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Dear Colleagues,

It is our pleasure to present the first Research Update for the Seattle Science Foundation. As one 
of our pillars, we are dedicated to advancing the quality of patient care through research. Herein, 
an overview of the Foundation’s recent research endeavors is offered. The Update begins with a 
glimpse of the translational research in anatomy being performed at the Seattle Science Founda-
tion and our ability to disseminate our findings worldwide for more prompt application to patient 
care. On the second page, the reader will see that cutting-edge technical advances are also used 
in our facility to make and present these research findings and not only influence patient care but 
also assist in educating the physicians who care for these patients. 

Our vision is to bring together the world’s greatest physicians and collectively, better understand 
the intricacies of the human body so that morbidity and mortality are both decreased in the clinical 
realm. As many in the lay and medical world might believe that we know all there is to know about 
the human body, we hope that some of the research findings, many of them being novel discover-
ies, will illustrate to the reader that this is not the case and that clinical anatomical research is still 
needed. Please enjoy perusing an enclosed small sample of various abstracts from recent publica-
tions from the Foundation as well as titles to additional papers of interest. If you have questions or 
are interested in donating to our anatomical patient care research, please contact Alexis Takasumi 
at alexist@seattlesciencefoundation.org or call (206) 732-6500.

Sincerely, 

Rod J. Oskouian, Jr., M.D., President and CEO
R. Shane Tubbs, Ph.D., PA-C, Vice President and Chief Scientific Officer
Alexis Takasumi, Executive Director

President’s Message
T r a n s l a t i o n a l  r e s e a r c h

A t  a  g l a n c e

R e s e a r c h  U p d a t e

1



R e s e a r c h  U p d a t e

2

Get the 360-Degree Experience
w w w . s s f y o u t u b e . o r g



Sciatic Nerve 
Intercommunications: 

New Finding
a b s t r a c t
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World Neurosurg. 2016 Oct 31. pii: S1878-8750(16)31107-X. doi: 10.1016/j.wneu.2016.10.118.

OBJECTIVE: Communicating branches between the tibial 
and common fibular divisions of the sciatic nerve have not 
been previously described. The aim of our study was to 
examine such neural connections.

MATERIALS AND METHODS: Twenty unembalmed adult 
cadavers underwent dissection of the sciatic nerve. 
Observations were made for interneural communications 
between the tibial and common fibular divisions of this 
nerve. When present, these were measured and classified.

RESULTS: The majority of sides (75%) had neural commu-
nications between the parts of the sciatic nerve in the glu-
teal/posterior thigh regions before the normal bifurcation 
of the nerve just above the knee. These connections were 
always within 20 cm of the greater sciatic notch. Most 
connections were represented by Testut intercommunicat-
ing branches types A (14 sides), F (8 sides), and
D (2 sides). Most sides were found to have 1 location 
for sciatic nerve intercommunications. However, 4 sides 
(13%) had multiple locations (up to 3) for these intercom-
munications. The mean length of the communications 
was 4.1 cm, and the mean diameter was 2.4 mm. No sta-
tistically significant difference was found between sides 
or sexes.

CONCLUSIONS: To our knowledge, neural interconnec-
tions between the divisions of the sciatic nerve in the 
posterior thigh have not been described in the extant lit-
erature. Such data might help explain unusual neurologic 
examinations and alert the surgeon as to the potential for 
encountering such connections at operation.

Corresponding Author:
Peter G. Collin, pcollin00@citymail.cuny.edu

Right posterior view of the sciatic nerve in the thigh illustrating 2 branch-
es from the medial tibial nerve fusing to a single branch attaching to the 
common fibular nerve. This represents a Testut type F interconnection.
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Cureus. 2016 Jun 4;8(6):e630. doi: 10.7759/cureus.630.

The C2 pedicle screw is more biomechanically stable and 
provides patients with increased postoperative range of 
motion in comparison to other methods of C2 fixation. 
However, as a result of the proximity of the C2 pedicle 
to the transverse foramen, there is a considerable risk 
of intraoperative morbidity due to vertebral artery injury 
laterally or vertebral canal breach medially. Other than the 
use of cadavers for the demonstration and practice of C2
pedicle screw placement, there are currently few other

C2 pedicle Screw Placement:  
A novel teaching aid

readily available teaching aids for the training of resi-
dents and fellows. Herein, we describe a simple and cost 
effective modality for the demonstration, evaluation, and 
practice of C2 pedicle screw placement in a laboratory 
setting.

