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Definition

Scoliosis is defined as a lateral spinal curvature 

with a Cobb angle of 10° or more.

 This abnormal curvature may be the result of an 

underlying congenital or developmental 

osseous or neurologic abnormality, but in most 

cases the cause is unknown



Genetic ?

 The exact pathophysiologic mechanism for scoliosis is unknown.

 A genetic factor has been implicated in the development and 
progression of scoliosis.

 If both parents have idiopathic scoliosis, their children are 50 times 

more likely to require scoliosis treatment compared with the general 

population.

 Scoliosis is believed to be a polygenic disorder with multiple 

inheritance patterns



 According to the Hueter-Volkmann law, bone growth in the period of 

skeletal immaturity is retarded by mechanical compression on the growth 

plate and accelerated by growth plate tension.

 Because of the physiologic curvature in the normal thoracic spine, 

compressive force is delivered on the ventrally located part of the vertebral 

column, whereas distractive force is delivered on the dorsally located part.

 The process leading to abnormal spinal curvature is thought to be initiated 

by the rotation of vertebral bodies in the axial plane, which causes 

discrepant axial loading between the ventrally and dorsally located 

portions of the involved vertebrae 



 Over time, the discrepancy manifests as a change in the directionality of 

spinal curvature; that is, the ventrally located part of the vertebral column 

becomes the concave side and the dorsally located part becomes the 

convex side of a lateral curve 



Scoliosis types

 Scoliosis is usually classified as primary ( idiopathic) or 

secondary. 

 Idiopathic scoliosis is further classified according to the 

patient’s age, whereas secondary scoliosis is further 

classified according to the cause.

 Secondary scoliosis as neuromuscular, congenital, 

developmental, or tumor-associated 



 Idiopathic scoliosis is the most common type and 

accounts for 80% of scoliosis cases.

 Congenital scoliosis, spinal defects present at birth, caused by 

structural abnormalities of bone and neural tissues, is the 

second most common type, accounting for 10% of 

cases.

 Neuromuscular, developmental, and tumor-associated 

scoliosis together constitute the remaining 10% 







Idiopathic Scoliosis 

 Idiopathic scoliosis is diagnosed by excluding congenital 

and other causes of scoliosis.

 The presence of a lateral curve with a Cobb angle of 

10° or more is an essential criterion for a diagnosis of 

scoliosis.

 A curve with a Cobb angle of less than 10° is 

asymptomatic and does not progress; this state is known 

as spinal asymmetry, not scoliosis 



 Infantile idiopathic scoliosis is a structural malformation that affects boys 

more commonly than girls (male-to-female ratio, 3.5:1). Most cases of 

infantile idiopathic scoliosis develop within the 1st year of life and involve a 

leftward-trending curvature (levoscoliosis)

 Adolescent idiopathic scoliosis is preponderant in girls (male-to-female 

ratio, 1:4) and involves a strucstructural curvature that is usually rightward 

trending (dextroscoliosis) 

 Juvenile idiopathic scoliosis, the age range is arbitrary; when patients are 

dichotomized around a cutoff of 6 years of age, the disease features in 

those aged 3–6 years resemble infantile idiopathic scoliosis, whereas the 

disease features in those aged 6–10 years more closely resemble 

adolescent idiopathic scoliosis 



 it seems rational to consider early juvenile idiopathic 

scoliosis identical to infantile idiopathic scoliosis that is 

diagnosed late 

 The cutoff usually used to divide these two types of 

scoliosis is the age of 5 years, because of the higher risk 

of cardiopulmonary complications in children who 

develop large curves before this age 



 scoliosis progression after skeletal maturity are 

subdivided into two categories: adult idiopathic scoliosis 

and degenerative scoliosis 

 a deformity that commences before skeletal maturity, 

worsens through degenerative progression, and 

becomes symptomatic between the ages of 20 and 50 

years 



Degenerative Scoliosis (De Novo Scoliosis)

 Also known as adult onset scoliosis, late onset scoliosis, or de novo scoliosis, degenerative 
scoliosis is characterized by a sideways curvature of the spine that develops slowly over 
time.

 Uneven degradation of discs and joints can cause spinal curvature to become more 
pronounced on one side, who have no prior history of scoliosis – a hallmark of scoliosis.

 Degenerative scoliosis most commonly develops in the lumbar spine, or the lower back, 
and it forms a slight C-shape. When the degree of sideways curvature exceeds 10 degrees 
(as measured by the Cobb angle), it is diagnosed as scoliosis.

 Although many forms of scoliosis are not painful, degenerative scoliosis certainly can be. 
Common symptoms include a dull ache or stiffness in the lower back, a radiating pain that 
spreads to the legs, a tingling sensation that runs down the leg, or a sharp pain in the leg 
that occurs while walking but subsides during periods of rest.



