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Praface to the Tenth Edition

e method of teaching Anatomy especially Neuroanatomy has undergone a vast change over the past decade. Medical
students are needed not only to know the facts about the nervous system, but should also know how to apply that
knowledge to ‘localize’ the neurological lesion which means they should correctly identify the ‘site’ and ‘side’ of lesion.

isis possible only with a thorough knowledge of Neuroanatomy. So in this book, we have strived to provide the readers
with ample opportunities to exercise their grey cells and practise this ‘localization’

We are thankful to all the comments, criticisms and feedback received for the ninth edition.  ese gave us a direction
to revamp and modify the current edition to ful Il the requirements of undergraduate students.

e current edition has been re ned to suit the needs of undergraduate students. is has been achieved by reducing
the total number of chapters to 16 from the previous edition’s 20.  is edition will also help the undergraduate medical
students to achieve the required competencies of understanding and describing the gross anatomy of central and
peripheral nervous systems and correlating the anatomical basis of clinical manifestations.

e language has been very simpli ed so that all students can understand the subject better. New dissection
photographs which are of high resolution have been added as eight plates at the beginning of the book.  ese are in black
background and have been labelled to help students identify various parts of the brain not just during brain prosection
studies, but even revise later outside of dissection hall or at home. More line diagrams, tables and new owcharts have
been added to facilitate easy understanding. Anatomical basis of a lot of neurological conditions have been highlighted
in coloured boxes.

A new addition to this edition is that each chapter has a section on “Clinical Cases” which will stimulate the students
to apply what they have learnt in the chapterand nd asolution to the problem. iswill enhance their clinical problem-
solving skills and help them to hone their competencies as per the evolving ‘Competency-based curriculum. Each
chapter also has short and long answer questions collated from various university examinations and these will help the
students to do self-assessment and to practise for their examinations.

We would whole heartedly like to thank Mr Jitendar P Vij (Group Chairman), Mr Ankit Vij (Group President) of Jaypee
Brothers Medical Publishers (P) Ltd, New Delhi, India for his useful and innovative suggestion to include photographs
of brain specimens in black background which, we are sure, will be welcome by the students. We would also like to thank
the whole editorial team at Jaypee Brothers especially Mr Sabarish Menon (Commissioning editor), for the constant
support and coordination, Mr Ankush Sharma (Designer), for re ning the diagrams and Mr Deep Dogra (Operator), for
type-setting and formatting.

We are grateful to the sta members of Department of Anatomy, Seth GS Medical College & KEM Hospital especially
Dr Praveen lyer for the support, Mr Prashant Jadhav and Mrs Jyoti Kerkar for the technical support given.

We are thankful to Dr Avinash Supe, Dean, Seth GS Medical College & KEM Hospital and Director (Medical Education &
Major Hospitals) for his encouragement to our academic activities.

Last, but not the least, we would like to express our heartfelt gratitude to our family members for bearing with our
preoccupation with the completion of the book.

We hope this edition will be used extensively not only by undergraduate medical and paramedical students but also
by postgraduates and medical teachers.

Pritha S Bhuiyan, Lakshmi Rajgopal, K Shyamkishore






Praface to the Ninth Edition

Professor Inderbir Singh has been a doyen in the eld of Anatomy, and he has been looked upon as a guide and mentor
by many students and teachers. So, it isindeed a great honour for us to edit the ninth edition of ‘Inderbir Singh’s Textbook
of Human Neuroanatomy (Fundamental and Clinical). While editing, this book has provided us an opportunity to revisit
neuroanatomy, we have enjoyed this relook thoroughly.

To highlight what the students should learn from each chapter, ‘Speci c Learning Objectives’ have been added. A
comprehensive rearrangement of chapters has been done to make it easy for the students to understand the subject.
Important clinical conditions are given as ‘Clinical Correlation’ in Boxes. Validated ‘Multiple Choice Questions’ have
been added at the end of each chapter for self-assessment. New diagrams and photographs of dissected and plastinated
specimens have been incorporated to make it reader friendly. New tables and owcharts have been inserted for making
comprehension of neuroanatomy easy. e chapter on ‘Imaging Techniques of the Central Nervous System’ is updated
completely keeping in mind the emerging trends in newer imaging techniques.

We are grateful to the Dean, Seth GS Medical College and KEM Hospital, for giving us the permission to edit this
book. We are also thankful to Dr HD Deshmukh, Professor and Head, Department of Radiology, for providing us CT
scans and MRI scans. Our special acknowledgement to Mr Prashant Jadhav for helping us with the photography. Our
special thanks to all our students for making us take up this challenging task despite our academic and administrative
responsibilities. We thank our family members for their continued support.

We hope that this edition will be useful to the students and teachers interested in neuroanatomy, and we welcome
feedback from the readers to improve future editions.

Pritha S Bhuiyan, Lakshmi Rajgopal, K Shyamkishore
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TABLE 1.1: Classi cation of nervous system

Central nervous system

Forebrain (prosencephalon)

Brain

(encephalon) Midbrain (mesencephalon)

Hindbrain (rhombencephalon)

 Spinal cord (myelon)

Telencephalon (cerebrum)
Diencephalon

Metencephalon (pons and cerebellum)
Myelencephalon (medulla oblongata)

Peripheral nervous system
Cranial nerves | and Il
Cranial nerves lll and IV

Cranial nerves V to XIl

31 pairs of spinal nerves

Brain
—Cranial
nerves
Cervical plexus __%g; ]
Brachial plexus% %
Spinal cord ———————=ss22 to —Spinal
Tiz nerves
Lumbar plexus ;

Sacral plexus
Coccygeal plexus

Filum
terminale

Figure 1.2: Parts of the central and peripheral nervous system

STRUCTURE OF ATYPICAL NEURON

A neuron consists of a cell body that giveso a number of
processes called neurites (Figures 1.3A and B).

Cell Body

The cell body is also called the soma or perikaryon.
e cytoplasm contains a large central nucleus (usually
with a prominent nucleolus), numerous mitochondria,
lysosomes and Golgi complex (Figure 1.3B).  ecytoplasm
also shows the presence of a granular material that stains
intensely with basic dyes called Nissl substance (also
called Nissl bodies or granules) (Figure 1.3C). These
bodies are rough endoplasmic reticulum (Figure 1.3B).

The neurofibrils in the cytoplasm consist of
microfilaments and microtubules (Figure 1.3D). The
centrioles present in neurons are concerned with the
production and maintenance of microtubules. Some
neurons contain pigment granules (for example,
neuromelanin in neurons of the substantia nigra). Aging
neurons contain a pigment, lipofuscin (made up of
residual bodies derived from lysosomes).

Neurites

e processes arising from the cell body of a neuron are
called neurites. These are of two kinds. Most neurons
give off a number of short branching processes called
dendrites and one longer process called an axon. e
di erences between axon and dendrite are summarized
in Table 1.2 (Figure 1.3C).

Axoplasmic Flow

The cytoplasm of neurons is in constant motion.
Movement of various materials occurs through axons.  is
axoplasmic ow takes place both away from and towards
the cell body. Axoplasmic transport of tracer substances
introduced experimentally can help trace neuronal
connections.

A’ Clinical Anatomy ) .

Role of Axoplasmic Transport in Spread of Disease

Some infections, which a ect the nervous system travel along

nerves.

I Rabies virus, from the site of bite, travels along nerves by
reverse axoplasmic ow.

I Polio virus is also transported from the gastrointestinal tract
through reverse axoplasmic ow.

I Tetanus bacteria, in contrast, travels from the site of infection
to the brain along the endoneurium of nerve bres.

,
A




Dendrites

Nissl bodies

Nucleus

Cell body (soma)

Axon hillock

Axon

Telodendria

Terminal boutons
(presynaptic terminals)

Figure 1.3A: Parts of a typical neuron

Golgi complex

Nucleus

Microtubules
and .
microfilaments

Mitochondrion

Dendrite

. (Nissl substance)

Dendritic spine -
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Nissl substance

Axon hillock

Nucleolus

Neurofibrils

Figure 1.3D: Neuronal cell body showing neuro brils

Lysosome

Nucleolus

Free
ribosomes

Axon hillock

W Initial segment
_ Axon

Myelin sheath

reticulum

Schwann cell
nucleus

Figure 1.3B: Structural features of neuron as seen by electron microscope
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TABLE 1.2: Di erence between axons and dendrites

Axons

Axon is a single, long, thin process of a nerve cell, which
terminates away from the nerve cell body

Axon ends by dividing into many ne processes called axon
terminals

It has uniform diameter and smooth surface
It is free of Nissl granules

_The nerve impulses travel away from the cell body

Dendrites

Dendrites are multiple, short, thick and tapering processes of the
nerve cell which terminate near the nerve cell body

Dendrites are highly branched to form a dendritic tree

The thickness of dendrite reduces as it divides repeatedly
Nissl granules are present in dendrites

The nerve impulses travel towards the cell body

CLASSIFICATION OF NEURONS

Neurons are classi ed based on:

f Variation in the shape of neuronal cell bodies:
Depending on the shapes of their cell bodies, some
neurons are referred to as stellate (star-shaped) or
pyramidal

I Polarity: Unipolar, bipolar, multipolar (Figure 1.4,
Flowchart 1.1)

I Variations in Axons: Golgi type | and Golgi type |1
Examples of di erent types of neurons are given in

Table 1.3.

NERVE FIBRES

Axons (and some dendrites, which resemble axons in
structure) constitute what are commonly called nerve
bres. ebundlesof nerve bresfoundin CNS are called

\

Dendrites

Soma

— Dendrites (cell body)

Axon
hillock

&

Axon
—— Axons

Unipolar
neuron

Bipolar
neuron

Multipolar
neuron

Figure 1.4: Unipolar, bipolar, and multipolar neurons

as tracts, while the bundles of nerve bres found in PNS
are called peripheral nerves.

