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Why support the Foundation ?

Although early screening and surgical treatments have considerably progressed 
over the past few years, we must admit that these are only palliative treatments. 
The real problem lies elsewhere. 
We must go back to the source

focusing on the origin of idiopathic scoliosis in order to provide early detection of 
its progressive forms, and even better, to prevent its occurrence. 

 still waiting to be answered today.

Yves Cotrel

For your donations :

 
Check your tax deductibulity according to your country of origin
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The white paper of idiopathic scoliosis 

Fondation Yves Cotrel – Institut de France.  

Scoliosis
idiopathic scoliosis

The problematic is twofold. 

The Fondation Yves Cotrel – Institut de France 

Scoliosis reveals itself today as a complex disease with roots in several 
mechanisms.  

it illustrates the complexity idiopathic scoliosis 
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The role of intrinsic spinal mechanisms in etiopathogenesis of AIS

René Castelein 
and 

Our scoliosis research line has focused on the biomechanical 
characteristics of the spine, both in patients with a deformity as well 

as those without a deformity or at risk for developing one. Several studies have been 
done in a joint collaboration between our group at the Department of Orthopedic 
Surgery and the Image Sciences Institute Utrecht. In 2005, a new and original 
hypothesis on the role of posteriorly directed shear loads in the aetio-pathogenesis 
of idiopathic scoliosis was put forward.1 Since then, new collaborations were 
started with the Chinese University of Hong Kong, Shatin, Hong Kong (professor 
Jack C. Cheng, MD, FRCSEd), the Children’s Hospital of Philadelphia, Philadelphia, 
Pennsylvania, USA (John P. Dormans, MD, former chief and John M. Flynn, MD, 
current chief) and Nemours/Alfred I. duPont Hospital for Children, Wilmington, 
Delaware, USA (Suken A. Shah, MD).

in vitro and in vivo6-8 

Figure  1A.  Girls,  especially    at  the  peak  of  their  growth  spurt,  have  a  longer  posteriorly  inclined  
segment  (red)  than  boys  at  the  same  stage  of  development  (data  compiled  from  Schlösser  et  al.5).
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 and is 

Figure  1B.  Girls  at  the  peak  of  their  growth  spurt  have  
less  thoracic  kyphosis  than  boys  at  the  same  stage  of  
development    (data  compiled  from  Schlösser  et  al.5).

in  mild  thoracic  scoliosis  shows  a  longer  
and  more   proximal   area   of   posterior  

mild  lumbar  scoliosis  (data  compiled  from  
Schlösser  et  al.14).
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Changes in the intervertebral disc 
in development of the scoliotic deformity

Deformation of the intervertebral disc plays a major role in the scoliotic deformity. 
Its wedging is thought to be secondary  to altered loading.  
The abnormal mechanical stresses which arise during the development of the 
deformity, could alter cellular activity and hence lead to abnormalities of the 

are unknown and  little is known concerning the effect of the scoliotic deformity 
on disc cells and on the extracellular matrix which regulates disc biomechanical 
behaviour. 

Professor Jeremy Fairbank,

Dr Jing Yu and Dr Jill Urban, research 
scientists

Hypothesis and Methodology

 

Results: 
a) Pressure measurements 
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Conclusions

b) Changes in elastin and collagen networks 
in scoliotic discs

  

   

c)  Transgenic mice

Figure   2.      The  well   organised   collagen   and   elastic  
networks   in   a   normal   disc   and   the   sparse      and  
disorganised  networks  in  an  AIS  disc.

Figure  3.  Vertebral  height  changes  with  age  and  spinal  
level  in  WT  and  TSK  mice[3
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The growth of the scoliotic spine: an unstable dynamical system ?
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Background :  

Dr. Alain Moreau

Dr. Hubert Labelle
 

Analysis of melatonin transduction pathways and molecular 

This research project demonstrated in patients with adolescent idiopathic scoliosis 
(AIS) a default in the signal transmission of melatonin, a neuro-hormone that is 
involved in several biological processes including the regulation of the circadian 
cycle. This defect occurs at three proteins known as G inhibitory proteins (Gi1, 
Gi2 and Gi3) which are coupled to the membrane melatonin receptors (MT1 and 
MT2). In AIS patients, these three proteins are inactivated completely or partially 

cell types including bone cells even at the level of white blood cells. This allowed us 

disease. More recently, we have shown that all Gi protein-coupled receptors are 
affected in the AIS and not just melatonin receptors MT1 and MT2. Furthermore, 

of developing scoliosis in asymptomatic children as well as to predict the risk of 
worsening of the disease in AIS patients. Several patents have been obtained to 
date arising from this technology and we are looking for an industrial partner to 
commercialize the test.

of studies
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We hypothesize that idiopathic scoliosis is 
caused by an aberrant melatonin signaling 
in musculoskeletal tissues rather than by a 

Study Design

Isolation of Human Osteoblasts. 
Adenylyl Cyclase Activity Assay in Osteoblasts
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Background 

°

° Hypothesis
T

Role of estrogens in adolescent idiopathic scoliosis pathogenesis

Our research work connected particular genes and pathways important in AIS: 
the developmental/growth-differentiation of skeletal elements, cellular signaling 
connecting structural integrity of the extracellular matrix to the structural 

responsible for  AIS (differentially expressed with embryogenesis/morphogenesis), 
while other genes are more related to spinal deformity progression. In conclusion, 

our results add a new facet to the understanding of the role and function of hormons 
in AIS and revealed new potential contribution pathways for AIS. Taken together, this 
study has demonstrated gene expression changes in osteoblasts from AIS patients, 
as compared to osteoblasts from healthy controls. The reported results help to gain 
further insight into potential genes and molecular pathways that could contribute 

underlying mechanisms that lead to the observed clinical features of scoliosis 
remains the crucial step to further advance understanding of AIS pathogenesis.
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in AIS and revealed new potential contribution pathways for AIS. Taken together, this 
study has demonstrated gene expression changes in osteoblasts from AIS patients, 
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further insight into potential genes and molecular pathways that could contribute 

underlying mechanisms that lead to the observed clinical features of scoliosis 
remains the crucial step to further advance understanding of AIS pathogenesis.

Results

Figure  1:

was  altered  in  adolescent  Idiopathic  scoliosis  compared  to  the  normal  (control)  patients.  (Fendri  et  
al,  Eur  Spine  J  2013)



28

Idiopathic scoliosis | research supported by Fondation Yves Cotrel

List  of  publications  supported  by  the  FondationYves  Cotrel  Foundation  -­  Institut  de  France    

Letellier  K,  Azeddine  B,  Blain  S,  Turgeon  I,  Wang  da  S,  Boiro  MS,  Moldovan  F,  Labelle  H,  Poitras  B,  
Rivard  CH,  Grimard  G,  Parent  S,  Ouellet  J,  Lacroix  G,  Moreau  A  Etiopathogenesis  of  adolescent  idiopathic  
scoliosis  and  new  molecular  concepts].  Med  Sci  (Paris).  2007  Nov;;23(11):910-­6.  Review.  French.  

Azeddine  B,  Letellier  K,  Wang  da  S,  Moldovan  F,  Moreau  A.  Molecular  determinants  of  melatonin  
signaling  dysfunction  in  adolescent  idiopathic  scoliosis.  Clin  Orthop  Relat  Res.  2007  Sep;;462:45-­52.

Letellier  K,  Azeddine  B,  Parent  S,  Labelle  H,  Rompré  PH,  Moreau  A,  Moldovan  F.J  Pineal  Res.Estrogen  
cross-­talk  with  the  melatonin  signaling  pathway  in  human  osteoblasts  derived  from  adolescent  idiopathic  
scoliosis  patients.  2008  Nov;;45(4):383-­93.  doi:  10.1111/j.1600-­079X.2008.00603.x.  

Leboeuf  D,   Letellier  K,  Alos  N,   Edery   P,  Moldovan  F.   (2009)  Do   estrogens   impact   adolescent  
idiopathic  scoliosis?  Trends  in  Endocrinology  and  Metabolism  (IF  7.1)  Trends  Endocrinol  Metab.  2009  
May;;20(4):147-­52.

Edery  P,  Margaritte-­Jeannin  P,  Biot  B,  Labalme  A,  Bernard  JC,  Chastang  J,  Kassai  B,  Plays  MH,  Moldovan  
F,  Clerget-­Darpoux  F.  New  disease  gene  location  and  high  genetic  heterogeneity  in  Idiopathic  Scoliosis.  
Eur  J  Hum  Genet.  2011  Aug;;  19(8):865-­9.

Fendri  K,  Moldovan  F.  Potential  role  of  COMP  as  a  biomarker  for  idiopathic  scoliosis.  Med  Hypotheses,  
2011  May;;  76(5):762-­3.

