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Muskoka Sunset - Gravenhurst, ON  

Courtesy of Dr. S. Bacso 

 

 

Muskoka Facts: 

 Muskoka includes 3,816 square kilometers (1,473 square miles) dotted with more than 400 lakes  
 12% of Muskoka’s land base is covered by wetlands, while 18% of the area is water  
 The landscape is generally forested and supports diverse ecosystems such as lakes, wetlands, forests, 

barrens, and open fields  
 Muskoka is within a unique region known as “the land between”, which is a transitional area between 

the Canadian Shield and the St. Lawrence Lowlands, stretching across Ontario from Georgian Bay to 
Kingston  

 The area is at the northern or southern range of many rare species and consequently contains diverse 
habitats of species at risk  

 Muskoka is a transition area between the boreal and mixed forests and supports both coniferous and 
broad-leaved deciduous tree species  

 Soils are generally shallow, sandy, and nutrient poor, bedrock is close to the surface  
 There are 4 primary and 17 secondary watersheds in Muskoka  
 Many lakes in Muskoka act as flood reservoirs  
 There are 68 identified heritage areas and sites in Muskoka, which cover 6% of the land base  
 There are 4 different types of wetland, all of which can be found in Muskoka  
 Wetlands are important for water quality, flood and erosion control, habitat, and recreational 

opportunities  
 Muskoka is home to 250 species of birds, 50 kinds of mammals, and 25 types of reptiles and 

amphibians  
 The watersheds generally support cold or cool water fish species  
 Many animals depend on the land-water shoreline interface 
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Authors Abstract: 
 

Study Design: Anatomic study performed on 

13 cadaveric specimens focused on muscles of 

the sub-occipital triangle, specifically, the rectus 

capitis posterior major (RCP ma) 

 

Objective: To investigate a connection between 

the RCP ma and the cervical dura mater. 

 

Summary of Background Data: In a study 

of the posterior intervertebral spaces, a 

connection between the RCPma and the dura 

mater was briefly described. To the best of our 

knowledge, no study has been conducted 

specifically on this communication. 

 

Methods: Anatomic dissections were 

performed in the sub-occipital regions of 13 

embalmed, adult cadaveric specimens. Findings 

were recorded via photographic documentation. 

 

Results: In 11 of the 13 specimens, the RCPma 

attached to the spinous process of the axis and 

then continued to establish a gross anatomical 

connection with the dura mater in the 

atlantoaxial interspace.  Manual traction of the 

RCP ma resulted in gross dural movement from 

the spinal root level of the axis to the spinal root 

level of the first thoracic vertebra.   

 

Conclusion: A connection was found to exist 

between the RCPma and the cervical dura mater. 

Various clinical manifestations may be linked to 

this anatomical relationship. 

 

Key words: cervical spine, posterior 

atlantoaxial interspace, rectus capitis posterior 

major, spinal dura. 

 

Background 
 

The anatomical borders of the sub-occipital triangle 

are formed by the rectus capitis posterior major 

(RCPma), obliquus capitis superior and the obliquus 

capitis inferior. The obliquus capitis inferior 

attaches the spinous process of the axis to the 

transverse process of the atlas. The RCPma, 

obliquus capitis superior and the rectus capitis 

poster minor (RCPmi) serve to attach the occipital 

bone to both the atlas and the axis. Previous 

investigational dissection research has shown 

anatomical attachment between the RCPmi and 

cervical dura mater of the posterior atlanto-occipital 

interspace.  

 

The exact function of the connection is a matter of 

debate. However it is thought to act to resist dural 

movement toward the spinal cord during cervical 

extension and forward translation of the occiput on 

the atlas. The RCPmi may also monitor stress 

applied to the dura. Observations during 

neurosurgical procedures revealed that mechanical 

http://www.dcorthoacademy.com/
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stress applied to the dura results in cephalgia. Other 

studies have shown that chronic headaches in a 

significant amount of patients are of cervical origin 

and that specifically the rectus capitis posterior 

muscles play a role in their development.  