Basic Structure of Peripheral Nerve Fibres

Eachnerve brehasacentral coreformedbytheaxon. is
core is called the axis cylinder. e plasma membrane
surrounding the axis cylinder is the axolemma. e axis
cylinder is surrounded by a myelin sheath. is sheath
is in the form of short segments that are separated at
short intervals called the nodes of Ranvier. The part
of the nerve bre between two consecutive nodes is the
internode. Each segment of the myelin sheath is formed
by one Schwann cell.

Outside the myelin sheath, there is a thin layer
of Schwann cell cytoplasm and an external lamina
(similar to the basal lamina of epithelium). is layer of
cytoplasm and external lamina is called the neurilemma.
Neurilemma isimportant in the regeneration of peripheral
nerves after their injury. Such neurilemma is absent in
oligodendrocytes that form myelin sheath in CNS. Hence,
regeneration in the CNS is not possible.

Each nerve breissurrounded by a layer of connective
tissue called endoneurium (Figure 1.5). A bundle of nerve

bres or fasciculus is surrounded by the perineurium
(Figure 1.5). The perineurium is made up of layers of
attened cells separated by layers of collagen bres. e
perineurium controls di usion of substances in and out of

Flowchart 1.1: Types of neurons—anatomical classi cation

‘ Types of neurons—Based on polarity I

|
| .

Unipolar Bipolar Multipolar
Single process One axon and Multiple processes
arising from one dendrite arising from cell body
cell body arising from — Most common of
cell body all varieties
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TABLE 1.3: Morphological classi cation of neurons

Morphology Location and example

According to polarity
I Unipolar

Il Bipolar

Il Multipolar

According to size of nerve bre
I Golgi type I (long axons)
([ Golgi type Il (short axons)

I Posterior root ganglia of spinal nerves, sensory ganglia of cranial nerves
I Retina, sensory ganglia of cochlear and vestibular nerves
Il Motor neurons of anterior grey column of spinal cord, autonomic ganglia

1T Pyramidal cells of cerebral cortex
I Stellate cells of cerebral cortex

axons. e fasciculi are held together by the epineurium
(which surrounds the entire nerve).

A Clinical Anatomy ) .

Il The epineurium contains fat that cushions nerve bres. Loss
of this fat in bedridden patients can lead to pressure on
nerve bres and paralysis.

I Blood vessels to a nerve travel through the connective tissue
that surrounds it. Severe reduction in blood supply can lead
to ischaemic neuritis and pain.

(. J

Blood-Nerve Barrier

Peripheral nerve fibres are separated from circulating
blood by a blood-nerve barrier. Capillaries in nerves are
nonfenestrated and their endothelial cells are united by
tight junctions.  ere is a continuous basal lamina around
the capillary. e blood-nerve barrier is reinforced by cell
layers present in the perineurium.

Axon

Myelin sheath

Endoneurium

Fasciculus
Perineurium

Epineurium

Nerve trunk

Figure 1.5: Connective tissue supporting nerve bres of a
peripheral nerve

CLASSIFICATION OF PERIPHERAL
NERVE FIBRES

Peripheral nerves are classi ed in many ways.

According to Function

1

Some nerve bres carry impulses from the spinal cord
or brain to peripheral structures like muscle or gland,;
they are called e erent or motor bres.

Other nerve fibres carry impulses from peripheral
organs to the brain or spinal cord. ese are called
a erent bres.

According to Area of Innervation

1
1

Somatic afferent fibres: Carry impulses from skin,
bones, muscles, and joints to the CNS

Somatic e erent bres: Carry impulses from CNS to
the skeletal muscles

Visceral a erent bres: Carry impulses from visceral
organs and blood vessels to the CNS

Visceral e erent bres: Carry impulses from CNS to
the cardiac muscle, glands, and smooth muscles

According to Diameter and Velocity of Conduction
1 A((subdividedinto a, b, g, d)

1 B

1 C(unmyelinated)

Sensory nerve bres are also classi edintol, Il, IlI

and IV

Details of diameter and conduction velocity in the
peripheral nerves with examples are given in Table 1.4.

Presence of myelin sheath

1 Myelinated
1 Unmyelinated
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MYELIN SHEATH AND PROCESS OF
MYELINATION

The nature of myelin sheath is best understood by
considering the mode of its formation (Figures 1.6A to E).
An axon lying near a Schwann cell invaginates into the
cytoplasm of the Schwann cell. In this process, the axon
comes to be suspended by a fold of the cell membrane of
the Schwann cell.  isfold is called the mesaxon.

In some situations, the mesaxon becomes greatly
elongated and comes to be spirally wound around the
axon, which is thus surrounded by several layers of cell
membrane. Lipids are deposited between adjacent layers
of the membrane. ese layers of the mesaxon, along with
the lipids, sphingomyelin, form the myelin sheath.

Outside the myelin sheath, a thin layer of Schwann
cell cytoplasm and an external lamina persists to form an
additional sheath, which is called the neurilemma (also
called the neurilemmal sheath or Schwann cell sheath).

An axon is related to a large number of Schwann cells
over its length. Each Schwann cell provides the myelin
sheath for a short segment of the axon (Figure 1.7). At the
junction of any two such segments, there is a short gap
in the myelin sheath.  ese gaps are called the nodes of
Ranvier. When an impulse travels down a nerve bre, it
does not proceed uniformly along the length of the axis
cylinder, but jumps from one node to the next. This is
called saltatory conduction. In unmyelinated neurons,
the impulse travels along the axolemma. Such conduction
is much slower than saltatory conduction.

TABLE 1.4: Classi cation of bresin the peripheral nerves

Axon lying near
Schwann cell

O

Axon invaginates
Schwann cell

Mesaxon

B
Mesaxon formed by further
invagination by the axon

Mesaxon elongates
and begins to wind
round the axon

— Mesaxon makes several
turns around the axon.
Lipids are deposited
between the layers

of mesaxon. The myelin
sheath is thus formed

Athin layer of Schwann
cell cytoplasm persists
as the neurilemma

Figures 1.6A to E: (A) Stages in the formation of the myelin sheath
by a Schwann cell—the axon, which rst lies near the Schwann cell;
(B and C) Then it invaginates into its cytoplasm, and comes to be
suspended by a mesaxon. (D and E) The mesaxon elongates and
comes to be spirally wound around the axon

|

Fibre type Function Sensory classi cation Diameter (um) Velocity (m/s)
Muscle spindle, annulo-spiral ending la

Aa Golgi tendon organ Ib 13-20 70-120
Somatic motor -

AB Muscle spindle, ower-spray ending Il 6-12 30-70
Touch, pressure Il

Ay Motor to muscle spindles - 3-6 15-30

Ad Pricking pain, cold, touch Il 2-5 12-30

B Preganglionic autonomic - 1-5 3-15

c Burning pgln,.temperatu_re, itch, tickle 1\ 02-15 05-2
Postganglionic autonomic - )




Schwann cell

oS > @1
C J
Axon =

Schwann cell surrounding
part of axon

/_____--"'_‘w______-_-\ |
? = — @2

—-
Schwann cell Segment of myelin sheath
nucleus formed by one Schwann cell

Node of Ranvier

Figure 1.7: Each Schwann cell forms a short segment of the myelin
sheath.The guresto the right are transverse sections through the
nerve bre, at the corresponding stages

A Clinical Anatomy ) .

Myelination can be seriously impaired, and there can be
abnormal collections of lipids, in disorders of lipid metabolism.
Various proteins have been identi ed in myelin sheaths and
abnormality in them can be the basis of some neuropathies.

In multiple sclerosis, myelin formed by oligodendrocytes
undergoes degeneration, but that derived from Schwann cells
is spared.

A J

Functions of the Myelin Sheath

1 e presence of a myelin sheath increases the velocity
of conduction (for a nerve bre of the same diameter).

T It reduces the energy expended in the process of
conduction.

1 Itis responsible for the colour of the white matter of
the brain and spinal cord.

Nonmyelinated Fibres

There are some axons, which are devoid of myelin
sheaths and examples include postganglionic autonomic
fibres and fibres carrying “slow’, burning pain. The
nonmyelinated bres are also surrounded by Schwann
cells. These unmyelinated axons invaginate into the
cytoplasm of Schwann cells, but the mesaxon does not
spiral around them (Figure 1.8). Another di erence is that
several such axons may invaginate into the cytoplasm of a
single Schwann cell.

Types of Re exes

Are ex action is de ned as an immediate, involuntary
motor response of the muscles in response to a speci ¢
sensory stimulus. For example, if the skin of the sole of a
sleeping person is scratched, the leg is re exly drawn up.

Chapter 1 Introduction to Nervous System

Ol ...

Schwann
cell

Figure 1.8: Relationship of unmyelinated axons to a Schwann cell

Monosynaptic: The stimulus applied to a muscle or a
tendon is carried by a unipolar neuron which terminates
by synapsing with an anterior horn cell supplying the
muscle (Figure 1.9). Here, there are only two neurons—
one a erentand the other e erent. As only one synapse is
involved, the re ex is monosynaptic.

Polysynaptic: Some re exes are made up of three (or
more) neurons as shown in Figure 1.10. The central
process of the dorsal nerve root ganglion cell ends
by synapsing with a neuron lying in the posterior grey
column. This neuron has a short axon that ends by
synapsing with an anterior horn cell. Such are exissaid
to be polysynaptic.

A Clinical Anatomy ) .

Nerve Injuries

I Neurapraxia is a disorder due to pressure on a nerve. There
is a temporary loss of function due to damage to the myelin
sheath but the axon is intact.

I Axonotmesis is an injury usually due to stretch of a nerve.
The axons and their myelin sheath are damaged, but
Schwann cells and the connective tissue are intact. It leads to
Wallerian degeneration but the nerve recovers completely
due to intact neurilemma.