Patten  S,  Moldovan  F.  Could  genetic  determinants  of  inner  ear  anomalies  be  a  factor  for  the  development  
of  idiopathic  scoliosisis?  Med  Hypotheses.  2011  Mar;;  76(3):438-­40.

Patten  S,  Jacobs-­McDaniels  NL,  Zaouter  C,  Drapeau  P,  Albertson  RC,  Moldovan  F.  Role  of  Chd7  in  

Acaroglu  E,  Bobe  R,  Enouf  J,  Marcucio  R,  Moldovan  F,  Moreau  A.  The  metabolic  basis  of  adolescent  
idiopathic  scoliosis:  2011  report  of  the  ‘metabolic’  workgroup  of  the  Fondation  Yves  Cotrel.  Eur.  Spine  
J.  2012  Jun;;  21(6):1033-­4.

Shunmoogum  A.  Patten,   Patricia  Margaritte-­Jeannin,   Jean-­Claude  Bernard,  Eudeline  Alix,  Audrey  
Labalme,  Alicia  Besson,  Simon  L.  Girard,  Khaled  Fendri,  Nicolas  Fraisse,  Bernard  Biot,  Coline  Poizat,  
Amandine  Campan-­Fournier,  Kariman  Abelin-­Genevois,  Vincent  Cunin,  Charlotte  Zaouter,  Meijiang  Liao,  
Raphaelle  Lamy,  Gaetan  Lesca,  Rita  Menassa,  Charles  Marcaillou,  Melanie  Letexier,  Damien  Sanlaville,  
Jerome  Berard,  Guy  A  Rouleau,   Françoise  Clerget-­Darpoux,  Pierre  Drapeau,  Florina  Moldovan*,  
Patrick  Edery*.  Functional  variants  of  the  POC5  gene  in  Idiopathic  Scoliosis.  J  Clin  Invest.  2015  Feb  
2.  pii:  77262.  doi:  10.1172/JCI77262

Sources  and  references

Weinstein,  S.L.  et  al.  (2008)  Adolescent  idiopathic  scoliosis.  Lancet  371,  1527–1537

Sarwark,  J.  and  Aubin,  C.E.  (2007)  Growth  considerations  of  the  immature  spine.  J.  Bone  Joint  Surg.  
Am.  89  (Suppl  1),  8–13

Sanders,  J.O.  et  al.  (2007)  Maturity  assessment  and  curve  progression  in  girls  with  idiopathic  scoliosis.  
J.  Bone  Joint  Surg.  Am.  89,  64–73  

Duval-­Beaupere  G.    Surveillance,  course,  and  prognosis  of  scoliosis.  Rev  Prat.  1982  Nov  11;;32(51-­
52):3261-­4,  3269-­71

Duval-­Beaupere  G.  Threshold  values  for  supine  and  standing  Cobb  angles  and  rib  hump  measurements:  
prognostic  factors  for  scoliosis.  Eur  Spine  J.  1996;;5(2):79-­84.



29

2000 | 2015

List  of  publications  supported  by  the  FondationYves  Cotrel  Foundation  -­  Institut  de  France    

Letellier  K,  Azeddine  B,  Blain  S,  Turgeon  I,  Wang  da  S,  Boiro  MS,  Moldovan  F,  Labelle  H,  Poitras  B,  
Rivard  CH,  Grimard  G,  Parent  S,  Ouellet  J,  Lacroix  G,  Moreau  A  Etiopathogenesis  of  adolescent  idiopathic  
scoliosis  and  new  molecular  concepts].  Med  Sci  (Paris).  2007  Nov;;23(11):910-­6.  Review.  French.  

Azeddine  B,  Letellier  K,  Wang  da  S,  Moldovan  F,  Moreau  A.  Molecular  determinants  of  melatonin  
signaling  dysfunction  in  adolescent  idiopathic  scoliosis.  Clin  Orthop  Relat  Res.  2007  Sep;;462:45-­52.

Letellier  K,  Azeddine  B,  Parent  S,  Labelle  H,  Rompré  PH,  Moreau  A,  Moldovan  F.J  Pineal  Res.Estrogen  
cross-­talk  with  the  melatonin  signaling  pathway  in  human  osteoblasts  derived  from  adolescent  idiopathic  
scoliosis  patients.  2008  Nov;;45(4):383-­93.  doi:  10.1111/j.1600-­079X.2008.00603.x.  

Leboeuf  D,   Letellier  K,  Alos  N,   Edery   P,  Moldovan  F.   (2009)  Do   estrogens   impact   adolescent  
idiopathic  scoliosis?  Trends  in  Endocrinology  and  Metabolism  (IF  7.1)  Trends  Endocrinol  Metab.  2009  
May;;20(4):147-­52.

Edery  P,  Margaritte-­Jeannin  P,  Biot  B,  Labalme  A,  Bernard  JC,  Chastang  J,  Kassai  B,  Plays  MH,  Moldovan  
F,  Clerget-­Darpoux  F.  New  disease  gene  location  and  high  genetic  heterogeneity  in  Idiopathic  Scoliosis.  
Eur  J  Hum  Genet.  2011  Aug;;  19(8):865-­9.

Fendri  K,  Moldovan  F.  Potential  role  of  COMP  as  a  biomarker  for  idiopathic  scoliosis.  Med  Hypotheses,  
2011  May;;  76(5):762-­3.

Patten  S,  Moldovan  F.  Could  genetic  determinants  of  inner  ear  anomalies  be  a  factor  for  the  development  
of  idiopathic  scoliosisis?  Med  Hypotheses.  2011  Mar;;  76(3):438-­40.

Patten  S,  Jacobs-­McDaniels  NL,  Zaouter  C,  Drapeau  P,  Albertson  RC,  Moldovan  F.  Role  of  Chd7  in  

Acaroglu  E,  Bobe  R,  Enouf  J,  Marcucio  R,  Moldovan  F,  Moreau  A.  The  metabolic  basis  of  adolescent  
idiopathic  scoliosis:  2011  report  of  the  ‘metabolic’  workgroup  of  the  Fondation  Yves  Cotrel.  Eur.  Spine  
J.  2012  Jun;;  21(6):1033-­4.

Shunmoogum  A.  Patten,   Patricia  Margaritte-­Jeannin,   Jean-­Claude  Bernard,  Eudeline  Alix,  Audrey  
Labalme,  Alicia  Besson,  Simon  L.  Girard,  Khaled  Fendri,  Nicolas  Fraisse,  Bernard  Biot,  Coline  Poizat,  
Amandine  Campan-­Fournier,  Kariman  Abelin-­Genevois,  Vincent  Cunin,  Charlotte  Zaouter,  Meijiang  Liao,  
Raphaelle  Lamy,  Gaetan  Lesca,  Rita  Menassa,  Charles  Marcaillou,  Melanie  Letexier,  Damien  Sanlaville,  
Jerome  Berard,  Guy  A  Rouleau,   Françoise  Clerget-­Darpoux,  Pierre  Drapeau,  Florina  Moldovan*,  
Patrick  Edery*.  Functional  variants  of  the  POC5  gene  in  Idiopathic  Scoliosis.  J  Clin  Invest.  2015  Feb  
2.  pii:  77262.  doi:  10.1172/JCI77262

Sources  and  references

Weinstein,  S.L.  et  al.  (2008)  Adolescent  idiopathic  scoliosis.  Lancet  371,  1527–1537

Sarwark,  J.  and  Aubin,  C.E.  (2007)  Growth  considerations  of  the  immature  spine.  J.  Bone  Joint  Surg.  
Am.  89  (Suppl  1),  8–13

Sanders,  J.O.  et  al.  (2007)  Maturity  assessment  and  curve  progression  in  girls  with  idiopathic  scoliosis.  
J.  Bone  Joint  Surg.  Am.  89,  64–73  

Duval-­Beaupere  G.    Surveillance,  course,  and  prognosis  of  scoliosis.  Rev  Prat.  1982  Nov  11;;32(51-­
52):3261-­4,  3269-­71

Duval-­Beaupere  G.  Threshold  values  for  supine  and  standing  Cobb  angles  and  rib  hump  measurements:  
prognostic  factors  for  scoliosis.  Eur  Spine  J.  1996;;5(2):79-­84.

The metabolic basis of Adolescent Idiopathic Scoliosis

Emre R. Acaroglu 

  

Ralph Marcucio 



30

Idiopathic scoliosis | research supported by Fondation Yves Cotrel

a ) 

the timing of intervention, dosage, gender differences and histopathological 
mechanisms

b) 

Project 1 : Comparison of the Expressions of Melatonin, Calmodulin and 5-HT4 
in Paravertebral Muscle and Platelets of Patients With or Without Adolescent 
Idiopathic Scoliosis
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a ) 

the timing of intervention, dosage, gender differences and histopathological 
mechanisms

b) 

Project 1 : Comparison of the Expressions of Melatonin, Calmodulin and 5-HT4 
in Paravertebral Muscle and Platelets of Patients With or Without Adolescent 
Idiopathic Scoliosis

Results
Radiological analysis :

with AIS in humans by works of Inoue and by 
Moldovan and coworkers .

