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PREFACE

Preface

The study of sectional anatomy of the human body
goes back to the earliest days of systematic
topographical anatomy. The beautiful drawings of the
sagittal sections of the male and female trunk and of
the pregnant uterus by Leonardo da Vinci (1452-
1519) are well known. Among his figures, which
were based on some 30 dissections, are a number of
transverse sections of the lower limb. These
constitute the first known examples of the use of
cross-sections for the study of gross anatomy and
anticipate modern technique by several hundred
years. In the absence of hardening reagents or
methods of freezing, sectional anatomy was used
seldom by Leonardo (O’Malley and Saunders, 1952).
Andreas Vesalius pictured transverse sections of the
brain in his Fabrica published in 1543 and in the
seventeenth century portrayals of sections of various
parts of the body, including the brain, eye and the
genitalia, were made by Vidius, Bartholin, de Graaf
and others. Drawings of sagittal section anatomy
were used to illustrate surgical works in the
eighteenth century, for example those of Antonio
Scarpa of Pavia and Peter Camper of Leyden. William
Smellie, one of the fathers of British midwifery,
published his magnificent Anatomical Tables in 1754,
mostly drawn by Riemsdyk, which comprised mainly
sagittal sections; William Hunter’s illustrations of the
human gravid uterus are also well known.

The obstacle to detailed sectional anatomical
studies was, of course, the problem of fixation of
tissues during the cutting process. De Riemer, a
Dutch anatomist, published an atlas of human
transverse sections in 1818, which were obtained by
freezing the cadaver. The other technique developed
during the early nineteenth century was the use of
gypsum to envelop the parts and to retain the organs
in their anatomical position — a method used by the
Weber brothers in 1836.

Pirogoff, a well-known Russian surgeon, produced
his massive five-volume cross-sectional anatomy
between 1852 and 1859, which was illustrated with
213 plates. He used the freezing technique, which he
claimed (falsely, as noted above) to have introduced
as a novel method of fixation.

The second half of the nineteenth century saw the
publication of a number of excellent sectional atlases,
and photographic reproductions were used by Braun
as early as 1875.

Perhaps the best known atlas of this era in the
United Kingdom was that of Sir William Macewen,
Professor of Surgery in Glasgow, published in 1893.
Entitled Atlas of Head Sections, this comprised a series
of coronal, sagittal and transverse sections of the
head in the adult and child. This was the first atlas to
show the skull and brain together in detail. Macewen
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intended his atlas to be of practical, clinical value and
wrote in his preface ‘the surgeon who is about to
perform an operation on the brain has in these
cephalic sections a means of refreshing his memory
regarding the position of the various structures he is
about to encounter’; this from the surgeon who first
proved in his treatment of cerebral abscess that
clinical neurological localization could be correlated
with accurate surgical exposure.

The use of formalin as a hardening and preserving
fluid was introduced by Gerota in 1895 and it was
soon found that thorough perfusion of the vascular
system of the cadaver enabled satisfactory sections to
be obtained of the formalin-hardened material. The
early years of the twentieth century saw the
publication of a number of atlases based on this
technique. Perhaps the most comprehensive and
beautifully executed of these was A Cross-Section
Anatomy produced by Eycleshymer and Schoemaker
of St Louis University, which was first published in
1911 and whose masterly historical introduction in
the 1930 edition provides an extensive bibliography
of sectional anatomy.

Leonardo da Vinci. The right leg of a man
measured, then cut into sections (Source: The
Royal Collection © 2007 Her Majesty Queen
Elizabeth II).
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Introduction

B The importance of cross-sectional anatomy

Successive authors of atlases on sectional anatomy
have emphasized the value to the anatomist and the
surgeon of being able to view the body in this
dimension. It is always difficult to consider three
dimensions in the mind’s eye; to be able to view the
relationships of the viscera and fascial planes in
transverse and vertical section helps to clarify the
conventional appearances of the body’s structure as
seen in the operating theatre, in the dissecting room
and in the textbook.

The introduction of modern imaging techniques,
especially ultrasound, computed tomography (CT)
and magnetic resonance imaging (MRI), has
enormously expanded the already considerable
importance of sectional anatomy. The radiologist,
neurologist, internist, chest physician and oncologist,
as well as specialists in the various fields of surgery,
have had to re-educate themselves in the
appearances and relationships of anatomical
structures in transverse and vertical section. Indeed,
precise diagnosis, as well as the detailed planning of
therapy (for example, the ablative surgery of
extensive cancer) and of interventional radiology,
often depends on the cross-sectional anatomical
approach.

This atlas combines three presentations of cross-
sectional anatomy - that of the dissecting room, CT
and MRI. The series are matched to each other as
closely as possible on opposite pages. Students of
anatomy, surgeons, clinicians and radiologists should
find the illustrations of anatomical cross-sections
(obtained by the most modern techniques of
preparation and photographic reproduction) and the
equivalent cuts on imaging (obtained on state-of-the-
art apparatus) both interesting and rewarding.

Preservation of cadavers

Preservation of the cadavers used for the sections in
this atlas was by standard embalming technique,
using two electric motor pumps set at a maximum
pressure rate of 15p.s.i. Preservative fluid was
circulated through the arterial system via two
cannulae inserted into the femoral artery of one leg.
A partial flushing of blood was effected from the
accompanying femoral vein by the insertion of a
large-bore drainage tube.

After the successful acceptance of 20L of
preservative fluid, local injection by automatic
syringe was carried out on those areas that remained
unaffected. On average, approximately 30L of
preservative fluid was used to preserve each cadaver.

Following preservation, the cadavers were stored
in thick-gauge polythene tubes and refrigerated to a
temperature of 10.6 °C at 40 per cent humidity for a
minimum of 16 weeks before sectioning. This period
allowed the preservative solution to saturate the
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body tissues thoroughly, resulting
satisfactory state of preservation.

The chemical formula for the preservative solution
(Logan et al., 1989) is:

in a highly

Methylated spirit 64 over proof 12.5L
Phenol liquefied 80% 2.5L
Formaldehyde solution 38% 1.5L
Glycerine BP 3.5L
Total = 20L

The resultant working strengths of each constituent
is:

Methylated spirit 55%
Glycerine 12%
Phenol 10%
Formaldehyde solution 3%
The advantages of this particular preservative

solution are that (i) a state of soft preservation is
achieved; (ii) the low formaldehyde solution content
obviates excessive noxious fumes during dissection;
(iii) a degree of natural tissue colour is maintained,
which benefits photography; and (iv) mould growth
does not occur on either whole cadavers thus
preserved or their subsequent prosected and stored
parts.

Safety footnote

Since the preparation of the anatomical material for
this book, in 1988, there have been several major
changes to health and safety regulations concerning
the wuse of certain chemical constituents in
preservative (embalming) fluids. It is important,
therefore, to seek local health and safety guidance if
intending to adopt the above preservative solution.

Sectioning

In order to produce the 119 cross-sections illustrated
in this atlas, five preserved cadavers, two male and
three female, were utilised in addition to five upper
and five lower separate limbs and two temporal bone
specimens.

The parts to be sectioned were deep-frozen to a
temperature of —40°C for a minimum of 3days
immediately before sectioning.

Sectioning was carried out on a purpose-built
AEW 600 stainless-steel bandsaw (AEW Delford
Systems, Gresham House, Pinetrees Business Park,
Salhouse Road, Norwich, Norfolk, NR7 9BB,
England). The machine is equipped with a 10 horse
power, three-phase electric motor capable of pro-
ducing a constant blade speed of 6000 feet/minute.

A fine-toothed (four skip) stainless-steel blade was
used, 19mm in depth and precisely 1mm in
thickness (including tooth set).
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The design and precision manufacture of the
machine results, during operation, in the loss of only
1 mm of material between each section.

Sections were taken from the cadavers to the
following thickness of cut:

Head 1 cm serial
Temporal bones at selected levels
Neck 1.5 cm serial
Thorax 2 cm serial
Abdomen 2 cm serial
Pelvis male 2 cm serial
Pelvis female 2 cm serial
Lower limb at selected levels
Upper limb at selected levels

Computed tomography

Since the invention of CT by Hounsfield (1973),
there has been renewed interest in sectional
anatomy. Despite the high cost, CT systems are now
used widely throughout more affluent countries.
Radiologists in particular have had to go through a
rapid learning process. Several excellent sectional CT
anatomy books have been written. More modern CT
technology allows a wider range of structures to be
demonstrated with better image quality, due mainly
to improved spatial resolution and shorter data-
acquisition times. Spiral CT techniques have lowered
data acquisition time further still, allowing a volume
acquisition during a single breath-hold — hence, the
justification for yet another atlas that correlates
anatomical and CT images. The development of
multidetector CT allows multiple thin sections to be
acquired during a single breath-hold. The computer
can then assimilate this volume of data, from which
coronal, sagittal and 3D images can be extracted.

Most of the images in this volume have been
obtained on Siemens (Forchheim, Germany) CT
systems in Addenbrooke’s Hospital, Cambridge.
Imaging protocols have continued to evolve from the
original descriptions (e.g. Dixon, 1983a), particularly
with the advent of spiral data acquisition. Oral
contrast medium is often given for abdominopelvic
studies; thus, the stomach and small bowel
sometimes appear opaque. Intravenous contrast
medium provides additional information and thus, in
some sections, vessels appear opaque.

Precise correlation between the cadaveric sections
and the clinical images is very difficult to obtain in
practice. No two patients are quite the same shape.
The distribution of fat, particularly in the abdomen,
varies from patient to patient and between the sexes
(Dixon, 1983b). Furthermore, there are the inevitable
physiological discrepancies between cadaveric slices
and images obtained in vivo. These are especially
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noticeable in the juxta-diaphragmatic region. In
particular, the vertebral levels do not quite correlate
because of the effect of inspiration; all intrathoracic
structures are better displayed on images obtained at
suspended inspiration. Furthermore, in order to
obtain as precise a correlation as possible, some CT
images may not be quite of optimal quality. A further
difficulty encountered when attempting to correlate
the two sets of images is caused by the fact that CT
involves ionizing radiation. The radiation dose has to
be kept to the minimum that answers the clinical
problem; thus, it is not always possible to find
photogenic examples of the anatomy shown in the
cadavers for all parts of the body.

Some knowledge of the X-ray attenuation of normal
structures is useful to assist interpretation of the
images. The Hounsfield scale extends from air, which
measures —1000 HU (Hounsfield units), through pure
water at 0 HU, to beyond +1000 HU for dense cortical
bone. Most soft tissues are in the range +35 to +70 HU
(kidney, muscle, liver, etc.). Fat provides useful
negative contrast at around —100 HU. The displayed
image can appear very different depending on the
chosen window width (the spread of the grey scale)
and the window level (the centre of the grey scale).
These differences are especially apparent in Axial
section 8 of the thorax, where the images are displayed
both at soft-tissue settings (window 400, level +20 HU)
and at lung settings (window ¢.1250, level —850 HU).
Such image manipulation merely requires alteration of
the stored electronic data at the viewing console,
where any parameters can be chosen. The hard-copy
photographic record of the electronic data is always a
rather poor representation. Indeed, in clinical practice,
it may be difficult to display all structures and some
lesions on hard-copy film.

Magnetic resonance imaging

The evolution of MRI to its present status from long-
established chemical magnetic resonance techniques
has been gradual. A key milestone occurred when
Lauterbur (1973) first revealed the imaging potential
of MRI. Clinical images followed quickly, initially
from Aberdeen and Nottingham (e.g. Hawkes ef al.,
1980). Research by various manufacturers led to a
plethora of techniques, moving towards shorter and
shorter acquisition times, which are now
approaching those of CT. Most of the MR images in
this volume were obtained on GE (Milwaukee, USA)
MR systems in Addenbrooke’s Hospital, Cambridge.

The physics of MRI are substantially more complex
than CT, even though the principles of picture
elements (pixels) derived from volume elements
(voxels) within the body are similar, along with the
partial volume artefacts that can occur. Much of the
computing and viewing software is similar; indeed,
many manufacturers allow viewing of CT and MR
images on the same viewing console.

Central to an MRI system is a very strong magnet,
usually between 0.2 and 3.0 Tesla (T). 1 T=10000
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Gauss; the earth’s magnetic field strength is approxi-
mately 0.5 Gauss.

When the patient is in the magnet, the hydrogen
protons within the body align their spins according
to the strength and direction of the magnetic field.
The hydrogen protons within the water of the body
are particularly suitable for magnetic resonance
techniques. At 1.0 T, protons within hydrogen nuclei
resonate at approximately 42.6 MHz. The protons can
be excited so that the net magnetism of the spins is
flipped by the application of a radiofrequency signal.
Gradient magnetic fields are applied to vary the
precessional frequency. The emitted signal is detected
as an echo to provide spatial information and data
about the chemical environment of the protons
within the voxel, etc.

Some common imaging sequences are:

® Proton density images: conventionally acquired
using a long repetition time (TR; ¢.2000ms
between signals) and a short echo time (TE;
c.20ms) before readout. These provide a map of
the distribution of hydrogen protons (mainly
within water).

® Tl-weighted images: conventionally acquired with
short TR (¢.700 ms) and short TE (c.20 ms). They
are useful for demonstrating the anatomy. The T1
time of the tissue refers to the time taken for the
longitudinal magnetism to decay following the
radiofrequency (RF) pulse and involves energy
loss to the lattice in the chemical environment.

® T2-weighted images: conventionally acquired using
long TR (e.g. 2000ms) and long TE (80+ms).
These images often show oedema and fluid most
clearly and are good for demonstrating lesions.
The T2 time of the tissue refers to the time taken
for the transverse magnetism to decay following
the RF pulse. It involves the way in which the
spin of one proton interacts with the spins of
neighbouring protons.

® Fast imaging sequences: in order to complete
acquisitions quickly (e.g. within a breath-hold),
numerous techniques have been devised. These
include gradient echo sequences, whereby the
magnetization is never allowed to recover fully.
Other techniques involve a rapid succession
(train) of RF pulses and echoes, requiring
advanced computer processing.

®  Tissue-specific techniques: the different environments
of protons (fat, water, flowing blood, etc.) mean
that protocols can be adapted to accentuate certain
features. Fat can be suppressed by the application
of a RF pulse at the resonant frequency of fat
followed by a gradient pulse to null the signal from
fat. Images can also be generated to show either
static fluid or flowing blood.