I Neurotmesis is an injury due to division of a nerve. In this
type of injury, both the nerve bres and the nerve sheath
are disrupted. Sometimes surgical approximation of the two
cut ends of the nerve is required. Even then, only partial
recovery is possible. If the gap between the two cut ends
in neurotmesis is more, the growing axonal buds get mixed
up with connective tissue to form a mass called a neuroma.

Sometimes, during regeneration of a mixed nerve, axons may

establish contact with the wrong end organs. For example,

bres that should reach a gland may reach the skin. When this
happens in the auriculotemporal nerve, it gives rise to Frey’s
syndrome. Instead of salivation there is increased perspiration,
increased blood ow, and pain over skin.
A
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Skin
Afferent pathway

Muscle

Efferent pathway

Figure 1.9: A monosynaptic spinal re ex arc composed of two neurons

NEUROGLIA

In addition to neurons, the nervous system contains several
types of supporting cells called neuroglia (Flowchart 1.2).

Types of Neuroglia (Flowchart 1.2;
Figures 1.11 and 1.12)

f Astrocytes act as insulators, nourish the neurons, help
form blood-brain barrier.

f Oligodendrocytes form myelin sheath in CNS.

1 Microglia act as phagocytes in CNS.

. Ependymal cells line the ventricular system and forms
blood CSF barrier.

I Schwann cells form myelin sheath in PNS.

1 Capsular cells (also called satellite cells or capsular
gliocytes) support and nourish ganglia.

NEUROBIOTAXIS

(Origin: Greek. Neuro = nerve + bio = life + taxis =
arrangement; literally, a law governing the arrangement
of neuronal cell bodies and their bres during life).

1 Neuronal cell body migrates towards the greatest
density of stimuli, e.g. facial nerve nuclei migrate
towards trigeminal nucleus to complete the re ex arc.

1 Neuronal cell body has a tendency for centralization
and encephalization, e.g. an evolutionary process by
which functions that were governed by lower centres
(in lower animals) are progressively being controlled
by the higher centres.

f Neuronal processes with similar function run
together, e.g. in the brainstem descending bres run
in basilar part; ascending bres in tegmentum.

NEURAL STEM CELLS

Nervous tissue within the central nervous system, till
recently, used to be considered as post-mitotic, i.e.
neurons are incapable of regeneration. However, recent
research has identi ed cells which are capable of forming
new neurons as well as glial cells in the subventricular
zone of lateral ventricle and in the hippocampal gyrus.

ese areas are known as adult neurogenic zone. ese
cells which are called neural stem cells are capable of self-
renewal and show plasticity.

SYNAPSES

A synapse transmits an impulse only in one direction. e
two elements taking part in a synapse can, therefore, be
spoken of as presynaptic and postsynaptic (Figure 1.13).
In some areas several neurons may take part in forming
complex synapses encapsulated by neuroglial cells to
form synaptic glomeruli (Figure 1.14).

Classi cation of Synapses

f Morphological classi cation: Figures 1.15A to C show
three common types of synapses—(1) axodendritic
(2) axosomatic and (3) axoaxonal

f Functional classification: From a physiological
viewpoint, a synapse may be excitatory or inhibitory.
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Figure 1.10: A polysynaptic spinal re ex arc composed of three neurons

Flowchart 1.2: Types of neuroglia found in central and peripheral nervous systems
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NEUROTRANSMITTERS

etransmissionofimpulsesthrough synapsesinvolvesthe
release of chemical substances called neurotransmitters
into the synaptic cleft. Depending on the neurotransmitter
(excitatory of inhibitory), the postsynaptic neuron
becomes depolarized or hyperpolarized.

When an action potential reaches the presynaptic
terminal, there is an influx of calcium ions leading
to changes in the synaptic vesicles which pour the
neurotransmitter stored in them into the synaptic cleft.

e neurotransmitter released into the synaptic cleft
acts only for a very short duration. It is either destroyed
(by enzymes) or is withdrawn into the terminal bouton.

Important neurotransmitters are acetylcholine,
noradrenaline, adrenaline, dopamine, histamine,

serotonin, gamma amino butyric acid, glutamate, glycine,
and aspartate.

Some chemical substances do not in uence synaptic
transmission directly, but influence the effects of
neurotransmitters. Such chemical substances are referred
to as neuromodulators, e.g. substance P, vasoactive
intestinal polypeptide (VIP), and somatostatin.

NEUROMUSCULAR JUNCTIONS

Each skeletal muscle fibre receives its own direct
innervation. e site where the nerve ending comes into
intimate contact with the muscle bre isaneuromuscular
junction. In this junction, axon terminals are lodged
in grooves in the sarcolemma covering the sole plate
(Figure 1.16). Acetylcholine is released when nerve
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Fibrous
astrocyte

Microglial cell

Figure 1.11: Astrocytes form the perivascular feet around a
capillary

Oligodendrocyte

Figure 1.12: Oligodendrocyte and its relationship to a neuron

impulses reach the neuromuscular junction. It initiates
a wave of depolarization in the sarcolemma resulting in
contraction of the entire muscle bre.

Some Facts about Muscle Action

I All or none law: When a stimulus above the threshold
strength is applied, the muscle (and the motor unit,
innervated by a single axon) contracts to its full extent.

Axon terminal

Mitochondrion

Presynaptic button
or synaptic bag

Synaptic
vesicles

Synaptic cleft

Zone of dense

cytoplasm

Postsynaptic
process or

oD —_ aD dendrite spine

Dendrite

Figure 1.13: Structure of a typical synapse as seen under
electron microscope

Figure 1.14: Synaptic glomerulus

Fatigue: Depletion of neurotransmitter causes failure
of muscle to contract.

Muscle tone: Some fibres, in a resting muscle, are
always in a state of contraction.

Endurance: The capacity of a muscle to maintain
activity over a period of time.

Trophic e ect: Nerve supply maintains the integrity
of the muscle.
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Figures 1.15A to C: Various types of synapses: (A) Axodendritic synapse; (B) Axosomatic synapse; (C) Axoaxonal synapse
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I Myasthenia gravis: This is a disease marked by great
weakness of skeletal muscle. The body produces antibodies
against acetylcholine receptors. As a result many of these
are destroyed. Transmission at the myoneural junction is
much reduced resulting in weakness of muscles. Some
improvement is obtained by administration of anticholine-
esterase drugs like neostigmine.

Neuromuscular block during administration of general
anaesthesia: Whenever a patient is administered general
anaesthesia for surgery, to relax the skeletal muscle, a
neuromuscular blocking agent is given. Therefore, the
patient cannot breathe on his/her own.

At the end of surgery, the neuromuscular blockade has to be
reversed by administering an antidotal drug and the patient

=]

resumes breathing on his/her own.

Sarcolemma

Myofibril

Myelin sheath

Axon Muscle fibre

e Nucleus

Area of soleplate

Axon terminal lodged in groove

Figure 1.16: Motor end plate seen in relation to a skeletal muscle

bre (surface view)
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SENSORY RECEPTORS

The peripheral endings of afferent nerve fibres make
contact with receptors that respond to various kinds of
sensory stimuli.

Classi cation of Sensory Receptors

1 Functional classi cation: Exteroceptors, propriocep-
tors and interoceptors

1 Modeofstimulation: Mechanoreceptors,chemorecep-
tors, photoreceptors, thermoreceptors, osmoreceptors

f Structural classi cation: Neuronal receptors (most
exteroceptors), epithelial receptors (rods and cones),
neuroepithelial receptors (olfactory mucosa)

Exteroceptive Receptors (Figure 1.17)

Free nerve endings: Pain

Tactile corpuscles of Meissner: Touch
Lamellated corpuscles of Pacini: Pressure
Bulbous corpuscles of Krause: Cold
Merkel cell receptors: Touch

Ru niendings: Warmth

E ]

Proprioceptive Receptors

f Golgi tendon organs (Figure 1.18)

1 Muscle spindles (Figure 1.19)
— Annulospiral endings (nuclear bag, nuclear chain)
- Flower spray endings

FORMATION OF NEURAL TUBE

At the time when the nervous system begins to develop,
the embryo is in the form of a three-layered disc, i.e. the
gastrula (Figures 1.20 and 1.21).

e part of the ectoderm that is destined to give origin
to the brain and spinal cord is situated on the dorsal
aspect of the embryonic disc, in the midline and overlies
the developing notochord (Figure 1.22A). It soon becomes
thickened to form the neural plate (Figure 1.22B).

The neural plate becomes depressed along the
midline, as a result of which the neural groove is formed
(Figure 1.22C). is groove becomes progressively deeper.
By the end of 3rd week, the two raised edges of the neural
plate, which are called neural folds, come near each other
and eventually fuse, thus converting the neural groove into
the neural tube (Figure 1.22D). e neural tube is formed
from the ectoderm overlying the notochord and, therefore,
extends from the prochordal plate to the primitive knot

Merkel's nerve )
disk endings Meissner’s
corpuscle

Ruffini's
ending

Lamellated corpuscle

corpuscle

Figure 1.17: Sensory receptors present in relation to skin

Muscle belly

Junction of tendon
and muscle

Extrafusal tendon
fibres

Naked axons with
club-shaped endings

Intrafusal tendon

fibres Golgi tendon organ

Figure 1.18: Golgi tendon organ

(Figures 1.20 and 1.21). e process of formation of the
neural tube is referred to as neurulation.

The middle part is the first to become tubular, so
that for some time, the neural tube is open cranially and
caudally. These openings are called the anterior and
posterior neuropores, respectively. e fusion of the two
edges of the neural plate extends cranially (25th day from
fertilization) and caudally (27th day from fertilization),
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Extrafusal fibre
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Figure 1.19: Structure of a muscle spindle (A = axon of alpha-neuron supplying extrafusal bre; G = axons of gamma neurons
supplying intrafusal bres; P and S=a erents from primary and secondary sensory endings, respectively)

Prochordal plate

Notochord

Primitive knot

Primitive streak

Cloacal membrane

Figure 1.20: Early embryonic disc before formation of the neural plate

and eventually, the neuropores disappear leaving a closed
tube.

