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 Our Mission, Vision, and Core Values 

Mission: 
To advance knowledge through research and to educate the medical,  
allied sciences, and lay community about Chiari malformation,  
syringomyelia and related CSF (cerebrospinal fluid) disorders. 
 
 

Vision: 
We will be the pre-eminent resource for individuals and physicians, 
worldwide seeking accurate and current information about and 
treatments for CM and SM. With our endowment, we will be the leader 
in driving ongoing, relevant clinical research focused on easing symptoms 
of individuals currently affected by these disorders as well as research 
into diminishing the incidence of or eradicating the condition within a 
generation.  
 
 

Core Values: 
§ Honesty and integrity is foremost in everything we do 

§ Commitment to quality is central to all activities 

§ Dedication to exceed the expectations of patients and physicians 

§ Recognition of the critical role played by the Board of Trustees and  
the Medical Research Board in terms of providing support and guidance 
to the Board of Directors 

§ Our volunteers and members are a respected source of knowledge and 
experience 

§  Social responsibility 

§  Fiscal responsibility 
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awareness 

research 

education 

Upon scientific review by experts from the  
CSF Scientific Education & Advisory Board, CSF was  

pleased to fund the following grants which were  
submitted for review in response to our  

2012-2013 Request for Proposals: 
 

Mapping Perivascular Spaces in the Spinal Cord 
Toward Improved Spinal Cord Flow Models (PDF) 

Dr. Malisa Sarntinoranont 

Automated MRI-Based Parcellation  
of the Posterior Cranial Fossa 

Dr. Ahmet Murat Bagci (Published paper) 
 

Development of a Numerical Model of Spinal CSF Dynamics 
Dr. Christopher David Bertram 

 
Genetic Dissection of Chiari Type I Malformation 

Christina Markunas, PhD (Published paper) 
 

CSF also funded a Chiari Fellowship  
at the Duke Center for Human Genetics. 

 
CSF NATIONAL PATIENT REGISTRY PROJECT 

Chiari malformation (CM), syringomyelia (SM) and related disorders affect millions  
of people worldwide. Starting on the path to improved care can be a daunting task.  
An important early step is to establish a national patient registry, an invaluable tool  

for improving the lives of people with CM/SM/RD. 
 

THE CSF PROJECT TO ANALYZE THE PREVALENCE OF  
CHIARI MALFORMATION WITHIN THE ASD POPULATION 

There appears to be an underserved population of children and adults with  
Chiari malformation and autism – the size of which is yet to be determined.  

Recent data suggests that a greater than expected overlap of findings in  
children diagnosed with Chiari Malformation and those diagnosed  

with Autism Spectrum of Disease (ASD). 
 

2ND CSF HYDRODYNAMICS SYMPOSIUM 
Sponsored by The Monkton Institute, Candida Lancaster, and CSF 

Approximately 25 invited speakers from around the world presented their research that involves 
either experiments, or computational methods to better understand normal physiology and diseases 

related to CSF motion, such as Chiari malformation, syringomyelia and hydrocephalus. 
  

 CSF Funded Research and Symposia 
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CONSIDER CHIARI CAMPAIGN 
At CSF, one of the things we often hear is that  

medical professionals just don’t know what Chiari is.  
CSF wants to help change this. We have put together  
an educational program called Consider Chiari. The  

objective of this campaign is to spark awareness,  
putting Chiari on the radar of medical professionals.  

We want people to Consider Chiari. 
 

This campaign was successfully used at the Grand  
Rounds at Chicago’s Advocate Lutheran General  

Hospital and at this year’s meeting of the North Carolina  
Chapter of the National Association of Pediatric Nurse Practitioners  

(NAPNAP). We have plans to expand this program to various  
medical institutions around the country. Our goal is for 100% of  

the participants who hear this program to leave with a clearer  
picture of the symptoms of Chiari and an understanding that proper  

diagnosis requires an MRI. 
 

EDUCATIONAL LECTURE PROGRAM 
With the CSF Education and Awareness Program, our goal is to  

reach beyond the current CSF membership to raise awareness and  
educate as many people as possible.  This program engages  

physicians and lay people in a regional area. CSF hosts a meet and  
greet,  followed by an educational medical lecture with Q & A from the  

audience. Over 40 lectures have been videotaped and posted on our website to  
share the information to families and physicians around the world. There is no  

charge or fee to view the lectures at the meeting, or on the web. 
 

CSF WEBSITE 
CSF is committed to providing current and accurate medical  

information to educate patients and their families. We have recently  
launched a new and easier to navigate site. All educational material  
on our site is written by medical professionals and reviewed by our  

Scientific Educational & Advisory Board Executive Committee before  
publication. The material is designed to help individuals understand the  

disorders and treatments in order to make knowledgeable decisions in their  
care. The Executive Committee of the Scientific Educational & Advisory  

Board solicits the assistance of other experts in the field to regularly update  
the basic CM/SM topics on our website, including the leading clinical,  

radiological, therapeutic, and socioeconomic issues.  
 