Corresponding Author: 
Olaide Ajayi, ooajayil@yahoo.com
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Chronic postoperative neuralgias and headache follow-
ing retrosigmoid craniotomy can be uncomfortable for 
the patient. We aimed to better elucidate the regional 
nerve anatomy in an effort to minimize this postoperative 
complication. Ten adult cadaveric heads (20 sides) were 
dissected to observe the relationship between the lesser 
occipital nerve and a traditional linear versus modified U 
incision during retrosigmoid craniotomy. Additionally, the 
relationship between these incisions and the occipital ar-
tery were observed. The lesser occipital nerve was found 
to have two types of course. Type I nerves (60%) remained 
close to the posterior border of the sternocleidomastoid 
muscle and some crossed anteriorly over the sternocleido-
mastoid muscle near the mastoid process. Type II nerves 
(40%) left the posterior border of the sternocleidomastoid 
muscle and swung medially (up to 4.5cm posterior to 
the posterior border of the sternocleidomastoid muscle) 
as they ascended over the occiput. The lesser occipital 
nerve was near a midpoint of a line between the external 
occipital protuberance and mastoid process in all spec-
imens with the type II nerve configuration. Based on our 
findings, the inverted U incision would be less likely to 
injure the type II nerves but would necessarily cross over 
type I nerves, especially more cranially on the nerve at the 
apex of the incision. As the more traditional linear incision 
would most likely transect the type I nerves and more so 
near their trunk, the U incision may be the overall better 
choice in avoiding neural and occipital artery injury during 
retrosigmoid approaches.

Modified skin incision for avoiding the  
lesser occipital nerve and occipital artery 

during retrosigmoid craniotomy

R. SHANE TUBBSA,B,C, FABIAN N. FRIESD, CHARLES KULWINE, MARTIN M. MORTAZAVIF,  
MARIOS LOUKASB, AARON A. COHEN-GADOLE,*
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J Clin Neurosci. 2016 Oct;32:83-7. doi: 10.1016/j.jocn.2016.03.015. Epub 2016 Jul 7.
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Figure 1. Schematic drawing of the positioning of a craniotomy for 
left-sided retrosigmoid approaches. The dotted white line connects the 
root of the zygoma and the inion and marks the level of the transverse 
sinus. The vertical blue line is the mastoid groove. The junction of 
these two lines is the summit of the incision and approximates the 
junction of the transverse and sigmoid sinuses. [With permission from 
The Neurosurgical Atlas by Aaron Cohen-Gadol, MD] [30].  Figure 2. 
Left-side cadaveric dissection of the lesser occipital nerve. Note that 
this represents a type I nerve that hugs the posterior border of the 
sternocleidomastoid muscle along most of its course and in this case 
courses laterally and crosses the muscle. The locations of the linear 
and curvilinear incisions are marked. Note that the linear incision 
transects the nerve while the curvilinear incision cross over the nerve, 
especially more cranially on the nerve at the apex of the incision.

Corresponding Author: 
A.A. Cohen-Gadol, acohenmd@gmail.com

  Figure 1                                                                     Figure 2



Upcoming Courses

February 10
Innovative Approaches to Brain Tumor  
Management

February 25
3rd Annual Advanced Lateral Approaches  
to the Spine

March 9 - 11
7th Annual Seattle Otology & Rhinology Course

March 24 - 25
8th Annual Brain Anatomy Fellows Course

April 8
Update in Endoscopic & Minimally Invasive  
Cranial Surgery

April 15
7th Annual Multimodal Treatment of Spinal  
Tumors Course

June 24
5th Annual ONE Spine Masters Course

July 22
Current Trends in Minimally Invasive Spine  
Surgery

July 29
2nd Annual Spinal Deformity Symposium

August 11-13
8th Annual ONE Spine Residents & Fellows 
Course

Below is a list of upcoming courses offered at the Seattle Science Foundation.  For a complete list, visit us online at 
www.seattlesciencefoundation.org/featured-courses. 
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Relatively few studies have been performed that analyze 
the morphology of the choroid plexus of the fourth ven-
tricle. Due to the importance of this tissue as a landmark 
on imaging and during surgical intervention of the fourth 
ventricle, the authors performed a cadaveric study to 
better characterize this important structure. The choroid 
plexus of the fourth ventricle of 60 formalin fixed adult hu-
man brains was examined and measured. The horizontal 
distance from the midline to the lateral most point of the 
protruding tip of the horizontal limbs was measured. In the 
majority of the 60 brain specimens, right and left horizon-
tal limbs of the choroid plexus were seen extending from 
the midline and protruding out of their respective lateral 
apertures of the fourth ventricle and into the subarachnoid 
space. However, on 3.3% of sides, there was absence of an 
extension into the foramen of Luschka and in one 

