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Unterated EOS?

• Pehrsson et. al., Spine 1992
– Increased mortality

• High risk for infantile

– 40% respiratory failure

– 90% of patients with respiratory failure was 
diagnosed before the age of 9

– 50% of surviving patients are receiving anti-hypertensive 
treatment
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Early fusion?

• Goldberg et. al., Spine 2003
– 41% FVC at maturity, if spine is fused < 10 years-old

• Karol et. al, JBJS 2008 
– Age @ surgery 3.3 and FU 14.6 year

– FVC 57.8 %

– Length of fusion and low FVC 

– Extension of fusion thru T1-T2 and pulmonary problems

• Emans J, SRS 2004
– Age @ surgery 2.6  and FU 11 yr

– FVC 62 %

– Early fusion and ↓FVC, number of fused vertebrae and ↓FVC
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Ideal solution?

• Growth preservation, as much as 
possible

– Delaying tactics

• Casting

• Growth friendly techniques

• If it is not possible

– Minimum motion/growing segment 
fusion
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Growth friendly instrumentation*

• Compression based
– Tethering
– Stapling

• Distraction based
– GR
– VEPTR

• Guided growth
– Luque-trolley
– Shilla

* Skaggs, JPO 2013
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What we aim? 

• Normal/near normal

–Trunk height 

–Body appearance

–Pulmonary capacity

–ADL



11/5/2018Hacettepe Orthopaedics

What we find?

• Day of graduation

– Radiological

– Functional

– Life quality

– Side effects
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Radiology +

• GR

– Klemme et.al., JPO 1997

• 76 pt, 45 grad.

• 4.9 lengthenings before grad.

• Pre-index 67o, pre-definitive 47o

• 16 pt >10o rotation

• 3 cm height gain in 3 years
– 0.08 cm/segment/year
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Radiology +

• GR

– Akbarnia et.al., Spine 2008

• 13 graduates

• T1-S1
– 1.84 cm/year vs. 1.02 cm/year

• Correction 
– @ index surgery 56%

– @ definitive surgery 24% 

• 13 complications in 6 patients 
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Radiology -

• GR
– Acaroglu, Yazici, JPO 2002

• 12 idiopathic graduates

• Cobb
– Pre-index öncesi 58o

– Pre-definitive 59o

– Successful results on both coronal and sagittal planes

• Rotational increase(>10o) 10/12 
– Insufficient control of axial plane deformity

– Or cranksahfting?

• 4  cm height gain
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Radiology -

• GR
– Cahill et.al., Spine 2010

• 9 graduates
– Pre-index 

» 72o

– Pre-definitive
» 48o

– Post-definitive
» 28o

• 89% autofusion
• T1-S1 length increase

– 3.7 cm, during lengthening
– 4.1 cm, after definitve
– Mean 7 PCOs
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Radiology + 

• VEPTR

– El-Hawary ve. ark., JPO 2016

• 35 VEPTR pts, followed >5 years

• T1-S1 height
– Average 15 lengthenings

– From 20 cm to 28 cm

– They maintained greater than 75% of expected age-matched 
spine growth 

– No Law of diminishing return



11/5/2018Hacettepe Orthopaedics

Radiology -

• VEPTR

– Samdani, IMAST 2012 Istanbul

– 33 VEPTR graduates

» 48% autofusion at posterior spine

» No autofusion 7.9 surgeries

» Autofusion 15.5 surgeries, p = 0.011
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Radiology -

• VEPTR

– Hasler, J Child Orthop 2014

• 65 VEPTR

• 65% peri-implant ossification
– 45% full length of implant 

– Chest compliance and spine rijdity !
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Radiology +

• Shilla

– McCarthy ve McCullogh, JBJS 2015

• 40 Shilla patients

• Pre-indeks 69o, pre-definitive 38o

• Spinal length gain, inc. index surgery
– T1-12 0.7 cm/year

– T1-S1 1.5 cm/year

• Rotation?