 A recent study suggests that more than 60% of the adult population 

over the age of 60 has some degree of degenerative scoliosis.

 It is most commonly diagnosed in people over the age of 50 and it 

can be diagnosed through physical examination and x-rays

 Over time, patients often develop poor posture and loss of balance, 

but treatment is tricky because there are increased risks associated 

with surgery in older individuals



Identification of the Apex and 
Significant Vertebrae 

 The apex is the vertebra or disk with the greatest rotation or farthest 

deviation from the center of the vertebral column.

 End vertebrae are those with the maximal tilt toward the apex of the 

curve, and they are used to measure the Cobb angle.

 Neutral vertebrae are those that show no evidence of rotation on standing 

frontal (either posteroanterior [PA] or anteroposterior [AP]) radiographs their 

pedicles are in the normal, symmetric positions .

 Neutral vertebrae may be at the same levels as end vertebrae, either 

above (proximal to) or below (distal to) the curve, but are never nearer to 

the apex than end vertebrae are 



 Stable vertebrae are the vertebrae farthest cephalad that are bisected or 

nearly bisected by the central sacral vertical line (CSVL) at a level below 

the end vertebra of the distal curve .

 The CSVL is a roughly vertical line that is drawn perpendicular to an 

imaginary tangential line drawn across the top of the iliac crests on 

radiographs. It bisects the sacrum 

 The Cobb angle of a scoliotic curve is the angle formed by the intersection 

of two lines, one parallel to the endplate of the superior end vertebra and 

the other parallel to the endplate of the inferior end vertebra 







Measurement of Vertebral Rotation 

pedicle location on frontal radiographs is used as an indicator of the extent of 

vertebral rotation 



Identification of Primary and 
Secondary Curves 

 Major curves, also called primary curves, are the largest abnormal 

curves in the scoliotic spine and the first to develop.

 Minor curves, also called secondary curves, are smaller and are 

considered to develop afterward, to compensate for the 

perturbation of balance that accompanies the progression of major 
curves by repositioning the head and trunk over the pelvis to 

maintain balance 

 The terms major curve and minor curve are sometimes used as 

synonyms for structural curve and nonstructural curve 



 Because of vertebral morphologic changes (eg, wedging and 

rotation), a structural curve is not correctable with ipsilateral 

bending.

 By contrast, no vertebral morphologic changes take place in a 

nonstructural curve, which is a mild compensatory curve enabling 
sagittal and coronal truncal balance; therefore, it is correctable 

with ipsilateral bending. 

 A nonstructural curve does not usually progress. However, a 

nonstructural curve may progress to a structural curve if ligament 

shortening results from growth retardation on the concave side of 
curvature 



 a structural curve may be reliably defined as one with a Cobb angle of 25°

or more on ipsilateral side-bending radiographic views 



Screening?

 For decades, scoliosis screenings were a routine part of school 

physical examinations in adolescents. 

 The U.S. Preventive Services Task Force and American Academy of 

Family Physicians recommend against routine scoliosis screening in 

asymptomatic adolescents, concluding that harm from screening 
outweighs the benefit because screenings expose many low-risk 

adolescents to unnecessary radiographs and referrals. 

 In contrast, the Scoliosis Research Society, American Academy of 

Orthopaedic Surgeons, American Academy of Pediatrics, and 

Pediatric Orthopaedic Society of North America suggest that the 
potential benefit of detecting scoliosis early justifies screening 

programs, but greater care should be used in deciding which 

patients with positive screening results need further evaluation. 



 Physical examination with the Adam’s forward bend test and a scoliometer

measurement can guide judicious use of radiologic testing for Cobb angle 

measurement and orthopedic referrals 

 Generally, an angle of trunk rotation that is less than 5 degrees is 

insignificant and may not require follow-up.

 A measurement of 5 to 9 degrees at least warrants reexamination in six 

months.

 A measurement of 10 degrees or greater requires radiologic evaluation for 

Cobb angle measurement.





Red Flags

 There are several characteristics that suggest more serious problems and a 

diagnosis of nonidiopathic scoliosis. Approximately 85% to 90% of 

adolescent idiopathic scoliosis cases involve a right thoracic curve (the 

spinal curve is convex to the right).

 A left thoracic curve (convex to the left) is more likely to be associated 

with additional pathology, including spinal cord tumors, neuromuscular 

disorders, Arnold-Chiari malformations, or occult syrinx.

 Scoliosis rarely causes significant pain; therefore, severe pain should prompt 

evaluation for other possible etiologies.

 Neurologic disorders should be considered in patients with neurologic 

deficits or findings such as midline hairy patches and café au lait spots



Determining the Probability of Progression 
and the Appropriate Follow-up Interval 

 Biomechanical curve progression parallels spinal growth. 

 Irrespective of type, scoliosis progresses only during growth and 

ceases when skeletal maturity is reached, provided that the final 

curvature is not severe.