Even before the neural tube has completely closed, it is
divisible into an enlarged cranial part and a caudal tubular
part (Figure 1.21). e enlarged cranial part forms the brain.

e caudal tubular part forms the spinal cord. Itis at rst
short but gradually gains in length as the embryo grows.

Prochordal plate

Neural plate

Somite

Developing spinal cord

Primitive streak

Cloacal membrane

Figure 1.21: Embryonic disc showing the neural plate

DEVELOPMENT OF BRAIN

The brain develops from the enlarged cranial part of
the neural tube (Figure 1.23A). At about the end of 4th
week, the cavity of the developing brain shows three
dilatations (Figure 1.23B). Craniocaudally, these are the
prosencephalon (forebrain vesicle), mesencephalon
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(midbrain vesicle), and rhombencephalon (hindbrain
vesicle). e prosencephalon becomes subdivided into
the telencephalon and the diencephalon (Figure 1.23C).

e telencephalon consists of right and left telencephalic
vesicles. erhombencephalon also becomes subdivided
into a cranial part, the metencephalon, and a caudal
part, the myelencephalon. e parts of the brain that are
developed from each of these divisions of the neural tube
are shown in Figure 1.23D and Flowchart 1.3.

Neural plate  Neural crest

Ectoderm  Notochord
Endoderm  Mesoderm a

Neural crest Neural crest

\&JEUFN groove rNeural tube
P pane

Intraembryonic Intraembryonic  Notochord Somite
mesoderm coelom

Notochord m

Figure 1.22: Neurulation

ﬁ

Telencephalon
Prosen-
cephalon

Diencephalon

Mesencephalon
(Midbrain)

Rhomben- Metencephalon
cephalon

uelg

e e =
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Congenital Anomalies of the Brain and the Spinal Cord

Faulty formation of neural tube
The whole length of the neural tube remains unclosed. This
results in the condition called posterior rachischisis.

Anencephaly

The neural tube remains open in the region of the brain
because of nonclosure of the anterior neuropore. This results
in anencephaly. Brain tissue, which is exposed, degenerates.

Spina bi da: Nonfusion of the neural tube can be associated
with nonclosure of the cranium (cranium bi dum) or of the
vertebral canal (spina bi da). As a result of nonfusion of the
neural tube or of overlying bones (e.g. spina bi da), neural
tissue may lie outside the cranial cavity or vertebral canal.
When this happens in the region of the brain the condition
is called encephalocoele or meningoencephalocoele, and
when it occurs in the spinal region it is called myelocoele or
meningomyelocoele (Figures 1.24A to E).

FLEXURES OF BRAIN

The prosencephalon, mesencephalon, and

rhombencephalon are at first arranged craniocaudally

(Figure 1.25A). eir relative position is greatly altered by

the appearance of a number of exures. ese are:

1 The cervical flexure, at the junction of the
rhombencephalon and the spinal cord (Figure 1.25B)

1 e mesencephalic exure (or cephalic exure) in
the region of the midbrain (Figure 1.25C)

Lamina terminalis

Interventricular
foramen

Cerebral hemisphere
Lateral ventricle
Thalamus

Third ventricle} Diencephalon
Hypothalamus

Cerebral aqueduct
Midbrain

Fourth ventricle

} Telencephalon

j| Mesencephalon

Cerebellum and pons Rhombencephalon

Medulla oblongata

Adult derivatives

Figures 1.23A to D: Stages in the development of brain vesicles and the ventricular system



Chapter 1 Introduction to Nervous System

Flowchart 1.3: Development of various parts of brain

‘ Development of brain (cranial part of neural tube)

Prosencephalon Mesencephalon Rhombencephalon
(Forebrain) (Midbrain) (Hindbrain)

| 4 |
} | _ i [ Midbrain } J Il

‘ Telencephalon | Diencephalon ‘ l ‘ Metencephalon | Myelencephalon |
l l ‘ Cerebral agueduct ‘ l $
Cerebral cortex Thalamus, hypothalamus, ‘ Pons and cerebellum| ‘ Medulla oblongata |
Corpus striatum epithalamus, metathalamus,
l : subthalamus | |
‘ Lateral ventricle ‘ ; l [ Fourth tricl
Third ventricle ‘ ourth ventricle ‘

Pia-arachnoid
Neural tube —— \ Neural tube

not formed
e Dura
mater

Skin

Dilated Pia-arachnoid
neural tube ‘ Neural tube
Dura mater

() Dura mater
Skin
Vertebra

Figures 1.24A to E: Anomalies of the neural tube; (A) Posterior rachischisis; (B to D) Varieties of meningomyelocoele; (E) Meningocoele

1 The pontine flexure, at the middle of the DEVELOPMENT OF VENTRICULAR
rhombencephalon, dividing it into the metencephalon SYSTEM

and myelencephalon (Figure 1.25D)
f The telencephalic flexure that occurs much later  Each of the subdivisions of the developing brain encloses
between the telencephalon and diencephalon a part of the original cavity of the neural tube (Figure 1.26).
ese exures lead to the orientation of the various e cavity of each telencephalic vesicle becomes the

parts of the brain as in the adult. lateral ventricle.
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Rhombencephalon Prosencephalon

Eiture Mesencephalon

spinal cord

dw

Mesencephalic
flexure

Spinal cord

Myelencephalon

AC®

lil‘\desencephalon
‘ /7 Diencephalon

B Cervical flexure

Pontine
flexure

Telencephalon

Metencephalon

Figures 1.25A to D: (A) Neural tube before formation of exures; (B) Cervical exure; (C) Mesencephalic exure; (D) Pontine exure

1 e cavity of diencephalon (along with the central part
of the telencephalon) becomes the third ventricle.

1 e cavity of the mesencephalon remains narrow, and
forms the cerebral aqueduct (aqueduct of Sylvius).

1 e cavity of the rhombencephalon forms the fourth
ventricle. Its continuation in the spinal cord is the
central canal.

With further development, the cells lining the wall of
the neural tube proliferate to form thickenings. Ventrally,
the thickenings are called basal laminae, and dorsally,
they form alar laminae. e line separating the thickened
ventral part from the dorsal part is called the sulcus
limitans (Figure 1.27). This division is of considerable
functional importance. e cells of basal lamina develop
into motor neurons and the cells of alar lamina develop
into sensory neurons and interneurons.

FORMATION OF NEURAL CREST

At the time when the neural plate is being formed, some
cells at the junction between the neural plate and the rest
of the ectoderm become specialized (on either side) to
form the primordia of the neural crest (Figures 1.22B and
C). With the separation of the neural tube from the surface
ectoderm, the cells of the neural crest appear as groups
of cells lying along the dorsolateral sides of the neural
tube (Figure 1.22D). e neural crest cells soon become
free (by losing the property of cell-to-cell adhesiveness).

ey migrate to distant places throughout the body. In

: Telencephalon
Lateral ventricle P

(Cerebral
hemisphere]
Third ventricle Diencephalon
Cerebral aqueduct Mesencephalon
(of Sylvius) (Midbrain)
Rhombencephalon
Fourth ventricle (Metencephalon+
myelencephalon)
Spinal cora

Central canal

> Alar lamina

> Basal lamina

Arrow points to sulcus limitans

Figure 1.27: Sulcus limitans
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Odontoblasts

Adrenal medulla
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Figure 1.28: Derivatives of neural crest cells

subsequent development, several important structures
are derived from the neural crest. These include some
neurons of sensory and autonomic ganglia, Schwann
cells, and the pia mater and the arachnoid mater. Many
other derivatives of the neural crest are recognized in
widespread tissues (Figure 1.28).

A Clinical Anatomy ) .

Several diseases and syndromes are associated with the dis-
turbances of the neural crest, i.e. Hirschsprung’s disease (agan-
glionic megacolon), aorticopulmonary septal defects of heart,
cleft lip, cleft palate, frontonasal dysplasia, neuro bromatosis,
tumour of adrenal medulla, and albinism, etc.

PRINCIPLES OF NEUROIMAGING
TECHNIQUES

Diagnosing a neurological disease involves a thorough
history-taking and physical examination aided by an
array of basic to sophisticated investigations so as to
anatomically localize the lesion and also to know its
pathology. The investigative techniques used in the
diagnosis of neurological disorders vary from plain
radiography of skull and vertebral column to complex MR
tractography. e neuroimaging modalities are classi ed
based on the technique used as given Flowchart 1.4.

Plain Skiagraphy/Radiography

e basic principle in plain radiography is that the X-rays
incident on bone, soft tissue or fluid/air get absorbed
to a di erent extent and the emergent beam after such
absorption reacts differently with the chemical on the
X-ray plate. So, bone produces a dense white shadow,
air produces a black shadow and the soft tissue produces
varying shades of grey.

Myelography

In this investigation, a radio-opaque dye is injected into
the spinal subarachnoid space after lumbar puncture.

Angiography

A radio-opaque dye is injected into the blood vessels
supplying the brain, namely the internal carotid artery
and the vertebral artery. s is followed by taking serial
radiographs of skull to show the arterial, the capillary
and the venous phases of flow of the dye which helps
to visualize the normal anatomy of the arterial system
(Figures 1.29 and 1.30).

Computed Tomography Scan (CT Scan)

is technique uses a collimated beam of X-rays which
is passed circumferentially around a transverse slice of
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Flowchart 1.4: Neuroimaging modalities based on techniques used
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Figure 1.29: Internal carotid angiogram-Digital Subtraction
Angiogram (DSA) (Courtesy: Dr HD Deshmukh, Professor & Head,

Department of Radiology, Seth GS Medical College & KEM Hospital,
Mumbai.)
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Figure 1.30: Vertebral angiogram. (Courtesy: Dr HD Deshmukh,
Professor & Head, Department of Radiology, Seth GS Medical
College & KEM Hospital, Mumbai.)
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Figures 1.31A and B: (A) CT scan image showing CSF as black shadow within lateral ventricle—quad arrow shows a white spec within
the ventricle—choroid plexus in the collateral trigone; (B) CT scan image showing falx cerebri as a thin white line in the midline-quad
arrow-Sulci and gyri can be appreciated in the periphery. (Courtesy: Dr HD Deshmukh, Professor & Head, Department of Radiology, Seth

GS Medical College & KEM Hospital, Mumbai.)

head and multiple detectors around the slice capture the
emerging X-rays to produce multiple images. ese are
then put together with the help of a computer to get an
axial tomogram (Figures 1.31A and B).