Because of the range of possible sequences, the
appearances of the resulting images vary
considerably. It is important to realize that the grey
scale of the image reflects the intensity of the
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returning signal. There are no absolute values, such
as in CT.

In general, fat returns high signal and appears bright
(white), unless fat suppression is used (see above).

There is not sufficient water vapour in air to
produce a signal. Therefore, air always returns very
little signal and appears dark (black). Dense cortical
bone also appears black; cortical bone has very
tightly bound protons within its structure, and the
lack of mobility results in reduced signal. Medullary
bone contains a lot of fatty marrow and thus usually
appears bright. Sequences can be performed so that
blood within the vessels will return high signal; this
is the basis of magnetic resonance angiography.

In the magnetic resonance images presented here,
the sequence(s) have been chosen to demonstrate
certain anatomical features to best effect. Thus, the
precise parameters and the appearance vary
extensively. On occasions, a proton density image
and corresponding T2-weighted image are displayed
side by side for optimal demonstration of anatomical
features.

M Orientation of sections and images

A concerted effort over recent years has meant that
axial cross-sectional and coronal images are now
viewed in a standard conventional manner. Hitherto,
there was wide variation, which led to considerable
confusion and even medicolegal complications.

All axial cross-sectional images in clinical practice
are now viewed as shown in Figure A; that is, from
‘below’ and ‘looking up’. This is the logical method,
in so far that the standard way in which a doctor
approaches the examination of the supine patient is
from the right-hand foot end of a couch. The image
is thus in the correct orientation for the doctor’s
palpating right hand. For example, the doctor has to
‘reach across’ the image in order to find the spleen,
exactly as he or she would during the clinical
examination of the abdomen. Similarly, for the head,
the right eye is the one more accessible for right-
handed ophthalmoscopy. Thus, all axial sections
should be considered, learned and even displayed
with an orientation logo shown in Figure B. This is
the same orientation as that used for other images
(e.g. chest X-ray). Here, again, the right of the
patient is on the viewer’s left, just as if the clinician
was about to shake hands with the patient.

There is now worldwide agreement over this
matter with regard to axial imaging. Furthermore,
many anatomy books have adopted this approach so
that students learn this method from the outset.
Ideally, embryologists and members of all other
disciplines concerned with anatomical orientation
should, ultimately, conform to this method.

The orientation logo in Figure B is suitable for the
head, neck, thorax, abdomen and pelvis. In the
limbs, however, when only one limb is displayed,
further clarification is required. All depends on
whether a right or left limb is being examined. To
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Figure A. View from below looking up
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assist this quandary, a medial and a lateral marker is
provided in Figure C. In this book, a left limb has
been used throughout. Again, viewing is as from
‘below’.

The orientation of coronal images has also been
standardized so that they are viewed with the
patient’s right on the left, exactly as for a chest X-ray
or when talking to the patient face to face.

There is no firm standardization of sagittal images.
Various manufacturers display their images in
different ways. Although there is a certain logic in
viewing from the patient’s right side, the visual
approach for a clinician examining a patient on a
couch, the majority of manufacturers display sagittal
images viewed from the left. Thus, in this book most
sagittal images are viewed from the left side of the
patient.

Figure D, line A: the radiographic baseline used for
axial head sections and images in this atlas has been
selected as that running from the inferior orbital
margin to the external auditory meatus. This allows
most of the brain to be demonstrated without
excessive bony artefact.

Figure D, line B: for sections and images of the
neck and the rest of the body, a true axial plane has
been used.

B Notes on the atlas

This atlas presents various sections of the cadaver
with corresponding radiological images. The logical
sequence should enable the student to find the
desired anatomical level with ease.

The numbers placed on the colour photographs
and on the line drawings that accompany each

radiological image match, and the key to these
numbers is given on the accompanying list on each
page spread. Where numbers are in coloured boxes
on the key, these refer to features that are apparent
only on the radiological image.

Brief notes accompany each section and refer to
important anatomical and radiological features.

In the majority of sections, bilateral structures have
been labelled only on one side. This has been done in
order to allow readers to have an unobscured view of

Figure D. Axial head sections
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structures and to put their own anatomical knowledge
to the test.

A series of views of a minimally dissected brain is
provided in order to clarify the orientation of
cerebral topography in the series of head sections.

The colour photographs of the brain dissections
and of the sections of the upper and lower limb are
of natural size. Those of the head and neck sections
have been reduced slightly, and still greater reduction
has been used in the thorax, abdomen and pelvis
series in order to fit the page format.

Several spreads of selected images (e.g.
mediastinum) have been included in order to show
the features of important anatomical areas in more
detail than can be demonstrated easily in cadavers
and standard imaging.

Terminology

Terminology  conforms to the International
Anatomical Terminology — Terminologia Anatomica —
created in 1988 by the Federative Committee on
Anatomical Terminology (FCAT) and approved by
the 56 member associations of the International
Federation of Associations of Anatomists (IFAA).

Important changes to note are:

The Greek adjective ‘peroneal” is now replaced by
the Latin ‘fibular” for various muscles, vessels, nerves
and structures of the lower limb, e.g. Fibularis tertius
instead of Peroneus tertius; Fibular artery instead of
Peroneal artery; Common fibular nerve instead of
Common peroneal nerve.

For this new edition, the term ‘peroneal’ is
included italicized in brackets in order to help identify
change, e.g. Common fibular (peroneal) nerve.

Note also that flexor accessories is now known as
‘quadratus plantae’.

REFERENCES

References

Dixon, A.K. (1983a) Body CT: A Handbook. Churchill
Livingstone, Edinburgh.

Dixon, A.K. (1983b) Abdominal fat assessed by
computed tomography: sex difference in
distribution. Clinical Radiology 34, 189-91.

Eycleshymer, A.C. and Schoemaker, D.M. (1930) A
Cross-Section Anatomy. Appleton, New York.

Federative Committee on Anatomical Terminology
(1988) Terminologia  Anatomica:  International
Anatomical Terminology. Thieme, New York.

Hawkes, R.C., Holland, G.N., Moore, W.S and
Worthington, B.S. (1980) Nuclear magnetic
resonance tomography of the brain. Journal of
Computer Assisted Tomography 4, 577-80.

Hounsfield, G.N. (1973) Computerized transverse
axial scanning (tomography). British Journal of
Radiology 46, 1016-102.

Lauterbur, P.C. (1973) Image formation by induced
local interaction: examples employing nuclear
magnetic resonance. Nature 242, 190-91.

Logan, B.M., Watson, M. and Tattersall, R. (1989) A
basic synopsis of the ‘Cambridge” procedure for the
preservation of whole human cadavers. Institute of
Anatomical Sciences Journal 3, 25.

Logan, B.M., Liles, R.P. and Bolton, I. (1990) A
photographic technique for teaching topographical
anatomy from whole body transverse sections.
Journal of Audio Visual Media in Medicine 13, 45-8.

O’Malley, C.D. and Saunders, J.B. (1952) Leonardo da
Vinci on the Human Body. Schuman, New York.




ACKNOWLEDGEMENTS

Acknowledgements

M Dissecting room staff
For skilled technical assistance in the preservation and
sectioning of the cadavers

Mr M Watson, Senior Technician
Mr R Tattersall, Technician

Ms L Nearn, Technician

Mrs C Bester, Technician

Mr M O’Hannan, Porter

Department of Anatomy, University of Cambridge

B Audiovisual unit
For photographic expertise

Mr J Bashford
Mr R Liles LMPA
Mr I Bolton

Mr A Newman

Department of Anatomy, University of Cambridge
For the excellent artwork and graphics
Mrs Rachel Chesterton and Ms Emily Evans

M Printing of colour photographs
Streamline Colour Labs, Cambridge

M Secretarial
For typing of manuscript

Miss J McLachlan
Miss AJJ Burton
Miss S Clark

Mrs K Frans

Departments of Anatomy and Radiology, University
of Cambridge

Human Sectional Anatomy

B Annotation of central nervous system (brain
and head sections)

Professor Roger Lemon

The Sobell Department of Neurophysiology, Institute
of Neurology, London

Dr Catherine Horner

Lecturer in Neurobiology, Department of Anatomy,
University of Cambridge

B Annotation of head and limb sections
Dr Ian Parkin

Clinical ~Anatomist,
University of Cambridge

Department of Anatomy,

B Computed tomography and magnetic
resonance imaging

For performing many of the procedures

Mrs B Housden DCR
Mrs L Clements DCR
Mrs C Sims DCR

Mr D Gibbons DCR

and many other radiographers at Addenbrooke’s
Hospital, Cambridge.
Many radiological
advice.
Dan Gibbons also kindly constructed many of the
3D generated CT images.

colleagues provided useful

B Production of the atlas

The authors would also like to thank the staff at
Hodder Arnold Health Sciences for their help and
advice in the production of this atlas, in particular:

Sarah Burrows, Commissioning Editor
Naomi Wilkinson, Development Editor
Francesca Naish, Project Editor
Joanna Walker, Production Manager
Lindsay Smith, Production Controller.



INTERPRETING
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Interpreting cross-sections:
helpful hints for medical
students

Anterior

When first confronted with an anatomical cross-
section or a corresponding CT/MRI image, students

are often overwhelmed by the amount of structural Right < CD P Left

information on display to be identified. This
apprehension may be overcome by adopting a logical
approach to interpretation by appreciating the ‘tight-
packed” compartmental composition of a cross- v

. . . s , . Posterior
section. The following series of ‘build-up’ pictures
(A-L) of an anatomical axial cross-section have been
created in order to illustrate this strategy of thought.

Section level

The above is an axial cross-section through the
abdomen of an adult male subject.

Many important key structures are displayed, but
where to begin identifying them in a logical
sequence?

First establish:

1. View:

Is the view looking up or down?
The orientation guide will solve this.

2. Section level:

Where does the slice pass through the body of the subject?
The section level guide will solve this.

Now begin a logical tour of the section, beginning
over the page with picture A and build up your
knowledge through the sequence of pictures to L.




A Vertebral body of twelfth thoracic vertebra, spine, D Para and perirenal (perinephric) fat capsules
transverse process and laminae, spinal cord within surrounding the kidneys.
the meninges.

B Outer skin of abdominal wall and back, muscles of E Liver (green bile staining from the gall bladder),

the abdominal wall, ribs, intercostal muscles, gall bladder, common bile duct, hepatic artery and
erector spinae muscles of back, psoas muscles. portal vein (the largest of the three components of
Appreciate the size of the abdominal cavity. the portal triad).

C Left and right kidney; disparate in size because the F Aorta (misshapen in this subject due to
left is positioned higher than the right within the arteriosclerosis). At this level (T12), it is just
abdomen. emerging behind the median arcuate ligament into
the abdominal cavity.
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G Inferior vena cava separated from the portal triad J The pancreas (head, body and tail).
by the epiploic foramen (foramen of Winslow).

H Adipose tissue containing small blood vessels, K Stomach, part of pylorus with part of first part of
lymph nodes, lymphatics and the fine nerves of the duodenum, right gastro-epiploic blood vessels
the sympathetic trunk. within omentum.

I The spleen. L Large bowel (portion of transverse and descending
colon, the splenic flexure), surrounded by greater
omentum.

A detailed account of a similar section to this with an accompanying CT can be found on pages 136-139.
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Left cerebral hemisphere. From above, with the
arachnoid mater and blood vessels removed

Longitudinal cerebral fissure (arrowed)
Frontal pole

Middle frontal gyrus
Superior frontal sulcus
Precentral gyrus
Central sulcus
Postcentral gyrus
Postcentral sulcus
Inferior parietal lobe
Parieto-occipital fissure
Occipital gyri

B Right cerebral hemisphere. From above, with the
arachnoid mater and blood vessels intact

12 Arachnoid granulations
13 Superior cerebral veins
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Right cerebral hemisphere, cerebellum and brain
stem. From below, with the arachnoid mater and
blood vessels intact

Longitudinal cerebral fissure (arrowed)
Frontal pole

Inferior surface of frontal pole
Temporal pole

Inferior surface of temporal pole
Internal carotid artery

Optic chiasma

Infundibulum

Parahippocampal gyrus

Basilar artery

Labyrinthine artery

Right vertebral artery

Medulla oblongata

Tonsil of cerebellum

Cerebellar hemisphere

Occipital pole

D Left cerebral hemisphere, cerebellum and brain
stem. From below,with the arachnoid mater and

17
18
19
20
21
22

23
24
25
26
27
28

blood vessels removed

Orbital gyri
Olfactory bulb
Olfactory tract (1)
Medial olfactory stria
Lateral olfactory stria
Inferior temporal
sulcus

Optic nerve (lI)
Collateral sulcus
Optic tract
Oculomotor nerve (lll)
Mamillary body

Pons

29 Trochlear nerve (V)

30 Trigeminal nerve (V)

31 Abducent nerve (VI)

32 Facial nerve (VII)

33 Vestibulocochlear
nerve (VIII)

34 Flocculus

35 Glossopharyngeal
nerve (1X)

36 Vagus nerve (X)

37 Hypoglossal nerve
(X1

38 Accessory nerve (XI)
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From the left, with the arachnoid mater and blood
vessels intact

Rolandic artery (in central sulcus)
Superior anastomotic vein (Troland)
Superior cerebral veins

Lateral fissure

Inferior anastomotic vein (Labbé)
Superior cerebellar artery

Basilar artery

Vertebral artery
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From the left, with the arachnoid mater and blood vessels removed

Central sulcus
Precentral gyrus
Postcentral gyrus
Precentral sulcus
Inferior frontal sulcus
Superior frontal gyrus
Inferior frontal gyrus
Orbital gyri
Postcentral sulcus
Lateral fissure
Superior temporal gyrus

12
13
14
15
16
17
18
19
20
21
22

Superior temporal sulcus
Middle temporal gyrus
Inferior temporal sulcus
Inferior temporal gyrus
Parieto-occipital fissure (arrowed)
Lunate sulcus

Anterior occipital sulcus
Pons

Flocculus

Cerebellar hemisphere
Medulla oblongata
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Median sagittal section. The left half, from the
right, with the arachnoid mater and blood vessels
intact

Callosomarginal artery
Pericallosal artery

Calcarine artery

Posterior inferior

Anterior cerebellar artery

Orbital artery

Basilar artery

Anterior inferior cerebellar artery
Left vertebral artery
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10
11

12
13

Median sagittal section. The left half, from the right, with the arachnoid mater and blood vessels removed

Superior frontal gyrus
Cingulate sulcus

Cingulate gyrus

Callosal sulcus

Corpus callosum - body
Corpus callosum - genu
Corpus callosum — splenium
Fornix

Caudate nucleus (head) in wall
of lateral ventricle

Choroid plexus, third ventricle
Interventricular foramen
(Monro)

Thalamus

Massa intermedia

14
15
16
17
18
19
20
pA|
22
23
24
25
26
27
28

Anterior commissure
Pineal body

Posterior commissure
Superior colliculus
Aqueduct (of Sylvius)
Inferior colliculus
Mesencephalon
Hypothalamus
Mamillary body
Infundibulum

Uncus

Optic nerve (Il)
Oculomotor nerve (lll)
Trochlear nerve (V)
Parahippocampal gyrus

29
30
EX|
32
33
34
35
36
37
38
39
40
41

Rhinal sulcus

Pons

Pontine tegmentum

Fourth ventricle

Nodulus

Anterior lobe of cerebellum
Parieto-occipital fissure
Calcarine sulcus

Cerebellar hemisphere
Tonsil of cerebellum
Inferior cerebellar peduncle
Pyramid

Medulla oblongata




1 Skin and subcutaneous tissue 4 Superior sagittal sinus
2 Frontal bone 5 Frontal lobe
3 Pinna 6 Parietal lobe

These edited 3D CT images neatly show the relationship of the brain to the skull and facial bones. The skin,
subcutaneous tissues, scalp and meninges have been stripped away electronically in order to show the relations
to best effect. The frontal perspective is self explanatory. The ‘axial’ image is in effect viewed from ‘above’. A
few of the appropriate landmarks have been labelled.