. 

 CSF Education Initiative  
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 CSF Spreading Awareness 
unite@night WALKS  

unite@night walks are one mile casual evening walks,  
in various locations around the country during the month  

of June. These walks bring together people who are  
suffering with the devastating effects of Chiari  

malformation, syringomyelia, and related disorders. 
unite@night will support CSF Chapters to provide  

education and increase awareness while funding  
research projects that can potentially find answers  

to help those who are fighting these disorders. 
 

In 2013, CSF raised almost $150,000 with 2,255 walkers  
at 41 walk sites around the country, plus solo walks.  

 
SOCIAL MEDIA 

The development of social media has created an online environment  
conducive to creating connections and fostering relationships. CSF has  
established a strong online presence by taking advantage of individual  

social networking sites’ distinct features and has brought additional  
attention to our cause and created a stronger network of supporters. 

facebook.com/csfinfo 
www.twitter.com/CSFinfo 

youtube.com/user/CSFinfo2007 
 
 

CHAPTERS 
CSF has established 12 Regional Chapters across the country in order to educate the  

medical, allied sciences, and lay community; increase awareness; raise  
funds for programs and research; provide support and advocate in 

local areas; and locate and register individuals and families affected by  
Chiari malformation, syringomyelia and related disorders with the  

Chiari & Syringomyelia Foundation. 
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CSF Educational Events 

Research Presentation at CSF Think Tank 

Cleveland Educational Lecture Q&A 

Denver Chiari Symposium Consider Chiari Presentation 

Greater Metropolitan Washington Area  
Educational Lecture 

New York Educational Lecture 
Q&A 
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CSF Fundraising Events 

Bobby Jones Classic for CSF 

Dinner Dance for a Cure - Twinsburg  

 Annual Charity Ball 

Member Fundraiser –  
Dairy Queen Night Member Fundraiser –  

Rite Aid Run 

Night of Light Children’s Gala 
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Mechanisms of Symptoms and Signs in the Cervical-Medullary Syndrome  
of Chiari Patients 

 Ulrich Batzdorf, M.D. 
  
A number of developmental abnormalities in the region of the skull base may be seen in patients with 
Chiari malformation. Symptoms and signs in Chiari patients are produced by a combination of several 
mechanisms, including interference with normal cerebrospinal fluid circulation at the level of the foramen 
magnum, compression of brainstem and lower cranial nerves, and traction on lower cranial nerves. 
Destruction of cells and tracts in the spinal cord and, less commonly, in the brainstem, can develop as a 
result of syringomyelia and syringobulbia. Exertional headaches are the classical presentation of patients 
with Chiari malformation. Nystagmus and impaired balance are other common manifestations.  
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Morphometric analyses in the patient with cranio-cervical instability:  
re-appraisal and standardization of the methods 

 Misao Nishikawa, M.D.1)2), Thomas H. Milhorat, M.D.2), 
Paolo A. Bolognese, M.D.2), Roger W. Kula, M.D.2). 

  
1) Moriguchi-Ikuno Memorial Hospital and Osaka City University Hospital 
2) Department of Neurosurgery, The Chiari Institute, North Shore-Long Island Jewish Health System, 
Manhasset, New York  
  
Corresponding Author: Misao Nishikawa,  
Department of NeurosurgeryMoriguchi-ikuno Memorial Hospital 
6-17-33 Satanakamachi, Moriguchi City, Osaka 570-0002, Japan 
Phone：：+81-6-6906-1100 FAX: +81-6-6902-9070 Cell: +81-90-7759-4035 
E-mail: misaonishikawa88@gmail.com 
  
Object:  We examined that hereditary disorders of connective tissue (HDCT), Ehlers-Danlos syndromes 
(EDS) and post-traumatic condition (PTC) can present with atlanto-axial hypermobility and cranial settling, 
and relationship to Chiari malformation type I (CMI). 
  
Methods:  The diagnostic criteria for EDS and related HDCT were prospectively met by 155 patients and 
56 patients in post-traumatic condition. Osseous structures comprising the craniocervical junction were 
investigated morphometrically using reconstructed 2D-CT and plain x-ray images in 211 patients with 
HDCT·ED·PTC a and the results were compared to those in patients with normal controls (n = 55).  
  
Results:  There were 124 cases (80%) in HDCT·EDS of CMI. The diagnostic features of HDCT·EDS with 
CMI had a greater incidence of lower brain stem symptoms and signs. We established measurements of the 
basion-dens interval (BDI), basion-atlas interval (BAI), atlas-dens interval (ADI), dens-atlas interval (DAI), 
clivus-atlas angle (CAA), clivus-axis angle (CXA), and atlas-axis angle (AXA) were the same in the supine 
and upright positions in normal controls.  There was reduction of the BDI (3.3 mm), enlargement of the 
BAI (2.8 mm), and reduction of the CXA (10.8o), CAA (5.8o, p < 0.001), and AXA (12.3o) upon assumption 
of the upright position.  These changes were reducible by cervical traction. 
  