 

To the best of the author’s research knowledge, 

anatomical relationships between the RCPma or the 

obliquus capitis inferior and cervical dura have 

neither been documented in other studies nor 

referenced in conventional anatomical literature. If 

the RCPma exhibits a connection similar to that of 

the RCPmi, the RCPma would conceivably exert an 

even greater mechanical traction on the dura 

because of its large cross-sectional area. 

 

Methods and Materials 
 

All thirteen subjects (nine male and four female) of 

“ages unknown” human cadavers were examined 

during the study. None of the selected cadavers for 

the study showed any signs of a history of cervical 

surgery or trauma. The specimens were fixed with 

formalin-alcohol-phenol solution. They were 

obtained from the Department of Anatomical 

Sciences at St. George’s University, and all 

guidelines were followed for use of cadaveric 

material in research. 

 

The 13 specimens received an anatomical dissection 

of the sub-occipital region and posterior cervical 

spine. Photographic documentation was recorded 

with a Nikon D-40 camera using two different high 

resolution lenses. In addition high quality surgical 

dissection equipment was utilized to remove the 

obliquus capitis inferior from its origin and 

insertion points to better visualize the tendinous and 

fascial components of the RCPma as well as the 

floor of the atlantoaxial interspace. The RCPma was 

separated from its attachment sites at the inferior 

nuchal line and the spinous process of the axis. The 

deeper fascial connection to the dura mater was 

preserved and documented in 11 of the 13 

specimens. 

 

Mid-sagittal cuts were performed along the 

bifurcation of the spinous process of the axis and 

along the right lamina just medial to the 

zygapophyseal joints bilaterally. This procedure was 

to completely expose any potential attachment of 

the RCPma to the dura mater at the atlantoaxial 

interspace. 

 

In the initial cadaveric specimen, six pins were 

inserted approximately 4 mm deep into the dorsal 

aspect of the dura mater. The pins approximated the 

level of each spinal root from the sixth cervical 

vertebra to the third thoracic vertebra. The RCPma 

was tractioned posteriorly with forceps and 

movement of the pins was observed. The 

attachment was tested in the initial specimen via 

posterior, inferior and superior traction of the 

RCPma. 

 

Results 
 

In all the 13 specimens the RCPma was firmly 

attached to the spinous process of the axis. In 11 of 

the 13 cadaveric specimens the RCPma attached to 

the laminae of the axis but mainly sent dense 

conjunctive tracts through the atlantoaxial 

interspace, into the vertebral canal, to the posterior 

surface of the dura mater. These fibers provided a 

firm attachment between the RCPma and the 

cervical dura. The obliquus capitis inferior seemed 

to send similar conjunctive fibers toward the dura 

mater as well. However the obliquus capitis 

superior did not. 

 

Applied traction of the RCPma resulted in 

movement from the spinal root level of the axis to 

the spinal root level of the first thoracic vertebra. In 

the two specimens that did not posses this 

anatomical connection, manual traction of the 

RCPma did not result in any dural movement. 

 

Conclusions 
 

It seems clear the investigative research of these 

clinicians has produced solid evidence of the 

connection between the RCPma and the dura mater 

adding increased strength to the attachment. 

 

Clinical Relevance 
 

The clinical implications for the doctor of 

chiropractic or orthopedic specialist is the 

affirmation of the RCPma helping to provide 

credence to the influence of the chiropractic 
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manipulative techniques with conditions such as 

cephalgia. 

 

JACO Editorial Summary 
 

 The article was written from the School of 

Medicine, St. George’s University , Granada , 

West Indies: and North Beechmont 

Chiropractic Center, Cincinnati, OH. 

 The article was well done and a credit to our 

profession to be an original research article to 

be published in an internationally recognized 

indexed medical journal such as Spine. 

 The sole purpose of this investigational 

research confirmed what many chiropractic 

educators and clinicians suspected clinically 

but lacked the dissection techniques and 

technology to prove the connection of the 

RCPma connection to the dura mater. 

 The protocols appear to have been strictly 

followed allowing for the credibility it 

deserves utilizing the best imaging technology 

and precise dissection techniques. 

