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Background

ÇIncreasing recognition of neurological 
manifestations in Noonan syndrome 

ÇImportance of identifying treatable 
causes of neurological disability 

ÇEmerging understanding of connective 
tissue involvement



Objectives

ÇиШÅĲĦŸŊŰŔǍĲШŰĲƨƖŸũŸŊŔĦċũШ
manifestations of Noonan 
syndrome
ÇиШÖŰĬĲƖƚƣċŰĬШƣőĲШ

pathophysiological relationship 
between Noonan syndrome and 
Chiari malformation and 
Tethered cord
ÇиШ ƓƓƖĲĦŔċƣĲШƣőĲШƖŸũĲШŸŉШ

connective tissue abnormalities 
and overlapping genetics
ÇиШ?ŔƚĦƨƚƚШĦƨƖƖĲŰƣШĬŔċŊŰŸƚƣŔĦШ

and treatment strategies



Noonan Syndrome_Facts_Link to the Nervous System

иPTPN11 (~50%) 
иSOS1 
иRAF1 
иKRAS 
иRIT1 

Noonan=The most common RASopathy (autosomal dominant)

иӇΝаΝЯΜΜΜт2,500 births

Incidence

иShort stature 
иCongenital heart disease 
иWebbed neck 
иChest deformities 
иJoint hypermobility/Scoliosis
иCraniofacial anomalies
иDevelopmental delay

Clinical features/phenotype

ü BIODYNAMIC PHENOTYPE LINK:                  
The nervous tissue is mechanically 
influenced by connective tissue and 
skeletal integrity

ü GENETIC LINK :the most 
important intracellular 
pathways regulating cell 
growth, differentiation, 
migration



NOONAN 
Syndrome_Evidence for 
altered connective 
tissue biology

ÅDysregulated RAS/MAPK signaling affects 
fibroblast function 
ÅIncreased extracellular matrix deposition and 

tissue fibrosis 
ÅAbnormal craniofacial and skeletal development 
ÅClinical features: hypermobility, scoliosis, 

ligamentous laxity



Noonan syndrome and Chiari I malformation

Traditional explanation
Small posterior fossa due to altered mesodermal 
development and Craniospinal disproportion

ӝ

Cerebellar tonsillar herniation

Published evidence linking Noonan syndrome and Chiari I malformation
ü First report: Holder -Espinasse & Winter, 2003 
ü Updated case review: Witters  L, Vanvolsem S, Achahbar S, et al. 2025
ü Familial PTPN11 ĦċƚĲƚШƚƨŊŊĲƚƣŔŰŊШċШŊĲŰĲƣŔĦШċƚƚŸĦŔċƣŔŸŰШыљ9~ΝШƓőĲŰŸƣǃƓĲњьаШ

Samuels & Northrup, 2024



Connective 
Tissue 
Association

Zheng, N., Chung, B.S., Li, 
YL.et al. The myodural 
bridge complex defined as 
a new functional 
structure. Surg Radiol 
Anat 42, 143т153 (2020).





Upright MRI ex-flex 
suboccipital -control

HEDS/HSD and Chiari: Unstable MYODURAL BRIDGE COMPLEX

Collagen 
Ultrastructure 

hEDS upright MRI

Intact MBDs in  upright MRI





Craniocervical Ultrasound of Myodural Bridges: Control vs. Chiari

CONTROL
CHIARI

COUGH                                Valsalva



! Chiari represents a disorder of the entire craniospinal axis rather than an isolated 
posterior fossa abnormality





Tethered Cord Syndrome_not that well 
established

Definition
ÅPathological longitudinal tension on the spinal cord.

Can occur
иШ9ũċƚƚŔĦċũШыũŸƽШĦŸŰƨƚь
or
иШ§ĦĦƨũƣШыŰŸƖůċũШĦŸŰƨƚь

Symptoms
ÅLow back pain 
ÅLeg fatigue 
ÅSensory disturbances 
ÅBladder dysfunction 
ÅBowel dysfunction 
ÅProgressive neurological decline

There is currently no established association between 
Noonan syndrome and tethered cord syndrome in the peer-
reviewed literature.







вőŸƽĲƻĲƖЯШŉŔũƨůШƣĲƖůŔŰċũĲШĬĲƓĲŰĬƚШŸŰШŰŸƖůċũШ
connective tissue architecture and 
viscoelastic properties as shown in hEDS

üRASopathy ӛШċĤŰŸƖůċũШ
extracellular matrix/connective 
ƣŔƚƚƨĲШĤŔŸũŸŊǃШӛШċũƣĲƖĲĬШůċƣƖŔǂШ
biology could theoretically 
influence filum filum  
biomechanics



FT Stress-Strain-tests  shows elastic properties similar to muscle tendons  with loss of elasticity 
(equals loss of shock buffering capacity)  

ü around a 6% strain (relative elongation): those relative elongation in humans are reached with 
ŢƨƚƣЮџƓőǃƚŔŸũŸŊŔĦċũѠЮƚƓŔŰĲЮůŸƻĲůĲŰƣƚЮЮ