Project 2 :  The pathogenesis of «idiopathic scoliosis» modeled as a combination 
of growth, osteopenia and bipedality. A study on bipedal C57Bl6 mice model (not 

)

In collaboration with Gokhan Demirkiran MD and Florina Moldovan MD PhD

The above observations suggest that estrogen and/or estrogen receptors may 
be key factors in the pathogenesis of AIS. This assumption indeed makes clinical 
sense as it may explain the sexual predilection associated with the disease. 
Furthermore, it may also explain the observation of osteopenia in scoliotic 
individuals, potentially similar to the osteopenia observed following menopause. 
Estrogen receptor gene polymorphism has been recognized to be associated 
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Histology :
Trichrome staining and 
Immunehistochemistry (IHC)

Several deductions may be made based on 
these results
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Histology :
Trichrome staining and 
Immunehistochemistry (IHC)

Several deductions may be made based on 
these results

Dr. Alain Moreau

Background

in vitro

 in a 

Study of tyrosine phosphatase RPTPµ and osteopontin  
in AIS etiopathogenesis  

Hypothesis 

	
  

This research project demonstrated in patients with adolescent idiopathic scoliosis 
(AIS) that elevated blood levels of a molecule called osteopontin (OPN), which plays 

factor in the development of scoliosis and high OPN levels in the blood of AIS patients 
contributes to advance their spinal deformities. It should be noted, that circulating 
OPN levels are variable in function of certain genetic predispositions as well as in 
response to environmental factors (mycobacteria, diet, medication, strength, etc.). We 
also discovered that several other molecules could have a positive or negative effect 
in the response of cells to OPN in AIS. Indeed, mice lacking the gene Ptprm encoding 
for the tyrosine phosphatase RPTPì are more severely affected and all developed a 
severe scoliosis. Some experimental evidence suggests that this effect is mediated by 

the Gi-coupled receptor signaling impairment. Furthermore, these discoveries led to 
the development of a biochemical test to predict the risk of disease progression in 
AIS patients. Several patents have been obtained to date arising from this technology 
and we are looking for an industrial partner to market it.
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Methodology
Animals: 

Blood collection and OPN measurement: 

Cell culture: 

siRNA transfection: 

Quantitative reverse transcription-polymerase 
 

Immunoprecipitation and Western blot: 
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Blood collection and OPN measurement: 

Cell culture: 

siRNA transfection: 

Quantitative reverse transcription-polymerase 
 

Immunoprecipitation and Western blot: 

Results obtained :

Contribution of Osteopontin (Spp1) to scoliosis 
onset and spinal deformity progression. 

Contribution of PTPmu in AIS pathogenesis.
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Skeletal growth, bone health, and bioavailability of leptin 
in adolescent idiopathic scoliosis

AIS Multidisciplinary Research Team
Team Leader: Jack CY Cheng

Collaborating Partners

Previous studies done in our center have provided strong evidences that AIS 
was associated with abnormal anthropometric parameters with greater stature, 
longer arm span and abnormal skeletal development manifested as low aBMD, 
low vBMD and deranged trabecular bone micro-architecture. Low aBMD and 

Along this line of research, AIS was found to be associated with abnormal leptin 
bioavailability and its correlation with body composition and bone parameters 
were distinctly different from controls. 

development and its related biochemical anomalies in leptin metabolism could 
play an important role. Further studies in these areas could potentially pave ways 
for in-depth understanding of the etiopathogenesis of AIS.

Introduction Background
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Skeletal growth: 

Hypothesis and Methodology

Figure  1.

bioavailability
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Figure  1.

bioavailability

Bioavailability of leptin:

Results
Skeletal growth: 

Figure  2.  (A)  Representative  scout  view  of   the  distal  radius  
scanned  with  high  resolution  peripheral  quantitative  computed  

most  proximal  point  of   the   inner  aspect  of   the  growth  plate  
(marked  with  x).  The  region  of  interest  (ROI)  spanning  9  mm  

with  a  nominal  resolution  (voxel  size)  of  82  ìm  were  obtained.  

Representative  3D  reconstructions  of  trabecular  and  cortical  
bone   of   distal   radius   for   (B)   normal   control   and   (C)  AIS  

architecture  could  be  visualized  in  AIS  with  osteopenia.
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This project is based on the developmental expertize of our research group 

studies of brain structures involved in perception-action coupling, body schema 
and internal models of action in children and adolescents with typical or atypical 
neurodevelopment.

Proprioception has been found critical for controlling multi-joint movements 
and for establishing internal models of limb representation ( body schema) 
used in learning and adaptation of action. Given this importance, several studies 
have examined the development of the proprioceptive ability and found that it 
improves throughout childhood and well into adolescence. There is no doubt that 
such improvement is subtended by maturation of the central proprioceptive 

functional development from sensorimotor to association cortex. A decreased 
brain activation in primary somatosensory cortex in AIS would support the view 
that a sensorimotor integration disorder may underlay the pathogenesis of IS. 

 

Background
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Neural Basis of Proprioceptive Processing 
in Adolescent Idiopathic Scoliosis

Results 

Figure  1:  

(early  adolescents  are  depicted  in  blue,  adolescents  in  green  and  young  adults  in  red).  Maps  1a,  1c  and  

region  of  interest  located  in  the  left  supramarginal  gyrus  (represented  as  a  yellow  circle).  

Hypothesis
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Background  

and 

 

Neuroanatomical changes in the central nervous system 
(including the spinal cord and brain) 

in adolescent idiopathic scoliosis: MRI based Study

Using MRI, abnormal morphoanatomical changes are found in the spinal cord, brain 
and vestibular system in AIS, when compared with age-matched normal controls. 
In the spinal cord, there is evidence of cord tethering with relative shortening of the 
cord, change in cross-sectional shape and position of the cord, low-lying cerebellar 
tonsils and microstructural change within the cord with reduced diffusivity. 
In the brain, structural changes of certain parts of the brain are found including 
the corpus callosum. These areas are related to either motor control, vestibular 
or somatosensory functions.
In the vestibular system, morphological difference is found in the left semicircular 
canals of AIS girls with predominantly right thoracic curve. Such difference is more 
prominent in patients with progressive curve. 
It is not yet certain whether the above changes in the CNS is primary (i.e. causing 
the scoliosis) or secondary (i.e. due to adaption/ compensation to the scoliosis); 
however the MRI studies prove that in AIS, not only the spine is affected but also the 

neurological abnormalities which have been reported in literature.
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Hypothesis

Several complex spinal deformities are designed as AIS but may possibly derive 
from distinct pathophysiologic mechanisms. Various models were proposed for 
the emergence and development of AIS, none of them being fully convincing ;  AIS 
probably results from variable interactions between genes and «environment», for 
instance hormonal or metabolic disorders, abnormal growth of the axial skeleton, 
or abnormalities of the central nervous system.
Several pathophysiological theories involving the central nervous system were 
indeed proposed :  AIS indicate with disturbances of proprioceptive or sensory 
perception and/or with integration of this information. 
This would result in an abnormal body mental representation, responsible for 
sensorimotor asymmetry that may promote or cause the deformation. Several 
imaging studies in AIS indeed plead for morpho-functional abnormalities of the 
structures involved in perception and sensory integration, as well as in control and 
motor coordination: corpus callosum (6,7), internal capsule (7), cerebral cortex 
(8,9)
methodological limitations, particularly in terms of sample heterogeneity, several 
types of AIS usually being included

Jean-Edouard Loret
Christophe Destrieux

Cerebral morphometric and functional abnormalities studied 
in adolescent idiopathic  scoliosis. (MORFOSIA)
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Results 

Figure  1:  fMRI  activation  map  during  a  motor  task  using  hands  versus    rest  in  a  normal  subject

The  green  area,  located  in  the  right  (R)  precentral  cortex,  was  activated  during  a  motor  task  using  
the  left  hand.  The  red  one,  left  precentral  (L),  was  activated  during  the  same  task  performed  on  the  

(GLM)  with  SPM5

Figure  2:  lateral  views  of  the  right  hemisphere  of  a  normal  subject.