Magnetic Resonance Imaging (MRI)

is investigation uses the principle of nuclear magnetic
resonance which states that the atoms of a tissue/
substance oscillate and release energy when subjected
to a strong magnetic eld. is energy is captured in the
form of an image (T1 weighted image). Later when the
oscillating atoms are subjected to radiofrequency waves,
the direction of oscillation changes and releases energy
in another direction and a diametrically opposite image is
produced (T2 weighted image).

Transcranial Doppler Ultrasonography

is is based on Doppler e ect in which the frequency
of the ultrasound waves gets changed when they strike a
moving object such as the blood owing in a vessel.

Positron Emission Tomographic Scan
(PET Scan)

Positron emitting radioisotopes such as *O and “*F are
used in this study. When brain tissue is scanned after
administration of these isotope containing substances,
high metabolic areas with more blood ow or neurons
with higher glucose intake will show up as hot spots. e
advantage over CT is PET gives information about function
because of neuronal activity or blood ow.

MR Tractography

This imaging technique is based on the principle of
di usion weighted imaging (DWI). Water molecules in
live tissues are in constant motion due to the thermal
energy carried by them, and this is called as Brownian
motion. In white matter of the brain, this motion is along
the longitudinal axis of the white fibres because the
axolemma limits their perpendicular motion. MR signals
catch these motions and di erent computer algorithms
are used to reconstruct the bre tracts called as di usion
tensor imaging (DTI) or MR tractography (Figure 1.32).
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Corona radiata
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Figures 1.32: MR tractography showing white matter of cerebrum
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QL.

Q2.

Q3.

The “Nissl substance” represents which organelle of
neuron?

A. Golgi complex

B. Nucleolus

C. Rough endoplasmic reticulum

D. Mitochondria

Which of the following provides myelin sheath to the
axons of the CNS?

A. Astrocytes

B. Oligodendrocytes

C. Microglia

D. Ependymocytes

The perivascular foot of the “blood-brain barrier” is an
extension from the:

A. Oligodendrocyte

B. Ependymocyte

C. Astrocyte

D. Microglia

Q4.

Q5.

Q6.

Sensation of pain is detected by:

A.  Mechanoreceptor

B. Chemoreceptor

C. Nociceptor

D. Thermoreceptor

The cerebral aqueduct is developed from the cavity of:
A.  Rhombencephalon

B. Mesencephalon

C. Telencephalon

D. Diencephalon

The failure of closure of the cranial end of neural tube
gives rise to:

A, Anencephaly

B. Hydrocephalus

C. Microcephaly

D. Meningomyelocoele
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Q7. By which week of intrauterine life does the neural tube Q8. The cervical flexure of the neural tube occurs:

close? A. Between the forebrain and midbrain
A. Fourth B. Inthe midbrain
B. Fifth C. Between hindbrain and spinal cord
C. Sixth D. Inthe hindbrain
D. Seventh

ANSWERS
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Clinical Cases )

1.1: During surgery on parotid salivary gland in a patient, the auriculotemporal nerve got damaged. When recovery occurred, the
secretomotor bres of auriculotemporal nerve got exchanged with the sympathetic bres supplying the sweat glands of the skin
over the parotid gland.

A. What is the type of nerve injury to auriculotemporal nerve in this patient?
B. In what type of nerve injury will the auriculotemporal nerve recover completely?
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DIMENSIONS OF THE CORD

. . . Verteb ————————Medull
e length of the cord is about 45 cm. e spinal cord is 5 éa;_, e
not of uniform thickness. It resemblesa attened cylinder.
e transverse diameter shows two enlargements at the Cervical
cervical level and lumbar level. e spinal segments that ?ggal’g?gem
contribute to the nerves of the upper limbs (from third spinal segments)
cervical to second thoracic segments) are enlarged to
form the cervical enlargement of the cord. Similarly,
the segments innervating the lower limbs ( rst lumbar
to third sacral segments) form the lumbar enlargement Lumbar
(Figure 2.2). enlargement {
(L1to S3
Spinal segmants) Conus medullaris
AGE-WISE CHANGES IN THE CORD L —
In early fetal life (3rd month), the spinal cord is as long Subarachnoid space

as the vertebral canal and each spinal nerve arises from
the cord at the level of the corresponding intervertebral
foramen. In subsequent development, the spinal cord does
not grow as much as the vertebral column, and its lower & Coceyx

end, therefore, gradually ascends to reach the level of the

third lumbar vertebra at the time of birth and to the lower

border of the rstlumbar vertebrain the adult (Figure 2.3).  Figure 2.2: Important vertebral levelsin relation to the spinal cord

852 ———»

Filum terminale

A Clinical Anatomy ) \

Lumbar puncture

Lumbar puncture is performed to obtain samples of cerebrospinal uid (CSF) for various diagnostic and therapeutic purposes.
In this procedure, a needle is introduced into the subarachnoid space through the interval between the third and fourth lumbar
vertebrae (Figure 2.4A).

With the patient lying on his or her side, with the vertebral column well- exed, the space between adjoining laminae in the
lumbar region is increased to a maximum. Taking full aseptic precautions, the lumbar puncture needle is inserted into the vertebral
canal above or below the third lumbar spine. An imaginary line joining the highest points on the iliac crests passes over the fourth
lumbar spine and this is taken as a landmark to insert the spinal needle.

Structures through which the needle passes during a lumbar puncture are (Figure 2.4B):

1 Skin

I Super cial fascia

1 Supraspinous ligament

! Interspinous ligament

I Ligamentum avum

I Areolar tissue containing the internal vertebral venous plexus

| Dura mater

! Arachnoid mater

urpose of lumbar puncture

1 The pressure of CSF can be estimated roughly by counting the rate at which drops of CSF  ow out of the needle or more accurately,
by connecting the needle to a manometer.

1 Samples of CSF can be collected for examination. The important points to note about CSF are its colour, its cellular content and its
chemical composition (specially the protein and sugar content).

1 Lumbar puncture may be used for introducing air or radiopaque dyes into the subarachnoid space for certain investigative
procedures, e.g. myelography. Drugs may also be injected for treatment.

1 Anaesthetic drugs injected into the subarachnoid space act on the lower spinal nerve roots and render the lower part of the body
insensitive to pain. This procedure, called spinal anaesthesia, is frequently used for operations on the lower abdomen or on the
lower extremities.

R e I e Y e R e R e Y e R |
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3rd month of

From Tth year of
intrauterine life At birth life onw‘;rds

Figure 2.3: Scheme to show the e ect of recession of the spinal cord (during development) on the course of the roots of spinal nerves

Highest point of Dura mater and
iliac crest (L3-L4) arachnoid mater
Sk Subarachnoid
space
Superficial fascia
Spinous process
Supraspinous liagment ' ' e Cauda equina

Interspinous ligament

Ligamentum flavum

Epidural space

Figures 2.4A and B: (A) The site of lumbar puncture; (B) Anatomical layers pierced to reach the subarachnoid space



As a result of this upward migration of the cord, the
roots of spinal nerves have to follow an oblique downward
course to reach the appropriate intervertebral foramen
(Figure 2.3).  is also makes the spinal nerve roots longer.

e obliquity and length of the roots are most marked
in the lower nerves and many of these roots occupy the
vertebral canal below the level of the spinal cord. ese
roots constitute the cauda equina (Figures 2.1 and 2.3).

FUNCTIONS OF SPINAL CORD

e spinal cord has three major functions:
1. It acts as a pathway for motor information, which
travels down the spinal cord.
2. It serves as a passage for sensory information in the
reverse direction.
3. Itisacentre for coordinating simple re exes.

EXTERNAL FEATURES OF SPINAL CORD

e anterior surface of the spinal cord is marked by a deep
anterior median ssure, which contains anterior spinal
artery (Figure 2.5A). e posterior surface is marked by
a shallow posterior median sulcus (Figure 2.5B). The
anterior median fissure and posterior median sulcus
divide the surface of the cord into two symmetrical halves.

Each half of the cord is further subdivided into
posterior, lateral and anterior regions by anterolateral
and posterolateral sulci (Figures 2.5A and B). The
rootlets of the dorsal or sensory roots of spinal nerves
enter the cord at the posterolateral sulcus on either side.

e rootlets of the ventral or motor roots of spinal nerves
emerge through the anterolateral sulcus on either side.

SPINAL NERVES

e spinal cord gives attachment on either side to 31 pairs
of spinal nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral
and 1 coccygeal.

Each spinal nerve arises by two roots: (1) anterior motor
root and (2) posterior sensory root (Flowchart 2.1 and
Figure 2.6). Just proximal to the junction of the two roots,
the dorsal root is marked by a swelling called the dorsal
nerve root ganglion or spinal ganglion (Figure 2.6).

Both the roots of spinal nerve receive a tubular
prolongation from the spinal meninges and enter
the corresponding intervertebral foramen. In the
intervertebral foramen, anterior and posterior spinal
nerve roots unite to form the mixed spinal nerve trunk.

us, a spinal nerve is made-up of a mixture of motor and
sensory bres.