 This important research will lead others along 

the path of further discovery. In this case we 

should be proud of these ambitious inquisitive 

clinicians within our profession to have taken 

on the task. 
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Authors’ Abstract: 
 
UPRIGHT® Multi-Position™ MR scanning has 

uncovered a key set of new observations regarding 

Multiple Sclerosis (MS), which observations are 

likely to provide a new understanding of the origin 

of MS. The new findings may also lead to new 

forms of treatment for MS. 

 

The UPRIGHT® MRI has demonstrated 

pronounced anatomic pathology of the cervical 

spine in five of the MS patients studied and 

definitive cervical pathology in the other three. The 

pathology was the result of prior head and neck 

trauma. All eight MS patients entered the study on a 

first come first serve basis without priority, and all 

but one were found to have a history of serious prior 

cervical  trauma which resulted in significant 

cervical pathology.  

 

The cervical pathology was visualized by 

UPRIGHT® MRI. Upright cerebrospinal fluid 

(CSF) cinematography and quantitative 

measurements of CSF velocity, CSF flow and CSF 

pressure gradients in the upright patient revealed 

that significant obstructions to CSF flow were 

present in all MS patients. The obstructions are 

believed to be responsible for CSF “leakages” of 

CSF from the ventricles into the surrounding brain 

parenchyma which “leakages” can be the source of 

the MS lesions in the brain that give rise to MS 

symptomatology.  

 

The CSF flow obstructions are believed to result in 

increases in intracranial pressure (ICP) that generate 

“leakages” of the CSF into the surrounding brain 

parenchyma. In all but one MS patient, anatomic 

pathologies were found to be more severe in the 

upright position than in the recumbent position. 

Similarly, CSF flow abnormalities were found to be 

more severe in the upright position than in the 

recumbent position in all but one MS patient. 

Images of the MS patient anatomic pathologies and 

CSF flow abnormalities are provided with 

comparison images from normal examinees in 

Figures 1–15 of this paper. 

 

  

http://www.dcorthoacademy.com/
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Background 
 

As is the case with much of science, in this study by 

Damadian and Chu, basic observation prompted the 

asking of certain questions and devising the 

subsequent research that attempts to answer the 

question posed. The question centered on asking 

whether abnormal fluid dynamics of cerebrospinal 

fluid (CSF) was playing a role in the generation of 

multiple sclerosis (MS) lesions. The observations 

which prompted this question were the presence of 

an MS lesion directly within a brain ventricle and 

the tendency for MS lesions to be periventricular.  

 

Methods 
 

Eight subjects with MS and seven normal subjects 

were imaged using in the upright and recumbent 

positions utilizing Fonar Upright Multiposition 

MRI. Quantitative measurements of CSF flow were 

calculated for all subjects. Two of the MS subjects 

could not be tested in recumbent position, one due 

to vertigo and the other due to lower limb paralysis.  

 

Results 
 
Results included the following 3 findings: 

 

1. Abnormal CSF flow was noted in all eight 

MS patients, but in none of the normal 

subjects. 

2. A history of significant cervical spine trauma 

was noted in 6 of the 8 MS subjects and of the 

remaining 2, one of them had significant 

possibility of prior cervical trauma. 

3. CSF inflow and inflow velocity was half of 

the recumbent measurements in the upright 

position for all subjects, those with and 

without MS. 

 

In addition, interstitial periventricular edema was 

noted in all eight of the MS patients. There 

appeared to be direct leakage of CSF from the 

ventricles into the parenchymal tissue of the brain, 

with MS plaque formation noted at the site of these 

leaks in the MS patients.  

 

The increased CSF flow and velocity has been 

shown in previous studies to correlate with 

increased intracranial pressure (ICP).  

 

Conclusions 
 
The authors suggest that the altered CSF flow and 

velocity, as well as the presence of prior cervical 

spine trauma with resulting anatomical pathology in 

the cervical spine might all play a part in the genesis 

of multiple sclerosis (MS). The possible mechanism 

of action sequentially would be cervical spine 

trauma leads to both cervical spine pathology and 

leaking of CSF into periventricular tissues.  