Both  views  are  mathematical  reconstruction  of  the  same  individual.  Each  color  refers  to  one  out  of  

group  participates  in  developping  (1).  The  right  panel  shows  the  «pial»  representation  of  the  cortex,  
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Figure  3  tractography  of  a  normal  subject

right  panel.  The  corpus  callosum  (yellow)  was  added  on  the  left  panel.  Analysis  was  
performed  with  the  Trackvis  software
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Neurological causes of Idiopathic Scoliosis

The Ariane thread of our research has been the neurological 
causes of Idiopathic Scoliosis (IS). Our study focused on three 
different projects. - IS anatomical Head and Brain anomalies, -IS 
Anatomical and Physiological anomalies of the vestibular system, 
-IS corpus Callosum anomalies and consequences. 
These three studies have a second goal : to determine the 
phenotype of Idiopathic Scoliosis.
Over the course of time, multiple collaborators have been included: 
Professor Alain Berthoz, Collège de France Paris, Professor Jean Delaire , maxillo-facial 
surgeon Nantes,  Jean Claude Baudrillard, neuroradiologist  C.H.Arras, Jean Paul Deroubaix,  
ENT Hôpital de Béthune, Paola Salvetti ophtalmologist Nordvision Lille , Jean Philippe 
Woillez,  ophtalmologist CHU Lille, Edit Franko neurologist, University College London 
UK, Patrice Jissendi, MD 3T MRI researcher  CHRU Lille, Maxime Rousié MD, Univ libre 
Bruxelles Belgique, Nancy Hadley Miller, MD University of Colorado Denver USA 

Rousié and Olivier Joly under the direction of 
Professor Alain Berthoz and Laboratoire de 
physiologie de la perception et de l’action, Collège 
de France Paris V, France. 

Background and hypothesis
Several authors had underlined links between IS 
and brain asymmetry (1, 2, 3). Others between IS 
and functional Right/Left asymmetries (4, 5, 6). The 
development of the brain induces shape and volume 
of the skull. In case of brain asymmetry, the different 
bony part of the skull (face, calveria, basicranium)  are 
simultaneously affected. Our goal was to measure 
IS shape and spatial orientation of the Basicranium 
compared to non scoliotic controls keeping in 
mind that craniofacial asymmetry(CFA) involves 
vestibular organs and orbit spatial asymmetries with 
physiological consequences on the oculolabyrinthic 
system and postural outputs.

Methods 
To measure CFA asymmetry we used an original 

/ Brainvisa (http://brainvisa.info/). MRI acquisition: 

Study 1 : Head and brain asymmetry in idiopathic scoliosis

Excite MRI from General Electric with 1.5T. 
magnet and head coil.  A T2-weight sequence was 
used in 3D mode acquisition. A Fiesta fast imaging 
employing steady state sequence with following 
parameters: orientation: axial , FOV=250.250mm, 
matrix dimension MD=256x256, repetition delay 

swip with <<<sw=31;25kHz, slice thickness SIT= 
1mm, number of slice NSI= 192, zero Interpolation 
processing  512 ZIP. Brainvisa processing: 1. Import 
and convert dicom images to "GIS Brainvisa format".  
2. Select and save chosen points used to referential 
construction. For each selected point, Brainvisa 
gives 3D coordonates referred to MRI volume, 3. 2 
marker points P &P’ are selected on right and left 
of the posterior basicranium (junction between the 
auditory meatus and  of semi-circular canals), 4. To 

the plane equation from Cartesian coordinates of 3 
points A (xa ya za), B (xb yb zb), C (xc yc zc).  
Cancelling the matrix determinant we obtain

ax+bx+cz+d=0

acacac

ababab

aaa

zzyyxx
zzyyxx
zzyyxx

M
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The programme calculates distance from these 
markers to sagital, axial and frontal planes: our 
measurement is the difference of distance between 
P and P’ to the planes.
 
Results
The test-retests correlation(Rho) was calculated to 
examine the reproducibility of measurements. 

method (intra-class coef. = 0.8, P‹0.05). 

Student tests completed with the Satterthwaite 
test validated the results (SG= scoliotic group, CG= 
control group)

These measurements show that the basicranium 
is never symmetrical in humans. The modelisation 
revealed a torque movement of the base previously 
described by Le May as petalia frontalis movement. 

cerebellum (fig1):  IS patients have a significant 
increase of this movement . 

This anomaly has been previously described but not 
measured by Burke (7) Lundstrom(8) and Previc(9).  
The torque movement causes an anteroposterior 
deformation of the skull and face: this anomaly is 
always visible during clinical examination of the 
patient by comparing right and left horizontal level 
of ears and orbits.  A correlation between severity 
of scoliosis and amplitude of this asymmetry would 
be done.

Fig  1  :  IS  posterior  basicranium  assymetry  
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Study 2 : Idiopathic scoliosis and oculo-labyrinthic System

This second part was carried out by Dominique Rousié and Olivier Joly under the direction 
of Professor Alain Berthoz, Laboratoire de physiologie de la perception et de l’action, 
Collège de France Paris V, France with the collaboration of Dr. Baudrillard, Dr. Deroubaix, 
Dr. Salvetti, Dr. Woillez.

Background and hypothesis
Posture, movements and equilibrium of the skeleton 
depend on brain outputs sent to muscles.  Many 
studies have demonstrated, in IS, a lack of equilibrium 

Vestibular system: semi circular canals and otolith organs

Vestibular nuclei

Cerebellum

Oculovestibular network :  Rotational, Vestibulo spinal networks(lateral, me-
dial reticulospinal tracts

Vestibulo-thalamo-cortical networks 
and frontal  cort ices : cognit ive 
perception of movements and space

We focused on  the oculo-labyrinthic system because 
vestibulo-spinal outputs acting on tonic muscles 
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Oculolabyrinthic system investigations

anomaly rarely studied by ophthalmologists and spine 
clinicians: ocular torsion (OT) which is a rotation of 
the eye axis in the frontal plane, never seen in clinical 
examinations because the iris is symmetric and round 
on both eyes. OT is a mirror of neural dysfunction 
of the cerebellum and/or vestibular nuclei and/or 
vestibular organs (5, 6, 7, and 8)
-Vestibular function investigation: we focused on 

9, and 10)
  
Methods
1. Eyes investigation: O.T can be measured thanks 
a retinograph widely used by ophthalmologists in 
detection of retina anomalies but in case of OT 
the head must be positioned right in gravitational 

rotation). In a previous study, we evaluated the 
normal foveal position measured in degree 
in frontal plane on 100 normal subjects (14.). 

horizontal line is abnormal and corresponds to 

dysfunction of the oculo vestibular system.
2. We developed a patented MRI 3D reconstruction 
program for visualizing membranous part of 

Results and discussion
1.We discovered in IS patients high percent malformations of the lateral semi-circular canals 

abnormally connected with posterior canal (LPCC): In a cohort of 445 non selected subjects 
we found 67/445(15%) of LPCC. In 95 IS patients we found 52/95(55%) of LPCC. By testing 

a counterclockwise horizontal or post clockwise horizontal rotation, added to expected 
horizontal nystagmus, we found an unexpected upbeat nystagmus induced by the ampullofugal 

anomalies can be implicated in postural and balance dysfunction.  
Because of the development timing, these lateral canal anomalies are associated to utricle 
malformations (14) highly implicated in tonic outputs to spine muscles. These results are in 
accord with Lambert study (13). A targeted questionnaire to IS children highlighted vestibular 
symptoms: -delay for walking,-delay for riding bicycle, - frequent transport sickness, instability 
but no rotatory vertigo , spatial disorientation in new environment,- IS patients always have a 
head tilt on the side of the vestibular anomaly.

2. 
to controls but no correlation between severity and type of scoliosis has been found (15). 

vestibular organs. This program, working with 
native MRI data, does not use included algorithms 
of reconstruction (as ZIPs) of MRI machines: 
possible source of false images.
The knowledge of the internal structure of 
vestibular organs is essential: the signal received 
by the hair cells, transmitted to the brain 
determines the vestibulo- outputs to eyes and 
spine.
The main originality of this program is the 
increase of size images of membranous canals 
allowing discovery of anomalies as intra-
membranous canal stenosis, dysplasia and 
abnormal inter-canals connections (4). 
-Protocol for vestibular examination: test of 
spontaneous nystagmus, rotator y impulse test, 
rotatory velocity steps, saccades and pursuits 
tests.
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Oculolabyrinthic system investigations
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Results

lower FAs in IS patients as compared to controls (Fig. 1
in the anterior part of the midbody of the corpus callosum which corresponds mainly to the 

4]. This region corresponds to premotor cortex 
close to accessory motor cortex (Fig2) These results are in accord with Domenech (5) 

Study 3 :  A new approach to corpus callosum anomalies in idiopathic scoliosis 

using diffusion tensor magnetic resonance imaging

This third part was carried out by Olivier Joly, 
Dominique Rousié, Edit Franko, Patrice Jissendi, 
Maxime Rousié

In the last decade, human magnetic resonance imaging (MRI) morphometry 
studies (e.g. cortical, thickness, 2D shape of the corpus callosum) have aimed 
to investigate the potential contribution of the central nervous system in the 
etiopathogenesis of IS. Recent developments in diffusion tensor imaging (DTI) allow 

we hypothesized that part of the corpus callosum could show a difference in white 
matter microstructure in IS patients as compared to healthy controls. Diffusion 
tensor imaging (DTI) can be used to determine the orientation of cerebral white 

1] and to derive the fractional
2]. FA is calculated from the 

eigenvalues of the diffusion tensor. It is a scalar value between zero and one that 
describes the degree of directionality of water diffusion through tissue.