Choroid plexus of the fourth ventricle:  
Review and anatomic study highlighting  

anatomical variations

R. SHANE TUBBSA, MOHAMMADALI M. SHOJAB, ANJALI AGGARWALC, TULIKA GUPTAC, MARIOS 
LOUKASD, DAISY SAHNIC, SHAHERYAR F. ANSARIE, AARON A. COHEN-GADOLE,*
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J Clin Neurosci. 2016 Apr;26:79-83. doi: 10.1016/j.jocn.2015.10.006. Epub 2015 Dec 7.
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specimen, this lack of extension into the foramen of 
Luschka was bilateral. On two sides, there was disconti-
nuity between the midline choroid plexus and the tuft of 
choroid just outside the foramen of Luschka. For spec-
imens in which the choroid plexus did protrude through 
the foramen of Luschka (96.7%), these tufts were located 
anterior to the flocculus and inferolateral to the facial/ves-
tibulocochlear nerve complex and posterosuperior to the 
glossopharyngeal/vagal/accessory complex. A thorough 
understanding of the normal and variant anatomy of the 
fourth ventricular choroid plexus is necessary for those 
who operate in, or interpret imaging of, this region.

Corresponding Author: 
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OBJECTIVE: Knowledge of the course of the vertebral 
artery during instrumentation is of paramount importance. 
It has been shown that erosion of the C2 pedicle and body 
can occur due to pulsations of the adjacent vertebral 
artery. This often results in a “cave” for this segment of 
the artery. The descriptions of this anatomy are limited. 
The current study was performed with the hope that these 
data will be of use to spine surgeons during C2 instrumen-
tation.

METHODS: In 40 human adult C2 bone specimens, the 
position of the vertebral artery in relation to the undersur-
face of the superior articular facet, pedicle, and C2 body 
was observed. A classification system was used to better 
describe these relationships. Pedicle screws were then 
placed into selected examples of each type.

RESULTS: We found type 0 specimens, with no cave, on 8
sides (10%). Types I, II, and III caves with minimal, mod-
erate, and significant encroachment of the pedicle were 
observed on 40%, 35%, and 27.5% sides, respectively. Type 
IV caves with erosion into the lateral C2 body and under-
surface of the superior articular facet were observed on 
12.5% of sides. Although larger caves were found on left 
sides, this did not reach statistical significance. Pedicle 
screw placement for types III and IV were most likely to 
enter the vertebral artery cave (P < 0.05).

The Vertebral Artery Cave at C2:  
Anatomic Study with Application to C2  

Pedicle Screw Placement

R. SHANE TUBBS1, ANDRE GRANGER1, CHRISTIAN FISAHN1,3, MARIOS LOUKAS2,  
MARC MOISI3, JOE IWANAGA3, DAVID PAULSON3, SHIVEINDRA JEYAMOHAN3, JENS R.  

CHAPMAN3, ROD J. OSKOUIAN3 
 

From the 1Seattle Science Foundation, Seattle, WA, USA; 3Swedish Neuroscience Institute, Swedish Medical Center, Seattle, WA, USA; 
and 2Department of Anatomical Sciences, St. George’s University, Grenada

 

World Neurosurg. 2016 Oct;94:368-374. doi: 10.1016/j.wneu.2016.07.037. Epub 2016 Jul 19.
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CONCLUSIONS: Additional osteologic data regarding the 
course of the vertebral artery while within C2 may de-
crease morbidity during surgery in this region.

Corresponding Author:
Christian Fisahn, M.D., christian.fisahn@gmail.com
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Critical appraisal of anatomical studies is essential before 
the evidence from them undergoes meta-epidemiological 
synthesis. However, no instrument for appraising ana-
tomical studies with inherent applicability to different 
study designs is available. We aim to develop a generic 
yet comprehensive tool for assessing the quality of ana-
tomical studies using a formal consensus method. The 
study steering committee formulated an initial conceptual 
design and generated items for a preliminary tool on the 
basis of a literature review and expert opinion. A Delphi 
procedure was then adopted to assess the validity of 
the preliminary tool. Feedback from the Delphi panelists 
was used to improve it. The Delphi procedure involved 12 
experts in anatomical research. It comprised two rounds, 
after which unanimous consensus was reached about the 
after which unanimous consensus was reached about the

Development of the Anatomical Quality
Assessment (AQUA) Tool for the Quality

Assessment of Anatomical Studies Included 
in Meta-Analyses and Systematic Reviews

BRANDON MICHAEL HENRY1,2*, KRZYSZTOF A. TOMASZEWSKI1,2, PIRAVIN KUMAR RAMAKRISH-
NAN1,2, JOYEETA ROY1,2, JENS VIKSE1,2, MARIOS LOUKAS3, R. SHANE TUBBS4, AND JERZY A. 

