.

2) Specialized methods

- Schroth method: the most well-known specialized therapy based on exercises to correct spinal curvature through specially designed
positions and breaths. The exercises developed in this method are designed to improve spinal alignment, spinal capacity and reduce
pain (Table 2). The patient learns to visualize their deformities through a mirror which enables them to perform self-correction of
posture (Dimitrijevi¢, 2022).

- The SEAS method is a program of individual exercises based on self-correction and PS.

- Klapp method: exercises in supporting positions, strengthening the spinal muscles

- PNF: A technique for improving neuromuscular control and coordination

3) Physical therapy - ancillary to relieve pain and muscle tension:
e Electrostimulation
e Laser therapy
e Cryotherapy
e Ultrasound
e Cryotherapy
* Magnetotherapy

4) Manual therapy: Manual techniques such as joint mobilization, tight muscle relaxation, and spine range of motion improvement,

orthopedic treatments.

5) Correction with orthopedic corsets - using corsets, such as the Cheneau corset, for scoliosis with a curvature angle of more than 20-
30 degrees to stop the progression of the deformity, and the Milwaukee corset used mainly in thoracic scoliosis. According to a 2013
study by Bracing in Adolescent Idiopathic Scoliosis Trial, showed that corsets can significantly slow the progression of mild to

moderate curvature (Kuznia et al., 2020).

6) Surgical methods - used in cases of advanced scoliosis when other methods are unsuccessful, it is the treatment of choice for

curvatures above 45 to 50 degrees (Chopra et al., 2020).

Table 2. Summary of reviewed studies on Treatment Methods for Idiopathic Scoliosis.

Method Study Type Patient Group | Key Findings Effectiveness

RCT (Ceballos-Laita et al., Improved Cobb angle, posture, .
Schroth Adolescents . . High

2023) and quality of life.

Systematic Review (Negrini et | Children and Curve progression halted in 88% of )
SEAS . Very High

al.,, 2015) adolescents patients.

. ) Children with o

Observational (Biatek et al., ) Reduced pain, improved muscle )
FITS mild/moderate High

2014) Lo balance.

scoliosis
. Clinical Trial (Kuznia et al., Bracing effective for curves 20-40°, | Moderate—

Bracing Adolescents . . . .

2020) especially with daily use >18 hrs. High
Manual Case Series Mixed (10-18 Improvement in spinal flexibility

i . Moderate
Therapy (Dimitrijevi¢, 2022) years) and reduced discomfort.
Kinesithera | Longitudinal Study Children 8-14 | Enhanced muscle strength, Moderat
oderate

py (Dimitrijevi¢, 2022) years posture, and balance.
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3.7. Prognosis
Early introduction of rehabilitation, especially in the Schorth method, can significantly reduce the degree of spinal curvature, enhance
postural alignment, and alleviate discomfort. Studies show a reduction in Cobb angle by several degrees using the method for min. 6
months, significant improvements in body symmetry, respiratory function and subjective quality of life (Weiss et al., 2016). Influencing
the effectiveness of rehabilitation are:
a. Patient age: The best results are obtained in children and adolescents during the growth period.
b. Cobb angle: Curvature up to 25° - often manages to stabilize completely. 25-40 - intensive rehabilitation and often required treatment
with an orthopedic corset. Above 45-50 - indications for surgery but supportive value of rehabilitation.
c¢. Type and frequency of therapy: SEAS method - in comparative studies, scoliosis progression has been shown to be arrested in more
than 88% of cases (Negrini et al., 2015). FITS - have shown high efficacy, with clinical reports showing improved muscle balance and
reduced pain (Biatek, 2014).
d. Performing exercises every day & involving the patient and family, it is also worthwhile to provide adequate psychosocial support to
promote the overall well-being of individuals diagnosed with scoliosis.

In particular, it has been proven to halt the progression of curvature in patients with mild scoliosis. Patients with a Cobb angle of 10
to 45 degrees have been reported to have an improved quality of life with appropriately tailored rehabilitation (Watanabe et al., 2020).
Orthopedic corsets play an effective role in managing the progression of the defect of idiopathic scoliosis in children and adolescents.

When conservative treatments fail, surgical procedures can stabilize the spine and improve quality of life.

4. CONCLUSION

Scoliosis is a condition that requires multi-stage and individualized treatment. Physical rehabilitation, including the Schroth method, is
an effective therapy for reducing scoliosis symptoms and improving posture. SEAS method - has proven results in stopping the
progression of curvature without the need for surgical intervention. Tailoring the rehabilitation approach to the patient’s age and the
severity of their scoliosis can play a decisive role in enhancing overall quality of life and in effectively preventing further progression of
the spinal deformity. As a result, well-chosen rehabilitation can halt the progression of scoliosis, reduce curvature, alleviate pain, and

improve posture and symmetry, ultimately enhancing respiratory capacity.
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