Chapter 2 Spi
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Medulla

c1 {

oblongata

Cervical

Anterior median
fissure
Anterolateral
sulcus

Posterolateral sulcus—
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Posterior median
sulcus

/

B

Lumbar
enlargement

| g |

Conus medullaris L1

Dural sheath
(S2)

Filum terminale

—

=] E |

Coccyx

Figures 2.5A and B: External features of the spinal cord: (A)

anterior aspect; (

B) posterior aspect

Flowchart 2.1: Formation of a spinal nerve
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Dorsal nerve root

Dorsal nerve root ganglion
(Spinal ganglion}

Dorsal ramus

=
\““\—Ventral ramus

Spinal nerve

Ventral nerve root

Figure 2.6: Relationship of a spinal nerve to the spinal cord

Spinal segments Rootlets of spinal nerve

1st Spinal nerve

2nd Spinal nerve

3rd Spinal nerve

MANN
VJ

4th Spinal nerve

Figure 2.7: Scheme to show the concept of spinal segments

After emerging from the intervertebral foramen,
each spinal nerve divides into dorsal and ventral rami
(Flowchart 2.1 and Figure 2.6). e dorsal ramus passes
posteriorly around the vertebral column to supply the
deep muscles of the back and skin of the back. The
ventral ramus continues anteriorly to supply the muscles
and skin over the anterolateral body wall and all the
muscles and skin of the limbs.

Each root is formed by aggregation of a number of
rootlets that arise from the cord over a certain length
(Figure 2.7). e last rootlet of hypoglossal nerves arises
in line with the rst ventral rootlet of C1 spinal nerve. e
junction between these two rootlets marks the junction
of medulla oblongata and the spinal cord.

A_ Clinical Anatomy ) \

Herpes Zoster

The dorsal nerve root ganglia (and the sensory ganglia of
cranial nerves) can be infected with a virus. This leads to the
condition called herpes zoster. Vesicles appear on the skin over
the area of distribution of the nerve. The condition is highly
painful.

SPINAL SEGMENTS

e part of the spinal cord giving origin to the rootlets for
one pair of spinal nerves constitutes one spinal segment
(Figure 2.7). So, the spinal cord is made-up of 31 such
segments—38 cervical, 12 thoracic, 5 lumbar, 5 sacral and
1 coccygeal.

Vertebral Levels of Spinal Segments

Since, the length of spinal cord (45 cm) is smaller than
that of vertebral column (65 cm), the spinal segments are
thinner and crowded, more so in the lower part of the cord.

us, the spinal and vertebral segments (vertebral bodies)
do not lie at the same level. e spinal segments as a
rule always lie above their numerically corresponding
vertebral bodies. As arough guide, it may be stated that in
the cervical region, thereisadi erence of one segment (for
example, the fth cervical spine overlies the sixth cervical
segment); in the thoracic region, there is a di erence of
two to three segments (for example, the fourth thoracic
spine overlies the sixth thoracic segment; the ninth
thoracic spine lies opposite the twelfth thoracic segment).
Approximate spinal segments and the corresponding
vertebral level are shown in Table 2.1.
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Transection of spinal cord at di erent vertebral segments

nerves. This causes respiratory arrest and death.

limbs and both lower limbs which is called quadriplegia.

A

I Hangman’s fracture: When a person is hanged, the second cervical vertebra is fractured. From Table 2.1, we can see that the spinal
segment damaged is C2. This disconnects the respiratory centres of medulla oblongata from C3, C4 and C5 segments of phrenic

I Quadriplegia: Damage to spinal segment C5 (due to disease between vertebrae C4 and C5), results in paralysis of both upper

T Burst fracture of T3 vertebrae: From Table 2.1, we nd that this damages the spinal segment T5.

1 Deep traumatic injury at T6 spinous process: The palpable tips of spinous processes of middle four thoracic vertebrae (T5 to T8)
reach the vertebral body, which is numerically two below, due to their long and down sloping spinous processes. The T6 spinous
process lies opposite T8 vertebral body. From Table 2.1, the spinal segment that will be damaged is T11.

I Spondylolisthesis (slipping of upper vertebral body over the lower one): This is more common between L4 and L5. This will
not damage any spinal segment as the spinal cord in adults ends at L1, but may compress the cauda equina.

J

TABLE 2.1: Relation between vertebral levels and spinal segments

Vertebral level Formula—(to get the number of spinal segment underlying,
add the numeral to the number of vertebra)

Upper cervical Add 0 to the number of vertebra to get the underlying
C1-C4 spinal segment

Lower cervical Add 1 to the number of vertebra to get the underlying
C5-C7 spinal segment

Upper thoracic Add 2 to the number of vertebra to get the underlying
T1-T6 spinal segment

Lower thoracic Add 3 to the number of vertebra to get the underlying
T7-T9 spinal segment

T10 =

T11 —

T12 —
(L1 —

Example

Third cervical vertebra overlies the third cervical
segment

Fifth cervical vertebra overlies the sixth cervical
segment

Fourth thoracic vertebra overlies the sixth thoracic
segment

Ninth thoracic vertebra overlies the 12th thoracic
segment

L1-L2 segments
L3-L4 segments
L5-S1 segments

S2-Co segments J

Exit of Spinal Nerves

Each spinal nerve emerges through the intervertebral
foramen. The cervical nerves leave the vertebral canal
above the corresponding vertebrae with the exception of
eighth, which emerges between seventh cervical and rst
thoracic vertebrae. e remaining spinal nerves emerge
below the pedicles of the corresponding vertebrae.
As the spinal cord ends at the level of L1 vertebra, the
lower spinal nerves below L1 level descend down with the
lum terminale as a leash, which resembles a horse’s tail
and hence called as cauda equina.

A Clinical Anatomy ) \

I Cervical spondylosis: Osteophytes growing from the
facet joints between C4 and C5 compress C5 spinal nerve
resulting in paralysis of deltoid (see myotomes below).

I Prolapsed intervertebral disc between L5 and S1: Spares
the spinal nerve L5, since it is deeply snug in the groove
below the pedicle of L5, signi cantly above the disc below
the body of L5.

SEGMENTAL INNERVATION._

Any condition that leads to pressure on the spinal cord,
or on spinal nerve roots, can give rise to symptoms in the
region supplied by nerves. In such cases, it is important to
be able to localize the particular spinal segments or roots
involved. For this purpose, it is necessary to know which
areas of skin and which muscles are innervated by each
segment. Spinal segments responsible for muscle stretch
re exes also give an indication about the level of spinal
cord involvement.

Dermatomes

Areas of skin supplied by individual spinal nerves are
called dermatomes. To understand the arrangement of
dermatomes, it is necessary to know some facts about the
development of the limbs.

The upper and lower limbs are derived from limb
buds. These are paddle-shaped outgrowths that arise
from the side-wall of the embryo. eyareat rstdirected
forward and laterally from the body of the embryo
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(Figure 2.8). Each bud has a preaxial (or cranial) border
and a postaxial border (Figure 2.9). e thumb and great Preaxial border
toe are formed on the preaxial border.

The forelimb bud is derived from the part of the
body wall belonging to segments C4, C5, C6, C7, C8, T1

and T2. It is, therefore, innervated by the corresponding Position
spinal nerves. e hindlimb bud is formed opposite the i ghndsg: TAORS
segments L1, L2, L3, L4, L5, S1, S2 and S3. As the limbs & border
grow, skin supplied by these nerves gets “pulled away” &
into the limbs.  is has a great e ect on the arrangement
of dermatomes (Figures 2.10 and 2.11). Position
e dermatomes of the body are shown in Figure 2.12. of limb in
e following dermatomes are of clinical signi cance: e adult

I Spinal nerve C1 does not supply any area of skin (C1
has no dermatome).

Spinal nerve C4 supplies the tip of shoulder.

Spinal nerves C6, C7, C8 supplies the skin of the hand.
Spinal nerve T4 supplies the skin over the nipple.

Spinal nerve T10 supplies the skin over the umbilicus. i e 2.9: scheme showing that with the external rotation of the
Spinal nerves L5, S1 supplies the skin of the sole. embryonic limb, the preaxial border becomes the lateral border

E R I

A Clinical Anatomy ) .

Referred pain: The pain of an internal organ or structure
is projected (referred) to that part of the body wall that is
innervated by the same spinal segment (dermatome).

Examples are:

I Heart:T1to T5 (referred over precordium and inner border
of upper limb)

' Diaphragm: C3, C4, C5 (referred to tip of shoulder)

Il Appendix: T10 (referred to umbilicus)

-<4— Forelimb

bud
Figure 2.10: Dermatomes of the upper limb in an embryo
-- «—— Hindlimb
bud
Axial line T1
Figure 2.8: Scheme to show that the longitudinal axis of the limb Figure 2.11: Dermatomes of the upper limb in an

buds is transverse to the long axis of the embryonic body adult—anterior view
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C4
Axial line

Dorsal axial line
3

Ventral axial line

LS
L4

S1
L5

Figure 2.12: Dermatomes of the body on the front (left) and on the back (right)

Myotomes

Group of muscles supplied by a single spinal nerve is
called myotomes. Some signi cant features of myotomes

are as follows:

l

Itisrareforamuscle to be supplied only by one segment.
Some exceptions are shoulder abductor (deltoid), C5;
intrinsic muscles of the hand, T1; invertor of foot, L4.

1 The segment supplying muscles acting on a joint,
supply the joint itself and also the skin over the joint
(Hilton’s law).