Conclusions:  Morphometric evidence in this cohort of cranial settling, posterior gliding of the occipital 
condyles in the HDCT·EDS cohort suggests hypermobility of the atlanto-occipital and atlanto-axial joints. 
This hypermobility induces greater brain stem symptoms in patients associated with CMI.  
  
Key Words: craniocervical instability, cranial settling, connective tissue disorders, Ehlers-Danlos 
syndrome, Chiari malformation. 
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Craniocervical Instability with Chiari Malformation Diagnosis and Treatment 
 Yong Liu 

  
Much of craniocervical instability (CCI) is caused by craniocervical junction dysplasia in China, especially 
associated with Chiari Malformation (CM). When CCI associated with CM, the diagnosis and treatment 
becomes more difficult. It seems each patient is different. I try to share my experience here.  
  
Diagnosis 
Hyperextension and hyperflexion X-ray is usually used to exclude some of the patients. When there is 
assimilation of atlas, and X-ray becomes hard to read, we need hyperextension and hyperflexion CT. 
Vertebral artery CTA is very useful to chose a fixation method. Recently I also tried Rapid Prototyping 
Technology to print a physical prototype of the CCJ of the patient who is severe deformity. 
  
Treatment 
C2 pedicle screws and occipital condyle screws or occipital plate if the condyle not well developed. If the 
patient has had a posterior fossa decompression before, we do atlanto-axial Joint bone grafting by transoral 
approach..Most of the patients do not need a tonsillar excision, unless the tonsillar is too congested. Real-
time B scan is used to determine whether or not to do the tonsillar excision.  
In a conclusion, we perform individualized treatment according to the specific situation of the patients. 
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Craniocervical abnormalities presenting with circulatory dysfunction and fatigue 
Peter C. Rowe, MD 

  

Fatigue and lightheadedness are prominent symptoms among those with neurally mediated hypotension and 

postural tachycardia syndrome, two common forms of orthostatic intolerance. The same symptoms and 

circulatory disorders can be part of the early presentation in those with craniocervical abnormalities, even 

before more classical neurological findings on examination become apparent. This presentation will review 

some of the presenting clinical features identified in individuals who later benefited from neurosurgical 

correction of their craniocervical abnormalities.  
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Joint Hypermobility Syndromes 
Clair A. Francomano, M.D. 

Harvey Institute for Human Genetics 
Baltimore, MD 

  
Joint hypermobility is a feature of over 60 clinical syndromes listed in Online Mendelian in Man, the 
compendium of human genes and genetic disorders.  Many of these are rare recessive conditions associated 
with short stature or multiple congenital anomalies.  Others fall into the family of hereditary disorders of 
connective tissue.  
  
The most common of the hereditary disorders of connective tissue are Ehlers-Danlos syndrome, Marfan 
syndrome, Stickler syndrome,  and Loeys-Dietz syndrome.  Osteogenesis imperfecta, or brittle bone 
disease, may also be considered in this category.  Ehlers-Danlos syndrome is actually a family of disorders 
in itself, comprised of multiple different sub-types.  The most common of these are the classical type, with 
joint hypermobility and fragile, hyperextensible, translucent skin; the hypermobile type, with joint 
hypermobility and mildly affected skin; and the vascular type, involving aneurysmal dilation of medium-
sized arteries and fragility of the bowel and bladder, in addition to joint hypermobility. 
 
Marfan syndrome is characterized by aneurysmal dilation of the ascending aorta, dislocation of the ocular 
lenses and tall stature with arachnodactyly and dolicostenomelia (relatively long arms and legs).  Stickler 
syndrome is distinguished by vitreo-retinal degeneration, sensori-neural hearing loss, early osteoarthritis, 
cleft palate or bifid uvula, and radiographic evidence of a spondyl-epiphyseal  dysplasia.  Loeys-Dietz 
syndrome features aortic dilation with dissection,  similar to that seen in Marfan syndrome, and may 
manifest craniofacial involvement including hypertelorism, cleft palate or bifid uvula.  Persons with 
Osteogenesis Imperfecta, or brittle bone disease, will have a history of frequent fractures and may present 
with blue sclerae, dentinogenesis imperfect and hearing loss. 
 
Regardless of the cause, individuals with joint hypermobility are at increased risk of musculoskeletal and 
neuropathic complications from their lax joints.  Joint subluxations and dislocations occur with increased 
frequency in this group of patients, and pain from muscle spasm and myofascial trigger points is common.  
Instability at the cranio-cervical junction or in the cervical spine may lead to serious neurologic 
consequences.  Many of the hereditary disorders of connective tissue are also associated with early 
degenerative disc disease, leading to chronic back pain and neuropathic pain.   
 