 

The cervical spine pathology may lead to altered 

CSF flow and velocity which has been shown to 

lead to increased intracranial pressure (ICP) which 

may lead to the genesis of MS plaques within brain 

tissue. In addition, the CSF leaks into 

periventricular brain tissue brings with it 

polypeptides and antigens not found in blood, which 

may also precipitate MS plaques.  

 
Clinical Relevance 
 
New imaging techniques utilizing MRI allow for 

quantitative mensuration of CSF hydrodynamics 

and  have demonstrated some previously unknown 

findings in both normal and MS subjects: an 

increase in CSF flow and velocity when changing 

from the upright to the recumbent position for both 

normal and MS subjects; in addition, MS subjects 

have demonstrated abnormal CSF flow and 

velocity.  

 

While some preliminary evidence suggests a 

possible role of trauma in the genesis of MS, as 

chiropractors we know all too well the erroneous 

conclusions that may come from a retrospective 

cohort study such as this. Two large cohort studies 

suggested a causal relationship between cervical 

spine manipulation and vertebrobasilar stroke. Only 

a much larger study by Cassidy provided evidence 

that the relationship is probably not causal, even 

though CMT has the potential to advance a stroke in 

progress.  Again, the suggested correlation between 

MR imaged anatomical pathology in the cervical 

spine and the onset of MS may be true or it may be 
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erroneous. The paper did not discuss the history of 

cervical trauma for the normal subjects. 

 

The authors did attempt to correlate the increase in 

CSF flow from upright to recumbent position based 

upon some anatomical pathology which caused 

stenosis (in-folding of ligamentum flavum) in the 

upright but not recumbent positions. However, this 

CSF flow change was noted in all test subjects, 

those with and those without MS.  

 

The authors also pose an interesting question 

regarding the suggested autoimmune nature of MS. 

Given that CSF is composed of over 300 

polypeptides, with 9 antigenic species that are 

absent from blood serum, perhaps the leaking of 

CSF, with its polypeptides and antigens, into brain 

parenchymal tissue could trigger an autoimmune 

response and therefore MS plaques? 

 

Of course, this does not explain the presence of MS 

plaques that are far removed from proximity to 

CSF. Interestingly, these same CSF antigens have 

been found outside of the CSF and within brain 

tissue in those with repeated head trauma, such as 

professional soccer players or football players, 

suggesting that trauma to the head may precipitate 

this leaking of CSF.  

 

The ultimate role that altered CSF hydrodynamics 

plays in MS, and has also been suggested 

Alzheimer’s disease, remains to be seen. However, 

the advent of new MR imaging techniques which 

allow the quantitative determination of CSF flow 

and velocity may open many avenues for research.  

 
Summary 
 
This observational study may pose more questions 

than it answers, such as: 

 

1. Why does CSF flow increase dramatically in 

the recumbent versus upright position for all 

subjects when cerebral blood flow is not at all 

affected by position? 

2. What really constitutes ‘normal’ cervical 

spine anatomy when most of the normal 

subjects in this study, while asymptomatic, 

had abnormalities found on the cervical MRI, 

ranging from disc bulges to localized 

interruptions of CSF flow? 

3. Does trauma truly have a causal effect upon 

MS? 

4. What role does increased CSF flow, and 

therefore increased CSF pressure, play in the 

genesis of MS? 

 

JACO Editorial Summary 
 

 The authors began their study by the simple 

observation that when imaged in the upright 

position, MS plaque lesions were observed to 

be arising either directly in the ventricle or 

have a tendency to be periventricular 

 New imaging techniques with FONAR MRI 

now allow the measurement of CSF flow 

hydrodynamics, allowing for the calculation 

of flow and flow velocity 

 The authors compared MRI findings (both 

anatomical and hydrodynamic) between eight 

MS subjects and seven normal subjects 

 Significant findings included:  abnormal CSF 

flow and velocity in all eight MS subjects and 

in none of the normal subjects; significant 

prior cervical spine trauma was noted in 6 and 

possibly 7 of the MS subjects; CSF flow and 

velocity dropped in half from the recumbent 

to upright posture in both normal and MS 

subjects 

 The authors posed several hypotheses 

regarding the etiology of MS based upon 

these findings, suggesting that prior trauma 

may play a role in the genesis of MS. The 

prior trauma may cause CSF leakage into 

surrounding brain tissue with subsequent 

autoimmune response from ‘tau’ antigens 

from CSF not found in blood serum. They 

also suggest that prior cervical spine trauma 

results in cervical anatomical pathology which 

may result in altered CSF hydrodynamics 

which then results in increased intracranial 

pressure (ICP) which results in MS plaques.  
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Authors’ Abstract: 
 