1 Skull vault 6 Foramen magnum 11 Anterior cerebral artery

2 Anterior cranial fossa 7 Pituitary fossa 12 Anterior communicating artery
3 Middle cranial fossa 8 Posterior clinoid process 13 Posterior communicating artery
4 Petrous ridge of temporal bone 9 Internal carotid artery 14 Basilar artery

5 Posterior cranial fossa 10 Middle cerebral artery 15 Posterior cerebral artery

B Orientation

Superior Anterior Anterior

A

Right ¢ P Left Left - P Right Left - P Right

@ Inf;ior Pos;rior ‘@ y

Posterior

3D CT angiogram showing the vessels forming the circle of Willis in relation to the fossae formed by the base of
the skull. This particular type of image is viewed from ‘above’. Despite careful technique there is a little
contamination with overlying vessels, which slightly confuses the image. Nevertheless the major vessels can be
identified clearly and this image reveals how variable the circle of Willis can be. For example one of the two
vertebral arteries is dominant as they come through the foramen magnum (6) to create the basilar artery (14).
The right posterior communicating artery (13) is large and is the main contributor to the posterior cerebral artery
(15) on this side. Note the close relation of the circle of Willis to the pituitary fossa (7) and posterior clinoid
process (8). Note also how the internal carotid arteries (9) ascend on either side of the pituitary fossa.
Aneurysms in this region can affect the pitituary, the optic chiasm and numerous cranial nerves.
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Frontal bone

Parietal bone

Dura mater
Arachnoid mater

Pia mater

Superior sagittal sinus
Superior cerebral vein
Arachnoid granulation



Axial section 1 — Male

This section passes through the apex of the skull
vault and traverses the parietal bones (2) and the
superior portion of the frontal bone (1).

Between the inner and outer tables of the bones
of the skull vault lie trabecular bone, termed diploe,
which contains red bone marrow. This is highly
vascular and a common site for blood-borne
metastatic tumour deposits and multiple myeloma.
Diploic veins (see (8) on page 18) occupy channels
in this trabecular bone. These are absent at birth
but begin to appear at about 2 years of age. They
are large and thin-walled, being merely endothelium
supported by elastic tissue, and they communicate
with meningeal veins, dural sinuses and the
pericranial veins. Radiographically they may appear
as relatively transparent bands 3—-4 mm in diameter.

The dura mater, which lines the inner aspect of
the skull, comprises an outer, or endosteal, layer, or
endocranium (3) (which is, in fact, the periosteum,
which lines the inner aspect of the skull) and an
inner, or meningeal, layer (4). Most of the
intracranial venous sinuses are formed as clefts

| OtETE between these two layers, as demonstrated in this
rientation section by the superior sagittal sinus (6). The

. exceptions to this rule are the inferior sagittal sinus
Antinor and the straight sinus, which are clefts within the
meningeal layer.
Right ¢ p Left

v
Posterior

6

2
6
Axial computed tomogram (CT)
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Male

Frontal bone

Parietal bone

Sagittal suture

Dura mater
Arachnoid mater
Superior sagittal sinus
Falx cerebri
Subarachnoid space
Pia mater



Axial section 2 — Male

This section, at a deeper plane through the skull
vault, demonstrates the falx cerebri (7), which is
formed as a double fold of the inner, meningeal,
layer of the dura mater (5) and which forms the
dural septum between the cerebral hemispheres.

The inner layer of the dura is lined by the delicate
arachnoid mater. The pia mater (9) is vascular and
invests the brain, spinal cord, cranial nerves and
spinal nerve roots. It remains in close contact with
the surface of the brain, including the depths of the
cerebral sulci and fissures.

Over the convexities of the brain, the pia and
arachnoid are in close contact. Over the cerebral
sulci and the cisterns of the brain base, the pia and
arachnoid are separated by the subarachnoid space
(8), which contains cerebrospinal fluid. This space is
traversed by a fine spider’s web of fibres (arachnoid:
pertaining to the spider).

The total volume of cerebrospinal fluid in the
adult is approximately 150 mL, of which some
25 mL is contained in the ventricular system, 25 mL
in the spinal theca and the remaining 100 mL in the

c c cerebral subarachnoid space.
B Orientation ! 93P

Anterior

A

Right ¢ p Left

v

Posterior

Axial computed tomogram (CT)
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Axial section 3 — Male

Frontal bone

2 Parietal bone

Skin and dense subcutaneous
tissue

Epicranial aponeurosis (galea
aponeurotica)

Pericranium

Branches of superficial
temporal artery

7 Sagittal suture

8 Dura mater

9 Arachnoid mater

10 Superior sagittal sinus
11 Falx cerebri

12 Grey matter

13 White matter



Axial section 3 — Male

This section, through the upper parts of the cerebral
hemispheres, gives a clear picture of the distinction between
the outer grey matter (12), which contains nerve cells, and
the inner white matter (13), made up of nerve fibres. This is
in contradistinction to the arrangement of the spinal cord,
with the central grey and surrounding white matter.

Note the five layers of the scalp — skin, underlying dense
connective tissue (3), dense epicranial aponeurosis, or galea
aponeurotica (4), which is separated by a film of loose
areolar connective tissue from the outer periosteum of the
skull, the pericranium (5). The pericranium is densely
adherent to the surface of the skull and passes through the
various foramina, where it becomes continuous with the
outer endosteal layer of the dura (8) and is also continuous
with the sutural ligaments that occupy the cranial sutures.

Each of these layers is of clinical significance. The scalp is
richly supplied with sebaceous glands and is the commonest
site of epidermoid cysts. The connective tissue is made up of
lobules of fat bound in tough fibrous septa. The blood
vessels of the scalp lie in this layer; when the scalp is
lacerated, the divided vessels retract between these septa
and cannot be picked up with artery forceps in the usual
way — they can be controlled by firm digital pressure against
the skull on either side of the laceration. The aponeurotic

B Orientation layer is the occipitofrontalis, which is fibrous over the dome

of the scalp but muscular in the occipital and frontal regions

(see (2) on p. 24 and (2) on p. 26). The underlying loose
areolar connective tissue accounts for the mobility of the
scalp on the underlying bone. It is in this plane that surgical
mobilization of scalp flaps is performed. Blood in this layer
tracks forward into the orbits to produce periorbital

- haematomas. The periosteum adheres to the suture lines of
Right > Left the skull, so that a collection of blood or pus beneath this
layer outlines the affected bone. This may produce the
cephalohaematoma seen in birth injuries involving the skull.

Anterior

A

Posterior

Axial computed tomogram (CT)
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o U

Frontal bone
Parietal bone

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Temporalis
Pericranium

Branch of superficial
temporal artery
Sagittal suture

9 Dura mater

10 Arachnoid mater

11 Superior sagittal sinus

12 Falx cerebri

13 Cingulate gyrus

14 Parieto-occipital sulcus

15 Corona radiata

16 Anterior cerebral artery
(branches)

17 Postcentral gyrus

18 Central sulcus



Axial section 4 — Male

This section allows some of the main gyri and sulci
of the cerebrum to be identified. Cross-reference
should be made to the photographs of the external
aspects and sagittal section of the brain for
orientation.

The corona radiata (15) comprises a fan-shaped
arrangement of afferent and efferent projection
fibres, which join the grey matter to lower centres.
On the computed tomography (CT) image, it
appears as a curved linear area of low attenuation
termed the centrum semiovale.

The superficial temporal artery, of which the
parietal branch can be seen at (7), is the smaller
terminal branch of the external carotid artery, the
other being the maxillary artery. The middle terminal
branch can be seen immediately in front of (4). The
blood supply to the scalp is the richest of all areas
of the skin and there are free anastomoses between
its various branches. It is for this reason that a
partially avulsed scalp flap is usually viable.

M Orientation

Anterior

A

Right ¢ p Left

v

Posterior

Axial computed tomogram (CT)




18

w N

No v s

Axial section 5 — Male

Frontal bone

Parietal bone

Skin and dense subcutaneous
tissue

Temporal fascia

Temporalis

Pericranium

Branches of superficial temporal
artery

Diploic vein

10
11
12
13
14
15
16
17
18

Dura mater

Arachnoid mater

Sagittal suture

Superior sagittal sinus

Lunate sulcus

Falx cerebri

Cingulate gyrus

Postcentral sulcus

Central sulcus

Roof of body of lateral ventricle

19 Corona radiata

20 Corpus callosum

21 Longitudinal fasciculus
(corticocortical fibres)

22 Anterior cerebral artery
(branches)

23 Forceps minor

24 Cingulate sulcus

25 Inferior sagittal sinus



Axial section 5 — Male

This section passes through the roof of the lateral
ventricle (18).

The central sulcus, or fissure of Rolando (17), is
the most important of the sulcal landmarks, since it
separates the precentral (motor) gyrus from the
postcentral (sensory) gyrus. It also helps demarcate
the frontal and parietal lobes of the cerebrum.

Again, the corona radiata (19), or centrum
semiovale, is well seen in both the section and the
CT image.

The corpus callosum (20) — and seen also on p. 7,
in (5), (6) and (7) — is the largest fibre pathway of
the brain. It links the cortex of the two cerebral
hemispheres and roofs much of the lateral
ventricles. Its anterior portion is termed the genu; its
body is termed the trunk, which is arched and
convex superiorly. It ends posteriorly as the
splenium, which is its thickest part — see p. 20 (17).
Congenital absence of the corpus callosum, or its
surgical division, results in surprisingly little
disturbance of function.

M Orientation

Anterior

A

Right ¢ p Left

v

Posterior

Axial computed tomogram (CT)
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9
10
11
12

Frontal bone

Parietal bone

Sutural bone

Skin and dense subcutaneous
tissue

Epicranial aponeurosis (galea
aponeurotica)

Temporalis

Pericranium

Branches of superficial
temporal artery

Occipital vein

Superior sagittal sinus

Falx cerebri

Straight sinus

13
14
15
16
17
18
19
20

21
22
23
24
25
26

Parieto-occipital sulcus

Optic radiation

Choroid plexus

Posterior horn lateral ventricle
Splenium of corpus callosum
Lateral sulcus (Sylvian fissure)
Third ventricle

Middle cerebral artery
(branches)

Postcentral sulcus

Central sulcus

Arachnoid mater

Dura mater

Thalamostriate vein

Body of lateral ventricle

27
28

29
30
31
32
33
34
35
36

37
38
39

Body of caudate nucleus
Frontal horn of lateral
ventricle

Septum pellucidum
Insula

Claustrum

Putamen

Internal capsule

Circular sulcus

Genu of corpus callosum
Anterior cerebral artery
(branches)

Forceps minor

Cingulate sulcus
Supra-orbital artery



Axial section 6 — Male

This section passes through the bodies of the lateral
ventricles (26) and the third ventricle (19).

The lateral ventricles comprise a frontal horn (28)
and body (26), which continues with the posterior
or occipital horn (16), which, in turn, enters the
inferior horn within the temporal lobe. This will be
seen in later sections. The lateral ventricles are
separated almost completely from each other by the
septum pellucidum (29) but communicate indirectly
via the third ventricle (19), a narrow slit-like cavity.

The choroid plexuses of the lateral ventricles (15),
which are responsible for the production of most of
the cerebrospinal fluid extend from the inferior
horn, through the body to the interventricular
foramen, where they become continuous with the
plexus of the third ventricle.

In addition to the centres of ossification of the
named bones of the skull, other centres may occur
in the course of the sutures, which give rise to
irregular sutural (Wormian) bones (3). They occur
most frequently in the region of the lambdoid
suture, as here, but sometimes they may be seen at

. . the anterior, or more especially, the posterior
M Orientation fontanelle. They are usually limited to two or three

. in number, but they may occur in greater numbers
Antinor in congenital hydrocephalic skulls and other
congenital anomalies.
Right ¢ p Left
\y
Posterior

Axial magnetic resonance image (MRI)
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Axial section 7 — Male

Supra-orbital artery

Frontal belly of occipitofrontalis
Frontal sinus

Frontal bone

Parietal bone

Middle meningeal artery and
vein

Branch of temporal artery
Sliver of squamous part of
temporal bone

Skin and dense subcutaneous
tissue

Epicranial aponeurosis (galea
aponeurotica)

Temporalis

Pericranium

Dura mater

Arachnoid mater

15
16

17
18
19
20
pA|
22
23
24
25
26
27
28
29

30

Occipital artery

Squamous part of occipital
bone

Superior sagittal sinus
Occipital lobe

Falx cerebri

Calcarine sulcus

Straight sinus

Great cerebral vein

Fornix

Internal cerebral vein (branches)
Pulvinar of thalamus

Optic radiation

Medial nucleus of thalamus
Third ventricle
Ventroposterior thalamic
nucleus

Circular sulcus

EX|

32

33

34
35
36
37

38
39
40
41
42
43

Globus pallidus - internal
segment
Globus pallidus — external
segment

Choroid plexus in
interventricular foramen
(Monro)

Claustrum

Insula

Putamen

Middle cerebral artery
(branches)

Anterior limb of internal capsule
Caudate nucleus — head

Corpus callosum

Anterior cerebral artery

Frontal horn of lateral ventricle
Frontal lobe



Axial section 7 — Male

This section passes through the apex of the
sgquamous part of the occipital bone (16) and the
frontal sinus (3). These are paired but are rarely
symmetrical, while the septum between them is
usually deviated from the midline. They vary greatly
in size, as may be appreciated from viewing a
number of skull radiographs. Each lies posterior to
the supercilliary arch and extends upwards above
the medial part of the eyebrow and back on to the
medial part of the orbital roof. Sometimes they are
divided by incomplete bony septa; rarely, one or
both may be absent. Each drains into the anterior
part of the middle meatus on the lateral wall of the
nasal cavity via the frontonasal duct.