Methods
Ten girls with IS were recruited (10–24 years of 
age, median age 14, right-handed) from the CHRU 
Hospital of Lille. The scoliosis and its progression 
were assessed with a repeated measurement at 6 
months of the degree of angulation measured with 

3]. The deformity was 
considered progressive if it increased by at least three 
degrees at the thoracic level. Inclusion

All the patients in this study belong to the
two most common types: right thoracic and right 
thoracic-left lumbar. Data from 49 (10–18 years 
of age,median age 14) right-handed healthy girls 
as control subjects were obtained from the NIH 
Pediatric MRI Data Repository created by the NIH 
MRI Study of Normal Brain Development.
 Magnetic resonance images were acquired at 
3Tesla (Achieva, Philips Medical Systems) using 
parallelimaging SENSE-Head-8 channels coil.  
The sequences included a T1-weighted 3D 

angle = 98, repetition time (TR) = 7.199 ms, slice 
thickness = 1 mm,matrix = 256 9 256 and a DTI 
spin-echo echoplanar image (SE-EPI) 78 axial 

angle = 908, TE= 55 ms,matrix = 128 9 128 and 
along 32 isotropically distributed directions with 
b values of 1,000 s/mm2. The DTI acquisition was 
performed with isotropic resolution of 2 mm.The 
MR acquisitions in patients lasted for about 30 min 
(10 and 20 min for the T1 and the diffusion MR 
sequence,  respectively. We used the ICBM-DTI-81 
(International Consortium ofBrain Mapping) atlas as 
as template (http://www.loni.ucla.edu/Atlases/). The 
FA maps in patients were compared
with those in controls using Mann–Whitney test.
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age, median age 14, right-handed) from the CHRU 
Hospital of Lille. The scoliosis and its progression 
were assessed with a repeated measurement at 6 
months of the degree of angulation measured with 

3]. The deformity was 
considered progressive if it increased by at least three 
degrees at the thoracic level. Inclusion

All the patients in this study belong to the
two most common types: right thoracic and right 
thoracic-left lumbar. Data from 49 (10–18 years 
of age,median age 14) right-handed healthy girls 
as control subjects were obtained from the NIH 
Pediatric MRI Data Repository created by the NIH 
MRI Study of Normal Brain Development.
 Magnetic resonance images were acquired at 
3Tesla (Achieva, Philips Medical Systems) using 
parallelimaging SENSE-Head-8 channels coil.  
The sequences included a T1-weighted 3D 

angle = 98, repetition time (TR) = 7.199 ms, slice 
thickness = 1 mm,matrix = 256 9 256 and a DTI 
spin-echo echoplanar image (SE-EPI) 78 axial 

angle = 908, TE= 55 ms,matrix = 128 9 128 and 
along 32 isotropically distributed directions with 
b values of 1,000 s/mm2. The DTI acquisition was 
performed with isotropic resolution of 2 mm.The 
MR acquisitions in patients lasted for about 30 min 
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Discussion

the voxel and ROI-based analyses. Brain development is characterized by both progressive 
myelination and regressive pruning processes. 
These two factors can modulate substantially the FA values. Myelination increases the outer 
diameter of the axon and decreases its permeability, therefore, increasing the FA. In contrast, 
elimination of axons during development (pruning) decreases the packing density and the 
number of axons in a voxel, therefore, decreasing FA. These two processes are particularly 
active during childhood and adolescence. They depend on genetic and environmental factors. The 
co-occurring myelination and pruning with other changes in the white matter microstructure 

6]. 
One of these regions is the corpus callosum, shows early and rapid change of FA with age. Lebel 

6] found that the genu and splenium of CC reached 90 % of their maximum 
FA value by 11 years of age. 
This suggests that in most of our patients, the main part of myelination and pruning in the CC 

the control groups, therefore, might indicate that the alteration of white matter microstructure 

7,8 6], which further 
supports that the callosal change is not a consequence of the disease.
 These results already indicate the possible involvement of abnormal brain development in the 
aetiopathogenesis of idiopathic scoliosis; however, further research involving more patients 
and different types of scoliosis is needed to draw clear conclusions.
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Professor Martin Simoneau

Sensorimotor transformation is altered  
in adolescent idiopathic scoliosis patients

Professor  Martin  Simoneau  and    

Our main lines of investigation are aimed at understanding the mechanisms 
that control and integrate whole-body actions such as standing, walking and 
reaching. We are mainly interested in how the neural processes combine sensory 
information from vestibular organs, eyes, muscles and skin to select motor 
commands and control movement.  We used a wide range of neurophysiological 

pathophysiology relevant to study adolescent idiopathic scoliosis. Furthermore, 
we use computational modelling to investigate the complex multi-component 
neural system involved in motor control (Pialasse et al., 2015). Most of our 
work is basic research as we are trying to understand how the brain controls 
movement in healthy individuals and in adolescent idiopathic scoliosis patients. 
This is a worthwhile challenge. We have several collaborations with clinicians and 
researchers in Canada, United States and Europe. 
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loss of vestibulospinal neurons after UL in stage 55–57 Xenopus tadpoles.
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A

488  dextran  (inj,  green)  and  of  Alexa  Fluor  546  dextran  (inj,  red)  to  the  left  and  right  upper  spinal  cord,  respectively,  
in  controls  and  15  d  and  6weeks  (6w)  after  UL  on  the  left  side.  
B B1,  no  lesion)  
illustrating  the  3  major  vestibulospinal  cell  groups  with  ipsilateral  (i)  or  contralateral  (c)  axonal  trajectories;;  higher  

B2)  and  TAN  
(B3),  both  with  crossed  projections  (labeled  in  red),  respectively,  and  a  third  subgroup  that  gives  rise  to  the  uncrossed  
(labeled  in  green)  lateral  vestibulospinal  tract  (LVST,  B4).  
C

subgroups,  the  Mauthner  cell  (M)  and  the  bilateral,  segmentally  iterated  reticulospinal  neurons  (iRet,  cRet)  on  the  
ipsilesional  side  (red  asterisk)  and  contralesional  side.
D,  E
(iTAN;;D1,E1)  and  contralesional  side  (cTAN;;D2,E2)  side  15  d  (D)  and
6  weeks  (E,  6w)  after  UL;;  TAN  neurons  on  the  two  sides  of  the  brainstem  were  retrogradely  labeled  after  unilateral  
application  of  two  different  tracers  to  the  two  sides  of  the  upper  spinal  cord  (A,  inj).
F,  Numbers  (mean_SE)  of  retrogradely   labeled  neurons   in   the  TAN  (F1),  LVST  (F2),  and  RVS  (F3)  subgroups  of  
controls  and  on  the  ispilesional  and  contralesional  side  of  (Figure  legend  continues.)
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Patrick Edery

The idiopathic scoliosis-causing gene POC5

teams. A large part of this work was accomplished by a post-doctoral scholar, 
Shunmoogum A Patten. Mutations in the POC5 gene were found to contribute to 
the occurrence of idiopathic scoliosis in the large French family, in other French 
families (4/41 families included in the study) and in non-familial cases. When 

POC5 mutations result in spine deformity 
similar to that observed in the patients (Patten SA, Moldovan F, Edery P. J Clin 
Invest 2015). 
We also found that the POC5
suggesting that idiopathic scoliosis may primarily result from a brain dysfunction. 
In addition, the POC5 gene is known to be involved in centriole maturation and 
primary cilia development, which suggests that a weakness in the establishment 
of body asymmetry may play a role in the occurrence of idiopathic scoliosis. 

