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Etiology

Congenital – failure of  vertebral formation or 
segmentation

Neuromuscular disorders – Cerebral palsy, 
muscular dystrophy, etc.

Syndromic – Neurofibromatosis, marfan syndrome, 
bone dysplasia

 Idiopathic (80%) – No known etiology, diagnosis 
of  exclusion
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Incidence 

 Incidence of  AIS
 incidence of  3% for curves between 10 to 20°

 incidence of  0.3% for curves > 30°

 Female to Male ratio
 Curves > 30 ° = 10:1

 Smaller curves = 1:1



Normal Spine

 Frontal Plane: Straight (0-10 degrees)

 Thoracic Kyphosis: 30-35 degrees (10-50 degrees)

 Lumbar Lordosis: 50-60 degrees (35-80 degrees)



Scoliosis

 Spinal Asymmetry
 Curve less than 10 degrees

 Scoliosis
 Coronal plane curvature >10 degrees

 Coronal, Sagittal, and axial 
malalignment of  the spine

 Rotates maximally at the apex of  the 
curve
 “hump back” caused by rotation, not 

hyperkyphosis



Curve Location

 Cervical: apex C2-C6

 Cervicothoracic: apex C7-T1

 Thoracic: apex T2-T11

 Thoracolumbar: apex T12-L1

 Lumbar: apex L2-L4

 Lumbosacral: apex L5 or below



Curves

 Major
 First to develop
 Greatest magnitude

 Minor/Compensatory
 Means of  balancing head and trunk over pelvis

 Structural
 Rigid, does not correct on bending films

 Nonstructural
 Flexible, corrects on bending films



Physical Examination

 Trunk shape, balance, symmetry

 Plumb line from C7 (centimeters of  lateral 
deviation from the gluteal cleft

 Limb length/pelvic tilt

 Skin markings

 Skeletal anomalies

 Gait, toe and heel walk, tandem walk, squat

 Tanner stages (breast/pubic hair development)



Physical Examination
 Adams forward bending 

test
 Bend forward at the 

waist with knees straight 
and palms together

 Most sensitive screening 
exam

 Accentuates rotational 
component



Scoliometer

 Angle of  Trunk Rotation (ATR)

 ATR of  5-7  radiographic cobb angle 15-20



Neurologic Examination
 Balance

 Motor Strength

 Sensation

 Deep Tendon Reflexes

 Babinski

 Abdominal reflexes

 Absent, think 
syringomelia



Radiographic Evaluation
 Standing PA projection of  

entire spine and pelvis



Radiographic Evaluation
 Lateral bending films
 Assess curve flexibility

 Lateral radiograph
 Arm position affects sagittal 

balance



Triradiate Cartilage

 Triradiate cartilage fuses prior to ossification of  iliac 
apophysis (Risser O) at the time of  maximal spinal 
growth



Risser Staging

 Lateral-to-medial ossification of  the iliac apophysis 
occurs over 18-24 months



Landmarks

 CSVL: central sacral vertical line

 Apical: most laterally deviated (T10)

 End: most tilted from horizontal, 
used in measuring cobb angle (T6, 
L1)

 Neutral: most cephalad vertebra 
distal to the major curve that has 
neutrally rotated pedicles (L2)

 Stable: most cephelad vertebra distal 
to the major curve that remains 
bisected by the CSVL (L3)



Cobb Angle



 When following a patient with 
serial x-rays, the cobb angle must 
be measured from the same end 
vertebrae each time

 6 degree difference is required to 
be considered progression
 10 degree difference = 95% 

confidence interval



MRI

 Indicated in Infantile and Juvenile Idiopathic scoliosis

 Indicated in atypical curves, such as left thoracic curve
 Left thoracic curves have higher incidence of  syrinx or 

cyst 



Idiopathic Scoliosis
Age at Onset

 Infantile
 0 to 3 years

 Juvenile
 4 to 10 years

 Adolescent
 11-17

 Adult
 >17 years



Prevelance

 Idiopathic Scoliosis
 0.5-3%
 Infantile

 0.5%

 Juvenile
 10.5%

 Adolescent
 89%



Infantile Idiopathic 
Scoliosis

 Age: 0- 3yo

 Male:Female  3:2

 90% left thoracic curves

 90% are self-limiting, “benign,” and 
resolve spontaneously

 10% cause significant deformity and 
pulmonary impairment, “malignant”

 Associated conditions
 Plagiocephaly, hip dysplasia, congenital 

heart disease, mental retardation



Infantile Scoliosis
 Rib-Vertebral Angle 

Difference (RVAD) of  
Mehta
 RVAD = A - B
 Phase I: (convex rib of  

apical vertebra does not 
overlap vertebral body)
 <20 (resolving)
 >20 (progressive)

 Phase II: rib head does
overlap apical vertebral 
body (progressive)



Infantile Idiopathic 
Scoliosis

 Predictor of  curve progression: RVAD >20

 Treatment
 Screening MRI of  brain and spinal cord
 Curves > 25 degrees
 Rib vertebral angle difference (RVAD) > 20 degrees
 Documented progression

 Serial casting / bracing



Infantile Idiopathic 
Scoliosis

 Surgery
 Curves that progress despite bracing
 Instrumentation without fusion (growing rods)

 Limited short section circumferential fusion



B.B. age 0+11
 Developmental delay

 Hypotonia (non-
specific)

 Bilateral clubfeet



Age 2+2
Walking

 Feet corrected

 Curve 45 deg→ braced



Age 2+11
 Further progression

 Unable to tolerate 
brace



Age 2+11
 Serial casts applied 

under general 
anesthetic for six 
months, then returned 
to a custom-fabricated 
brace