Because many patients with hereditary disorders of connective tissue do not have overt dysmorphic 
features, they often go unrecognized and spend many years seeking a diagnosis.  Heightened awareness of 
joint hypermobility as a hallmark of these conditions will lead to early diagnosis and appropriate 
management for the multiple complications seen in affected persons.   

  
  

 



17 

Prevalence of Hypermobility and how it manifests in the general population 
Rodney Grahame CBE MD FRCP FACP 

Consultant Rheumatologist, The Hypermobility Unit, Hospital of St John & St Elizabeth, London 
Honorary Professor, Division of Medicine, University College London, UK                           

Affiliate Professor, School of Medicine, University of Washington, Seattle WA USA 
 

[RG is a practicing clinical rheumatologist based in London UK, who has maintained a continuous clinical 
and research interest in hypermobility that spans 44 years] 
 
Despite the central importance of musculoskeletal (MSK) elements in the symptomatology of EDS, even 
today, this disease does not figure on the radar of the overwhelming majority of rheumatologists in this and 
other countries. Instead they (we) have the Joint Hypermobility Syndrome (JHS), a construct dating to1967, 
formulated some two years before the first description of EDS type III (now known as the Hypermobile 
type HEDS). The original definition of JHS was ‘the occurrence of MSK symptoms in the presence of 
generalized hypermobility (JH) in otherwise normal subjects’. It was these last four words that cast the 
syndrome in an unfavourable light as a trivial disorder not worthy of being taken seriously and thus of 
study. It was seen as a purely MSK disorder.  
 
The burgeoning evidence that JHS might be a multi-systemic disorder, in effect, a forme fruste of a 
Heritable Disorder of Connective Tissue, fell on deaf ears and the outdated concepts of the 60s and 70s 
became the received wisdom. It took over four decades, for the penny to drop that the two entities – JHS 
and HEDS are, indistinguishable from one another and by inference  , one and the same. This inevitable 
conclusion rings true whether one uses the geneticists’ Villefranche Criteria for HEDS or the 
rheumatologists’ Brighton Criteria for JHS. Both instruments identify a multi-system disorder comprising 
not only MSK fragility and instability commencing in childhood and progressing thereafter, but, in 
addition, an increasing number of secondary complications including widespread chronic pain 
(fibromyalgia), pan-gastrointestinal dysmotility, dysautonomias, pelvic floor weakness with GU tract 
involvement and an association with anxiety and phobias. One could say that there is hardly a single bodily 
system that is not touched in some way by EDS. The topic under discussion today is perhaps one of the 
most recent and challenging of them all.  
  
Hitherto, there has been a lack of data on the prevalence of JH.   Anecdotal evidence suggests that JHS/
HEDS is much more highly prevalent than is currently appreciated. A recent study in a general 
rheumatology clinic in North London revealed an expectedly high overall JHS prevalence of 45% with 
even higher rates in females and in those of non-Caucasian origin. A major population-based 
epidemiological study, published only in the past few months in the UK revealed using a validated 5-point 
questionnaire that 18.3% of 12,853 participants were hypermobile, of whom 16.3% were suffering from 
chronic widespread pain (CWP) and a further 45.1% had some pain.. Compared to those who were not 
hypermobile, JH was associated with a 40% increased risk of the most severe degree of pain.  
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Cervico-medullary Syndrome 
Roger W. Kula, MD 

  
Traditional neurological teaching associated the Chiari I malformation with the clinical presentation of 
occipital cough headache, ataxia, and downbeat nystagmus. The anatomical abnormality if not identified at 
autopsy was recognized by pneumoencephalography and later contrast myelography. Syringomyelia was 
suspected by the presence of a suspended, dissociated sensory loss where insensitivity to pain and thermal 
stimuli in the upper extremities was paradoxically associated with normal fine touch and proprioception. It 
took more than 100 years until the development of MRI technology in the late 1980’s for a radiographic 
standard of cerebellar tonsillar herniation through the foramen magnum to be agreed upon at 3-5 mm 
establishing a non-invasive, progressively easily available (although somewhat arbitrary) identification of 
this disorder. 
  
By the end of the 20th century, a variety of clinical symptoms and signs could now be more easily 
associated with recognizable “hindbrain herniation” redefining the clinical syndrome of Chiari I 
malformation. Continuing clinical investigation and the recognition of basilar invagination associated with 
Down’s syndrome, rheumatoid arthritis, connective tissue/hypermobility disorders, and extra-axial 
posterior fossa mass lesions helped better correlate the clinical symptoms and signs associated with 
dynamic stress and extra-axial deformation at the cranio-cervical junction. While the clinical features of 
structural vascular damage/infarction were much earlier and more dramatically defined in the stroke 
literature, the less easily defined and more subtle aspects of what we will call the cervico-medullary 
syndrome have been more difficult to assess, define, and understand. 
  