Deciphering the genetic causes of idiopathic scoliosis

Hypothesis and Methodology
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Background

FBN1

Genetic Linkage Analysis and Fine Mapping 
of Familial Idiopathic Scoliosis 

Hypothesis and Results

Table 1

a priori

Table 2

 
Table 1: Replicated Candidate Linkage Regions [8, 9] 

Chr. Markers Boundaries (Mb) Length (Mb)  p-value* Reference 
(replication) 

9 D9S938 - D9S1838 101.36 -135.86 34.6 0.0005 [10] 
16 D16S764 - D16S3253 16.61 - 54.57 37.96 0.0002 [11] 
17 D17S1303 - D17S1293 11.06 - 32.71 21.65 0.0026 [12] 
19 D19S591 - D19S714 3.03 - 15.59 12.56 0.02 [13] 
*Most significant p-value obtained, genome build 33 (hg15) 

 
 
 
 
Table 2: Phenotypic Subgroup Linkage Analyses 
Phenotypic Family 
Subgroup 

Sample 
Type/Analysis 

Chromosomal 
Region(s) 

p value 
(range) 

Reference 

X-linked dominant 51 families/linkage Xq23 0.0014 [8] 
Males with severe scoliosis 
requiring surgery 

72 families/linkage  19p13 0.01356 [14] 

Kyphoscoliosis 7 families/linkage, 
association 

5q13 
13q32 

0.0017 
0.0001 

[15] 

Males with >30  curvature 17 families/ linkage 17p11 0.0003 [16] 
Triple curves 5 families/linkage 6q16 

10q23 
2x10-10 to 
1x10-6 

[17] 

 

 
Table 1: Replicated Candidate Linkage Regions [8, 9] 

Chr. Markers Boundaries (Mb) Length (Mb)  p-value* Reference 
(replication) 

9 D9S938 - D9S1838 101.36 -135.86 34.6 0.0005 [10] 
16 D16S764 - D16S3253 16.61 - 54.57 37.96 0.0002 [11] 
17 D17S1303 - D17S1293 11.06 - 32.71 21.65 0.0026 [12] 
19 D19S591 - D19S714 3.03 - 15.59 12.56 0.02 [13] 
*Most significant p-value obtained, genome build 33 (hg15) 

 
 
 
 
Table 2: Phenotypic Subgroup Linkage Analyses 
Phenotypic Family 
Subgroup 

Sample 
Type/Analysis 

Chromosomal 
Region(s) 

p value 
(range) 

Reference 

X-linked dominant 51 families/linkage Xq23 0.0014 [8] 
Males with severe scoliosis 
requiring surgery 

72 families/linkage  19p13 0.01356 [14] 

Kyphoscoliosis 7 families/linkage, 
association 

5q13 
13q32 

0.0017 
0.0001 

[15] 

Males with >30  curvature 17 families/ linkage 17p11 0.0003 [16] 
Triple curves 5 families/linkage 6q16 

10q23 
2x10-10 to 
1x10-6 

[17] 

 



78

Idiopathic scoliosis | research supported by Fondation Yves Cotrel

Future directions

FBN1
FBN2 POC5 HSPG2

i.e.

References

idiopathic  scoliosis.  J  Bone  Joint  Surg  Am.  Aug  1994;;76(8):1193-­1206.

2.  Carr  AJ,  Ogilvie  DJ,  Wordsworth  BP,  Priestly  LM,  Smith  R,  Sykes  B.  Segregation  of  structural  collagen  
genes  in  adolescent  idiopathic  scoliosis.  Clin  Orthop  Relat  Res.  Jan  1992(274):305-­310.

3.  Miller  NH,  Mims  B,  Child  A,  Milewicz  DM,   Sponseller   P,   Blanton   SH.  Genetic   analysis   of  

1996;;14(6):994-­999.

4.  Bonaiti  C,  Feingold  J,  Briard  ML,  Lapeyre  F,  Rigault  P,  Guivarch  J.  [Genetics  of  idiopathic  scoliosis].  
Helv  Paediatr  Acta.  Oct  1976;;31(3):229-­240.

5.  Czeizel  A,  Bellyei  A,  Barta  O,  Magda  T,  Molnar  L.  Genetics  of  adolescent  idiopathic  scoliosis.  J  Med  
Genet.  Dec  1978;;15(6):424-­427.

6.  Riseborough  EJ,  Wynne-­Davies  R.  A  genetic  survey  of  idiopathic  scoliosis  in  Boston,  Massachusetts.  
J  Bone  Joint  Surg  Am.  Jul  1973;;55(5):974-­982.

7.  Cowell  HR,  Hall  JN,  MacEwen  GD.  Genetic  aspects  of  idiopathic  scoliosis.  A  Nicholas  Andry  Award  
essay,  1970.  Clin  Orthop  Relat  Res.  Jul-­Aug  1972;;86:121-­131.

8.  Justice  CM,  Miller  NH,  Marosy  B,  Zhang  J,  Wilson  AF.  Familial  idiopathic  scoliosis:  evidence  of  an  
X-­linked  susceptibility  locus.  Spine.  Mar  15  2003;;28(6):589-­594.

9.  Miller  NH,   Justice  CM,  Marosy  B,  Doheny  KF,   Pugh  E,  Zhang   J,  Dietz  HC,   3rd,  Wilson  AF.  

10.  Ocaka  L,  Zhao  C,  Reed  JA,  Ebenezer  ND,  Brice  G,  Morley  T,  Mehta  M,  O’Dowd  J,  Weber  JL,  
Hardcastle  AJ,  Child  AH.  Assignment  of  two  loci  for  autosomal  dominant  adolescent  idiopathic  scoliosis  
to  chromosomes  9q31.2-­q34.2  and  17q25.3-­qtel.  J  Med  Genet.  Feb  2008;;45(2):87-­92.

11.   Salehi  LB,  Mangino  M,  De  Serio  S,  De  Cicco  D,  Capon  F,   Semprini   S,   Pizzuti  A,  Novelli  G,  
Dallapiccola  B.  Assignment   of   a   locus   for   autosomal   dominant   idiopathic   scoliosis   (IS)   to   human  
chromosome  17p11.  Hum  Genet.  Oct  2002;;111(4-­5):401-­404.

12.  Morcuende  J.  In:  Miller  NH,  ed.  Personal  Communication  ed2008.

13.  Chan  V,  Fong  GC,  Luk  KD,  Yip  B,  Lee  MK,  Wong  MS,  Lu  DD,  Chan  TK.  A  genetic   locus  for  



79

2000 | 2015

Future directions

FBN1
FBN2 POC5 HSPG2

i.e.

References

idiopathic  scoliosis.  J  Bone  Joint  Surg  Am.  Aug  1994;;76(8):1193-­1206.

2.  Carr  AJ,  Ogilvie  DJ,  Wordsworth  BP,  Priestly  LM,  Smith  R,  Sykes  B.  Segregation  of  structural  collagen  
genes  in  adolescent  idiopathic  scoliosis.  Clin  Orthop  Relat  Res.  Jan  1992(274):305-­310.

3.  Miller  NH,  Mims  B,  Child  A,  Milewicz  DM,   Sponseller   P,   Blanton   SH.  Genetic   analysis   of  

1996;;14(6):994-­999.

4.  Bonaiti  C,  Feingold  J,  Briard  ML,  Lapeyre  F,  Rigault  P,  Guivarch  J.  [Genetics  of  idiopathic  scoliosis].  
Helv  Paediatr  Acta.  Oct  1976;;31(3):229-­240.

5.  Czeizel  A,  Bellyei  A,  Barta  O,  Magda  T,  Molnar  L.  Genetics  of  adolescent  idiopathic  scoliosis.  J  Med  
Genet.  Dec  1978;;15(6):424-­427.

6.  Riseborough  EJ,  Wynne-­Davies  R.  A  genetic  survey  of  idiopathic  scoliosis  in  Boston,  Massachusetts.  
J  Bone  Joint  Surg  Am.  Jul  1973;;55(5):974-­982.

7.  Cowell  HR,  Hall  JN,  MacEwen  GD.  Genetic  aspects  of  idiopathic  scoliosis.  A  Nicholas  Andry  Award  
essay,  1970.  Clin  Orthop  Relat  Res.  Jul-­Aug  1972;;86:121-­131.

8.  Justice  CM,  Miller  NH,  Marosy  B,  Zhang  J,  Wilson  AF.  Familial  idiopathic  scoliosis:  evidence  of  an  
X-­linked  susceptibility  locus.  Spine.  Mar  15  2003;;28(6):589-­594.

9.  Miller  NH,   Justice  CM,  Marosy  B,  Doheny  KF,   Pugh  E,  Zhang   J,  Dietz  HC,   3rd,  Wilson  AF.  

10.  Ocaka  L,  Zhao  C,  Reed  JA,  Ebenezer  ND,  Brice  G,  Morley  T,  Mehta  M,  O’Dowd  J,  Weber  JL,  
Hardcastle  AJ,  Child  AH.  Assignment  of  two  loci  for  autosomal  dominant  adolescent  idiopathic  scoliosis  
to  chromosomes  9q31.2-­q34.2  and  17q25.3-­qtel.  J  Med  Genet.  Feb  2008;;45(2):87-­92.

11.   Salehi  LB,  Mangino  M,  De  Serio  S,  De  Cicco  D,  Capon  F,   Semprini   S,   Pizzuti  A,  Novelli  G,  
Dallapiccola  B.  Assignment   of   a   locus   for   autosomal   dominant   idiopathic   scoliosis   (IS)   to   human  
chromosome  17p11.  Hum  Genet.  Oct  2002;;111(4-­5):401-­404.

12.  Morcuende  J.  In:  Miller  NH,  ed.  Personal  Communication  ed2008.

13.  Chan  V,  Fong  GC,  Luk  KD,  Yip  B,  Lee  MK,  Wong  MS,  Lu  DD,  Chan  TK.  A  genetic   locus  for  

adolescent  idiopathic  scoliosis  linked  to  chromosome  19p13.3.  Am  J  Hum  Genet.  Aug  2002;;71(2):401-­406.

of  candidate  regions  on  chromosome  19p13.  Spine.  Jul  15  2006;;31(16):1815-­1819.