The interventricular foramen of Monro (33) is well
demonstrated and drains the lateral ventricle on
both sides into the third ventricle (28), thus
providing a linkage between the ventricular systems
within the two cerebral hemispheres.

This section also demonstrates the components of
the basal ganglia, the claustrum (34), and the
lentiform nucleus, made up of the globus pallidus

i . (31, 32) and putamen (36). The latter is largely
M Orientation separated from the head of the caudate nucleus

. (39) by the anterior limb of the internal capsule
Antinor (38).
Right ¢ p Left
v
Posterior

Axial magnetic resonance image (MRI)
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Axial section 8 — Male

Supra-orbital artery

2 Orbital part of

10
11

occipitofrontalis
Frontal belly of
occipitofrontalis
Frontal sinus

Frontal bone

Middle meningeal
artery and vein

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Temporalis
Pericranium
Squamous part of
temporal bone

12

13
14
15
16
17

18
19
20
21
22
23
24
25

Superficial temporal
artery

Dura mater
Arachnoid mater
Parietal bone
Occipital artery
Squamous part of
occipital bone
Superior sagittal sinus
Falx cerebri

Straight sinus
Tentorium cerebelli
Collateral sulcus
Vermis of cerebellum
Lateral ventricle
Parahippocampal

gyrus

26
27
28

29
30
31
32
33
34

35
36
37
38
39

Superior colliculus
Aqueduct of Sylvius
Posterior cerebral
artery

Tail of caudate nucleus
Cerebral peduncle
Red nucleus

Third ventricle
Substantia nigra
Cornu ammonis
(hippocampus)
Mamillary body
Hypothalamus

Optic tract

Amygdala

Middle cerebral artery
(branches)

40
41
42
43

44

45

46
47

48
49
50

Claustrum

Lateral sulcus (Sylvius)
Insula

Nucleus accumbens
septi

Anterior cerebral
artery

Anterior perforated
substance

Cingulate gyrus
Orbitofrontal cortex

Cisterna ambiens
Temporal lobe
Interpeduncular
cistern



Axial section 8 — Male

This section passes through the upper part of the
squamous temporal bone (11) and traverses the
midbrain at the level of the cerebral peduncle (30)
and the red nucleus (31).

The red nucleus (31) has a pinkish tinge, which is
visible only in fresh tissue. The colour is produced by
a ferric iron pigment present in the neurons of the
red nucleus.

The aqueduct of Sylvius (27) is the
communication between the third ventricle (see
Axial section 7) and the fourth ventricle (see Axial
section 10).

The colliculi, two superior (26) and two inferior,
blend to form the tectum over the aqueduct (27).
This is sometimes termed the quadrigeminal plate,
hence an alternative name for the cisterna ambiens
(48) is the quadrigeminal cistern. Other names for
this include superior cistern and cistern of the great
cerebral vein. As this cistern contains the great
cerebral vein and the pineal body, it is an important
anatomical landmark.

The squamous part of the temporal bone (11) is

| OtETE the thinnest bone of the calvarium (although, in
rientation contrast, its petrous part is the densest). It is,

. however, ‘protected’ by the thick overlying
Anterior temporalis muscle (9).

4 The middle meningeal artery (6) is a branch of the
maxillary artery, and its accompanying vein, and
may be torn, either together or individually, in

Right < » Left fractures of the temporal bone. This constitutes the
commonest cause of a traumatic extradural
haematoma.

v

Posterior

Axial computed tomogram (CT)
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Supra-orbital artery
Frontal belly of
occipitofrontalis
Frontal bone
Frontal crest
Frontal sinus
Trochlea

Ethmoidal air cells
Superior oblique
Orbital plate of
ethmoid bone
Superior rectus
underlying levator
palpebri superioris
Orbital fat

Lacrimal gland
Zygomatic process of
frontal bone

14 Lesser wing of
sphenoid bone

15 Temporalis

16 Temporal bone

17 Parietal bone

18 Posterior belly of
occipitofrontalis

19 Occipital artery

20 Occipital bone

21 Superior sagittal sinus

22 Falx cerebri

23 Straight sinus

24 Occipital pole

25 Floor of lateral
ventricle (occipital
horn)

26 Tentorium cerebelli
(outer edge)

27

28
29
30
EX|
32

33
34

35

36
37
38
39

Anterior lobe of
cerebellum
Cerebellar vermis
Inferior colliculus
Aqueduct of Sylvius
Locus coeruleus
Decussation of
superior cerebellar
peduncle

Basilar artery
Superior cerebellar
artery

Posterior cerebral
artery

Internal carotid artery
Pituitary infundibulum

Optic chiasma
Optic nerve (I1)

40
41

42

43

44

45

46
47

Orbitofrontal cortex
Uncus of
parahippocampal
gyrus

Hippocampus
Temporal horn of
lateral ventricle
Temporal pole

Vitreous humour
Lens
Middle cerebral artery



Axial section 9 — Male

This section traverses the upper part of the orbits,
the midbrain at the level of the inferior colliculus
(29) and the anterior lobe of the cerebellum (27).

The straight sinus (23) lies in the sagittal plane of
the tentorium cerebelli (26) at its attachment to the
falx cerebri (22). It receives both the inferior sagittal
sinus and the great cerebral vein, and drains
posteriorly, usually into the left, but occasionally into
the right, transverse sinus.

The optic nerves (39) have an intracranial course
of about 10 mm. They unite at the optic chiasma
(38), which lies immediately anterior to the
infundibulum of the hypophysis cerebri, or pituitary
gland (37). See also Coronal section 8 on p. 64.

M Orientation

Anterior

A

Right ¢ p Left

v

Posterior

Axial magnetic resonance image (MRI)
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10
11

Nasal bone

Frontal process of
MEYAIE

Nasolacrimal duct
Perpendicular plate of
ethmoid bone

Orbital plate of
ethmoid bone
Posterior ethmoidal
air cells

Sphenoidal sinus
Internal carotid artery
within cavernous sinus
Cornea

Lens

Vitreous humour

12

13

15
16
17
18

19
20

21

Orbicularis oculi —
orbital part
Orbicularis oculi —
palpebral part
Frontal process of
zygomatic bone
Medial rectus
Optic nerve (l1)
Lateral rectus
Greater wing of
sphenoid bone
Temporalis
Squamous part of
temporal bone
Superficial temporal
artery and vein

22
23
24
25

26
27

28
29

30
31
32
33

Mastoid air cells
Transverse sinus
Parietal bone
Squamous part of
occipital bone

Falx cerebelli
Superior sagittal
sinus

Posterolateral fissure
Emboliform
(interposed) nucleus
Dentate nucleus
Vermis of cerebellum
Fourth ventricle
Middle cerebellar
peduncle

34

35
36
37
38
39
40

41

43

Hemisphere of
cerebellum

Pontine tegmentum
Pontine nuclei
Basilar artery
Trigeminal nerve (V)
Temporal lobe
Sclera

Crista galli of ethmoid
Petrous part of
temporal bone
Internal auditory
meatus



Axial section 10 — Male

This section transects the eyeballs, the sphenoid
sinus (7) and the pons (36) at the level of the
middle cerebellar peduncles (33).

The structure of the orbit in horizontal section
can be appreciated in this section. The eyeball with
its cornea (9), lens (10) and vitreous humour (11)
contained within the tough sclera (40), and the
optic nerve (16) lie surrounded by the extrinsic
muscles (15, 17). The slit-like nasolacrimal duct (3)
drains downwards into the inferior meatus.

The fourth ventricle (32) lies above the
tegmentum of the pons (35) and below the vermis
of the cerebellum (31).

The ethmoidal air cells, or sinuses (6), are made
up of some eight to ten loculi suspended from the
outer extremity of the cribriform plate of the
ethmoid bone and bounded laterally by its orbital
plate. They thus occupy the upper lateral wall of the
nasal cavity. The cells are divided into anterior,
middle and posterior groups by bony septa. The
middle group bulge into the middle meatus to form
an elevation, the bulla ethmoidalis, into which they

| OtETE open. The anterior cells drain into the hiatus
rientation semilunaris, which is a groove below the bulla. The

posterior cells drain into the superior meatus.

Anterior

A

Right ¢ p Left

v

Posterior

Axial computed tomogram (CT)
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13

Inferior rectus
Nasolacrimal duct
Cartilage of nasal
septum

Nasal bone
Frontal process of
maxilla

Lacrimal bone
Upper eyelid
Orbicularis oculi
Sclera

Vitreous humour
Orbital plate of
ethmoid bone
Ethmoidal air cells
Perpendicular plate of
ethmoid bone

14

15

16
17

18
19
20
21
22

23
24

Apex of maxillary
antrum

Frontal process of
zygomatic bone
Temporalis

Greater wing of
sphenoid bone
Middle meningeal
artery

Petrous part of
temporal bone
Internal carotid artery
Sphenoidal sinus
Septum of sphenoidal
sinus

Cerebellar hemisphere
Mastoid air cells

25
26

27
28

29

30

EX|

32

33

35
36

Transverse sinus
Occipital artery and
vein

Trapezius

External occipital
protuberance

Falx cerebelli
Vermis

Middle cerebellar
peduncle

Fourth ventricle with
choroid plexus
Medulla oblongata
Inferior cerebellar
peduncle

Flocculus

Pyramidal tract

37
38
39
40
41
42

43
44
45
46

47

Basilar artery
Abducent nerve (VI)
Trigeminal nerve (V)
Labyrinthine artery
Facial nerve (VII)
Vestibulocochlear
(auditory) nerve (VIII)
Cochlea

Stapes

External auditory
meatus

Tympanic membrane
and handle of malleus
Auditory tube
(Eustachian)



Axial section 11 — Male

This section passes through the upper part of the
nasal cavity, the medulla oblongata (33) and,
posteriorly, through the external occipital
protuberance (28).

The sphenoidal sinus (21) is unusually large in this
specimen. It is divided by a median septum (22) and
drains anteriorly into the nasal cavity at the spheno-
ethmoidal recess.

Note the relations of the labyrinthine artery (40),
a branch of the basilar artery (37), the facial nerve
(41) and the vestibulocochlear (or auditory) nerve
(42) as they enter the internal auditory meatus of
the temporal bone together with the close
relationships of the trigeminal nerve (V) (39) and the
cerebellum (35). As an acoustic neuroma of the
vestibulocochlear nerve enlarges, it stretches the
adjacent cranial nerves V and VIl anteriorly and also
presses on the cerebellum and brain stem to
produce the cerebello-pontine angle syndrome.
Rather surprisingly, facial nerve weakness with
unilateral taste loss is uncommon — occurring in less
than five per cent of cases — although the facial

. . nerve is at risk in surgical removal of the tumour.
B Orientation 9

Anterior

A

Right ¢ p Left

v

Posterior

Axial magnetic resonance image (MRI)
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12
13

14

Cartilage of nasal
septum

Nasolacrimal duct
Orifice of maxillary
sinus

Maxillary sinus
Maxillary artery
Sphenoidal sinus
Vomer

Middle nasal concha
Maxilla

Orbicularis oculi
Zygomatic bone
Temporalis and tendon
Zygomatic process of
temporal bone
Lateral pterygoid

15
16

17
18
19
20
21
22

23
24

25

Trigeminal nerve (V)
Articular disc of
temporomandibular
joint

Head of mandible
Superficial temporal
artery and vein
External auditory
meatus

Mastoid air cells
Sternocleidomastoid
Occipital artery and
vein

Trapezius

Occipital bone —
squamous part

Falx cerebelli

26
27
28
29

30
EX|
32
34
35
36

37
38

Vermis

Cerebellar hemisphere
Tonsil of cerebellum
Fourth ventricle
(median aperture of
roof)

Anterior inferior
cerebellar artery
Glossopharyngeal
nerve (IX)

Hypoglossal nerve (XII)
Pyramidal tract
Medulla

Inferior olive
Vertebral artery
Vagus nerve (X)
Sigmoid sinus

39

40

41
42
43
44

45

46

Bulb of internal
jugular vein
Glossopharyngeal
nerve (IX), vagus nerve
(X) and accessory nerve
(X1

Internal carotid artery
Basi-occiput

Longus capitis
Auditory (Eustachian)
tube

Pterygopalatine fossa
(apex)
Foramen ovale



Axial section 12 — Male

This section transects the maxillary sinus (4) and the
basi-occiput (42) and passes through the external
auditory meatus (19).

At this level, the vertebral arteries (36) are
running cranially from their entry into the skull at
the foramen magnum to form the basilar artery.

The sigmoid sinus (38) runs forward to emerge
from the skull at the jugular foramen, at which it
becomes the bulb of the internal jugular vein (39).
Exiting through the jugular foramen anterior to the
vein lie, from anterior to posterior, the
glossopharyngeal, vagus and accessory cranial
nerves (40).

The maxillary nerve (V') passes into the
pterygopalatine fossa (45 on this CT image) having
traversed the foramen rotundum. The mandibular
nerve (V) leaves the skull via the foramen ovale
(46).