The clinical features of cervico-medullary syndrome can be diversely manifest in the characteristics of pain 
localization; visual and vestibular features; deglutition, speech, and auditory findings; cardiac, autonomic, 
and sleep disturbances; cognitive and behavioral features. As these symptoms and signs are related to mild, 
chronic compression, traction, and torsional forces (e.g. physical stress; arterial, venous, and intracranial 
pressures; and external forces.), they can be postural, positional, and evanescent at times confounding 
assessment. Elaborating their natural history presents a challenge, and their distinction from functional, 
emotional and psychiatric aspect is at times difficult. Symptoms more than signs predominate. Nystagmus, 
truncal instability, and responses to jugular compression, axial spinal loading, and physical maneuvers, can 
be helpful signs. 
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Morphometric Features of the Craniocervical Junction Region and Clinical Findings in Dogs with 

Suspected Chiari-Like Malformation Based on Combined MR and CT Imaging: 274 Cases  

(2007-2010) 

Dominic J. Marino1, DVM, Diplomate ACVS, Diplomate, ACCT, CCRP 

Catherine A. Loughin1, DVM, Diplomate ACVS, Diplomate, ACCT 

Curtis W. Dewey1,2, DVM, MS, Diplomate ACVIM (Neurology), Diplomate ACVS, Leonard J. Marino1, 

MD, FAAP, Joseph Sackman1, Martin L Lesser1,3, PhD, EMT-CC, Meredith Akerman3, MS 
  

From The Canine Chiari Institute at Long Island Veterinary Specialists1, 163 South Service Road, 

Plainview, NY  11803; the Department of Clinical Sciences2, College of Veterinary Medicine, Cornell 

University, Ithaca, NY 14853; North Shore - LIJ Health System 

Feinstein Institute for Medical Research3, Biostatistics Unit, 350 Community Drive, Manhasset, NY  
 

Abstract 

Objective-To objectively describe morphometric features of the craniocervical junction region and clinical 

findings in dogs with suspected Chiari-like malformation (CLM) and to investigate for associations 

between these features and the occurrence of other malformations in this region. 

Design-Retrospective study. 

Animals-274 dogs. 

Procedures-Magnetic resonance (MR) and computed tomographic (CT) images from patients evaluated for 

Chiari-like malformation (CLM) between 2007 and 2010 were reviewed. Three regions of neural tissue 

compression were assessed: cerebellar compression (CC); ventral compression at the level of the C1/C2 

articulation, also termed “medullary kinking” (MK); and dorsal compression (DC) at the level of the C1/C2 

articulation. A compression index (CI) was calculated for all abnormal regions for each dog. Multiple 

logistic regression analysis was performed (p<0.05) to ascertain whether CI values for the different regions 

of compression were associated with the incidence of other craniocervical junction abnormalities and 

whether the existence CC, MK, and DC was associated with the presence or absence of syringomyelia and 

clinical signs. 
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Morphometric Features of the Craniocervical Junction Region and Clinical Findings in Dogs with 
Suspected Chiari-Like Malformation Based on Combined MR and CT Imaging: 274 Cases  

(2007-2010) 
Dominic J. Marino1, DVM, Diplomate ACVS, Diplomate, ACCT, CCRP 

Catherine A. Loughin1, DVM, Diplomate ACVS, Diplomate, ACCT 
Curtis W. Dewey1,2, DVM, MS, Diplomate ACVIM (Neurology), Diplomate ACVS, Leonard J. Marino1, 

MD, FAAP, Joseph Sackman1, Martin L Lesser1,3, PhD, EMT-CC, Meredith Akerman3, MS 
  

Results- All dogs had some level of CC. Approximately 68% of dogs had MK and 38% of dogs had DC. 

Approximately 28% of dogs also had evidence of atlanto-occipital overlapping (AOO). Both MK 

compression index (p<0.049) and CC compression index were predictive of AOO (p<0.017). Dogs with a 

DC present were 1.77 times more likely to be in a more severe CC category (OR=1.770, 95% confidence 

interval: 1.039, 3.014) as compared to dogs without a DC.  While not statistically significant (p<0.0551), 

dogs with a MK present were 1.68 times more likely to be in a more severe CC category (OR=1.676, 95% 

confidence interval: 0.989, 2.842) as compared to dogs without a MK.  After adjusting for breed and 

compression type, the presence of a DC was the only variable that was significantly associated with the 

existence of syringomyelia (p<0.0230). The existence of syringomyelia was significantly associated with 

the presence of clinical signs (p<0.0156). The location of the syrinx was not significantly associated with 

the presence of clinical signs (p<0.7668).  None of the three malformations were significantly associated 

with the presence of clinical signs. 

