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To Take Home
• Lungs and thoracic cage/vertebrae grow dependently

• Pulmonary scoliosis exists……………… but in that case scoliosis is 
not idiopathic!

• Scoliotic lungs give problems, starting from 40 degree curves

• Lung function is only part of “pulmonary well being”

• The effect of scoliosis correction on lung function is
– Limited
– Better for “thoraco-abdominal surgery” than “anterior surgery”
– small compared to “functional improvement” (QoL, pain, “nursing”)

• No surgery to improve lung function…….



To Take Home: we have a lot in common!

• Always look at curves!!!!!



Scoliosis and lung (growth), what are the 
questions?

1. What is the relation between lung and bone development
How does the lung grow??

2. What should we measure?
Lung function testing

3. Chicken and/or egg?
- does impaired/asymmetric  lung growth lead to scoliosis?

“pulmonary scoliosis”?
- (how) does scoliosis lead to lung function abnormalities?

“scoliotic lungs”?

4. Does scoliosis repair improve lung function?



How do the lungs grow?? (1) • Congenital
– Malformations

• Agenesis
• Hypoplasia
• Diaphragmatic hernia

• Prenatal:
– Fluid filling
– Movements
– Wellbeing

• Postnatal
– Infections
– Body and thoracic 

growth
– Smoking
– Injury (radiation, 

pollution, 

Kotecha et al., Paed Resp Rev 2000

1. Lung growth



How do the lungs grow?? (2)

Kotecha et al., Paed Resp Rev 2000Lung growth



Lung function: 
more than spirometry!

• Obstruction:
– FEV1
– FVC
– FEV1/FVC
– RV/TLC

• Restriction
– TLC
– (FVC)

2. Lung function
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Lung function measurements like scoliosis 
assessment: always look at curves!!

Lung function



Lung function measurements like scoliosis 
assessment: always look at curves!!

Lung function



Warning!!
• Most predictive values for lung function depend on height!!!!!

• Scoliotic people are “smaller”, so predicted values are too 
low!!!!!!

•  use span width to predict lung function

Lung function



Pulmonary scoliosis……
How idiopathic is idiopathic scoliosis??

• No cause for idiopathic scoliosis (by definition)
– But associations might show etiology??

• Moderate evidence for 
• impaired gait control (e.g. after polio)
• decreased bone minerals
• Breast asymmetry
• Cortical thinning of right hemisphere

Schlosser et al. PLoS One, 2014

3.a. Pulmonary scoliosis?

No data on lung growth or  ‐function……



Non-idiopathic scoliosis

• Several congenital or acquired lung 
abnormalities are related to 
abnormal thoracic/vertebral 
development
– Asymmetric lung development 

• (congenital)
– Lung agenesis
– Lung anomalies

• acquired
– After surgery or damage

Pulmonary scoliosis? Kotecha et al., Paed Resp Rev 2000



3% of the 

population

Deformed vertebral columna and the thoracic 
cage

3.b. Scoliotic lungs?



Scoliosis and the lung

• Normal Severe (kypho)scoliosis

Scoliotic lungs?



Lung problems with scoliosis: 
Scoliosis is only part of the story!

• Idiopathic (kypho)scoliose
– Decreased lung function 

(obstruction and restriction)

• +………….?
– (functional) muscle weakness
– former lung damage (infections, 

growth, aspirations)
– other congenital abnormalities
– psychomotor retardation

• Epilepsy
• swallowing

Scoliotic lungs?



Lungproblems with increasing scoliosis
• Mild: no-hardly
• <40 degrees: sometimes swallowing difficulties 
• >60 degrees:

– Difficult breathing,decreased lungfunction/ventilation
• Exercise intolerance
• mucus clearance/coughing (low flows/stiff thorax)

– swallowing difficulties/aspiration
– Infections

•  respiratory deficiency during e.g. infections, 
sleeping/night (position)

•  ventilator deficiency
•  further “intrinsic” lung damage

Scoliotic lungs?



What does the patient experience with 
decreased lung function
• Restriction (decreased volumes)

– difficult breathing
– exhaustion

• Obstruction (decreased airway patency)
– difficult breathing
– wheezing/stridor
– difficult sputum expectoration

Scoliotic lungs?



Scoliosis and lung function

Szeinberg et al., Ped Pulm 1988Scoliotic lungs?



Lung function and scoliosis: 
about curves and angles……

• N=631 pts (85% females), 9 centers (1995-2003)
• Preoperatively lung function measurement
• Pulmonary impairment = lung function based…….