The maxillary sinus (4) is the largest of the air
sinuses, is pyramidal in shape and occupies the body
of the maxilla. Medially, the sinus drains through its
orifice (3) into the middle meatus below the middle

. . concha (8). The ostium is placed high up on this
W Orientation wall and is thus located inefficiently from a

. mechanical point of view; drainage depends mainly
A”ti”or on the effectiveness of the cilia that line the walls of
the sinus.
Right ¢ p Left
\J
Posterior

Axial computed tomogram (CT)
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12

13

Cartilage of nasal
septum

Vomer

Inferior nasal concha
Orifice of nasolacrimal
duct

Maxillary sinus
Maxilla

Levator labii
superioris

Facial vein

Zygomatic bone
Tendon of temporalis
Masseter

Coronoid process of
mandible

Maxillary artery and
vein

14

15
16
17

18
19
20
pA|
22
23
24

25

Lateral pterygoid
plate of sphenoid
Medial pterygoid
Lateral pterygoid
Pterygoid artery and
pterygoid venous
plexus

Lingual nerve (Vi)
Inferior alveolar nerve
(Viii)

Chorda tympani
Internal carotid artery
Internal jugular vein
Neck of condylar
process of mandible
Superficial temporal
artery

Mastoid air cells

26

27

28
29
30
31

32
33
34
35
36

37

Base of occipital
condyle

Basilar part of
occipital bone
Vertebral artery
Spinal cord

Tonsil of cerebellum
External occipital
crest

Rectus capitis
posterior minor
Semispinalis capitis
Trapezius

Splenius capitis
Rectus capitis
posterior major
Occipital artery and
vein

38

39
40
41
42

43
44
45
46

47
48
49

Obliquus capitis
superior

Parotid gland

Facial nerve (VII)
Styloid process
Glossopharyngeal
nerve (IX), vagus
nerve (X) and
accessory nerve (XI)
Hypoglossal nerve (XII)
Rectus capitis anterior
Longus capitis
Opening of auditory
(Eustachian) tube

Nasopharynx
Parapharyngeal space
Pharyngeal recess



Axial section 13 — Male

This section traverses the nasal septum (1) at the
level of the inferior nasal concha (3), beneath which
opens the nasolacrimal duct (4). This is the only
structure that drains into the inferior meatus of the
nasal cavity. Its termination is guarded by a mucosal
valve, which prevents reflux from the nose.
Posteriorly, the plane passes through the uppermost
part of the spinal cord (29) and the cerebellar tonsil
(30).

The internal jugular vein (22) in this specimen is
small, especially on the left side. The chorda
tympani (20) is seen here as it emerges from the
petrotympanic fissure to join the lingual nerve (18)
about 2 cm below the base of the skull. It subserves
taste sensation to the anterior two-thirds of the
tongue and supplies secretomotor fibres to the
submandibular and sublingual salivary glands.

The tonsil of the cerebellum (30), on the inferior
aspect of the cerebellar hemisphere, lies
immediately above the foramen magnum.
Withdrawal of cerebrospinal fluid at lumbar
puncture in a patient with raised intracranial

. . pressure is dangerous as it may result in potentially
W Orientation lethal herniation of the tonsils through this bony

ring.

Anterior

A

Right ¢ p Left
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Posterior

Axial computed tomogram (CT)




36

m ‘ Axial section 14 — Male

H W

0 NOoO Wwn

10
11
12
13
14
15
16

Cartilage of nasal
septum

Facial vein

Inferior nasal concha
Horizontal plate of
palatine bone
Maxillary sinus
Levator labii superioris
Zygomaticus major
Maxilla

Buccal pad of fat
Lateral pterygoid
Medial pterygoid
Temporalis

Masseter

Ramus of mandible
Lingual nerve (Vi)
Inferior alveolar artery
vein and nerve (Vi)

17
18

20
pA|

22

23
24
25
26
27

28
29

30

Maxillary artery
Styloid process
19 External carotid artery

Retromandibular vein
Posterior belly of
digastric
Anastomotic vertebral
vein
Sternocleidomastoid
Splenius capitis
Trapezius
Semispinalis capitis
Rectus capitis
posterior major
Ligamentum nuchae
Posterior atlanto-
occipital membrane
Posterior arch of
atlas

31
32
33
34
35
36
37
38
39

40

41

Spinal root of
accessory nerve (XI)
Spinal cord within
dural sheath

Spinal dura mater
Vertebral artery
Atlanto-occipital joint
Condyle of occipital
bone

Alar ligament
Transverse ligament of
atlas (first cervical
vertebra)

Dens of axis (odontoid
process of second
cervical vertebra)
Anterior arch of atlas
(first cervical vertebra)
Longus capitis

Nasopharynx
Internal carotid artery
Glossopharyngeal
nerve (IX) and vagus
nerve (X)
Sympathetic chain
Internal jugular vein
Parotid gland
Stylopharyngeus
Accessory nerve (XI)
Pterygoid venous
plexus

Tensor veli palatini
Soft palate

Pharyngeal recess
Parapharyngeal space



Axial section 14 — Male

This section traverses the nasal cavity through its
inferior meatus below the inferior concha (3), the
hard palate at the horizontal plate of the palatine
bone (4) and the tip of the dens of the axis, the
second cervical vertebra (39).

The external carotid artery (19) divides at the neck
of the mandible into the superficial temporal artery
and the maxillary artery (17).

Note that the outer endosteal layer of the dura
mater of the skull blends with the pericranium at
the foramen magnum. The dural sheath
surrounding the spinal cord (32) represents the
continuation of the inner meningeal layer of the
cerebral dura (see Axial section 1).

Note that the large vertebral canal of the atlas
(first cervical vertebra), demonstrated well in this
section between the posterior atlanto-occiptal
membrane (29) and the anterior arch of the atlas
(40), and seen well also in the Axial section 15, can
be conveniently divided by the ‘rule of three’ into
three roughly equal areas — that occupied by the
cervical spinal cord (32), that occupied by the dens

. . of the axis (39) and that occupied by the dural
W Orientation sheath and the extradural space.

Anterior
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Right ¢ p Left
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Posterior

Axial computed tomogram (CT)
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Axial section 15 — Male

Nasopalatine nerve
(Vi) within incisive
canal

Orbicularis oris
Levator angulis oris
Maxillary antrum
Zygomaticus major
Buccinator
Alveolar process of
maxilla

Hard palate

Soft palate
Temporalis

Medial pterygoid
Lingual nerve (Vi)
Ramus of mandible
Inferior alveolar artery
vein and nerve
Masseter

16
17
18

19
20
21
22
23
24
25

26
27
28

29

Retromandibular vein
Parotid gland
External carotid
artery

Dermoid cyst of scalp
Trapezius

Splenius capitis
Semispinalis capitis
Ligamentum nuchae
Spine of axis
Obliquus capitis
inferior

Longissimus capitis
Sternocleidomastoid
Posterior belly of
digastric

Posterior arch of
atlas (first cervical
vertebra)

30

EX|

32

33

34

35
36
37

38
39

Dorsal root ganglion
of second cervical
nerve

Spinal cord within
dural sheath
Transverse ligament of
EYEN

Dens of axis (odontoid
process of second
cervical vertebra)
Lateral mass of atlas
(first cervical vertebra)
Longus capitis

Longus colli

Anterior arch of atlas
(first cervical vertebra)
Nasopharynx

Vagus nerve (X) and
hypoglossal nerve (XII)

41
42

43
44

45
46
47

48
49

Internal carotid artery
Vertebral artery
Transverse process of
atlas (first cervical
vertebra)

Internal jugular vein
Styloid process, with
origins of styloglossus
and stylohyoid and
glossopharyngeal
nerve (IX)
Stylopharyngeus

Levator and tensor
veli palatini
Parapharyngeal space
Inferior nasal concha
Cartilage of nasal
septum



Axial section 15 — Male

This section traverses the hard (8) and soft (9)
palate, the nasopharynx (38), the dens (33) and the
spine of the axis (24). The CT image is rather more
cranial.

Flexion and extension of the skull (nodding
movements of the head) take place at the atlanto-
occipital joint between the upper facet of the lateral
mass of the atlas (34) and the corresponding facet
on the occipital bone. Rotation of the skull (looking
to the left and right) takes place at the atlanto-axial
articulation between the dens (33) and the facet on
the anterior arch of the atlas (37). The transverse
ligament of the atlas (32) is dense and is the
principal structure in preventing posterior dislocation
of the dens.

Obliquus capitis inferior (25) forms the lower
outer limb of the suboccipital triangle. The vertebral
artery (41), on emerging from the foramen
transversarium of the atlas, enters this triangle on its
ascending course to the foramen magnum.

The maxillary antrum, or sinus (4), may be
somewhat asymmetrical between the two sides —

. . here it projects more inferiorly on the left side. The

W Orientation floor of the sinus relates to the roots of the upper
. teeth — at least the upper second premolar and first
Anterior molar. The sinus may extend forwards, however, as

4 far as the canine and behind to the third molar.

Note that this subject has a large dermoid cyst of
the scalp (19).

Right ¢ p Left

v

Posterior

Axial computed tomogram (CT)
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Axial section 16 — Male

Retromandibular vein
Parotid gland

External carotid artery
Vertebral vein
Vertebral artery
Scalenus medius
Internal jugular vein
Internal carotid artery
Longus capitis

Longus colli

Body of axis (second
cervical vertebra)
Spinal cord within
dural sheath

Lamina of axis (second
cervical vertebra)
Spine of axis (second
cervical vertebra)

15
16
17
18
19
20
pA|
22

23

24

25
26

Semispinalis cervicis
Dermoid cyst of scalp
Trapezius

Splenius capitis
Semispinalis capitis
Sternocleidomastoid
Longissimus capitis
Obliquus capitis
inferior

Posterior belly of
digastric

Vagus nerve (X) and
hypoglossal nerve
(XIr)

Sympathetic chain
Stylopharyngeus and
glossopharyngeal
nerve (1X)

27

28
29
30
EX|
32
33
34

35
36
37
38
39

Styloglossus and
stylohyoid
(posteriorly)

Base of uvula
Nasopharynx
Palatine tonsil
Medial pterygoid
Lingual nerve (Vi)
Ramus of mandible
Inferior alveolar
artery, vein and nerve
(Vi) within
mandibular canal
Masseter
Buccinator

Levator anguli oris
Mouth

Alveolar margin

40
41

42
43
44
45
46
47

48

49

Orbicularis oris
Mucous gland of lip

Hard palate

Soft palate

Styloid process
Parapharyngeal space
Anterior arch of atlas
Dens of axis
(odontoid process of
second cervical
vertebra)

Posterior arch of atlas
(first cervical vertebra)
Foramen
transversarium



Axial section 16 — Male

This section passes through the alveolar margin (39)
of the upper jaw and through the body of the axis
(11). The CT image is at a more cranial level.

The vertebral artery (5) on the right side of this
specimen is tortuous and bulges laterally between
the transverse processes of the atlas and axis, a not
uncommon feature in arteriosclerotic subjects. Each
cervical vertebra bears its characteristic foramen
transversarium (49) within its transverse process.
The vertebral artery, with its accompanying vein,
ascends through the foramina of C6 to C1 to gain
access to the foramen magnum. Not uncommonly,
the foramen transversarium is bifid, the larger
opening of the two being for the vertebral artery
and the smaller for the vein. Sympathetic fibres
from the superior cervical ganglion (C1, 2, 3, 4)
accompany the artery.

The lips are lined by mucous membrane enclosing
orbicularis oris (40), the labial vessels and nerves,
fibrofatty connective tissue and the labial mucous
glands (41). These lie between the mucosa and
underlying muscle, are about 0.5 cm in diameter

| OtETE and resemble mucous salivary glands. Their ducts
rientation drain into the vestibule of the mouth. These glands,

. like those studded over the oral aspect of the
Anterior d 3 :

A palate, are occasional sites of pleomorphic
adenomas, which are similar to those seen more
commonly in the parotid gland.

Right ¢ p Left

v

Posterior

Axial computed tomogram (CT)
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Axial section 17 — Male

Upper lip

Orbicularis oris
Tongue

Buccinator

Facial artery and vein
Lingual nerve (Vi)
Ramus of mandible
Masseter

Inferior alveolar artery
vein and nerve (Vi)
within mandibular
canal

Medial pterygoid
Sternocleidomastoid
Levator scapulae
Longissimus capitis
Semispinalis capitis

15
16
17
18
19
20
21

22

23

24

Splenius capitis

Deep cervical vein
Trapezius

Semispinalis cervicis
Spine of axis (second
cervical vertebra)
Lamina of axis (second
cervical vertebra)
Spinal cord within
dural sheath

Inferior articular
process of axis (second
cervical vertebra)
Vertebral artery and
vein

Body of axis (second
cervical vertebra)

25
26
27
28
29
30
31

32

33
34
35
36
37
38

Scalenus medius
Longus capitis

Longus colli
Constrictor of pharynx
Uvula

Oropharynx
Palatopharyngeal arch
with
palatopharyngeal
Palatoglossal arch
with palatoglossus
Palatine tonsil
Stylopharyngeus
Internal carotid artery
Vagus nerve (X)
Internal jugular vein
Accessory nerve (XI)

39

40
41
42
43

44
45

46
47
48

Digastric (posterior
belly)

External carotid artery
Styloglossus
Stylohyoid

Posterior auricular
artery
Retromandibular vein
Parotid gland

Nasopharynx
Parapharyngeal space
Alveolar process of
maxilla



Axial section 17 — Male

This section traverses the upper lip (1), the tongue
(3), the uvula (29) and the axis (19, 20, 22, 24). The
plane of the CT image is slightly more cranial.

The palatine tonsil (33) lies in the tonsillar fossa
between the anterior and posterior pillars of the
fauces. The anterior pillar, or palatoglossal arch (32),
forms the boundary between the buccal cavity and
the oropharynx (30); it fuses with the lateral wall of
the tongue and contains the palatoglossus muscle.
The posterior pillar, or palatopharyngeal arch (31),
blends with the wall of the pharynx and contains
the palatopharyngeus muscle.

The tonsil consists of a collection of lymphoid
tissue covered by a squamous epithelium, a unique
histological combination that makes it easy to
identify it under the microscope. From late puberty
onwards, the lymphoid tissue undergoes progressive
atrophy.