Objectives: Occipital neuralgia is a headache 

that may result from greater occipital nerve 

entrapment. Entrapped peripheral nerves 

typically have an increase in cross-sectional 

area. The purpose of this study was to measure 

the cross-sectional area and circumference of 

symptomatic and asymptomatic greater occipital 

nerves in patients with unilateral occipital 

neuralgia and to correlate the greater occipital 

nerve cross-sectional area with headache 

severity, sex and body mass index. 

 
Methods:  Both symptomatic and contralateral 

asymptomatic greater occipital nerve cross-

sectional areas and circumferences were 

measured by a single examiner using 

sonography in 17 patients. The Wilcoxon signed 

rank test and Spearman rank order correlation 

coefficient were used to analyze the data. 

 
Results:  Significant differences between the 

cross-sectional areas and circumferences of the 

symptomatic and asymptomatic greater occipital 

nerves were noted (P < .001).  No difference 

existed in cross-sectional area (P = .40) or 

circumference (P = .10) measurements of the 

nerves between male and female patients. A 

significant correlation existed between the body 

mass index and symptomatic (r = 0.424; P = 

.045) and asymptomatic (r = 0.443; P = .037) 

cross-sectional areas. There was no correlation 

shown between the cross-sectional area of the 

symptomatic nerve and the severity of Headache 

Impact Test 6 scores (r = –0.342; P = .179). 

 

Conclusions:  We report sonographic 

evidence showing an increased cross-sectional 

area and circumference of the symptomatic 

greater occipital nerve in patients with unilateral 

occipital neuralgia. 

 

Key Words:  greater occipital nerve; headache; 

occipital neuralgia; sonography. 

 
Background 
 

The authors note that occipital neuralgia is a 

condition defined as paroxysmal stabbing pain, with 

or without persistent aching between episodes, in 

the distributions of the greater, lesser and third 

occipital nerves.  The diagnosis of occipital 

neuralgia is achieved primarily through history and 

physical examination, as no imaging studies to date 

have been shown to be of significant value in the 

diagnosis of this condition.  The authors evaluated a 

cohort of patients suffering from symptoms 

consistent with unilateral occipital neuralgia for 

various data points, including cross-sectional area 

and circumference of the greater occipital nerve, as 

well as possible correlation with headache severity, 

http://www.dcorthoacademy.com/


Journal of the Academy of Chiropractic Orthopedists 

    Volume 9, Issue 2 
 

13 

 

sex and body mass index (BMI).  They 

acknowledge that one of the proposed etiologies of 

occipital neuralgia is entrapment with subsequent 

irritation of the greater occipital nerve, and 

delineate possible anatomical zones where such 

entrapment may be more likely to occur.  

 

Methods 
 

The study includes a cohort of 53 patients between 

the ages of 21-44 years old with unilateral 

suboccipital headache of at least 12 months 

duration, frequency of at least once per week for the 

previous four weeks before enrollment, no 

head/neck surgery or trauma during the previous six 

months, no history of collagen vascular disease, and 

actively seeking treatment for suboccipital 

headache.  Further, patients must have met two of 

the three criteria delineated by the International 

Headache Society of the diagnosis of occipital 

neuralgia.  Patients were examined utilizing a 

published sonography protocol and bilateral 

measurements were made. 

 

Results 
 
Significant differences were noted between the 

symptomatic and asymptomatic cross-sectional 

areas and circumferences of the greater occipital 

nerve.  No difference was noted between male and 

female patients for cross-sectional area or 

circumference.  Spearman rank order correlation 

showed significant correlations of the symptomatic 

and asymptomatic greater occipital nerve cross-

sectional areas with the BMI.   