 The rates of spine-related symptoms and mortality among patients 

who have a curve with a Cobb angle of less than 50° are similar to 

those among patients without scoliosis; by contrast, patients who 

have a curve with a Cobb angle of more than 50° have higher rates 

of back pain and mortality associated with cardiopulmonary 

complications 



 The frequency of curve progression differs according to the cause and 

type of scoliosis. Congenital scoliosis progresses in 75% of cases. Among 

patients with idiopathic scoliosis, progression is most common in the 

juvenile group (70%–95% of patients) . 

 Most cases of infantile idiopathic scoliosis are self-limited. Adolescent 

idiopathic scoliosis also progresses less often than juvenile idiopathic 

scoliosis and congenital scoliosis. Only 5% of adolescent patients with 

idiopathic scoliosis experience curve progression beyond a Cobb 
angle of 30°

 The factors that have the greatest effect on the probability of 

progression of adolescent idiopathic scoliosis are spinal growth velocity 

and magnitude of the curve at initial presentation 



 The progression of idiopathic scoliosis after skeletal 

maturity depends on the severity of curvature. 

 If the Cobb angle is less than 30° after the cessation of 

skeletal growth, the scoliotic curve tends not to progress, 

regardless of the pattern of curvature.

Curves with a Cobb angle of 30°–50° at skeletal maturity 

progress 10°–15° per year during a normal lifetime

 Curves with a Cobb angle of 50°–75° at skeletal maturity 

progress at a rate of 1° per year 



 The following parameters are associated with curve 

progression:

 Growth velocity (height increase) of more than 2 cm per 

year

 Chronologic age of 9–13 years

 Bone age of 9–14 years

 Iliac ossification of Risser grade 0 or 1

 Premenarchal status in girls

The growth spurt usually occurs one-half to 2 years before 

menarche; after menarche, there is a lower probability of 

progression 



 In addition to skeletal maturity, other 

prognosticators of curve progression include :

Age at initial presentation, With earlier onset,

Curve magnitude, More pronounced angulation

Curve pattern, 

primary thoracic (instead of lumbar) location of 

curvature being associated with a higher 

probability of progression. 



 To estimate the stage of skeletal maturity, the ossification center of 

the iliac crest is usually assessed radiographically by using the Risser

index. 

 Grades 0 through 5 describe the extent of apophyseal ossification, 

which commences laterally and extends medially .

 Complete excursion of the ossified apophysis takes approximately 1 

year, and fusion of the ossification center to the iliac crest takes 

another 2 years .

 Risser grade 4, which signifies complete excursion of the ossified 

apophysis of the iliac crest, has been considered to denote the 

completion of spinal growth and cessation of curve progression in girls 

 Grading of skeletal maturity according to the Risser index is far less 

reliable in boys, in whom ossification starts at a later age than it does 

in girls; in boys, growth cannot be considered complete until Risser

grade 5 ossification is achieved. 





When to Use CT and MR Imaging 

 The main purpose of performing CT or MR imaging in a patient with 

scoliosis is to identify an underlying cause.

 In addition, the cross-sectional imaging modalities are useful for 

guiding surgical treatment and evaluating postoperative 

complications.

 Radiography is the method of choice for the initial diagnostic 

imaging evaluation

 It is sufficient to exclude most congenital and developmental 

osseous anomalies, which account for most cases of scoliosis with 

an underlying pathologic origin 







 Incidentally detected scoliosis 
and Arnold- Chiari 
malformation in a 26-year-old 
woman with a neurologic 
deficit .

 Preoperative sagittal T2-
weighted (3000/100) MR image 
of the cervical spine depicts 
prominent syringomyelia
(arrows). Note the vaguely 
beaklike appearance of the 
cerebellar tonsil, which extends 
beyond the margin of the 
foramen magnum 
(arrowhead). 



 The typical curve in adolescent idiopathic scoliosis is a 

thoracic curve with right-sided convexity, with or without 

a compensatory lumbar curve with left-sided convexity. 

 The use of MR imaging appears to be generally 

accepted for the evaluation of an unusual pattern of 

curvature that is commonly associated with neuropathy 

or a curve with an early onset, unusually rapid 

progression, and neurologic deterioration at follow-up 



Goals of treatment

The goals of conservative treatment of idiopathic scoliosis

may be divided into two groups: morphological and

functional. The basic objectives of comprehensive conservative treatment of 

Idiopathic Scoliosis are as follows:

1. To stop curve progression at puberty (or possibly

even reduce it)

2. To prevent or treat respiratory dysfunction

3. To prevent or treat spinal pain syndromes

4. To improve aesthetics via postural correction :the first goal 



Basic Principles of Treatment

 The treatment plan, although somewhat dependent on curve 

severity, the likelihood of curve progression over time, and the 

patient’s perception of the deformity and symptoms .