WALOCHA1,2 

1International Evidence-Based Anatomy Working Group, Krakow, Poland; 2Department of Anatomy, Jagiellonian University Medical 
College, Krakow, Poland; 3Department of Anatomical Sciences, St. George’s University, Grenada; 4Seattle Science Foundation, Seattle, 
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Clin Anat. 2017 Jan;30(1):6-13. doi: 10.1002/ca.22799. Epub 2016 Nov 18.
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items to be included. The preliminary tool consisted of 
20 items, which were phrased as signaling questions and 
organized into five domains: 1. Aim and subject charac-
teristics, 2. Study design, 3. Characterization of methods, 
4. Descriptive anatomy, and 5. Results reporting. Each 
domain was set to end with a risk of bias question. Follow-
ing round 1, some of the items underwent major revision, 
although agreement was reached regarding inclusion of 
all the domains and signaling questions in the preliminary 
tool. The tool was revised only for minor language inac-
curacies after round 2. The AQUA Tool was designed to 
assess the quality and reliability of anatomical studies. It 
is currently undergoing a validation process. Clin. Anat. 
30:6-13, 2017. © 2016 Wiley Periodicals, Inc.

Corresponding Author:
Brandon Michael Henry, bmhenry55@gmail.com
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OBJECTIVE: We hypothesized that the entry site of the 
basivertebral vein into the basivertebral foramen of C2 
might localize the subdental synchondrosis between the 
odontoid process and body of C2, which may be helpful 
for odontoid fracture classification.

METHODS: Twenty-five dry adult C2 specimens underwent 
thin-cut computed tomography and were sectioned sag-
ittally. The basivertebral foramen was then correlated to 
internal bony anatomy. Fifty magnetic resonance images 
were reviewed, and the location of the subdental synchon-
drosis was determined.

RESULTS: A basivertebral foramen was identified on the 
posterior surface of all dry C2 specimens. The openings 
were found at a distance of 30% - 44% on an inferosuperior 
point along the vertical height of C2. For bony specimens 
with a subdental synchondrosis remnant (75%), entry of 
acupuncture needles into the basivertebral foramen was
always directly at the level of the synchondrosis remnant. 
For magnetic resonance imaging (MRI), a subdental syn-
chondrosis or its remnants were seen on all studies. The 
distance from the base of C2 to the subdental synchon-
drosis ranged from 9 - 13 mm. This equated to an infero-
superior point 32% - 43% along the vertical height of C2. 
A strong correlation existed when comparing the location 
of the basivertebral foramen of bony specimens and the 
subdental synchondrosis location on MRI.

New Landmark for Localizing the Site of  
the Subdental Synchondrosis Remnant:  

Application to Discerning Pathology from 
Normal on Imaging

R. Shane Tubbs1, Christina M. Kirkpatrick1, Christian Fisahn1,2, Joe Iwanaga1, Marc D. Moisi2, David 
R. Hanscom2, Jens R. Chapman2, Rod J. Oskouian2

 

From the 1Seattle Science Foundation, Seattle, WA, USA and 2Swedish Neuroscience Institute, Swedish Medical Center, Seattle, WA, USA
 

World Neurosurg. 2016 Dec;96:80-84. doi: 10.1016/j.wneu.2016.08.096. Epub 2016 Aug 31.
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CONCLUSIONS: The basivertebral foramen is a consis-
tently present anatomic reference point for the subdental 
synchondrosis even if the latter cannot be seen on con-
ventional radiographic imaging. Our MRI data might also 
be useful in helping differentiate lesions affecting C2 from 
normal subdental cartilaginous remnants that can be 
encountered on imaging.

Corresponding Author:
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Depression is the most common psychiatric disorder, the 
number one cause of disability and affects up to 15% of 
the population. The aim of this review is to present a brief 
synopsis of the various biochemical imbalances thought 
to contribute to depression, aspects of anatomy possibly 
implicated in depression, and treatments related to target-
ing these specific locales. Multiple neurotransmitters and
parts of the brain are involved with the disorder of depres-
sion. Although an exact etiology for depression has not

The Neuroanatomy of Depression: A Review

PETER OAKES1, MARIOS LOUKAS2, ROD J. OSKOUIAN1,3, AND R. SHANE TUBBS1

 

From the 1Seattle Science Foundation, Seattle, WA, USA; and 2 Department of Anatomical Sciences, St. George’s University, True Blue, 
Grenada; 3Swedish Neuroscience Institute, Swedish Medical Center, Seattle, WA, USA

Clin Anat. 2017 Jan;30(1):44-49. doi: 10.1002/ca.22781. Epub 2016 Oct 28.
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been found in most cases, various treatments, medicinal, 
psychiatric and surgical, exist for this disabling disease. 
An improved knowledge of anatomical sites involved in 
patients with depression will help in future treatment 
modalities. 