The prominent deep cervical vein (16) is a useful
landmark in separating the deeply placed
semispinalis cervicis muscle (18) from the more
superficially placed semispinalis capitis (14); this is

. . seen again in Axial section 18.
W Orientation The intrinsic muscles of the tongue (3) are well

shown and comprise longitudinal transverse and

Anterior cervical bands. Acting alone or in combination, they
4 give the tongue its precise and highly varied
mobility, which is important in both speech and
swallowing.
Right ¢ p Left
\
Posterior

Axial computed tomogram (CT)
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Axial section 18 — Male

Upper lip

Lower lip

Orbicularis oris
Buccinator

Transverse intrinsic
muscle of tongue
Facial artery and vein
Ramus of mandible
Inferior alveolar artery
vein and nerve (Vi)
within mandibular
canal

Masseter

Medial pterygoid
Retromandibular vein
Scalenus medius
Levator scapulae

14
15
16
17
18
19
20
21

23

24

25

Splenius cervicis
Longissimus capitis
Deep cervical vein
Semispinalis cervicis
Semispinalis capitis
Splenius capitis
Ligamentum nuchae
Trapezius

Spine of third cervical
vertebra

Spinal cord within
dural sheath

Body of third cervical
vertebra

Vertebral artery and
vein within foramen
transversarium

26

27
28
29

30
31
32

33
34
35
36

Anterior primary
ramus of third cervical
nerve

Longus capitis

Longus colli

Part of intervertebral
disc between second
and third cervical
vertebrae

Vagus nerve (X)
Accessory nerve (XI)
Deep cervical lymph
node
Sternocleidomastoid
Internal jugular vein
Internal carotid artery
External carotid artery

37
38
39
40

41

42

43
44
45
46
47
48

Stylohyoid

Tendon of digastric
Parotid gland
Submandibular
salivary gland
Styloglossus entering
tongue

Oropharynx

Genioglossus
Constrictor of pharynx
Base of tongue
Mylohyoid

Hyoglossus

External jugular vein



Axial section 18 — Male

This section passes between the lips (1 and 2), the
body of the third cervical vertebra (24) and the
spine of the third cervical vertebra (22). The CT
image is from a different subject and comes from
the series that traverse the neck. This is because few
cranial CT runs extend as caudal as this level.
Moreover, artefacts from the amalgam of dental
fillings often obscure this region. Bolus
enhancement with intravenous iodinated contrast
medium has opacified the major vessels (34-36) and
assists in their identification.

The submandibular salivary gland (40) lies against
the ramus of the mandible (7) at its angle,
separated by the medial pterygoid muscle (10). Its
close relationship to the parotid gland (39) is well
demonstrated; it is separated from the latter only by
the fascial sheet of the stylomandibular ligament.

The foramen transversarium (25), lying within the
transverse process, is the characteristic feature of all
seven of the cervical vertebrae. That of the seventh
cervical vertebra, the vertebra prominens, is often of
small size because it transmits only small accessory

| OtETE vertebral veins and not the vertebral artery, which
rientation usually enters at the sixth cervical vertebra. The

. artery is surrounded by a plexus of sympathetic
Anterior nerve fibres and is accompanied by the smaller
4 vertebral vein. Not infrequently, the foramen
transversarium will be seen to be double — the
smaller compartment in such examples conveys the
Right p Left vein.
v
Posterior

Axial computed tomogram (CT)
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Axial section 19 — Male

Lower lip

Orbicularis oris
Under surface of
tongue

Body of mandible
Depressor anguli oris
Genioglossus

Lingual artery and
vein

Hyoglossus
Mylohyoid

Lingual nerve (Vi)
Inferior alveolar nerve
(Vi) within
mandibular canal
Ramus of mandible
Cervical lymph nodes
Levator scapulae
Splenius cervicis

16
17
18
19
20
21
22

23

24

25

26

Splenius capitis
Semispinalis capitis
Semispinalis cervicis
Ligamentum nuchae
Deep cervical vein
Spine of fourth
cervical vertebra
Spinal cord within
dural sheath

Part of body of
fourth cervical
vertebra

Part of intervertebral
disc between third
and fourth cervical
vertebrae

Part of body of third
cervical vertebra
Dorsal root ganglion

27
28

29

30
31
32
EX]
34

35
36
37
38
39

of fourth cervical
nerve

Scalenus medius
Scalenus anterior
origin

Vertebral artery and
vein within foramen
transversarium

Longus capitis

Longus colli
Prevertebral fascia
Oropharynx
Constrictor muscles of
pharynx

Vagus nerve (X)

Internal jugular vein
Accessory nerve (XI)
Sternocleidomastoid
Internal carotid artery

40
41
42
43
44

45
46
47

48

50
51

External carotid artery
Origin of facial artery
Parotid gland
Retromandibular vein
Submandibular
salivary gland -
superficial lobe
Tendon of digastric
Styloglossus

Deep lobe of
submandibular
salivary gland

Facial artery and vein

Platysma
Hyoid bone
External jugular vein



Axial section 19 — Male

This section passes through the upper border of the
lower lip (1), genioglossus at the base of the tongue
(6) and the cartilaginous disc between the third and
fourth cervical vertebrae (24).

The prevertebral fascia (32) invests the front of
the bodies of the cervical vertebrae, the prevertebral
muscles (30, 31) and the scalene muscles (27, 28). It
forms an almost avascular transverse plane behind
the pharynx (33) and the great vessels (36, 39). It
extends from the skull base above to the superior
mediastinum below, where it blends with the
anterior longitudinal vertebral ligament. It provides
an avascular plane for the anterior surgical approach
to the cervical vertebrae. It is deep to this fascia that
tuberculous pus will track from an infected cervical
vertebra.

The facial artery at its origin from the external
carotid artery (40) is seen at (41). It arches over the
submandibular salivary gland (44) to cross the lower
border of the mandible (4), where its pulse is
palpable (48).

M Orientation

Anterior

A

Right ¢ p Left

v

Posterior

Axial computed tomogram (CT)




Selected images — Axial MRIs

Axial magnetic resonance image (MRI)




Selected images — Axial MRIs

These three axial T2-weighted images show many
important structures at the base of the brain, along
with the orbits and sinuses. The water content of
the globe provides good contrast with the lens. On
this sequence, the fluid in the globe and
cerebrospinal spaces yields similar signal intensity to
the fat within the orbit. The T2 weighting also
demonstrates the emerging nerves within the
cerebrospinal fluid to good effect. Demonstration of
a normal VIl (vestibulocochlear) nerve and fluid
entering the internal auditory canal (meatus)
effectively excludes a neuroma here. Possible lesions
at this site (the cerebello-pontine angle) provide one
of the commonest referrals for magnetic resonance
imaging (MRI). On the spin-echo sequence used
here, flowing arterial blood returns no signal and
thus appears black; in this way, the internal carotid
and basilar arteries are well visualized. Air-
containing structures, such as the sphenoidal sinus,
also appear black.

The pons is seen well on these images, and areas
of infarction and other lesions should be looked for

| OtETE on T2-weighted images. The fourth ventricle is
rientation another important landmark in this region; it should

. be central and symmetrical.
Anterior
A
Right ¢ P Left
v
Posterior
1 Nasal bone 16 Pinna
2 Ethmoidal air cells 17 Straight sinus
3 Sphenoidal sinus 18 Pons
4 Cornea 19 Trigeminal nerve (V)
5 Lens 20 Temporal lobe of brain
6 Vitreous humour 21 Temporal horn of lateral ventricle
7 Medial rectus 22 Anterior lobe of cerebellum
8 Optic nerve (ll) 23 Fourth ventricle
9 Lateral rectus 24 Facial nerve (VII)
10 Maxillary sinus 25 Vestibulocochlear (auditory) nerve (VIII)
11 Internal carotid artery — within cavernous sinus 26 Middle cerebral peduncle
(b11) 27 Cerebellar hemisphere
12 Pituitary fossa 28 Internal auditory meatus
13 Greater wing of sphenoid bone 29 Vermis of cerebellum
14 Temporalis 30 Basilar artery
15 Mastoid
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Coronal section 1 — Female

Skin and dense subcutaneous
tissue

Epicranial aponeurosis (galea
aponeurotica)

Occipital belly of
occipitofrontalis

Parietal bone

Occipital bone

Dura mater

Subdural space

Arachnoid mater
Subarachnoid space

10
11
12
13
14
15
16
17
18
19
20
21

Pia mater

Superior sagittal sinus

Falx cerebri

Tentorium cerebelli

Straight sinus

Transverse sinus

Superior parietal lobule
Precuneus

Cuneus

Lingual gyrus

Medial occipitotemporal gyrus
Lateral occipitotemporal gyrus

22
23
24

25
26
27
28
29
30
31

Middle temporal gyrus
Inferior parietal lobule
Posterior horn of lateral
ventricle

Cerebellar hemisphere
Horizontal fissure of cerebellum
Internal occipital crest
Trapezius

Splenius capitis
Semispinalis capitis
Ligamentum nuchae
Greater occipital nerve



Coronal section 1 — Female

<4 View This coronal section passes through the posterior
part of the occipital bone (5) immediately anterior
to the external occipital protuberance. It passes
through the posterior extremity of the posterior, or
occipital, horn of the lateral ventricle (24).

In this, as in all subsequent sections, cross-
reference should be made between a coronal
section with the photographs of the external
aspects and sagittal section of the brain for
orientation of the positions of the main sulci and
gyri (see pages 2-7).

On this proton-density magnetic resonance
image, flowing blood in the venous sinuses appears
black (low signal intensity) because the protons that
were excited have moved out of the slice before
measurement (creating a flow void).

M Orientation

Superior

A

Right ¢ p Left

Inferior

Coronal magnetic resonance image (MRI)




Coronal section 2 — Female

1 Skin and dense subcutaneous 12 Falx cerebri 24 Transverse sinus
tissue 13 Precuneus 25 Cerebellar hemisphere
2 Pericranium 14 Superior parietal lobule 26 Superior vermis
3 Parietal bone 15 Inferior parietal lobule 27 Inferior vermis
4 Occipital bone 16 Middle temporal gyrus 28 Falx cerebelli
5 Occipital belly of 17 Lateral occipitotemporal gyrus 29 Internal occipital crest
occipitofrontalis 18 Medial occipitotemporal gyrus 30 Rectus capitis posterior minor
6 Dura mater 19 Lingual gyrus 31 Semispinalis capitis
7 Subdural space 20 Cuneus 32 Splenius capitis
8 Arachnoid mater 21 Cingulate gyrus 33 Trapezius
9 Subarachnoid space 22 Posterior horn of lateral 34 Greater occipital nerve
10 Pia mater ventricle 35 Ligamentum nuchae
11 Superior sagittal sinus 23 Tentorium cerebelli 36 Semispinalis cervicis



Coronal section 2 — Female

<4 View

M Orientation

Superior

A

Right ¢ p Left

Inferior

The makeup of the layers of the scalp can be appreciated
in this and subsequent sections. It comprises hair-bearing
skin, lying on dense, highly vascular connective tissue (1);
note the large vessels seen in many of the sections. This,
in turn, is adherent to a tough aponeurosis, which is the
aponeurotic sheet joining the occipital belly of
occipitofrontalis (5) to the frontalis muscle. The former
arises from the superior nuchal line, while the latter
inserts into the fascia above the eyebrows. The occipital
part is supplied by the auricular, and the frontal part by
the temporal, branch of the facial nerve (VII). Paralysis of
the facial nerve is followed by inability to wrinkle the
forehead on the affected side. Beneath the aponeurosis
lies a layer of loose areolar tissue, which again can be
appreciated in these sections. It is in this plane that
avulsion of the scalp can take place in tearing injuries and
in which a flap of scalp can be turned down during
surgical exposure of the skull. The final layer, the
periosteum, is closely adherent to the skull.

This T2-weighted image is through the same position as
in the MRI image in coronal section 1. The cerebrospinal
fluid in the subarachnoid space (9) now yields high signal
intensity (white), providing contrast with the gyri.

The various layers of the meninges are demonstrated
well (6, 8, 10). Haemorrhage around these layers is a
serious event. An extradural haematoma develops
between bone (3) and the dura mater (6) and usually
arises soon after trauma that ruptures a meningeal vessel.
A subdural haematoma collects in the subdural space (7),
usually due to venous bleeding following minor trauma in
the elderly. Subarachnoid haemorrhage develops
suddenly in the subarachnoid space (9), usually following
the spontaneous rupture of a cerebral artery, or berry
aneurysm.

Coronal magnetic resonance image (MRI)
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Coronal section 3 — Female

Skin and dense subcutaneous
tissue

Epicranial aponeurosis (galea
aponeurotica)

Parietal bone

Occipital belly of
occipitofrontalis

Occipital margin of temporal
bone

Occipital bone

Dura mater

Subdural space

Arachnoid mater
Subarachnoid space

Pia mater

Superior sagittal sinus

13
14
15
16
17
18
)
20
21
22
23
24

25
26
27

Falx cerebri

Precuneus

Superior parietal lobule
Inferior parietal lobule
Superior temporal gyrus
Middle temporal gyrus
Inferior temporal gyrus
Tentorium cerebelli
Lingual gyrus

Cingulate gyrus
Calcarine sulcus
Posterior horn of lateral
ventricle

Superior vermis
Cerebellar hemisphere
Inferior vermis

28
29
30
31
32
33
34
35
36
37
38
39
40
41

42

Cerebello-medullary cistern
Rectus capitis posterior minor
Rectus capitis posterior major
Semispinalis capitis

Splenius capitis

Superior oblique

Trapezius

Levator scapulae

Occipital artery and vein
Bifid spine of axis
Semispinalis cervicis

Occipital lymph nodes
Ligamentum nuchae
Transverse sinus

Small infarct (see notes)



Coronal section 3 — Female

4— View This and neighbouring sections give clear views of
the structure of the superior sagittal sinus (12) and
the transverse sinus (41), which are formed as clefts
between the outer (endosteal) and inner
(meningeal) layers of the dura mater.

The internal structure of the cerebellum (26) can
be appreciated in this section, with its superficial
highly convoluted cortex over a dense core of white
matter, which contains the deep cerebellar nuclei.
The highly branched appearance of the cerebellum
in section is given the fanciful name of ‘arbor vitae’
— tree of life.

The bifid spine of the axis (37) gives attachment
to semispinalis cervicis (38), rectus capitis posterior
major (30) and the ligamentum nuchae (40), as well
as the inferior oblique, which can be seen in the
next section.

The small occipital lymph nodes (39) are of clinical
significance in that they are classically enlarged in
rubella (German measles) and some forms of cancer.