– MILD: 65-80%pred
– MODERATE: 50-65%pred
– SEVERE: <50%pred

Newton et al. Bone Joint Surg Am, 2005 Scoliotic lungs?



Newton et al. Bone Joint Surg Am, 2005 

More pulmonary impairment in 
1. primary thoracic than (thoraco-)lumbar scoliosis
2. more involved vertebrae

Lung function



Angles and curves (cor)relate significantly but 
poorly to pulmonary impairment
Explaining <10% of variability……….90% comes form other factors!!
No relation with flexibility!?

Scoliotic lungs? Newton et al. Bone Joint Surg Am, 2005 



Scoliotic lungs? Newton et al. Bone Joint Surg Am, 2005 

Thoracic curve and lung function: 



Number of involved vertebrae and lung function

Scoliotic lungs? Newton et al. Bone Joint Surg Am, 2005 



Thoracic kyphosis: the less the worse???

Scoliotic lungs? Newton et al. Bone Joint Surg Am, 2005 



Pulmonary problems start at 40 degrees?

Scoliotic lungs? Newton et al. Bone Joint Surg Am, 2005 



Scoliosis repair and lung function:
back to the seventies………….

• N=10 girls: adolescent idiopathic scoliosis
• lung function and exercise testing before 

and 17-23 months after spinal fusion
• Cobbs angle: form 65->27 
• Functional improvement
• Significant decrease in submaximal 

minute ventilation.
• No change in lung function

Shneerson et al. 1979

4. Scoliosis repair

Shneerson et al. Thorax 1979



Ventral derotation (VDS) + Harrington 
gives little improvement of FVC…..
• N=33
• mean thoracic curve 70 (+20)degrees
• Mean lumbar curve of 72.9 (+15)degrees 
• VC before and 1 year after VDS and Harrington
•  correction curvature was 50 % (thoracic) and 68% 

(lumbar)
•  FVC: from 70%pred to 74% (ns)

– Bigger interval related to better the improvement of the 
VC. 

– Younger age at VDS related to better F VC improvement
– No relation to number of involved vertebrae

Korovessis et al. Clin Orthop 1992Scoliosis repair



Harrington procedure

• meta-analysis effect Harrington instrumentation on lung 
function

• Adolescents with idiopathic scoliosis
• 38 studies, 5 proper studies
• N=173 

• Increased FVC%pred +2-11%

Kinnear et al. 1993Scoliosis repair
Kinear et al. Spine 1993



Lung function after growing rod surgery for 
progressive early-onset scoliosis: a preliminary study.

• N=8
• Group 1 finished “growing rod 

procedure” + definite fusion surgery

• Group 2 at the beginning of this 
procedure

• Lungfunction and X-photo’s before and 
after.

• No correlation between change in Cob 
angle and change in lung function

Jiang et al. 2011 Chinese Journal of MedicineScoliosis repair Jiang et al. Chin Med J 2011



Effect scoliosis repair: 
Summary of studies from last 40 years……

• Many studies, many techniques

• Esthetic and probably functional improvement
– Improved mobilisation, pain, 
– Better ventilation

• Little, no or even negative effect on lung function 
and “pulmonary volumes”
– Thorax remains stiff
– Abnormalities in muscle function: “vertebral-

muscular” connections?
– No extra intrathoracic room?

Scoliosis repair Newton et al. Bone Joint Surg Am, 2005 
Jiang et al. Chin Med J 2011

Kinear et al. Spine 1993

Korovessis et al. Clin Orthop 1992

Shneerson et al. Thorax 1979



Thoraco-abdominal or thoracic surgery??
Thoraco-abdominal!

Kim et al 2007Scoliosis repair Yongjung et al. Spine 2008



Why not anterior thoracic?

• (more) damage to:
– Muscles (diaphragm, latissimus dorsi, serratus, intercostals)
– Ribs and thoracic cage

• more adhesions

• more pleural fluid

Scoliosis repair



Scoliosis and lung function: 
Wrap up and conclude!

• Lung and thorax grow dependently and lung abnormalities 
can cause scoliosis (non-idiopathic)

• Expect ventilatory restriction in more severe scoliosis (>20% 
of patients when Cobb >50 degrees)

• Lung function impairment only partially explained by scoliosis
– Increased susceptibility for infections and aspiration
– Not volumes or obstruction but functionality is the issue!
– Lung function is only part of pulmonary well being

• In general hardly any effect of surgery on lung function: 
– choose anterior and thoracoabdominal approach?

Conclusions and THM



Greetings from the pediatric pulmonologists 
UMC Utrecht

Questions??


