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Outline:

• Example

• 3D in detail

• How to acquire 3D



Let’s start with a cool example of 3D



Let’s start with a cool example of 3D





February 2012 – February 2016

–



February 2012 – February 2016



After 2nd operation: December 9th 2016



February 1st 2017: Lack of anterior support



Planning



3D printing



Postoperative June 2017



Postoperative June 2017



How new is 3D?



How new is 3D?



Now: What about this Relative Anterior

Overgrowth (RASO)?

Anterior : Posterior

1.16 : 1



2000 Porter:

2001 Porter:



+7.1%

+11.2%

1.0±2.7%



Thoracic lordosis



Disc versus vertebra: ‘Anterior-overgrowth’

Main thoracic curve

Vertebrae Discs

(Thoraco)lumbar curve

Vertebrae Discs

+3,9% anterior overgrowth

+2,6% +9,8%

+3,1%

+9,4%

+35%

P<.001

P<.001



3-D deformity is most in the disc in all

regions of the spine!



CT scans of:
- 30 NM patients
- 30 AIS patients
- 30 Non-scoliotic controls

10-18 years of age

AIS NM

56°
±13°

52°
±21°

Anterior “overgrowth” specific for idiopathic 

scoliosis, or secondary to the scoliotic deformity?



Vertebra

Disc

Controls 

(n=30)

Idiopathic

(n=30)

Neuromuscular

(n=30)

-3.0%
-3.4%

-1.5%

+1.2% +0.9%
-2.5%

+17.5%

-3.5%

+19.1%

Total

Thoracic lordosis in idiopathic and 

neuromuscular scoliosis



Congenital scoliosis?



Thoracic lordosis in idiopathic, 

neuromuscular and congenital scoliosis

AIS NMControls Congenital

-3.0% +1.2% +0.9% +1.1%



Relative anterior lengthening or relative 

posterior shortening?



3D semi-automatic measurements (CT scans)

* = significant difference between AIS and controls. 

Absolute heights (mm): AIS (n=80) vs matched controls (n=30)



So:

• No discussion if RASO exists, all scoliosis are lordotic (not hypo-

kyphotic)

• RASO is not a generalized phenomenon, it is restricted to the 

apex of the curve

• It is not active growth, it is passive expansion of the disc and

compression of the interspinous space

• It is part of any scoliotic mechanism, idiopathic, neuromuscular, 

compensatory congenital

• It is not the cause of scoliosis, it is its consequence!



How to acquire 3D

• CT(gold standard)

• EOS

• Ultrasound







Several valid and reliable ultrasound angles



Scolioscan
Telefield Medical Imaging Ltd, Hong Kong

2000 transverse images

Scan speed: 1 cm/sec



Methods – X-ray vs. Ultrasound

Cobb
X-ray

Manual 
TP angle

Manual 
SP angle

Automatic 
SP angle



Results

Cobb
X-ray

Manual 
TP angle

Manual 
SP angle

Automatic 
SP angle

38±20° 24±14° 26±13° 30±14°Thoracic
29±11° 21±9° 22±10° 24±9°Lumbar



Excellent linear correlations (validity)
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Good to excellent reliability

Patient

Scan 2Scan 1 Scan 1

Angles Angles Angles AnglesAngles

Intra

ICC ≥ 0.96

Intra

ICC ≥ 0.94 

Inter

ICC ≥ 0.93

Inter

ICC ≥ 0.84 

ICC = interclass correlation coefficient

= observer 2

= observer 1



Conclusions

- Excellent correlations between ultrasound and X-ray

- High reliability

- No differences in reliability and validity between different 

ultrasound measurements

Scoliosis progression can be assessed 

without ionizing radiation


