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Scoliosis - Background:

• Lateral curvature of the spine

• Occurs in up to 1/3 of NF1 patients



How to Evaluate Scoliosis

X-rays

Physical Exam

Patient Reported Outcomes 
(Survey/Questionnaire)



How to Evaluate Scoliosis

X-rays

Physical Exam

Patient Reported Outcomes 
(Survey/Questionnaire)



Severe Scoliosis Evaluations

Pulmonary Function Tests

MRI  ($$, younger child need sedation)

CT Scan 
(50 x more radiation than a chest x-ray, or 500x more 
than a modern scoliosis x-ray)



Scoliosis:
Cobb Angle (±5°) Measurement on X-ray



Spinal 
Asymmetry

< 10°
(no treatment)

Moderate 
Scoliosis
20° - 45°

(bracing in growing child)

Severe 
Scoliosis
> 45-50°
Surgery

Mild 
Scoliosis
10° - 20°



On Exam:
•Shoulder asymmetry

•Scapular asymmetry

•Waist asymmetry

•Right thoracic and left lumbar 
prominence



Curve Gets Worse as the Child Grows

Wedging of 
Vertebra

Asymmetric 
Loading

Spinal 
Growth

Asymmetric 
Growth 10-20º / year 

progression 

during rapid 

growth 



Scoliosis Progression 
During Growth



22 Year Follow-Up

1.3° per Year

•Curve > 50°, likely to progress throughout life

49° 71°

Large Curves Can Progress in Adulthood



Consequence of Scoliosis

In General Population:

• Cobb angle > 70°

• Worse pulmonary function tests 
results

• Cobb angle > 50°

• Curves progress in adulthood, 
surgery more difficult, more 
complications in adults

• Scoliosis in adulthood

• More back pain than average 
adult population



Issues for Scoliosis Specific to NF

• In NF:

• Osteopenia/osteoporosis, poor bone healing

• Pain from plexiform neurofibromas

• Dural ectasia (less bone to work with for surgery), can be painful

• Rapid curve progression possible in children and adults

• Paralysis/weakness due to spinal cord compression (severe 
cases)



Fusion Surgery in NF
14 yo F, back pain and NF

• Erosion of vertebral bodies 
due to neurofibromas or dural
ectasia

• Increased difficulty of placing 
screws in spine and achieving 
fusion



Now 5 years after surgery, pain has been better



Considerations for Patient Reported Outcome Measures

• Validated

• Intuitive

• Not overly burdensome

• Clinically useful

• Can you complete form electronically on ipad/smart phone, etc.?

• Cost/ availability (some outcomes measures have associated fees 
to use them)

• Global relevance (translated into multiple languages, relevant to 
different cultures)



Early Onset Scoliosis
9 yo F with progressive scoliosis and NF, too young for fusion

Age 5 Age 6 Age 7, 
in Brace

Age 8 Age 9, 
Progression 
despite bracing



Magnetically Controlled Growing Rods



• Span dystrophic defect

• Preserve growth and allow fusion at skeletal maturity

• Lengthening in clinic 3 mm at a time, 3-4 x per year



Magnetically Controlled Growing Rods 3 years after surgery, 
2 cm (1 in) spinal growth



Surgeon Outcomes

• How did surgery go?

• Did the child need a 2nd

surgery?

• Was there an infection?

• How do the x-rays look?



Did the Child’s Spine Get Longer Over Time?

3 years after surgery, 
2 cm (1 in) spinal growth

Goal is 20-25 cm thoracic
Spine height for ‘normal’ 
breathing, function



Early Onset Scoliosis Questionnaire 
(EOSQ-24, free, validated)

• Adapted for patients 
with special needs 
(ventilator, 
wheelchair, 
nonverbal)

• Asks caregivers 
about breathing, 
finances, quality of 
life

• Validated, children 
under 10



Scoliosis Research Society
Score, free, validated

• Gold standard for treatment of 
idiopathic scoliosis

• Extensively collected and 
studied for adults and children 
over age 10 years

• Can be converted into general 
scores, such as EQ-5D

• Widely translated and used 
globally



Oswestry Disability Index
Adult, Back Pain Questionnaire



General Health Related Quality of Life – can be applied to 
all disease conditions

• SF-36 (Short-form)

• EQ5D (Euro-Qual 5D)





Promis Scores – Computer Adaptive Testing (CAT)





Recommended by American Academy of Orthopedic 
Surgeons



Downsides of Promis

• Many different ‘modules’ not 
all the same

• Need a computer for 
computer-adaptive testing

• May have a ceiling effect for 
orthopedics (everyone scores 
very high, even though 
disability exists)

• Not disease-specific

• Validated

• Respected

• Can compare one disease 
condition to another

• Preferred by NIH

Advantages of Promis



Summary of Scoliosis Assessments

• Clinician outcomes

• Curve correction on x-ray

• Neurologic status

• Blood loss, operative time, 
complications

• Patient outcomes

• Disease Specific

• SRS22

• EOSQ-24

• Oswestry Disability Index

• Pain scores

• General

• Promis CAT

• SF-36

• SF-12

• EQ5D



Recommended Scoliosis Assessments

• Clinician outcomes

• Curve correction on x-ray

• Patient outcomes

• Disease Specific

• SRS22

• EOSQ-24



Thank you!

A. Noelle Larson, MD
larson.noelle@mayo.edu
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