 Observation, corrective exercise, bracing, and surgery are 

treatment options.

 Although all options are available for the treatment of adolescent 

idiopathic scoliosis, bracing has no role in adult idiopathic scoliosis 

(skeletally mature patients).

 Surgery is the only option for congenital scoliosis and other forms of 

scoliosis with known underlying causes, when intervention is 
necessary 







Observation

 It is the first step of an active approach

to idiopathic scoliosis, and it consists of regular

clinical evaluation with a specific follow-up period.

 Regular observation is maintained if a patient with adolescent 

idiopathic scoliosis has a curvature with a Cobb angle of less 

than 20° or a skeletally mature patient has a curvature with a 

Cobb angle of less than 30° at presentation. 

 Patients are followed up at 4- to 12-month intervals



Exercise?

 In conclusion, level II evidence supports the use 

of PSSE (Physiotherapeutic specific scoliosis 

exercise) alone or in conjunction with braces in 

patients with AIS with curves of less than 45°. 

Moreover, aerobic physical therapy is indicated 

in the preoperative period



Exercise?

 PSSE should consist of the following:

 Auto-correction in 3D

 Training in activities of daily living (ADL)

 Stabilizing the corrected posture

 Patient education



Physiotherapeutic scoliosis-specific 

exercises (PSSE): 

 PSSE include all forms of outpatient physiotherapies with 

evidence of having an effect on some scoliosis 

outcomes

 The frequency of therapeutic sessions varies from twice 

to 7 days a week depending on the complexity of the 

techniques, motivation and the ability of the patient to 

carry out the treatment.

 Long-term outpatient physiotherapy sessions usually 

take place two to four times a week if the patient is 

willing to cooperate fully.



PSSE



 Several systematic reviews, including a Cochrane 

systematic review on the effects of exercises for scoliosis, 

report promising results, but highlight the need for stronger 

study designs. 

 Those reviews suggest that PSSE slowed the progression 

(deterioration) of scoliosis and/or reduced curve severity 

measured by the Cobb angle .

 Some studies also showed improved neuromotor control, 

respiratory function, back muscle strength, and cosmetic 

appearance.





Special Inpatient Rehabilitation (SIR): 

 If SIR is recommended, patients spend several weeks 

(usually 3–6) at a specialized health center (hospital 

department, sanatorium or a similar form of health care) 

where they undergo an intensive PSSE treatment 

(several hours per day)





Bracing: 

 Usually, it is worn until maturity. 

 The main therapeutic goal is to halt the scoliosis curves from progression 

and  avoid surgery.

Wilmington brace

charleston night

bending braceBoston bracemilwaukee brace



Different types of brace

Night Time Rigid Bracing (8–12 h per day) (NTRB): wearing a brace mainly in 

bed.

Part Time Rigid Bracing (12–20 h per day) (PTRB): wearing a rigid brace mainly 

outside school and in bed.

Full Time Rigid Bracing (20–24 h per day) or cast (FTRB): wearing a rigid brace 

all the time (at school, at home, in bed, etc.). 

Cast is considered a standard approach in infantile scoliosis.

Recently, a new brace has been developed that has been claimed to 

achieve same results as casting



Bracing

 Bracing is considered for curves with a Cobb angle of 

20°–45° in patients with adolescent idiopathic scoliosis.

 For curves of 20°–30°, bracing is commenced only when 

progression of 5° or more occurs between consecutive 

visits.

 However, when a patient is evidently skeletally immature 

(Risser grade 2 or lower) and presents with a 30°–45°

curve, bracing is commenced at the first visit 









Surgery

 The primary goal of surgery in idiopathic scoliosis is to prevent curve progression 
by achieving solid bone fusion of the involved vertebral segments.

 The secondary goals are curve correction, trunk balance restoration, and 
sagittal contour preservation, while leaving as many mobile segments in the 
lumbosacral spine as possible . 

 In nonidiopathic scoliosis, the goals of surgery depend on the underlying cause. 

 In the presence of degenerative scoliosis, the goal is primarily spinal 
decompression and truncal balance correction

 The objectives of curve correction in neuromuscular scoliosis are to restore 
seating balance, to ease wheelchair use, to control pain, and to support the 
trunk so as to reinforce respiratory function 



 For idiopathic scoliosis, surgery is indicated in skeletally immature 

patients with a Cobb angle of 45° or more at presentation. 

 Surgery is recommended also for patients with curve progression 
despite the use of a brace and for those who cannot tolerate the use 

of a brace.

 In addition, for skeletally mature patients, surgery is recommended 

for curves with a Cobb angle of 45° or more, given that curve 

progression is accompanied by pain.

 Progressive congenital scoliosis, in which the involved spinal segment 

is usually too short or too inflexible to respond well to bracing, is also 

treated surgically 