11/5/2018Hacettepe Orthopaedics

Lung +

• Emans et.al., Spine 2005
– 31 congenital scoliosis with 

rib fusion
– VEPTR after thoracotomy
– Volume with CT 

• Volume increase 
– @ VEPTR side 219 %
– Control side 147 % 

• Pulmonary functions?

– 1.2 cm/year thoracic spine 
growth
• Spinal penetration?
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Lung +

• Jiang et.al., Chin Med J 2011

– 8 GR patients, 4 grad

– Significant improvements on pulmonary 
functions 

• FVC and FEV1 both increased 

• Ratio of FVC to predicted FVC and ratio of FEV1 to 
predicted FEV1 changed similarly and did not show 
statistical differences 
– Short trunk!
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Lung +/-

• Johnston, Spine Def 2016

– 12 grad

– Oxygen consumption

• Clinically relevant pulmonary compromise 

• These children are able to keep up with their peers in 
daily activities and also have the capacity to exercise
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Lung -

• Dede et.al., JBJS 2014

– 21 VEPTR

• Pulmonary function test
– Passive deflation techniques, GA

» Index surgery, lengthening 

– Absolute FVC increase, predicted FVC decrease

– Chest compliance!
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Lung

• Index surgery

• 74 months

• Preop height

115 cm

• # Surgery

• 10

• + Index + definitive

• No unplanned surgery

• Final height

• 151.5 cm

• FVC: 2 L / 76%

• FEV 1: 94%

• Index surgery

• 105 months

• Preop height
135 cm

• # Surgery 

• 11

• + Index + definitive

• No unplanned surgery

• Final height

• 153.5 cm

• FVC: 1.90 L / 70 %

• FEV 1: 91%
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Lung 

• Can TGR change the natural history of pulmonary functions in 
EOS? Is Radiological Straightness Correlated with Normal Lung 
Development? 

• Ebru Celebioglu, Alper Yataganbaba, Aslı Öncel, Ceren Degirmenci, I 
Aykut Kocyigit, Fatih Tekin, Gokhan Demirkiran, Elmas Ebru Yalcin, 
Ahmet Ugur Demir, Muharrem Yazici

• TGR can help EOS patients, who would otherwise be doomed to 
serious pulmonary insufficiency, achieve pulmonary capacities 
compatible with a healthy life

• Despite significant decreases in TGR graduates in oxygen 
consumption capacity and pulmonary tests compared to healthy 
controls, results were not statistically different than AIS patients 

• TGR is effective and successful in achieving good results in 
pulmonary functions as well as radiological parameters
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How we finish?

• Don’t touch spine, leave as it is! 

• Remove implant and free the spine!

• Reconstruct (re-create) the spine with new 
implants and/osteotomies
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Graduation

• Flynn , JBJS 2013
– 86% instrumented fusion

– 13% GR+ in-situ fusion

– 1% GR removal

• Sponseller, JBJS 2016
– 137 definitive fusion, 26 GR only

– Definitive fusion
• No extra benefit regarding Cobb and spinal height

• Sawyer, Spine Def 2016
– 37 VEPTR grad (12 observation, 25 definitive instrumentation)

– Observation works!

– Limited effect of instrumentation (Additional surgery in 24%!)
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Final fusion is final?

• Poe-Kochert, JBJS 2016

– 119 grads.

– Additional surgery after definitive fusion
• 20 %

• Re-surgery 7.4 year after final fusion
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Don’t touch

14o
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Remove implant and free the spine..
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Remove implant and free the spine..

TrUGA
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Remove implant and free the spine..
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Conclusion 

• Removal of growing rod hardware after a 
measure of skeletal maturity has been 
achieved is not an acceptable end point for 
growing rod treatment

• Retaining hardware if curve features are 
acceptable

• Needs FU evaluation
– Risk for further implant and/or deformity related 

problems?