This T2-weighted magnetic resonance image
shows cerebrospinal fluid (white) in the

i . subarachnoid space (10) surrounding the gyri and
M Orientation within the posterior horn of the left lateral ventricle

. (24).
Superior The magnetic resonance image shows a small
4 area of abnormal high signal intensity (42) medially
in the occipital lobe. The clinical features and
radiological features were those of a small infarct.
Right ¢ p Left
Inferior

Coronal magnetic resonance image (MRI)
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‘ Coronal section 4 — Female

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Dura mater

Subdural space
Arachnoid mater
Subarachnoid space
Pia mater

Superior sagittal sinus
Falx cerebri
Postcentral gyrus
Inferior parietal lobule
Superior temporal
gyrus

Middle temporal gyrus
Inferior temporal gyrus

15

16

18

19
20

21

22
23
24
25
26

Lateral
occipitotemporal gyrus
Medial
occipitotemporal gyrus
17 Parahippocampal gyrus

Fimbria of
hippocampus
Tapetum

Posterior horn of
lateral ventricle
Splenium of corpus
callosum

Cingulate gyrus
Paracentral lobule
Cingulate sulcus
Optic radiation
Great cerebral vein

31
32

33
34
35
36

37
38

Tentorium cerebelli
Cerebellar hemisphere
Superior vermis
Superior medullary
vellum

Fourth ventricle
Cerebello-medullary
cistern

Tonsil of cerebellum
Dentate nucleus
Parietal bone

Mastoid air cells within
petrous part of
temporal bone
Occipital bone
Posterior atlanto-
occipital membrane

39

40

41
42

43
44
45
46

48
49
50

51

Posterior tubercle of
atlas

Bifid spinous process
of axis

Superior oblique
Rectus capitis posterior
major

Inferior oblique
Sternocleidomastoid
Splenius capitis
Levator scapulae
Longissimus capitis
Semispinalis capitis
Semispinalis cervicis
Transverse sinus

Small infarct (see notes)



Coronal section 4 — Female

& View This section passes through the posterior part of the
opening in the tentorium cerebelli (27). Note the
great cerebral vein (26), a short median vessel
formed by the union of the two internal cerebral
veins. It passes backwards to open into the anterior
end of the straight sinus, which lies at the junction
of the falx cerebri (9) with the tentorium cerebelli.

The dentate nucleus of the cerebellum (34) is the
largest and most lateral of the four cerebellar nuclei.
Fibres from this nucleus form the bulk of the
superior cerebellar peduncle.

On the two T2-weighted images shown here, the
extent of the cerebrospinal fluid is well
demonstrated in image (A), especially in the
subarachnoid space (6) around the gyri, but also in
the cisterns around the base of the brain (32).

Also to be seen in image (A) is a small infarct
(51); this is an area where there has been damage
caused by interruption to the blood supply, most
commonly due to a small embolus.

B Orientation o

Right Left

Inferior

Coronal magnetic resonance
image (MRI)

Coronal magnetic resonance
image (MRI)
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Coronal section 5 — Female

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Dura mater

Subdural space
Arachnoid mater
Subarachnoid space
Pia mater

Parietal bone
Mastoid air cells within
petrous part of
temporal bone
Occipital bone
Margin of foramen
magnum

Superior sagittal sinus
Falx cerebri

Precentral gyrus
Postcentral gyrus
Para central lobule
Precentral gyrus

18
19
20

21
22
23

24

25

26
27
28
29
30
31
32

Supramarginal gyrus
Lateral sulcus
Superior temporal
gyrus

Middle temporal gyrus
Inferior temporal gyrus
Choroid plexus within
posterior horn of
lateral ventricle (see
25)

Body of lateral
ventricle

Choroid plexus within
body of lateral
ventricle (see 23)
Corpus callosum
Cingulate gyrus
Cingulate sulcus
Thalamus

Pineal gland
Aqueduct (of Sylvius)
Pons

33
34

35
36

37

38

39

40

41

42

43

44

45

Cerebellar hemisphere
Middle cerebellar
peduncle
Tentorium cerebelli
Termination of
medulla oblongata
Commencement of
spinal cord

Sigmoid sinus
Vertebral artery
entering foramen
magnum
Atlanto-occipital
joint

Posterior arch of atlas
Lamina of axis
Facet joint between
C2/3 vertebrae
Facet joint between
C3/4 vertebrae
Facet joint between
C4/5 vertebrae

47

48
49

50

51
52
53
54
55
56
57
58

59
60

Dorsal nerve root C5
Dorsal root ganglion
c5

Ventral nerve root C5
Body of fifth cervical
vertebra

Posterior belly of
digastric

Longissimus capitis
Splenius capitis
Sternocleidomastoid
Superior oblique
Inferior oblique
Semispinalis capitis
Levator scapulae
Auricular cartilage of
ear

Occipital condyle
Dens of axis (odontoid
peg of second cervical
vertebra)



Coronal section 5 — Female

This section provides an excellent view of the foramen magnum (11) in
the coronal section. It can be appreciated that the medulla oblongata
(36) terminates at its superior margin and the spinal cord (37)
commences at its inferior margin.

The vertebral artery (39) passes over the posterior arch of the atlas
(41) to enter the skull through the foramen magnum. The first cervical
dorsal spinal ramus lies between the artery and posterior arch. Muscular
branches of the artery supply the deep muscles of this region and
anastomose with the occipital, ascending and deep cervical arteries.

Formation of the fifth cervical spinal nerve from its dorsal (46) and
ventral (48) roots is seen clearly. Note that the dorsal root ganglion (47)
lies within the intervertebral foramen between the fourth and fifth (49)
cervical vertebrae.

The nerve roots in the cervical spine emerge cranial to their
numbered vertebra (i.e. C5 roots emerge between C4 and C5; C8
emerges between C7 and T1).

In the thoracic, lumbar and sacral spine, roots emerge caudal to their
numbered vertebra (i.e. L5 emerges between L5 and S1).

Note the close relationship between the pons (32), medulla oblongata
(36) and the atlanto-occipital joints (40) and dens of the axis (odontoid
peg) (60). This explains why injuries at the C1/C2 level are so serious
and diseases that affect this region, e.g. rheumatoid arthritis eroding
the dens of the axis (odontoid peg) and weakening ligaments, can be so
disabling.

M Orientation

Superior

A

Right «¢ P Left

Inferior

Coronal magnetic resonance
image (MRI)

Coronal magnetic resonance
image (MRI)
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Coronal section 6 — Female

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Parietal bone
Temporal bone
Temporalis

Dura mater

Subdural space
Arachnoid mater
Subarachnoid space
Pia mater

Superior sagittal sinus
Falx cerebri

Medial frontal gyrus
Cingulate gyrus

Body of corpus callosum
Choroid plexus within
lateral ventricle
Septum pellucidum
Fornix

Third ventricle
Thalamus

Caudate nucleus

22
23
24
25

26
27
28

29
30
31
32
33

34
35
36
37
38

39
40

Claustrum

Putamen

Globus pallidus
Posterior limb of internal
capsule

Mamillary body

Insula

Lateral cerebral fissure
and branches of middle
cerebral artery

Superior temporal gyrus
Middle temporal gyrus
Inferior temporal gyrus
Hippocampus

Inferior horn of lateral
ventricle

Tail of caudate nucleus
Pons

Trigeminal nerve (V)
Trochlear nerve (IV)
Free margin of
tentorium cerebelli
Vertebral artery (see 52)
Medulla oblongata

41

42

43

45
46
47
48

Facial nerve (VII) and
vestibulocochlear nerve
(VIIl) entering internal
auditory meatus within
petrous part of temporal
bone

Glossopharyngeal nerve
(IX), vagus nerve (X) and
cranial part of accessory
nerve (XI) entering jugular
foramen within petrous
part of temporal bone
Hypoglossal nerve (XI1)
entering hypoglossal
canal within petrous part
of temporal bone
Postcentral gyrus
Precentral gyrus
Superior frontal gyrus
Substantia nigra
Mastoid air cells within
mastoid process of the
petrous part of temporal
bone

49

50

52

Mastoid antrum within
petrous part of temporal
bone

Atlanto-occipital joint
Atlanto-axial joint
Vertebral artery within
foramen transversarium
of axis (see 39)

Posterior belly of
digastric

Body of C4 vertebra

C4 dorsal root ganglion
Internal jugular vein
Sternocleidomastoid
Auricular cartilage of ear
Dura of spinal canal
Levator scapulae

Lateral ventricle
Basilar artery

Body of second cervical
vertebra



Coronal section 6 — Female

The posterior limb of the internal capsule (25) is transected in this
section and can be seen descending into the pons (35). Medial to the
internal capsule can be seen the tail of the caudate nucleus (21) and the
thalamus (20), while laterally lies the lentiform nucleus, made up of the
putamen (23) and, more medially, the globus pallidus (24). Lateral to the
lentiform nucleus lies the claustrum (22), sandwiching the narrow
external capsule between the two.

The squamous part of the temporal bone (4) is the thinnest part of
the calvarium. Contrast it with the densest part of the skull — the well-
named petrous temporal bone (49).

The internal auditory meatus is cut along its length and demonstrates
the facial nerve (VII) and vestibulocochlear, or auditory, nerve (VIII) lying
within it (41).

MRI is an excellent method of demonstrating small acoustic
neurinomata, which develop close to the internal auditory meatus. It is
now possible to diagnose these benign tumours long before the bony
meatus becomes enlarged.

These two magnetic resonance images, obtained at the same
anatomical plane, graphically demonstrate the different information that
can be obtained using different magnetic resonance parameters: image
(A) is the proton-density image whereas image (B) is the T2-weighted
image from a dual-echo acquisition.

M Orientation

Superior

Right ¢ P Left

Inferior

Coronal magnetic resonance
image (MRI)

Coronal magnetic resonance
image (MRI)
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‘ Coronal section 7 — Female

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Parietal bone
Squamous part of
temporal bone
Temporalis

Dura mater
Subdural space
Arachnoid mater
Subarachnoid space
Pia mater

Superior sagittal sinus
Falx cerebri

Medial frontal gyrus
Cingulate gyrus
Body of corpus
callosum

Body of lateral
ventricle

Septum pellucidum
Fornix

19

20
21
22
23

24
25
26
27
28
29

30
31
32
33

34

Choroid plexus with
floor of lateral ventricle
Third ventricle
Mamillary body
Thalamus

Anterior limb of
internal capsule
Caudate nucleus
Putamen

Globus pallidus
Claustrum

Insula

Lateral cerebral fissure
and branches of middle
cerebral artery
Superior temporal gyrus
Middle temporal gyrus
Inferior temporal gyrus
Lateral
occipitotemporal gyrus
Parahippocampal gyrus
adjacent (lateral) to
hippocampus

35
36
37
38
39
40

41
42
43
44
45

46

47
438
49
50
51
52
53

Postcentral gyrus
Central sulcus
Precentral gyrus
Superior frontal gyrus
Oculomotor nerve (lll)
Posterior cerebral
artery

Basilar artery
Superior cerebral artery
Pons

Trigeminal nerve (V)
Free margin of
tentorium cerebelli
External auditory
meatus

Tympanic membrane
Internal carotid artery
Styloid process
Parotid gland

Internal jugular vein
Digastric

Base of occipital bone
(clivus)

54
55

56
57

58
59
0]
61

62
63

64
65

66
67
68

Rectus capitis anterior
Anterior atlanto-
occipital membrane
Anterior arch of atlas
Dens of axis (odontoid
peg of second cervical
vertebra)

Body of axis

C2/3 intervertebral disc
Atlanto-axial joint
Glossopharyngeal
nerve (I1X)

Vagus nerve (X)

Spinal accessory nerve
(X

Hypoglossal nerve (XII)
Posterior wall of
pharynx

Thyroid cartilage
Sternocleidomastoid
Platysma



Coronal section 7 — Female

This section passes through the external auditory
meatus (46). This is about 37 mm long and has a
peculiar S-shaped course, being directed first
medially upwards and backwards, then medially and
backwards, and finally medially forwards and
downwards. The outer third of the canal is
cartilaginous and somewhat wider than the medial
osseous portion. It leads to the tympanic
membrane, or eardrum (47), which faces laterally
downwards and forwards.

This section provides a clear view of the dens (57)
in coronal section and articulation with the anterior
arch of the atlas (56). It also illustrates the
importance of the transverse ligament of atlas
keeping the dens of the axis (odontoid peg of
second cervical vertebra) (57) in intimate contact
with the atlas (first cervical vertebra).

M Orientation

Superior

A

Right ¢ p Left

Inferior

Coronal magnetic resonance image (MRI)
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Coronal section 8 — Female

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Parietal bone
Squamous part of
temporal bone
Temporalis

Dura mater

Subdural space
Arachnoid mater
Subarachnoid space
Pia mater

Superior sagittal sinus
Falx cerebri

Medial frontal gyrus
Superior frontal gyrus
Middle frontal gyrus
Inferior frontal gyrus
Cingulate gyrus
Pericallosal artery
Body of corpus
callosum

Septum pellucidum
Lateral ventricle

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38

Head of caudate
nucleus

Lentiform nucleus
Putamen

Nucleus accumbens
Anterior column of
fornix

Claustrum

Insula

Origin of middle
cerebral artery (see 30)
Middle cerebral artery
branches (see 29)
Origin of anterior
cerebral artery (see 18)
Superior temporal
gyrus

Middle temporal gyrus
Inferior temporal gyrus
Lateral
occipitotemporal gyrus
Medial
occipitotemporal gyrus
Lateral sulcus

Optic chiasma (Il)

43

44

45

46
47

438

49

50

Oculomotor nerve (lll)
Trigeminal ganglion
Pituitary stalk
Pituitary gland within
pituitary fossa (sella
turcica)

Internal carotid artery
within cavernous sinus
Body of sphenoid bone
and sphenoidal sinus
Intra-articular disc of
temporomandibular
joint

Head of mandible
Middle meningeal
artery within foramen
spinosum of sphenoid
bone

Posterior wall of
nasopharynx
Posterior wall of
oropharynx

Auditory (Eustachian)
tube

Levator veli palatini

56

62

63

64

65

66

67
68
69

Internal carotid artery
Styloglossus

Tendon of digastric
Stylohyoid
Stylopharyngeus
External carotid artery
Hypoglossal nerve (XII)
Parotid gland
Retromandibular vein
Maxillary artery and
vein

Superficial temporal
vein

Greater horn of hyoid
bone

Constrictor muscles of
pharynx

Cartilage of epiglottis
Superior margin of
lamina of thyroid
cartilage
Submandibular gland
Platysma

Longus capitis



Coronal section 8 — Female

The plane of this section passes through the head of
the mandible (46) and the temporomandibular joint.
The articular surfaces of the joint are covered with
fibrocartilage (not hyaline cartilage as is usual in a
synovial joint). The joint contains a prominent
fibrocartilaginous intra-articular disc (45), which
divides it into an upper and lower compartment.