Corresponding Author:
R. Shane Tubbs, info@seattlesciencefoundation.org
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Introduction: Our appreciation and understanding of what
is now known as the split cord malformation (SCM) have a
long history. The oldest known example of SCM is from
roughly AD 100. Other isolated examples can be found in 
the large body of work of the pathologists of the 1800s, 
where the SCMs were found incidentally during autopsies. 

Conclusions: SCM has a rich history and has intrigued 
physicians for over 200 years. Many well-known figures 
from the past such as Chiari and von Recklinghausen, 

Historical Perspective of Split Cord  
Malformations: A Tale of Two Cords

Erfanul Saker a, Marios Loukas a, Christian Fisahn b, Rod J. Oskouian b, 
R. Shane Tubbs c

a Department of Anatomical Sciences, St. George’s University, True Blue, Grenada; b Swedish Neuroscience Institute,

Swedish Medical Center, Seattle, Wash., USA and c Seattle Science Foundation, Seattle, Wash., USA

Pediatr Neurosurg. 2017;52(1):1-5. Epub 2016 Nov 3.
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both pathologists, made early postmortem descriptions of 
SCM. With the advent of MRI, these pathological embryo-
logical derailments can now often be detected and appre-
ciated early and during life. Our understanding and ability 
to treat these congenital malformations as well as the 
terminology used to describe them have changed over the 
last several decades.

Corresponding Author:
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Hip Fractures in the Elderly -  
A clinical Anatomy Review

a b s t r a c t
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Clin Anat. 2017 Jan;30(1):89-97. doi: 10.1002/ca.22779. Epub 2016 Sep 21.

As elderly populations rise worldwide, the amount of hip 
fractures have continued to increase and result in sub-
stantial medical burdens in many countries. This increase 
goes hand-in-hand with an increase in surgical procedures 
to correct hip fractures. The medical burden imparted by 
hip fractures and their corrective surgeries necessitate a 
clinically relevant understanding of the hip joint including 
the vascular, neural, and musculoskeletal structures di-
rectly associated with and neighboring the joint. It is criti-
cal to appreciate how the normal hip anatomy is disrupted
by a fracture and how this disruption is heavily influenced
by the fracture’s location. The effects of advancing age on

the integrity of the hip joint and the risk of hip fractures 
further complicate hip anatomy. Consequentially, normal 
hip anatomy, aging and the pathology introduced by frac-
tures play major roles in how hip fractures are approached 
surgically. This article aims to review the clinically relevant 
anatomy of the healthy hip joint, age-related changes that 
influence the joint, hip fractures, and corrective surgeries 
for hip fractures.

Corresponding Author:
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The Seattle Science Foundation is advancing the quality of patient care through education, re-
search, innovation and technology.  Through our international communication platform we bring 
together medical and scientific communities from around the world and provide all of the tools 
necessary for physicians and researchers to make groundbreaking advancements in the field of 
medicine.  

In our anatomical research facility, medical and surgical problems are examined and alternative an-
atomical solutions developed to solve various issues that face clinicians and surgeons alike.  The 
Seattle Science Foundation boasts a large group of anatomical and clinical fellows from partnering 
medical centers who together are helping change the way we move forward with our understand-
ing of human anatomy. This collaborative research and subsequent discoveries have resulted in 
over 100 peer-reviewed publications per year in major medical journals as well as the publication of 
many clinical/surgical textbooks. Additionally, the Seattle Science Foundation houses the editorial 
office of the journal Clinical Anatomy (the official journal of the American Association of Clinical 
Anatomists).  To learn more, visit www.seattlesciencefoundation.org.

Connect With Us
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1YouTube - View over 600 anatomy dissections, surgical demonstrations, live OR procedures and the latest research 
updates.  2Facebook Live - Join exclusive 1:1 interviews with leaders in the field, take part in heated medical and scientific 
debates and receive real-time feedback from your colleagues.  3Instagram - Get a behind the scenes look at surgical proce-
dures, anatomy review and informal discussions with our physician champions from around the world.
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