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 Traditional Measures of Spine Growth

 Spine-Based Distraction
◦ Law of Diminishing Returns?

 Rib-Based Distraction

 Growth Guidance

 Magnetic Control Growth Rods



 Novel Techniques for Measurement

◦ Sagittal Spine Length (SSL)
◦ Three Dimensional True Spine Length (3D-TSL)

 Novel 2D / 3D References

◦ Optical Imaging (Surface)
◦ EOS Imaging
◦ CT Data
◦ Anthropometrics



2007: 6 yo boy with NF-1



2007: 6 yo boy with NF-1



2007: 6 yo boy with NF-1



 Age 12

 9 Lengthenings
 1 Rod Exchange 
◦ Both rods

 No complications

 Growth?



Dimeglio, JPO-B 1993



Dimeglio, JPO-B 1993



Dimeglio, JPO-B 1993



Date Age T1-
T12

T1-S1

May 
2007

6 yrs 17 cm 27 cm

Jan 
2013

12 yrs 23 cm 34 cm

 Delta T1-S1 = 7cm

 Expected:
 Age 6-10 yrs   

 0.9cm/yr = 3.6 cm
 Age 11-12 yrs 

 1.8cm/yr = 3.6 cm
 Total = 7.2 cm



Karol et al., JBJS 2008

 Outcomes
◦ T1-T12 23 cm
◦ % FVC 87%



2158cc992cc



 Age 14



 Auto fusion?
 Supports delay tactic with casting

Spine 2011



 Auto fusion?

 99 Growing Rod Graduates – Subset of 58

 19% had a mobile spine
 19% had areas of autofusion

 62% had completely autofused

Flynn et al., JBJS 2013



 T1-S1
◦ Pre-Op 24.9 cm
◦ Post-Implant 28.1 cm

◦ Final F/U (mean 3.3 yr) 33.1 cm
◦ Total Length Gained 8.2 cm

◦ % Gained 33%

Spine 2011



JPO 2015



JPO 2015

 T1-S1
◦ Pre-Op 19.9 cm
◦ Post-Implant 22.1 cm

◦ Final F/U (> 5 yr) 28.0 cm
◦ Total Length Gained 8.1 cm

◦ % Gained 41%



JPO 2015

 Lengthenings < 5 yo age
◦ 82% of Expected Growth

 Lengthenings 6-10 yo age
◦ 76% of Expected Growth

 Lengthenings > 10 yo age
◦ 14% of Expected Growth



Andras et al., SRS 2015



Andras et al., SRS 2015



Cheung et al., SRS 2015



Cheung et al., SRS 2015



JPO 2015





Spine Deformity 2016



Spine Deformity 2016



 18 patients 
◦ 9 Growing Rod and 9 Rib-based (VEPTR)

 Mean age of 4.1 years 

 Three groups were compared:  
◦ Post Implantation (L1)
◦ 2nd through 5th lengthenings (L2-L5)
◦ 6th through 10th lengthenings (L6-L10)  

CSSG / GSSG, ICEOS 2014



Pre-Implant L1 L2 - 5 L6 - 10
Cobb angle 52.6º 45.0º 44.7º 48.6º
Kyphosis 40.9º 32.1º 45.3º 47.5º
Coronal T1-T12 16.4cm 16.0cm 17.6cm 17.8cm

Sagittal T1-T12 16.8cm 16.4cm 17.4cm 18.3cm

True T1-T12 18.6cm 18.4cm 19.5cm 20.8cm

Change coronal T1-T12 
per lengthening

Not applicable 5.7mm 4.0mm 1.7mm

Change in sagittal T1-T12 
per lengthening

Not applicable 4.0mm 3.3mm 3.1mm

Change in true T1-T12 
per lengthening

Not applicable 2.8mm 4.4mm 4.4mm

CSSG / GSSG, ICEOS 2014
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 Biplanar, Three 
Dimensional 
Measurement 
Technique

 Follows the True 
Path of the Spine



 3D-TSL is 
◦ Accurate (0.4% error).
◦ Reliable (0.952).
◦ Repeatable (0.944).

 3D-TSL results in greater spine length as 
compared to traditional coronal plane 
measures.





Dimeglio, JPO-B 1993



 ORTEN trunk surface 
◦ 294 Healthy Subjects
◦ 557 Idiopathic Scoliosis

 As compared to Sitting Ht
◦ Transverse 30% 
◦ AP 20%
◦ Perimeter 100%



 Mild to moderate 
scoliosis does not 
affect thoracic 
dimensions or 
volume at any 
stage of growth.



SRS 2015

 Chest CT’s of 100 
healthy children

 Reconstructed

 Generalized 
Procrustes Analysis



SRS 2015

 Age-related variations 
in vertebral shape 
were seen for all levels 
of the thoracic spine.

 Minimal gender 
differences could be 
observed.



SRS 2015

 Anthropometrics 
◦ Bolton Brush Study

 Longitudinal Cohort
◦ 54 subjects

 Normalized spine length and height as a 
percentage of length / height at maturity.



SRS 2015

 At Peak Height Velocity:
◦ Spine Height = 90% Maturity
◦ Spine Length = 85% Maturity



SRS 2015

 3D Spine Growth – EOS Imager



 Combine data sets.



 Combine data sets.

 Develop longitudinal spine growth as a 
function of chronological and physiological 
age and gender for "normal" children and 
those with scoliosis. 

 Ideally, this can then be used to derive 
growth remaining charts.



 Traditional methods of assessing spine 
growth is based on linear coronal plane 
images.

 Growth Friendly surgeries maintain spine 
growth
◦ Spine-Based
◦ Rib-Based
◦ Growth Guidance
◦ MCGR



 Novel techniques for assessing spine growth 
in 3D have been developed.

 New 3D references for spine growth are being 
developed.

 Growth remaining curves for growth 
modulation surgery will be developed.
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