1 Muscles having a common action are usually supplied
by the same spinal segments.

The segmental innervation of certain muscles

producing the movements is enumerated in Table 2.2.
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TABLE 2.2: Segmental innervation of muscles producing MYOtaUC or Muscle Stretch Re exes or Deep
various movements Re ex
Movements Spinal segments (segments . L
in brackets signify minor Sudden stretching of a muscle (by tapping its tendon)
contribution) prodqces re ex contraction of the muscle. e pathway
Movements of the head CltoCa for thls_re ex involves two neurons only (monogynaptlc).
- Stretching of the muscle stimulates proprioceptive nerve
1 BTN a1 d'aph_ragm e s endings located in muscle spindles. ese impulses are
Movements of the upper limb C5toT1 carried to the spinal cord by neurons that synapse with
Abduction of shoulder 5 motor neurons in the ventral grey columns (Figure 2.13).
Adduction of shoulder C6,C7,C8 Fibres arising from these motor neurons reach the muscle
Flexion of elbow C5. C6 gfnd produce fcolfr]mtractlrc])n. Stl];etch re exer? aref?bollshet_j,
Extension of elbow c7.c8 | any part of the pathway for it (i.e. the reflex arc) is
T interrupted.
Supination of forearm C6(C7) Some of the important deep re exes are described in
Pronation of forearm (Ce)C7 Table 2.3.
Flexion of wrist (Ce)C7
Extension of wrist C6 (C7)
Movements of ngers C8,T1
Movements of lower limb L2to S3 Uppegg“u‘:g’;
Flexion of hip L2,L3
Extension of hip L4, L5
Extension of knee L3, L4
Flexion of knee L5, 81 Intrafusal
. . muscle
Dorsi exion of ankle L4, L5 fibre
Plantar exion of ankle S1,S2 Efferent Extrafusal
pathway T muscle
Inversion of foot L4 fibre
Eversion of foot (L5)s1 Figure 2.13: Aspinal re ex arc showing pathway for muscle
Movements of toes S2,S3 stretch re ex or myotatic re ex
 Evacuation of bladder and bowel S2to S4 )
TABLE 2.3: Spinal segments responsible for deep or stretch
— re ex
/( Clinical Anatomy ) . — .
J Re ex Description Spinal segments
I Injury of spinal cord above C3 causes paralysis of all Knee jerk Extension of the leg L3, L4
respiratory muscles and death due to paralysis of diaphragm. or patellar by contraction of the
I Injury of spinal cord at C4—C5 level paralyses all four limbs— tendonre ex quadriceps when the
quadriplegia. ligamentum patellae are
1 Injury to spinal nerves C5 and C6 (Erb’s paralysis) causes tapped
loss of abduction of shoulder, loss of exion of elbow, loss of ; i
supination and loss of extension of wrist. Unopposed action Ankle jerk Plantar exion of the footon  S1,52
of antagonists produces policeman’s tip deformity. or Achilles tapping the tendo calcaneus
T Injury to spinal nerves C8 and T1 (Klumpke’s paralysis) causes tendonre ex
paralysis of intrinsic muscles of the hand causing claw hand. Biceps Flexion of the forearm on C5.C6
1 Injury of spinal cord between T2 and L1 paralyses both the tendonre ex tapping the biceps tendon
lower limbs—paraplegia.
~ o Triceps Extension of the forearmon  C7,C8
tendonre ex tapping the triceps tendon
SPINAL REFLEXES Supinator Flexion of the forearm when C6, C7
The integrity of spinal segments can also be tested by  |1€' 175 I 2 e aif 12 e I s
L . tapped (brachioradialis)
examining re exes mediated by the segment. \ )
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Super cial Re exes SPINAL MENINGES (FIGURE 2.15)

Super cial re exesare polysynaptic (Figure 2.14). One of  Dyra Mater

the super cial re exes is the plantar re ex. e normal ) )
plantar re ex consists of plantar exion and adduction e spinal dura mater forms a loose tubular covering for
of the toes on stroking the skin of the sole (L5, S1). When  thespinalcord. e spinal dura mater does not fuse with
there is an injury to the corticospinal system, an abnormal  the endosteum of the vertebral canal. Hence, there is a
response is obtained.  ere is extension (dorsi exion) of ~ Well-developed epidural space surrounding the spinal
the great toe and fanning out of other toes.  is response cord. e spinal epidural space is lled with the internal
is referred to as Babinski sign. Some of the important ~ Vertebral venous plexus (Batson’s plexus) and fat.

super cial re exes are described in Table 2.4. — N\
/( Clinical Anatomy ) §
Clinical Anatomy ) Epidural_anaesthesia: As the spinal nerves pass thr(_)u_gh '_[he
spinal epidural space, they may be anaesthetized by injecting

a local anaesthetic drug into the spinal epidural space. This
(corticospinal tract) lesion, ;ypr(ianof ehp:;ggirﬁlharz)aﬁsﬂ;esm; is l:l;Jsed r|nf olbs'éetn;: tpt)]roc:dnures
I Super cial re exes are abolished in corticospinal tract uring chriabirtn. Une has o be caretul about the venous

plexus while introducing the needle for anaesthesia as it may

2ol injure the veins and cause an epidural haematoma
Il Bothre exes are lost in lower motor neuron lesion. L . P ' p,

The dorsal and ventral roots of spinal nerves pass
through the spinal dura mater separately. The dura-
arachnoid partially enclose the dorsal nerve root ganglion.

e dura and arachnoid (along with the subarachnoid
space containing CSF) extend up to the level of second
sacral vertebra. Beyond that level, the dura covers the
| lum terminale and distally gets attached to the dorsal
Efferent pathway il surface of the rst coccygeal vertebra.

I Stretch re exes are exaggerated in upper motor neuron

Afferent pathway

Muscle
| Posterior median sulcus

Figure 2.14: Aspinalre exarcshowing pathway forsuper cialre ex

TABLE 2.4: Spinal segments responsible for super cial re exes

Central canal

Anterior
median
fissure

Re ex Description Spinal Spinal Pia mater
segments nerve (inner)

Abdominal
re exes: Contraction of underlying ) p )
[l Upper muscles on stroking the skin ~ T7,T8 E'Qafﬂelmum = 1 4~ A’E'C:,l';‘t’;:
T Middle of the abdomen in its upper, ~ T9, T10 RSN 3 Z | em—_t (middle)
I Lower middle and lower parts T11,T12 _ v - {
Cremasteric Elevation of the scrotum on L2 Subarachnoid D”ra{g:ﬁ:;
re ex stroking the skin of the medial ShECE, _

side of the thigh
Gluteal re ex Contraction of the glutei on L4toS1 Subdural

stroking the overlying skin space
Plantar re ex Plantar exion and adduction L5, S1 ; :

of the toes on stroking the

skin of the sole
Anal re ex Contraction of the external $4, S5, Co

anal sphincter on stroking the

perianal region

J Figure 2.15: Spinal meninges
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Caudal anaesthesia: For this procedure, the needle is
introduced through the sacral hiatus and the anaesthetic drug
is injected. This will anaesthetize perineal area supplied by S4,
S5 nerves and may be useful in perineal surgeries.

Arachnoid Mater

e spinal arachnoid mater is present deep to the dura
and extends up to the level of second sacral vertebra.

e subarachnoid space extends up to this level (lumbar
cistern). e lumbar cistern is broadest between L2 and
L4 level. Lumbar puncture is therefore done at L3-L4
space or L2-L3 space.

Pia Mater

e spinal pia mater is a thin membrane closely applied to
thespinal cordandspecialized insomeareasand continues
above with the cranial pia mater. e modi cations of pia
mater are as follows:

1 Linea splendens: Along the anteromedian ssure, the
pia mater is thickened to form a glistening band called
as linea splendens (Figure 2.16). e branches from

the anterior spinal artery pierce this to enter the spinal
cord.

Dura mater
Arachnoid mater
Pia mater

Dorsal nerve root
Spinal ganglion

Intervertebral
foramen

Ventral nerve root

Ligamentum
denticulatum

Subarachnoid space
Linea splendens

Figure 2.16: Transverse section through spinal cord to show
the formation of meningeal sheaths over the roots of a spinal
nerve

f Ligamenta denticulata: Along the lateral aspect of
spinal cord, between the dorsal and the ventral roots,
the pia forms triangular thickenings, which pierce the
arachnoid and are attached to the dura.  ese tooth-
like thickenings are called as ligamenta denticulata
(Figures 2.15and 2.17).  ere are 21 pairs of ligamenta
denticulata.

f Filum terminale: At the lower end of the spinal cord,
the pia mater extends as a thin lament called lum
terminale surrounded by the leash of nerves, i.e. cauda
equina (Figures 2.1 and 2.3). This filum terminale
passes through the sacral hiatus and gets attached to
the dorsal surface of the rst coccygeal vertebra.

BLOOD SUPPLY OF SPINAL CORD
Arterial Supply

e arterial supply of the cord is derived from following
arteries (Figure 2.18):
f Anterior spinal artery
f Two posterior spinal arteries
1 e radicular arteries

e pia mater covering the spinal cord has an arterial

plexus (called the arterial vasocorona), which also sends
branches into the substance of the cord.

Anterior Spinal Artery

e anterior spinal artery is formed in the posterior cranial
fossa by the union of the right and left anterior spinal
arteries (which are the branches of the fourth part of the
vertebral artery). The anterior spinal artery descends
through the foramen magnum and runs down in the
anterior median ssure of the spinal cord.

Pia mater

—— Filaments of
dorsal root

——— Ligamentum
denticulatum

“——mf Dura mater

Figure 2.17: Spinal pia mater seen from posterior aspect. Note
the extension of pia mater as ligamenta denticulata attached to
the dura mater
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Posterior 3rd of
spinal cord

Anterior spinal artery

D Area supplied by the I:]
posterior spinal artery

Area supplied by the
anterior spinal artery

D Area supplied by
the arterial vasocorona

Figure 2.18: Intrinsic arterial supply of the spinal cord

Posterior Spinal Arteries

e rightand left posterior spinal arteries are the branches
of the fourth part of the vertebral arteries. Each posterior
spinal artery descends through the foramen magnum
as two branches, which pass one in front and the other
behind the dorsal roots of the spinal nerves.

Radicular Arteries

e main source of blood to the spinal arteries is from the
vertebral arteries (from which the anterior and posterior
spinal arteries take origin). However, the blood from the
vertebral arteries reaches only up to the cervical segments
of the cord. Lower down, the spinal arteries receive blood
through radicular arteries that reach the cord along the
roots of spinal nerves.  ese radicular arteries arise from
spinal branches of the vertebral, intercostal, lumbar and
sacral arteries (Figure 2.19).