 

No correlation was shown between the cross-

sectional area of the symptomatic nerve and the 

severity of the Headache Impact Test 6 scores.  One 

statistical outlier was identified and omitted from 

the analysis and the values recalculated.  This 

resulted in Spearman rank order correlation which 

showed a small but significant correlation of the 

symptomatic and asymptomatic greater occipital 

nerve cross-sectional areas with the BMI.  No 

correlation was shown between the cross-sectional 

area of the symptomatic nerve and the severity of 

the of the Headache Impact Test 6 scores. 

 

Conclusions 

 

Occipital neuralgia is a condition that can lead to 

intractable headaches occurring in the distribution 

of the greater occipital nerve, usually unilateral in 

location and more frequently noted in women than 

men.  There are areas proposed where entrapment 

of the greater occipital nerve may occur.  The 

authors chose to evaluate the specific zone in the 

fascial plane between the obliquus capitis inferior 

and semispinalis capitis muscles due to the ability to 

assess the greater occipital nerve sonographically at 

that site.  Significant differences were noted 

between the cross-sectional areas and 

circumferences of the greater occipital nerves 

between symptomatic and asymptomatic sides.   

 

Significant correlations between the BMI and the 

cross-sectional area as well as the circumference of 

the greater occipital nerve were found.  The authors 

acknowledge that the small sample size presents a 

limitation of this study, as well as the mean age of 

the cohort which was not felt to be representative of 

the typical age of the population in which occipital 

neuralgia occurs.  Further, the diagnosis of occipital 

neuralgia was not confirmed by diagnostic blockade 

in most cases, which may have led to inclusion of 

some patients with false-positive findings.  Further 

studies were recommended to help clarify the role 

of sonography in the diagnosis of occipital 

neuralgia. 

 

Clinical Relevance 
 

This study may serve as a valuable resource for 

those with clinical interest in sonographic 

evaluations as part of the diagnostic evaluation of 

patients with occipital neuralgia, in that it provides 

a data set for future comparison of greater occipital 

nerve measurements in this subset of affected 

patients. 

 

JACO Editorial Summary: 
 

 Patients with unilateral occipital neuralgia that 

met study selection criteria were evaluated 

sonographically for cross-sectional area and 

circumference of the greater occipital nerve 

bilaterally, and the resulting data were 

analyzed. 
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 Significant differences were noted between 

the symptomatic and asymptomatic cross-

sectional areas and circumferences of the 

greater occipital nerve. 

 No significant difference was noted between 

males and females for cross-sectional area or 

circumference. 

 Significant correlation was noted between 

BMI and greater occipital nerve cross-

sectional area and circumference. 

 Future studies with a larger patient cohort 

may allow for an expanded data set which 

will no doubt be a valuable resource for those 

investigators seeking to develop normative 

values for sonographic evaluation of the 

greater occipital nerve. 

 

Summary 
 

The results of this study suggest that sonographic 

evaluation of selected patients with unilateral 

occipital headaches may be beneficial in confirming 

the clinical diagnosis of occipital neuralgia.  
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Announcements 
 

 
 
The Academy of Chiropractic Orthopedics is pleased to announce the following information on post-

graduate education: 

 

 Northwestern Health Sciences announces spaces available for its Master of Science: Clinical 
Chiropractic Orthopedics program. Class begins January 2013. You can go to their website for 
further information at: http://www.nwhealth.edu/ 
 

 National University of Health Sciences announces two diplomate classes beginning fall 2012. 
Classes are at the Lombard, Illinois campus and the Tampa/St. Petersburg, Florida campus.  
Contact Nation University of Health Sciences at:  http://www.nuhs.edu/ 

 

 University of Bridgeport College of Chiropractic announce a Fall 2012 class beginning in 
Orlando, FL. Contact the university at: http://www.bridgeport.edu/academics/graduate/chiro 

 
 
The deadline for the September 29, 2012, diplomate examination is August 15, 2012. Please send 
inquires to the Academy at the following address: 

 
 
Jerrold R Wildenauer DC, FACO 
1859 Warrior Drive 
Mendota Heights, MN   
55118 
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