Conclusions and Clinical Relevance-A substantial percentage (28%) of suspected CLM cases have AOO 

as the primary malformation. Compression index values may help differentiated subtypes of craniocervical 

junction abnormalities in dogs. The existence of syringomyelia, in any location, is associated with the 

presence of clinical signs regardless of the type of malformations found. 



Deformative Stress 
Overview and Biomechanics 

Dr. Edward Benzel 

Deformative Stress is 
primarily due to strain from 
elongation of neuraxis in 

flexion 

Adapted from Breig, 1979 

 During normal motion, large 
axial strains are produced in  

the spinal cord 
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•  Margolies, IRCOB Conference,1992 
•  Tunturi, J Neurosurg,1978 
•  Breig A: Adverse Mechanical Tension in the 

Central Nervous System. NY, Wiley, 1978, p 
61-83. 

•  Breig A: Overstretching of the spinal cord--a 
basic cause of symptoms in cord disorders. J 
Biomech 3:7-9, 1970 
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Deformative Stress 
Overview and Biomechanics 

Dr. Edward Benzel 

Stress is increased with   
“out of plane” loading 

Breig, “Adverse Mechanical 
Tension in the CNS”, 1978 

Spinal Cord 

Compressive  
Stress 

Neurosurgery:  
May 2005 - Volume 56 - Issue 5 - pp 1101-1113 
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The art of medicine consists of amusing the patient 
while nature cures the disease. 

 
Voltaire (Francois-Marie Arouet; 1694 – 1778) 

Deformative Stress 
Overview and Biomechanics 

Dr. Edward Benzel 
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Craniocervical Instability in Hereditary Hypermobility Connective Tissue Disorders:   
Retrospective Cohort Analysis of 22 Consecutive Patients undergoing Craniospinal Fusion  

Fraser C. Henderson Sr MD; Clair Francomano MD; Myles Kobi MD;  Jessica Adcock MS; Kelly 
Tuchman BS; George Malloch Brown 

 
Object: Hereditary hypermobility connective tissue disorders (HHCTD)   may present with brainstem and 
spinal cord symptoms, characterized by the cervico-medullary syndrome, referable to  craniocervical 
instability and  kyphosis of the clivoaxial angle (CXA) . This pilot study examines   subject postoperative 
responses to surgical outcome following open reduction of the kyphotic CXA and stabilization of the 
unstable motion segments. 
 
Methods: This IRB approved retrospective study of subjects with HHCTD who underwent occipitocervical 
fusion in 2011- 2012.  Third party e-mailed online surveys questioned symptoms/problems pre- and post- 
surgery. Of n=22 diagnosed with Hereditary Disorder of Connective Tissue (HDCT): 5 were hypermobile 
EDS, 5 Unspecified EDS; 4 Unspecified HDCT; 3 Classical EDS. One surgeon, FCH, performed open 
reduction to normalize the CXA, occiput-C1,2 stabilization and fusion with rib autograft.  
 
Results:  Of 24 consecutive subjects, 22 s responded (21 females, 1 male; average age 26.4, range 14-54). 
An  average of 22 months after surgery, self-reported  symptoms included:  headaches (100%); fatigue 
(100%); dizziness (95.4%); muscle pain (95.4%); arm weakness (90.9%);joint pain (86.3%); neck pain 
(83.3%) ; balance problems (82.8%);  memory problems (81.8%);  night awakenings (81.8%); arm 
numbness (77.3%);  gait problems (77.3%);  hands and feet turning cold (72.7%); leg numbness (72.7%);  
visual problems (72.7%); leg weakness (63.6%) ;  vertigo (59.1%); hearing problems (59.1%);  speech 
problems (59.1%);  frequent daytime urination (59.1%) ; GERD (59.1%) ;  swallowing/choking problems 
(54.5%);  nocturnal  (54.5%); IBS (50.0%); tremors (45.5%);  fainting (36.4%);  numbness in back 
(31.8%);  sleep apnea (22.7%);  vertigo (92.3%). 
 
Improvement was reported  for : (Statistically significant=* ) Headaches* (81.8%); Balance problems* 
(77.8%); Dizziness* (71.4%); Neck pain* (68.4%); walking* (64.7%); speech problems (69.2%);  arm 
numbness (76.5%); memory problems (66.7%);  arm weakness (65.0%);  ); fainting (62.5%);  hearing 
problems (61.5%);  swallowing/choking problems (58.3%); leg numbness (56.3%) ;  visual problems 
(56.3%) ;  numbness in back (57.1%); leg  weakness (57.1%);   tremors (50.0%);  muscle pain (38.1%); 
urinary frequency  (38.5%);  hands and feet turning cold (37.5%) ;  fatigue (36.4%) ;  night awakenings 
(33.3%) ; GERD (30.8%) ;  nocturnal (25.0%) ;  sleep apnea (20.0%); IBS (18.2%) ;  joint pain (26.3%).  
 