FILUM TERMINALE Strain MUSCLE TENDON StrainDiseased Filum Terminale as a Cause of Tethered Cord Syndrome in 
Ehlers-Danlos Syndrome: Histopathology, Biomechanics, Clinical 
Presentation, and Outcome of Filum Excision. Petra M Klinge, Vikas 
Srivastava , Abigail McElroy et al. World Neurosurg, 2022 
Jun:162:e492-e502
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(Wang: Mechanobiology of tendons, Journal of Biomechanics 39,  2006)

Biomechanics of the FT



Many patients have BOTH

Chiari Tethered Cord

Headache Low back pain

Neck pain Leg pain

Balance Weakness

Brain fog Fatigue

Sleep problems Bladder dysfunction

ÇConceptual model
Abnormal connective tissue
ӝ
Reduced elasticity
ӝ
Increased longitudinal spinal tension
ӝ
Chiari
Tethered cord
ӝ
Progressive neurological dysfunction

ÇEmerging evidence supports viewing 
these as disorders of the same 
mechanical system.



V The brain and spine is 
elastically suspended by 
extra- and intradural tissues 
and the cranial and spinal 
nerve roots (SPRING).

V The brain and spine represent 
the mass which is floating 
within CSF and is permanently 
moving, driven by cardiac and 
respiratory forces, and by 
spine movements (MASS).

V The movement of brain and 
spine within the dural sac is 
dampened by the CSF of the 
spinal compartment 
(DAMPER).

Compromised Craniospinal Anchoring



Emerging (Genetic&Biodynamic) Concept

Ç Rather than isolated anomalies...

Think of A dynamic craniospinal disorder
Where connective tissue evokes neural tension and 
alters CSF dynamics 
and the developmental anatomy  all interact.

Ç  Possible Genetic overlap between Noonan Genes and 
]ĲŰĲƚĲШŔŰƻŸũƻĲĬШŔŰШÑ9ШыљƖĲƣƖŸŊƖĲƚƚŔƻĲШĬŔŉŉĲƖĲŰƣŔċƣŔŸŰњьШ

Persistent RAS/MAPK activation (particularly through 
PTPN11) could theoretically interfere with:

terminal differentiation, 

regression/remodeling, 

collagen and elastin organization, 

fibroblast maturation, 

mechanotransduction

That could result in persistence of a more immature, 
cellular, less compliant filum rather than a normally 
involuted elastic ligament. 

üAround 6 weeks of gestation: 

Caudal extension of the spinal cord and ñmoreò neural tube 

formation

_ ñSecondary neurulationò 

üAround 9 to10 weeksof gestation:

Cell necrosis causes a decrease in 

the size of the caudal neural tube 

and will form the Filum Terminale _

Retrogressive differentiation



Evaluation
ÇHistory AND EXAMINATION

ÇNeurological examination

ÇMRI
ÇBrain 
ÇCervical 
ÇThoracic 
ÇLumbar 
ÇAssess
ÇSyrinx 
ÇFilum terminale 
ÇConus 
ÇScoliosis 
ÇCraniocervical junction 

ÇConsider
ÇUrodynamics
ÇNeuropsychological evaluation
ÇSleep study



Biomarker for TC 
(occult and classic) in 
Pediatric and Adults 
Patients 

Fluctuating back and non -dermatomal leg PAINS 
 ?ШìE u EÉÉШыљċĦőĲƚњЯШљŉċƣŔŊƨĲњЯШљƚŸƖĲŰĲƚƚњЯШ
љƣŔŊőƣŰĲƚƚњьШ

љőċƖĬШƣŸШũŸĦċƣĲШċŰĬШŸŉƣĲŰШůŸƖĲШŔŰШŸŰĲШũĲŊњ

NEUROLOGICAL findings LE _often asymmetric 
and found in the symptomatic leg :

Increased LE ankle tone
Foot clonus
Hyperreflexia 4+ and extended reflex zone
Occasional  LE weakness on MOTOR scale 
max. 3/5 to 4/5

ӀШљƨƓƓĲƖШůŸƣŸƖШŰĲƨƖŸŰШĬǃƚŉƨŰĦƣŔŸŰњЯШċťċШљШ
Spascticity њ



Novel  TCS/OTCS 15-item scale of most prevalent SP&SX

A preop score 
> 6 is 

associated 
with benefit 

from surgery 





Treatment

ÅChiari

ӛШÂŸƚƣĲƖŔŸƖШŉŸƚƚċШĬĲĦŸůƓƖĲƚƚŔŸŰ

ÅTethered cord

ӛШ[ŔũƨůШƚĲĦƣŔŸŰŔŰŊШоШƚƓŔŰċũШĦŸƖĬШĬĲƣĲƣőĲƖŔŰŊ

Associated disorders require individualized management
ÁHydrocephalus 
ÁSyringomyelia 
ÁCraniocervical instability 



Surgical 
approach
FILUM 
REMOVAL

љìőĲŰШuŔĬƚШ
xĲċĬШƣőĲШìċǃњ

Microsurgical approach for resection of the filum terminale 
internum in tethered cord syndrome�v a case demonstration of 
technical nuances and vignettes | SpringerLink