Age 2+11 to 4+5



Age 4+5



Age 4+5



Long-term Traction
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Long-term Traction



Definitive Anterior and 
Posterior Fusion
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Definitive Anterior and 
Posterior Fusion





Juvenile Idiopathic Scoliosis
 Age 4-10

 8-16% of  childhood scoliosis

 Curves often progressive with severe cardiopulmonary 
compromise

 90% of  progressive curves require surgery
 Must fuse anteriorly to prevent crankshaft phenomenon



What we have learned about 
infantile/juvenile scoliosis

 Long-term traction:
 beneficial for severe 

deformity correction, 
especially if  pulmonary 
compromise

 Crankshaft phenomenon:
 Rotational and sagittal 

deformity over fused levels

 anterior fusion required for 
Risser “pre-zero”



Adolescent Idiopathic 
Scoliosis

 Age 11-17

 Most common form (89%)

 3% prevalence
 Boys = Girls

 Risk of  progression is 7-8 x greater in girls



Adolescent Idiopathic 
Scoliosis

 Diagnosis
 School screening
 Parents notice clothing fit problems or posture
 Referral from PCP

 Severe Pain is NOT characteristic
 25% have fatigue-related pain

 Painful scoliosis – work up for neoplasm and infection



Adolescent Idiopathic 
Scoliosis

 Risk Factors for Curve Progression
 Female

 Younger age at presentation 
 < age 12 yr

 Relative skeletal immaturity 
 Risser < 2

 Premenarchal status

 Curve magnitude at presentation 
 > 20 degrees







Adolescent Idiopathic 
Scoliosis

 Treatment decision based on
 Curve magnitude

 Rate of  progression

 Skeletal maturity

 Treatment Modalities
 Observation

 Bracing

 Surgery





Adolescent Idiopathic 
Scoliosis

 Observation
 Curves less than 20 degrees in skeletally immature 

patients

 Regular (Q 6 months) clinical and radiographic follow 
up



Adolescent Idiopathic 
Scoliosis

 Bracing
 Goal is prevention of  curve progression by removing 

asymmetric compressive forces
 Vertebral body growth follows Hueter-Volkmann 

principles (reduced growth in areas of  compression)

 Begin bracing at 25-30 degrees, Risser 2-3 or less



Adolescent Idiopathic 
Scoliosis

 Bracing
 “Dose related” 
 Common recommendation is 16 hours per day
 In-brace radiographs
 50% or greater reduction in curve correlates with 

successful outcome
 Brace until 2 years postmenarchal and Risser 4 for 

girls and Risser 5 for boys
 Sanders new rules for discontinuing bracing 
 “Rebound of  curve” when first out of  brace



Adolescent Idiopathic 
Scoliosis

 Brace Types

 TLSO for curves T8 or lower

 Milwaukee for curves above T8

 Charleston night-time bending brace
 Single curves less than 35 degrees



Charleston Nighttime Bending 
Brace



Boston Brace



Milwaukee Brace



Adolescent Idiopathic 
Scoliosis

 Surgery

 Curves 45 – 50 degrees 

 Skeletally immature

 Bracing doesn’t work for curves > 40 degrees

 Goals
 Halt progression
 Partial correction





Posterior Spinal 
Instrumentation

 Most common surgery for scoliosis

 Recovery time faster than for anterior approach

 All-pedicle screw constructs have enormous corrective 
power



Posterior Spinal 
Instrumentation



Anterior Spinal 
Instrumentation

 Can achieve curve correction with 1 to 3 fewer 
levels than posterior approach

 Indications
 Hypokyphotic or lordotic thoracic curves
 Flexible, smaller curves (< 70 degrees) 
 Very young patient with possibility of crankshaft 

phenomenon
 Anterior release and fusion with posterior instrumentation 

and fusion
 Patient at high risk for pseudarthosis
 NF, Marfans, prior radiation



Anterior Spinal 
Instrumentation



Thoroscopic Spinal 
Instrumentation



Thoroscopic Spinal 
Instrumentation



Complications of  surgery

 Infection
 Hardware failure
 Pseudarthosis

 Neurologic impairment
 1 per 1,000

 Reoperation rate 5% - 15%



Adolescent Idiopathic 
Scoliosis

 Most patients live normal, pain-free lives
 Risk of  disabling back pain with modest curves (50 – 60 

degrees) is similar to general population

 Progression of  curves after skeletal maturity is possible
 Curves less than 50 degrees at skeletal maturity remain 

stable

 Curves > 60 degrees have risk of  progression



Adolescent Idiopathic 
Scoliosis

 Cardiopulmonary compromise in otherwise healthy 
patients occurs at curves of  90 degrees



Review
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Questions

 1. What is the magnitude of  an adolescent idiopathic 
curve that requires surgical correction?

 A. 10 deg 

 B. 25 deg 

 C. less than 45 deg in skeletally immature 

 D. less than 45 deg in skeletally mature 

 E. 45 deg or greater 



Questions 

 2. What curve requires bracing? 

 A. 10 deg 

 B. 10 - 25 deg in skeletally immature 

 C. 25 - 45 deg in skeletally immature 

 D. less than 45 deg in skeletally mature 

 E. 45 deg or greater 



Questions

 3. What curve requires MRI 

 A left thoracic curve on 13 y/o F 

 B right thoracic curve on 13 y/o M

 C right thoracic curve on 13 y/o F



Questions 

 4. Who is disproportionally affected by adolescent 
idiopathic scoliosis? 

 A. Males 

 B. Females

 C. Its equal 



Questions

 5. True or False? There is nothing that can done for 
children with scoliosis until they reach near skeletal 
maturity. 

 A. True

 B. False 