Karnofsky Performance Status Scale   improved 14/22, unchanged   5, worse 3 (Overall from 63 to 73). 
Every patient agreed that they would repeat the surgery given the choice, and that the surgery improved 
their symptoms. (Graphs 1, 2). 
 
Complications: 71% reported persistent rib harvest site pain, average 3/10 at 18 months. There were no 
peri-operative complications.  
 
Conclusions:  In  a well selected subpopulation of subjects with  HHCTD with cervico-medullary syndrome 
(“Floppy Head Syndrome”), reduction of craniocervical kyphosis,  and  occiput to C1,2 stabilization and 
fusion  appears to beneficial. These preliminary results support the motion for a larger, prospective, 
randomized, multi-institutional study to evaluate this group of subjects. 
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Craniocervical Instability in Hereditary Hypermobility Connective Tissue Disorders:   
Retrospective Cohort Analysis of 22 Consecutive Patients undergoing Craniospinal Fusion  

Fraser C. Henderson Sr MD; Clair Francomano MD; Myles Kobi MD;  Jessica Adcock MS; Kelly 
Tuchman BS; George Malloch Brown 
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Anterior Pathologies and the Chiari I malformation 
Harold L. Rekate MD. 

Director: The Chiari Institute 
Great Neck, NY 

Professor of Neurosurgery Hofstra School of Medicine 
  
Background:  While anterior compression of the brainstem has been recognized in its most severe form 
called basilar invagination, the radiographic diagnosis was based on arcane measurements from plain 
radiographs and tomography.  The development of contemporary imaging (MRI) now allows accurate 
identification of the relationships of the brainstem with the structures of the craniovertebral junction.  
Unfortunately, the nomenclature and diagnostic criteria have not been updated with this new resource. 
  
Methods:  Retrospective review of patients treated at the Chiari Institute between 2010 with MRI 
imaging pre and postoperatively was performed after appropriate approval by the institutional review 
board.  Measurements of deformity and/or instability of the craniovertebral (CVJ) junction were performed 
by three independent observers.  The measurements included the Clivo-axial angle (CVA), the Pb-C2 
(Grabb-Oakes) line which measures the degree of posterior displacement of the odontoid process and a 
modification of that line to render it easier to identified. 
  
Results:  The measurements were compared for inter-rater reliability and effectiveness of reduction of 
distortion using intraoperative reduction.  For all measurements statistical analysis showed that using the 
measurement parameters inter-rater reliability were either excellent or “perfect in all cases.  All patients 
who had undergone intraoperative reduction showed correction of the distortions and that the degree of 
correction both of Pb-O2, and CXA were statistically significant.  The anterior distortion of the brainstem 
was found clinically in three distinct contexts.  These were Klippel-feil syndrome or its variants, a specific 
and poorly recognized, focal abnormality of the formation of the lower clivus (short) and dysplastic 
(retroflexed) odontoid process, and in the context of connective tissue disorders such as Ehlers-Danlos 
syndrome. 
  
Conclusion:  Anterior pathologies of the CVJ are found frequently in the context of Chiari I 
malformation.  Failure to recognize these pathologies can lead to worsening symptoms postoperatively.  
Specific measurements can be made accurately providing a tool for propective studies in the context of 
surgery for Chiari 1 patients. 
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Atlantoaxial Instability 
Dr. Stephen Hwang 

 

Atlantoaxial instability represents abnormal physiologic movement at C1 and C2 that most commonly 

presents with pain or neurological compromise. Most frequently this is seen in association with trauma and 

may be due to a combination of osseous or ligamentous injury leading to pathologic movement.  Many of 

the radiographic parameters are based on trauma literature, however less acute etiologies include 

rheumatoid arthritis, post-infectious laxity, congenital anomalies, Down syndrome, Chiari malformations 

and inflammatory/congenital/infectious processes that contribute to ligamentous laxity.  We will briefly 

review some of the anatomic structures and radiographic parameters involved in atlanto-axial instability 

and then discuss specific pathologic entities associated with instability at C1-2.  Attention will be focused 

to discuss Chiari specific issues such as instability after odontoidectomy and surgical management options.    
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CT evaluation of C1-C2 rotational instability 
Alexander S. Mark, MD, Myles Koby, MD 

 

C1-C2 rotational instability is a common occurence in patient's suffering from Ehlers-Danlos syndrome, 

representing yet another manifestation of the underlying soft tissue laxity. The excess C1-C2 rotation can 

result in compression of the vertebral arteries  with potentially catastrophic consequences.  

The methods techniques of CT evaluation of the C1-C2 instability will be presented. Some of the technical 

challenges in performing the examination as well as obtaining accurate measurements will be discussed. 

Several examples will be presented illustrating the technique and the interpretation of the results. 

 

 



30 

Craniocervical Fusion with Condylar Screws 
Dr. Paolo Bolognese 

  
Condylar screws have been recently conceived, investigated, and then introduced in clinical practice, as a 
tool for craniocervical fusions. 
  
