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 Early Onset Scoliosis – Early Surgery

◦ Etiology of Deformity

◦ Spine and Pulmonary Growth

◦ The Dilemma – Early vs. Late

◦ Recent Trend Towards Late Surgery
 Casting
 Diminishing Returns
 Complications



 The thorax is the 4th dimension of the spine.

 Depending upon whether the primary 
problem is the spine or the chest wall, the 
choice of treatment may differ.



 Facilitate chest wall growth and potentially 
improve upon pulmonary development.  



 Efforts to correct/maintain scoliosis may not 
be successful if rib tethers are not addressed.





 One of the goals of treatment of EOS is the 
maintenance of spine growth. 

 Spine growth is bimodal and has it's first 
peak from birth to 5 years of age. 

 Early growth friendly surgery can capitalize 
on the first peak of spine height velocity.



 “Golden" period for thoracic spine and chest 
growth:  Birth to 8 years of age.

 “Growth Modulation” - Justify treatment of 
thoracic deformities before the age of 5 years 
in order to preserve pulmonary growth.



 Rib fusions (Campbell, 2003)
◦ Opening wedge thoracostomy 
◦ Increase the thoracic volume ("parasol effect") 
◦ Performed prior to the end of bronchial tree 

development (8 years of age).

 Muscle Function?

 Compliance?



 What about the endothoracic hump?

 Will derotation with early growth guidance 
improve thoracic volume and diaphragm 
muscle function?



 By waiting to intervene, the chest wall 
deformity may become too severe to reverse;

 However, by intervening too early, growth 
friendly treatment may cause spontaneous 
fusion.

Emans, IMAST 2012



 Casting Resurgence

 Diminishing Returns

 Complications

 “Delay Tactic” / “Window of Opportunity”



 Prospective study of 136 children with 
progressive infantile scoliosis

 94 patients referred & treated early, 
scoliosis resolved with casting

 42 patients referred late, casting could 
reduce but not reverse the deformity

Mehta, JBJS, 87B, 2005



 Effects on Pulmonary Development?

Courtesy J. d’Astous



 Effects on Pulmonary Development?



 Effects on Pulmonary Development?

◦ “Finally, the effects of casting on pulmonary 
function were not measured but certainly present 
an area for future study.”





 Effects on Pulmonary Development?

◦ Currently unknown.





◦ ICEOS 2009 – Best Paper Award



• Of 58 operative reports made at final fusion that 
contained comments on spinal flexibility:

• 19% - Mobile
• 19% - Decreased Flexibility
• 62% - Completely stiff

• 24%   - Osteotomies 
• 8%   - Thoracoplasty.



Adult

Age 5

◦ ICEOS 2012 – Best Paper Award - Nominee



Age 5
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 Growth only measured on PA radiograph



 Growth only measured on PA radiograph

◦ Kyphosis  
 40 degrees pre-op
 65 degrees at L15

◦ T1 moves anterior 

◦ Relatively lower T1-T12



Alternative Explanation
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Coronal T1-T12 Height
• Might be under-calling “true” spinal height

Arc Length 
• Increases in spine length along the arc of kyphosis 

should still represent increases in 3D thoracic 
volume.





• 140 Growing Rod Patients 

• 58% Complication Rate

• Rate decreased by 13% per each year of 
patient age at time of initial implant

• Rate increased by 24% per additional surgical 
procedure





 Classification
◦ Severity Grade I – Not require unplanned surgery
◦ Severity Grade II – Requires unplanned surgery(ies)
◦ Severity Grade III – Alters planned course

 65 patients from 5 institutions
◦ Only 9% were Grade III

Smith, Johnston, Skaggs, Flynn, Vitale, ICEOS 2012





 (EOSQ-24) - Improvements in multiple 
domains of health-related quality of life after 
growth friendly surgery in 68 patients with an 
average age of 6.2 years (range 0 -11 years).

 Nutritional status has also been observed to 
improve after insertion of growth friendly 
implants. 
◦ Especially true for those children who had failed to 

thrive (<5th percentile body weight).

Matsumoto, IMAST 2012



 69 patients treated with casting from CSSG 
and GSSG – EOSQ-24

 “HRQOL decreases and burden of care 
increases after undergoing casting.”

 This may just be a short term effect.

 More study is needed.

Matsumoto, ICEOS 2013



 Casting as a “delay tactic”
◦ Pulmonary effects of casting
 Not known

◦ Diminishing Returns
 May not hold true for Rib-based systems
 Alternative explanation – sagittal plane

◦ Complications
 58% complication rate vs. 9% SV III



 Early surgery
◦ Maintain spine growth
 Bimodal.  0-5 years of age

◦ Golden period
 Pulmonary development 0-8 years of age

◦ Growth modulation
 May justify surgical treatment 0-5 years of age
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Coronal T1-T12 Height
• Initial = 12.4 cm
• L15 = 16.5 cm
• Delta =   4.1 cm 
• Percent =   33%

Arc Length (C)
• Initial = 12.7 cm
• L15 = 17.4 cm
• Delta =   4.7 cm
• Percent =   37%



Coronal T1-T12 Height
• Initial = 12.4 cm
• L15 = 16.5 cm
• Delta =   4.1 cm 
• Percent =   33%

Arc Length (H)
• Initial = 13.5 cm
• L15 = 20.6 cm
• Delta =   7.1 cm
• Percent =   53%



 10 patients with a mean age of 7+6 years 

 2-Year Follow-up

 Pre-op 70 degrees was corrected to 27 deg.

 Space available for lung improved 13%. 

 Truncal height (C7 to S1) increased 12%.



 These patients would have had 49 scheduled 
lengthening procedures after their initial 
correction if treated by conventional 
distraction growing rod methods.
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 Retrospective review of 29 patients
 12 Idiopathic
 17 Non-Idiopathic

 Average age first cast = 4.4 years

 3 Casts over 1.4 years



 Cobb Angle
 Initial 69o

 In Cast 39o

 Post Cast 61o

 Final (5.5 yr) 76o

 T1-T12 1.1 cm





 Implant Design - Radius of curvature

◦ T1 moves anterior 

◦ Relatively lower T1-S1



 Our findings suggest that EOS patients with 
abnormal psychosocial scores were younger
at the time of their initial scoliosis surgery.

 The number of repetitive surgeries also 
correlated positively with 3 behavioral 
problem scores.

 …there is a clear need for further 
investigation of this issue by prospective, 
multicenter efforts.

Matsumoto, JPO 2013



• Normalized to age, change in T1-
S1/Lengthening

• L1-L5 159% Expected Growth
• L5-L10 46% Expected Growth
• L11-L15   47%  Expected Growth



 Makes sense to preserve growth and allow for 
pulmonary development.