15.  Miller  NH,  Marosy  B,  Justice  CM,  Novak  SM,  Tang  EY,  Boyce  P,  Pettengil  J,  Doheny  KF,  Pugh  
EW,  Wilson  AF.  Linkage  analysis  of  genetic  loci  for  kyphoscoliosis  on  chromosomes  5p13,  13q13.3,  
and  13q32.  Am  J  Med  Genet  A.  May  15  2006;;140(10):1059-­1068.

16.  Clough  M,  Justice  CM,  Marosy  B,  Miller  NH.  Males  with  familial  idiopathic  scoliosis:  a  distinct  
phenotypic  subgroup.  Spine  (Phila  Pa  1976).  Jan  15  2010;;35(2):162-­168.

Loci  for  Scoliosis  in  FIS  Families  with  Triple  Curves.  AJMG.  2010.

18.  Kou  I,  Takahashi  Y,  Johnson  TA,  Takahashi  A,  Guo  L,  Dai  J,  Qiu  X,  Sharma  S,  Takimoto  A,  Ogura  
Y,  Jiang  H,  Yan  H,  Kono  K,  Kawakami  N,  Uno  K,  Ito  M,  Minami  S,  Yanagida  H,  Taneichi  H,  Hosono  
N,  Tsuji  T,  Suzuki  T,  Sudo  H,  Kotani  T,  Yonezawa  I,  Londono  D,  Gordon  D,  Herring  JA,  Watanabe  K,  
Chiba  K,  Kamatani  N,  Jiang  Q,  Hiraki  Y,  Kubo  M,  Toyama  Y,  Tsunoda  T,  Wise  CA,  Qiu  Y,  Shukunami  
C,  Matsumoto  M,  Ikegawa  S.  Genetic  variants   in  GPR126  are  associated  with  adolescent   idiopathic  
scoliosis.  Nat  Genet.  Jun  2013;;45(6):676-­679.

19.  Takahashi  Y,  Kou   I,  Takahashi  A,   Johnson  TA,  Kono  K,  Kawakami  N,  Uno  K,   Ito  M,  Minami  
S,  Yanagida  H,  Taneichi  H,  Tsuji  T,  Suzuki  T,  Sudo  H,  Kotani  T,  Watanabe  K,  Chiba  K,  Hosono  N,  
Kamatani  N,  Tsunoda  T,  Toyama  Y,  Kubo  M,  Matsumoto  M,  Ikegawa  S.  A  genome-­wide  association  

Dec  2011;;43(12):1237-­1240.

20.  Sharma  S,  Gao  X,  Londono  D,  Devroy  SE,  Mauldin  KN,  Frankel  JT,  Brandon  JM,  Zhang  D,  Li  
QZ,  Dobbs  MB,  Gurnett  CA,  Grant  SF,  Hakonarson  H,  Dormans  JP,  Herring  JA,  Gordon  D,  Wise  CA.  
Genome-­wide   association   studies   of   adolescent   idiopathic   scoliosis   suggest   candidate   susceptibility  
genes.  Hum  Mol  Genet.  Apr  1  2011;;20(7):1456-­1466.

21.  Londono  D,  Kou  I,  Johnson  TA,  Sharma  S,  Ogura  Y,  Tsunoda  T,  Takahashi  A,  Matsumoto  M,  Herring  
JA,  Lam  TP,  Wang  X,  Tam  EM,  Song  YQ,  Fan  YH,  Chan  D,  Cheah  KS,  Qiu  X,  Jiang  H,  Huang  D,  
Group  TIC,  International  Consortium  for  Scoliosis  G,  Su  P,  Sham  P,  Cheung  KM,  Luk  KD,  Gordon  D,  

association  with  LBX1  locus  in  multiple  ethnic  groups.  J  Med  Genet.  Jun  2014;;51(6):401-­406.

22.  Buchan  JG,  Alvarado  DM,  Haller  GE,  Cruchaga  C,  Harms  MB,  Zhang  T,  Willing  MC,  Grange  DK,  
Braverman  AC,  Miller  NH,  Morcuende  JA,  Tang  NL,  Lam  TP,  Ng  BK,  Cheng  JC,  Dobbs  MB,  Gurnett  
CA.  Rare  variants  in  FBN1  and  FBN2  are  associated  with  severe  adolescent  idiopathic  scoliosis.  Hum  
Mol  Genet.  May  15  2014.

23.  Baschal  EE,  Wethey  CI,  Swindle  K,  Baschal  RM,  Gowan  K,  Tang  NL,  Alvarado  DM,  Haller  GE,  

Variant  Associated  with  Familial  Idiopathic  Scoliosis.  G3  (Bethesda).  2014;;5(2):167-­174.

24.  Patten  SA,  Margaritte-­Jeannin  P,  Bernard  JC,  Alix  E,  Labalme  A,  Besson  A,  Girard  SL,  Fendri  K,  
Fraisse  N,  Biot  B,  Poizat  C,  Campan-­Fournier  A,  Abelin-­Genevois  K,  Cunin  V,  Zaouter  C,  Liao  M,  Lamy  
R,  Lesca  G,  Menassa  R,  Marcaillou  C,  Letexier  M,  Sanlaville  D,  Berard  J,  Rouleau  GA,  Clerget-­Darpoux  

scoliosis.  J  Clin  Invest.  Feb  2  2015.

Publications  Resulting  from  Funding  from  Fondation  Yves  Cotrel:

1.  Familial  idiopathic  scoliosis:  Evidence  of  an  X-­linked  susceptibility.  Miller  NH,  Justice  CM,  Marosy  
B,  Zhang  J,  Wilson  AF.    Spine.  28(6):589-­94.  2003.

B,  Doheny  KF,  Pugh  E,  Zhang  J,  Dietz  HC,  Wilson  AF,  Spine.  30(10):1181-­1187.  2005.

Nzegwu  N,  Justice  CM,  Wilson  AF,  Miller  NH:  Spine.  31(16):1815-­1819.  2006.



80

Idiopathic scoliosis | research supported by Fondation Yves Cotrel

4.  Lack  of  Association  between  the  Aggrecan  Gene  and  Familial  Idiopathic  Scoliosis.  Marosy  B,  Justice  
C,  Nzegwu  N,  Kumar  G,  Wilson  AF,  Miller  NH.    Spine.  31(13):1420-­1425,  2006.

5.  Linkage  Analysis  of  Genetic  Loci  for  Kyphoscoliosis  on  Chromosomes  5p13,  13q13.3,  and  13q32.  
Miller  NH,  Marosy  B,  Justice  CM,  Novak  SM,  Tang  EY,  Boyce  P,  Pettengil  J,  Doheny  KF,  Pugh  EW,  
Wilson  AF.  Am  J  Med  Genet  A.  140(10):1059-­68.  2006.

CM,  Vu  C,  Zorn  A,  Nzegwu  N,  Wilson  AF,  Miller  NH.    Am  J  Med  Genet  A.  152A(4):846-­55.  2010.

7.  Males  with  Familial  Idiopathic  Scoliosis:  a  Distinct  Phonotypic  Subgroup.  Clough  M,  Justice  CM,  
Marosy  B,  Miller  NH.  Spine.  35(2):162-­8.  2010.

8.  Intra-­Familial  Tests  of  Association  between  Familial  Idiopathic  Scoliosis  and  Linked  Regions  on  9q31.3  
q34.3  and  16p12.3  q22.2.  Miller  NH,  Justice  CM,  Marosy  B,  Swindle  K,  Kim  Y,  Roy-­Gagnon  M,  Sung  
H,  Behneman  D,  Doheny  KF,  Pugh  E,  Wilson  AF.  Hum  Hered.  74(1):36-­44.  2012.

9.  CHD7  gene  polymorphisms  and  familial   idiopathic  scoliosis.  Tilley  MK,  Justice  CM,  Swindle  K,  
Marosy  B,  Wilson  AF,  Miller  NH.  Spine  (Phila  Pa  1976).  38(22):E1432-­6.  2013.



81

2000 | 2015

4.  Lack  of  Association  between  the  Aggrecan  Gene  and  Familial  Idiopathic  Scoliosis.  Marosy  B,  Justice  
C,  Nzegwu  N,  Kumar  G,  Wilson  AF,  Miller  NH.    Spine.  31(13):1420-­1425,  2006.

5.  Linkage  Analysis  of  Genetic  Loci  for  Kyphoscoliosis  on  Chromosomes  5p13,  13q13.3,  and  13q32.  
Miller  NH,  Marosy  B,  Justice  CM,  Novak  SM,  Tang  EY,  Boyce  P,  Pettengil  J,  Doheny  KF,  Pugh  EW,  
Wilson  AF.  Am  J  Med  Genet  A.  140(10):1059-­68.  2006.