Initially, their role was confined to being a rescue technique in cases in which the occipital squama was 
unsuitable to be the recipient for skull fixation screws. 
  
Since September 2012, craniocervical fusion using Condylar screw fixation has been consecutively used in 
60 patients affected by craniocervical instability at The Chiari Institute. The construct also included C1 
lateral mass screws and C2 pedicle screws. A C2 rhyzotomy is standard, along with drilling of the C1-2 
joints, to optimize the fusion surface. The bone fusion matrix (which contains BMP) is impacted around 
and below the hardware. 
  
The vein of the condylar fossa is regularly dissected, coagulated, and sectioned, to allow access to the 
condyle.  
  
The bone protuberances rostral to the condyles are drilled flat, to allow a shallower trajectory of the screw. 
  
Different trajectories for the condylar screws have been attempted and compared, with different degrees of 
rostro/caudal and medial orientation. 
  
Intraoperative digital fluoroscopy, intraoperative CT scans, SSEP monitoring, and EMG recording from the 
XI and XII cranial nerves have been used as feedback information. 
  
A novel and original set of data from direct stimulation of the condylar screws has also been obtained, and 
compared to the CT reconstruction images. 
  
Out of 60 patients, two complications need to be reported. 
  
The first one was a partial segmental thrombosis of the right Vertebral artery around C2, with embolic 
showering. The prolonged dissection within hardened scar tissue was the probable trigger for the event. 
  
The second complication was a unilateral paresis of the XII cranial nerve. An incorrect position of the 
tongue electrodes was the cause, with both sets of bipolar electrodes recording data from one side of the 
tongue only. The deficit was noticed after extubation, the patient reoperated on, and the screw repositioned 
with a subsequent clinical improvement which continues to this day. Since the time of this complication, we 
have modified the protocol for the electrode positioning on the tongue and we have added screw 
stimulation to our monitoring routine. 
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The noted advantages of this fusion configuration versus the conventional technique are the following: 

- the hardware is less prominent and better tolerated 
- the bars are shorter and straighter, leading to a lesser risk of metal fatigue and breakdown 
- the incision is shorter (about 4 inches), with lesser muscle dissection and pain 
- the bone fusion is more regular and compact 
- there have been no reported events of metal fatigue to date. 

  
The repeated dissection, coagulation, and section of the vein lodged in the condylar fossa has so far been 
well tolerated by all the patients in our series. 
  
The dimensions of the condyles have not been a factor in the execution of the surgeries in our series, so far. 

 

 

Craniocervical Fusion with Condylar Screws 
Dr. Paolo Bolognese 
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Occipital Cervical Fusion in the Setting of Prior Suboccipital Craniectomy: Technique Report and 
Case Series 

 Faheem Sandu, MD 
  
Introduction: A subset of patients who have undergone a suboccipital craniectomy for Chiari I 
malformation may develop a recurrence of symptoms in the setting of glacial craniocervical instability.  
This is demonstrated radiographically by a decrease in the obtuseness of the clival-axial angle (CAA) with 
resultant neurologic dysfunction related to deformative stress injury to the neuraxis.  The authors present 
use of the “Inside-Out” technique for occipital cervical fusion (OCF) that overcomes the difficulties 
inherent to occipital plate fixation in the setting of patients with a suboccipital craniectomy defect in order 
to restore a more anatomical CAA. 
  
Methods:  Retrospective data of the senior author (F.A.S.) was reviewed demonstrating 3 pediatric patients 
that underwent an occipital cervical fusion utilizing the “Inside-Out” technique for progressive symptoms 
of cervicomedullary compression and occipital headaches associated with a decreased CAA after a prior 
suboccipital decompression and C1 laminectomy for Chiari 1 malformation.  Pre and postoperative sagittal 
reconstructed CT images of the craniocervical junction were performed in all patients to determine the 
amount of CAA correction after OCF.  A normal CAA was deemed to be greater than 150° based on 
previously published reports in the literature. 
  
Results:  Three (2 female, 1 male) pediatric patients (mean age: 13.6 years) with a prior suboccipital 
craniectomy and C1 laminectomy and progressive symptoms of cervicomedullary dysfuction and occipital 
headaches underwent an OCF employing the “Inside-Out” technique.  Fixation to C1 and C2 was done in 
all cases as was the use of rib autograft.  The average preoperative CAA of 129.6° was corrected to 158° 
postoperatively (average correction 38.3°).   There were no complications from the procedure or hardware. 
Rigid fixation and fusion were achieved in all cases without the need for halo immobilization.  All patients 
reported resolution of their preoperative symptoms at 6 months follow up.  
  
Conclusion: The “Inside-Out” method of occipital-cervical fusion in a setting of pediatric patients with a 
prior suboccipital craniectomy defect may be a safe and effective technique for correcting the clival-axial 
angle, while treating craniocervical instability. 
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