The parotid gland (59) and the submandibular
salivary gland (67) are in contact with each other,
separated only by a sheet of fascia, the
stylomandibular ligament.

The anterior limb of the internal capsule relates
medially to the head of the caudate nucleus (22)
and laterally to the putamen (24). See also the note
on the posterior limb of the internal capsule in
Coronal section 6.

The pituitary gland (42) can be seen lying within
its fossa, in close relationship to the optic chiasma.
An enlarging tumour of the pituitary gland
classically produces the visual disturbance of
bitemporal hemianopia because of pressure on the
medial aspect of the chiasma. The modern pernasal

. . trans-sphenoidal fibre-optic approach for pituitary

W Orientation surgery via the sphenoid sinus (44) can be
_ appreciated in this section.

Superior On this T1-weighted magnetic resonance image,

4 the sphenoid (44) is very bright because there is
virtually no sinus aeration; this is very variable. The
bright signal reflects a high narrow content of bone.

Right ¢ p Left

Inferior

Coronal magnetic resonance image (MRI)
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10
11
12
13
14

15
16

Coronal section 9 — Female

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Parietal bone
Squamous part of
temporal bone
Zygomatic process of
temporal bone

Body of sphenoid bone
Superior sagittal sinus
Falx cerebri

Dura mater

Subdural space
Arachnoid mater
Subarachnoid space
Pia mater
Callosomarginal branch
of anterior cerebral
artery in longitudinal
fissure

Superior frontal gyrus
Middle frontal gyrus

17
18
19
20

pA

22

23
24
25
26
27
28

29
30
31
32
33
34
35

Inferior frontal gyrus
Medial frontal gyrus
Cingulate gyrus

Body of corpus
callosum

Anterior horn of lateral
ventricle

Head of caudate
nucleus

Anterior cerebral artery
Olfactory sulcus
Olfactory tract (I)
Orbital gyri

Optic nerve (Il)
Superior temporal
gyrus

Middle temporal gyrus
Inferior temporal gyrus
Insula

Middle cerebral artery
Oculomotor nerve (lll)
Abducent nerve (VI)
Makxillary nerve (V')

36 Ophthalmic nerve (lll)
with trochlear nerve
(%

37 Internal carotid artery
in cavernous sinus

38 Sphenoidal sinus

39 Temporalis

40 Intra-articular disc of
temporomandibular
joint

41 Lateral pterygoid

42 Maxillary artery

43 Inferior alveolar nerve

and artery

Medial pterygoid

45 Ramus of mandible
46 Masseter

47 Parotid gland

48 Facial artery and vein
49 Submandibular gland
50 Platysma

51 Hyoglossus

52 Tendon of digastric

53
54

55
56
57

58
59
60

61
62
63
64

65

66
67

68

Body of hyoid bone
Lesser horn of hyoid
bone

Stylohyoid ligament
Styloglossus

Intrinsic muscle of
tongue

Lingual artery
Nasopharynx
Opening of auditory
(Eustachian) tube
(arrowed)

Levator veli palatini
Tensor veli palatini
Palatoglossus
Superior constrictor of
pharynx

Soft palate

Internal carotid artery
Anterior clinoid process
of sphenoid bone
Temporal lobe



Coronal section 9 — Female

The line of this section passes through the
zygomatic process of the temporal bone (5), the
posterior part of the tongue (57) and the body of
the hyoid bone (53). We peer into the nasopharynx
(59) with the termination of the auditory, or
Eustachian, tube (60) just visible.

The oculomotor nerve (lll) (33) passes through the
sharp edge of the tentorium cerebelli to enter the
cavernous sinus (37). The cerebral hemisphere,
compressed by an extradural or subdural clot,
presses upon the nerve at the tentorial edge and
produces dilation of the pupil; hence, the
neurosurgical aphorism, ‘explore the side with the
dilated pupil’. Damage to the internal carotid artery
within the cavernous sinus (37), usually as a result
of trauma, may produce a carotico-cavernous fistula
and results in a pulsating exophthalmos.

The intrinsic muscles of the tongue (57) comprise
longitudinal, transverse and vertical bands of
muscle. These, acting alone or in combination, give
the tongue its precise and highly variable mobility in
speech and swallowing. Their nerve supply is the

i : hypoglossal nerve (XII).
B Orientation ypog ve (XII)

Superior

A

Right ¢ p Left

Inferior

Coronal magnetic resonance image (MRI)
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‘ Coronal section 10 — Female
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10
11
12
13
14
15
16
17

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Branch of superficial
temporal artery
Frontal bone

Dura mater

Subdural space
Arachnoid mater
Subarachnoid space
Pia mater

Superior sagittal sinus
Falx cerebri

Superior frontal gyrus
Middle frontal gyrus
Inferior frontal gyrus
Gyrus rectus
Cingulate gyrus
Medial orbital gyrus

18
19

20

21

22

23

24

25

26

27

Olfactory tract (1)
Lesser wing of
sphenoid bone
Septum between
sphenoidal sinuses
Sphenoidal sinus

Optic nerve ()
Temporal lobe of brain
within middle cranial
fossa

Greater wing of
sphenoid bone
Maxillary nerve within
foramen rotundum of
greater wing of
sphenoid bone
Pterygopalatine
ganglion

Medial pterygoid plate
of sphenoid bone

28

29
30
31
32
33
34
35

36
37
38

39
40
41
42

Lateral pterygoid plate
of sphenoid bone
Lateral pterygoid
Maxillary artery
Medial pterygoid
Temporalis

Zygomatic arch
Masseter

Accessory parotid
gland

Parotid duct

Body of mandible
Inferior alveolar artery
and nerve within
mandibular canal
Facial artery and nerve
Platysma
Submandibular gland
Anterior belly of
digastric

43
44
45
46
47
48
49

50
51

52

54

Mylohyoid
Geniohyoid
Transverse fibres of
intrinsic muscle of
tongue

Sublingual gland (deep
part)

Lingual artery

Uvula

Palatine glands of soft
palate

Nasal cavity

Nasal septum (vomer)

Anterior clinoid process
(lesser wing of
sphenoid bone)
Ramus of mandible
Nasopharynx



Coronal section 10 — Female

Do not be deceived! This section passes through the
tip of the temporal lobe of the cerebrum (23), lying
inferior to the lesser wing of the sphenoid (19) and
not the orbit. Note that the plane of this section lies
immediately anterior to the anterior horn of the
lateral ventricle.

The parotid duct (36) can be palpated easily in
the living subject by tensing the masseter muscle
(34) and feeling along the upper part of the anterior
border of this muscle just inferior to the zygomatic
arch (33). The accessory parotid gland, or pars
accessoria (35), is usually completely detached from
the main gland and lies between the parotid duct
and the zygomatic arch. It accounts for an
occasionally very anteriorly placed parotid tumour.

The paired sphenoidal sinuses (21) lie within the
body of the sphenoid bone and vary quite
considerably in size and shape. They are rarely
symmetrical, one often being much larger than the
other and extending across the midline behind the
other. Occasionally one overlaps the other sinus
superiorly. Usually the septum (20) between the two

Orientati sinuses is intact, although occasionally these
rientation communicate with each other.
As well as the main salivary glands, many other

Supirior accessory salivary glands are found, some in the
tongue, some between the crypts of the palatine

tonsils and some on the inner aspects of the lip and
cheeks. Large numbers are found in the posterior
Right ¢ \J P Left hard palate and the soft palate (49). They are mainly

mucous in type and are occasional sites for the
development of a pleomorphic salivary tumour.

The CT image is purposefully displayed at optimal
setting for bony structure.

Inferior

Coronal computed tomogram (CT)




70

out AW

Coronal section 11 — Female

Skin and dense
subcutaneous
tissue

Epicranial
aponeurosis
(galea
aponeurotica)
Dura mater
Subdural space
Arachnoid mater
Subarachnoid
space

Pia mater
Superior sagittal
sinus

Falx cerebri
Medial frontal

gyrus

11
12
13
14
15
16

17

18
19

20
21
22

Superior frontal

gyrus
Middle frontal

gyrus
Inferior frontal

gyrus
Longitudinal
fissure

Orbital gyri
Olfactory tract (I)
Levator palpebrae
superioris
Superior rectus
Optic nerve (Il) in
dural sheath
Lateral rectus
Inferior rectus
Medial rectus

23
24

25
26
27
28
29

EX|
32
33

35
36

Superior oblique
Branches of
ophthalmic artery
and vein
Ethmoidal air cells
Maxillary sinus
Maxillary nerve
Maxillary artery
Temporalis
Zygomatic arch
Masseter

Ramus of mandible
Buccal pad of fat
Buccinator

Body of mandible
Inferior alveolar
nerve in
mandibular canal

39
40
41
42
43

44
45
46
47
438

49

Platysma
Anterior belly of
digastric
Mylohyoid
Geniohyoid
Genioglossus
Lingual artery
Transverse fibres
of intrinsic
muscle of tongue
Sublingual gland
Facial artery
Facial vein

Soft palate
Horizontal plate
of palatine bone
Tuberosity of
maxilla

50
51
52
53
54
55

56

57

58
59

Inferior nasal
concha

Middle nasal
concha
Superior nasal
concha

Nasal septum
Parotid duct
Orbital part of
ethmoid bone
Greater wing of
sphenoid bone -
orbital surface
Frontal bone

Zygoma
Dental artefacts
(see notes)



Coronal section 11 — Female

This section does indeed pass through the posterior part
of the cavity of the orbit and demonstrates the close
packing of the extrinsic muscles (17, 18, 20-23) and
blood vessels (24) with the orbital fat and optic (Il) nerve
(19). Note that the optic nerve is surrounded by an
extension of the dura mater and is, therefore, bathed in
cerebrospinal fluid. Raised intracranial pressure is thus
transmitted in the cerebrospinal fluid along the sheath
and results in the changes of papilloedema.

The ethmoidal air cells, or sinuses (25), are small, thin-
walled cavities in the ethmoidal labyrinth. They range in
number from three large to 18 small cells on either side
and are separated from the orbit by the paper-thin orbital
plate of the ethmoid. Orbital cellulitis can thus easily
result from ethmoid sinusitis (see (54) in Coronal section
13).

The three nasal conchae (still often referred to by ear,
nose and throat (ENT) surgeons as the turbinate bones)
project downwards like three scrolls from the lateral wall
of the nasal cavity. The lowest, the inferior (50), is the
largest and broadest. It is a separate bone, unlike the
middle (51) and superior (52), which are part of the

B Ori . ethmoid bone (55). The middle and superior conchae are
joined anteriorly, but diverge away from each other
posteriorly so that the superior concha can be visualized
only at posterior rhinoscopy and is invisible on viewing
through the anterior nares. Beneath each concha is a
space, termed the superior, middle and inferior meatus,
respectively.

Right «¢ P Left Metallic material used in dental fillings creates
substantial problems for coronal CT. Even with careful
positioning and gantry angulation, problems may be
unavoidable: On the image, note the distortion created
by the presence of a metallic dental filling.

Superior

A

Inferior

Qﬁ% o0
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N

Coronal computed tomogram (CT)
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10

12
13
14
15
16
17
18

‘ Coronal section 12 — Female

Skin and dense
subcutaneous tissue
Epicranial aponeurosis
(galea aponeurotica)
Frontal belly of
occipitofrontalis

Dura mater

Subdural space
Arachnoid mater
Subarachnoid space
Pia mater

Superior sagittal sinus
Falx cerebri

Superior frontal gyrus
Middle frontal gyrus
Inferior frontal gyrus
Orbital gyri
Longitudinal fissure
Cingulate gyrus
Medial frontal gyrus
Posterior portion of

19

20

pA|
22

23
24
25
26

27
28
29
30
31
32

olfactory bulb (1) lying
on cribriform plate of
ethmoid bone
Posterior part of crista
galli

Levator palpebrae
superioris

Superior rectus
Branches of ophthalmic
artery and vein
Lateral rectus

Inferior rectus

Medial rectus

Optic nerve (Il) in dural
sheath

Superior oblique
Temporalis

Zygomatic arch
Zygomaticus major
Masseter

Parotid duct

33
34
35
36
37

38
39
40

41
42
43
44
45

46
47
48

49

Buccal fat

Buccinator

Facial vein

Facial artery

Inferior alveolar nerve
in mandibular canal
Body of mandible
Platysma

Anterior belly of
digastric

Mylohyoid
Geniohyoid
Genioglossus
Sublingual gland
Intrinsic muscle of
tongue

Depressor anguli oris
Buccal vestibule
Palatine glands of soft
palate

Inferior nasal concha

50
51
52
53
54
55

56
57

58

59

60

61

Nasal septum

Middle nasal concha
Maxillary sinus
Ethmoidal air cells
Orbital part of ethmoid
bone

Orbital surface of
maxilla

Zygomatic bone
Orbital part of frontal
bone

Palatine process of
maxilla

Infra-orbital artery and
nerve within infra-
orbital canal of maxilla

Teeth arising from
mandible
Globe



Coronal section 12 — Female

From the roof of the nasal cavity, some 20 olfactory
nerve (I) filaments on each side perforate the dura
and arachnoid over the cribriform plate and pass
upwards through the subarachnoid space to enter
the olfactory bulb (18). From here, the olfactory
tract passes posteriorly on the inferior surface of the
frontal lobe. Fractures crossing the anterior cranial
fossa, with tearing of the overlying dura, may result
in cerebrospinal rhinorrhoea, watery fluid draining
into the nose. Untreated, this communication
between the nasal cavity and the subarachnoid
space inevitably results in meningitis.

The maxillary sinus, or antrum (52), occupying
most of the body of the maxilla, is the largest of the
nasal accessory sinuses. In dentulous subjects,
conical elevations, which correspond to the roots of
the first and second molar teeth, project into the
floor of the sinus, which they occasionally perforate.
Less commonly, the roots of the two premolars, the
third molar and, rarely, the canine may also project
into the sinus. Upper dental infection may thus
involve the sinus, and dental extraction may result in

. . an oromaxillary fistula. The sinus opens into the

W Orientation nasal cavity in the lowest part of the hiatus
_ semilunaris below the middle concha (51). A second
Superior