CM,  Vu  C,  Zorn  A,  Nzegwu  N,  Wilson  AF,  Miller  NH.    Am  J  Med  Genet  A.  152A(4):846-­55.  2010.

7.  Males  with  Familial  Idiopathic  Scoliosis:  a  Distinct  Phonotypic  Subgroup.  Clough  M,  Justice  CM,  
Marosy  B,  Miller  NH.  Spine.  35(2):162-­8.  2010.

8.  Intra-­Familial  Tests  of  Association  between  Familial  Idiopathic  Scoliosis  and  Linked  Regions  on  9q31.3  
q34.3  and  16p12.3  q22.2.  Miller  NH,  Justice  CM,  Marosy  B,  Swindle  K,  Kim  Y,  Roy-­Gagnon  M,  Sung  
H,  Behneman  D,  Doheny  KF,  Pugh  E,  Wilson  AF.  Hum  Hered.  74(1):36-­44.  2012.

9.  CHD7  gene  polymorphisms  and  familial   idiopathic  scoliosis.  Tilley  MK,  Justice  CM,  Swindle  K,  
Marosy  B,  Wilson  AF,  Miller  NH.  Spine  (Phila  Pa  1976).  38(22):E1432-­6.  2013.

Carol A. Wise, PhD

Gene Discovery for Human AIS 

CHL1 

Our research centers on discovering genes that 
increase susceptibility to idiopathic scoliosis, and on 
understanding the functions of those genes. Almost 
a century of literature describes familial forms of 
IS, particularly adolescent-onset IS (AIS) (1). The 
observation that AIS clusters in families provided initial 

studies have consistently shown higher concordance 
in monozygotes compared to dizygotes, pointing to 
heritable factors (5, 6). AIS sibling risk and heritability 

Sibling recurrence risks greater than 17% have been measured in both Asian and 
European populations (compared to the population risk of ~3%) (7). Heritability 

is due to genetic factors, with overall complex (multi-genic) inheritance (7-9). 
Taking the evidence altogether, AIS in most cases can be described as a complex, 
multigenic disease, controlled by many genes. 

Localization and analysis of candidate genes for idiopathic scoliosis

mutations in the ROBO3 CHL1, is an 

LBX1

in the GPR126 GPR126

gpr126
Gpr126 

PAX1 
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Background 

 

Study of molecular and genetic determinants of 
adolescent idiopathic scoliosis: an international collaboration

This research project demonstrated in patients with adolescent idiopathic scoliosis 
(AIS) the presence of rare variants in the regions that control the activity of genes as 
well as other variants that affect the coding regions (exons) that are responsible for 
the development of certain proteins. We selected 25 genes exhibiting rare variants 
in the French-Canadian population and are currently in the large-scale validation 
step in different populations. In parallel, we have demonstrated that variants 

had no predictive or clinical relevance in our European descent population, also 

Chinese). The novel genes and variants selected as part of our study will help for 
the development of diagnostic and prognostic tools to help clinicians to identify 
asymptomatic children at risk of developing scoliosis and offer new therapeutic 
approaches for those affected.
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Genome-Wide Association Study (GWAS). 
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Screening for progressive scoliosis

A severity index for early detection of progressive scoliosis  

Predictive factor of progression in adolescent idiopathic scoliosis (AIS) a 
multicentric study 

CHAPTER 5
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A severity index for early detection of progressive scoliosis

 and her team from  Arts et 

The etiology of idiopathic scoliosis is multifactorial and unclear, and early 
detection of progressive curves is still a challenge. Scoliosis is associated with 
three dimensional global and local changes of the spine including lateral and axial 
deviations and rotations. In the growing spine these changes yield local hyper-

in turn alter behaviour and induce curve evolution.  Also muscle forces can become 
asymmetric for posture regulation.  Such a vicious circle (also called biomechanical 
cascade) is not yet fully understood: we still do not know the key factors which 
explain the progression of a given mild scoliosis curve while another one, similar 
in appearance, remains stable with time. Currently used predictive factors include 

follow up is based on frontal X-Rays, which only provide a projection of the 3D curve. 
Treatment decision is only taken once progression occurs, while early detection 
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Background : 

Neurosensorial posturographic factors: 

Predictive factor of progression in adolescent idiopathic scoliosis 
(AIS) - a multicentric study

Sylvette R Wiener-Vacher

Neurosensorial oculomotor factors:

This multicentric project is ambitious (collaboration between orthopedics and 
ORL department in 3 centers Paris, Lyon & Nancy). It will combine different 

teams granted by the Fondation Cotrel (biochemical and genetic approach with A. 
Moreau from Montreal, radiological approach with W. Skalli W ENSAM Paris and 
EOS,  neurosensorial approach with posturographic index of AIS severity (Haumont 
et al 2011) and oculomotor index of AIS severity (Lion et al , 2014). This project 
will  validate the predictive power of all parameters on the French population of 
AIS. The similar expertise of the 3 centers involved will permit the recrutment of a 

that is EOS 3D spine reconstruction). This appears to be the only way to determine 
wich of these factors or which combination of these factors can accurately predict 
and distinguish at onset the AIS that will be progressive and need urgent treatment 
to prevent further deformity (early bracing) from the AIS with no progression 
potential that only need observation.  
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Background

 

Role of microRNAs in Adolescent Idiopathic Scoliosis Etiology
A Canada-China-Italy Collaborative 

This new research project has just started 10 months ago and it aims to identify 
small fragments of RNA called microRNAs that are circulating in the blood of 
patients with adolescent idiopathic scoliosis (AIS). In addition to their role as 
potential biomarkers, circulating microRNAs are also involved in many diseases 
because they can block the activity of several genes (up to 200 genes), which explains 

microRNAs in plasma from AIS patients associated with one of three functional 

which appear to be associated with severe scoliosis. MicroRNAs selected as part of 
our study will be validated in different populations (Canadian-French, Chinese and 
Italian) on a larger scale and longer term will enable the development of diagnostic 
and prognostic tools to help clinicians identify asymptomatic children’s risk of 
developing scoliosis and to offer new therapeutic approaches for those affected.
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Expected Results

Illustration  of  WB  MRI  of  two  different  inherited  muscular  disorders.
On  the  left  (A)  frontal  and  axial    T1  w  views  of  SEPN1  or  rigid  spine  muscular  dystrophy  
On  the  right  (B)  frontal  and  axial    T1  w  views  of  a  Duchenne  muscular  dystrophy
Spinal  muscles  are  partly  fatty  involved  in  both  diseases  but  the  involvement  has  not  the  same  distribution.
In  SEPN  1  the  scoliosis  is  important  ,  in  Duchenne  MD  there  is  structural  scoliosis.

A

B
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The role of gut hormones in adolescent idiopathic  
scoliosis pathophysiology: a pilot study
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Epigenetic, proteomic and functional studies 
of rare variants in AIS genes

Dr Moldovan

Dr 
Patten

responsible for familial AIS in French Families (1), and the work directed by Dr. Child 

Researchers of this project are members International Consortium of Genetic of 
scoliosis. Dr Patten is a young researcher having considerable experience with the 

laboratory at CHU Sainte Justine that discovered the POC5 gene variants  as 
causative of familiar form of scoliosis. He is now, Professor at the INRS-Institut 
Armand-Frappier, and he is continuing to develop the in vivo animal models of 

in 2014 between the team of CHU Sainte Justine and Dr Child from St. George’s, 
University of London, this project will investigate by Targeted Next Generation 

through the epigenetic, proteomic and functional studies of rare variants in AIS 
genes.

Background 

poc5

poc5

Rationale
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several of these genes 
play roles with the centrosome function, 
cell polarity, axons guidance, primary cilia 
and left-right axis determination. In addition 

poc5 

Our hypothesis is that sensory reception of 
cilia are affected by rare variants in genes 
producing defective proteins of primary cilia 
and centrosome. 

Cilia are microtubule-based protrusions 
from the plasma membrane, that carry out 
motility and sensory functions. 

calmodulin) appears to 
play a central role. 

The purpose of this proposal is to screen UK 
and French Canadian AIS patients for the 
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two mutated genes (causative of AIS) and to 
assess the shared pathogenic nature of both 
mutations. 

Hypothesis and Methodology 
The purpose of this proposal is to screen UK 
and French Canadian AIS patients for the 
two mutated genes (causative of AIS) and to 
assess the shared pathogenic nature of both 
mutations.

Screening UK and Canadian AIS patients for 
rare gene variants. To determine the prevalence 
of the causative mutation in a cohort of AIS 
families form Quebec and UK and sporadic 
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two mutated genes (causative of AIS) and to 
assess the shared pathogenic nature of both 
mutations.

Screening UK and Canadian AIS patients for 
rare gene variants. To determine the prevalence 
of the causative mutation in a cohort of AIS 
families form Quebec and UK and sporadic 

cases, 
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