Arteria Radicularis Magna

Many of these radicular arteries are small and end by
supplying the nerve roots. A few of them, which are larger,
join the spinal arteries and contribute blood to them. One
of the radicular branches, usually from the right or left
11thintercostal artery isvery large and is called the arteria

Basilary artery

Anterior spinal artery

Vertebral artery

Ascending cervical
artery

Intercostal artery

Lumbar artery

Figure 2.19: Radicular arteries that contribute blood to
the spinal arteries

radicularis magna (artery of Adamkiewicz). Its position
is variable. s artery may be responsible for supplying
blood to as much as the lower two-thirds of the spinal cord
especially the lumbar enlargement.
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Watershed infarcts: Blood from the vertebral arteries (through
anterior and posterior spinal arteries) reaches only up to the
cervical segments of the spinal cord. Arteria radicularis magna
(artery of Adamkiewicz) supplies lower thoracic, lumbar and
sacral segments of spinal cord. The segments T1 to T4 are
therefore vulnerable to infarcts (watershed infarcts).

Intrinsic Blood Supply

e greater part of the cross-sectional area of the spinal
cord, roughly the anterior two-thirds, is supplied by
branches of the anterior spinal artery (Figure 2.18). ese
branches enter the anterior median ssure (or sulcus) and
are, therefore, called sulcal branches. Alternate sulcal
branches pass to the right and left sides. ey supply the
anterior and lateral grey columns and the central grey
matter. ey also supply the anterior and lateral funiculi.

e rest (posterior one-third) of the spinal cord is supplied
by the posterior spinal arteries (Figure 2.18). As already
mentioned, branches from the arteria vasocorona also
supply the cord.

A Clinical Anatomy ) .

Anterior spinal artery syndrome: Thrombosis in the anterior
spinal artery produces a characteristic syndrome. The territory
of supply includes the corticospinal tracts. This leads to an
upper motor neuron paralysis below the level of lesion. The
spinothalamic tracts are also involved. This leads to loss of
sensations of pain and temperature below the level of lesion.
Touch and conscious proprioceptive sensations are not
a ected as the posterior column tracts are not involved.

A J

Venous Drainage

e veins draining the spinal cord are arranged in the form
of six longitudinal channels (Figure 2.20).  ese are:

Q1. At birth, the lower end of spinal cord lies at the level of
which vertebra?
A L1
B. L3
C. S2
D. S4
Q2. Inadults, the length of the spinal cord in centimeter is:
A 25
B. 35

Posterior
nerve root

Posteromedian longitudinal
venous channel

Posterolateral
longitudinal
venous channel

O\_jOL/

Anterolateral

0/7 longitudinal

venous channel
\—Anteromedian longitudinal
venous channel

Anterior
nerve root

Figure 2.20: Venous drainage of the spinal cord

! Two median longitudinal channels, one in the
anterior median fissure called the anteromedian
channel, and the other in the posteromedian sulcus
called the posteromedian channel

1 The paired anterolateral channels, one on either
side, posterior to the anterior nerve roots

1 e paired posterolateral channels, one on either
side posterior to the posterior nerve roots
These channels are interconnected by a plexus of

veins that form a venous vasocorona. e blood from

these veins is drained into radicular veins that open into a

venous plexus lying between the dura mater and the bony

vertebral canal (internal vertebral venous plexus) and
through it, into various segmental veins.

C. 45
D. 55
Q3. Inferior continuation of the pia mater of spinal cord is
called as:
A. Conus medullaris
B. Caudaequina
C. Filum terminale
D. Ganglion impar
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Q4. Ligamentum denticulatum is an extension from the: C. C3andCs8
A. Posterior longitudinal ligament D. C3andT2
B. Pia mater Q9. Spinal segments responsible for biceps tendon reflex
C. Ligamentum flavum are:
D. Dura mater A. C5,C6
Q5. The surface landmark used for inserting the needle while B. C6,C7
doing lumbar puncture is: C. C7,C8
A. Highest point of iliac crest D. C8T1
B. Posterosuperior iliac spine Q10. Spinal segments responsible for plantar reflex are:
C. Tubercle of iliac crest A L3 L4
D. Anterosuperior iliac spine B. L5,S1
C. S2,83 54
Q6. Total number of spinal segments is: D. S3, %4
A 30 Q11. Which artery gives rise to arteria radicularis magna
B. 31 (artery of Adamkiewicz)?
C. 32 A. Vertebral
D. 33 B. Fifth intercostal
C. 1ithintercostal
Q7. Ninth thoracic spine corresponds to which spinal D. First lumbar
segment? Q12. Anteriorspinal artery isabranch of which of the following
A T9 arteries?
B. T10 A. Internal carotid
C. T11 B. Vertebral
D. T12 C. Subclavian
Q8. Cervical enlargement of the spinal cord extends between D. Posteroinferior cerebellar
which of the following spinal segments?
A ClandC8
B. ClandT2
ANSWERS
1.B 2.C 3.C 4.B 5A 6.B 7.D 8.D 9.A 10.B
11.C 12.B
SHORT NOTES
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A Clinical Cases ) \

2.1: Inacase of vehicular accident, a radiogram showed crush fracture of the body of the seventh thoracic vertebra.
A. Which spinal segmentisa ected in this person?
B. Below which part of the trunk would this person have loss of sensation?

2.2: Inaperson with anterior spinal artery syndrome at spinal segment C8, what would be the e ect on?
A. Biceps jerk; Knee jerk
B. Plantarre ex; Cremastericre ex

2.3:  During lumbar epidural anaesthesia, the patient was asked to ex the vertebral column.

A. What are the structures pierced by the needle (in sequence) in lumbar epidural anaesthesia?
B. Why was the patient asked to ex the vertebral column?







and the posterolateral sulcus forms the lateral funiculus
(lateral white column). (e anterior and lateral funiculi
are sometimes collectively referred to as the anterolateral
funiculus) (Figure 3.1). e white matter of the right and
left halves of the spinal cord is continuous across the
midline as the anterior white commissure, which lies
anterior to the grey commissure.

Variation in the Internal Structure of Spinal
Cord at Di erent Levels

1 e shape of the transverse section of the spinal cord
varies at di erent levels. It is transversely oval in the
cervical region, round in thoracic region, round to oval
in lumbar region and round in sacral region.

1 e relative amount of grey and white matter and the
shape and size of the grey columns vary at di erent
levels of the spinal cord (Figure 3.3).

1 e amount of grey matter to be seen at a particular
level can be correlated with the mass of tissue to be
supplied. It is, therefore, greatest in the region of the
cervical and lumbar enlargements, which supply the
limbs.

1 The amount of white matter undergoes progressive
increase from the lower part of the spinal cord to the
upper part.  is is because:

— Progressively more and more ascending bres are
added as the upper levels of the cord are reached.

- e number of descending bres decrease as lower
levels of the cord are reached as some of them
terminate in each segment.

Lumbar E Sacral

Figures 3.3A to D: Di erences in appearance of transverse
sections through various levels of the spinal cord
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NUCLEI IN GREY MATTER

Discrete collections of neurons (or nuclei) occur in
various regions of the spinal grey matter. e cell groups
correspond with one or more of ten cell layers, known as
Rexed laminae.
Laminal to IV lie at the dorsal part of dorsal horn.
Lamina V and VI lie at the base of dorsal horn.
Lamina VIl lies in the intermediate (lateral) grey column.
Lamina VIl and IX lie in the ventral horn.
Lamina X corresponds to the central grey.

e correlation of the nuclei with the Rexed laminae is
illustrated in Figure 3.4 and Table 3.1.

= = = —a —a

Nuclei in the Posterior Grey Column
(Dorsal Horn)

is group consists of sensory and integrative nerve cells
(Figure 3.5). e type of cells and their connections are
given in Table 3.2.

A Clinical Anatomy ) .

The “gate control” theory of pain inhibition:
Large-diameter a erents are excitatory to the neurons of
lamina IV and to interneurons in the substantia gelatinosa.

In contrast, ne nonmyelinated pain a erents are excitatory
to the neurons of lamina IV but inhibitory to substantia
gelatinosa.

The axons of substantia gelatinosa inhibit presynaptically
the terminals of all a erents that synapse with lamina IV
(Figure 3.6).

Therefore, impulses in the large-diameter a erents would
close the gate to lamina IV in the interneurons by presynaptic
inhibition and thus pain inhibition.

A J

Nuclei in the Lateral Grey Column

is group consists of proprioceptive and visceral nerve
cells (Figure 3.5). e type of cells and their connections
are given in Table 3.3.

Nuclei in the Anterior Grey Column (Ventral
Horn)

is group consists of proprioceptive and somatic e erent
neurons and their interneurons (Figure 3.7A). Motor
neurons can be subdivided into:
I Medial group:
- Ventromedial nucleus (entire spinal cord)
— Dorsomedial nucleus (entire spinal cord)
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Nuclear cell columns

Posteromarginal nucleus

Substantia gelatinosa

Nucleus proprius
Nucleus dorsalis

Intermediolateral nucleus

Intermediomedial nucleus
Lateral group

Central group

Medial group

Rexed Nuclei in grey column

lamina

| Posteromarginal nucleus

Il Substantia gelatinosa

llland IV Nucleus proprius

V Di use spinal reticular nucleus

VI Interneurons for spinal re exes
Central cervical nucleus

i Posterior thoracic (Clarke’s column)
Intermediomedial nucleus
Intermediolateral nucleus
Spinal border nucleus

Vil
Interneurons for motor neurons

IX Motor neurons (a and y)

X Central grey

Lamina of Rexed

J A Lamina |
A / Lamina Il
*
A'A\ Lamina II
‘r\ Lamina IV
L >
= \ Lamina V
s Lamina VI
Lamina VII
Lamina VIII
Lamina IX
Lamina X

Figure 3.4: Nuclei and laminae of Rexed

TABLE 3.1: Nerve cell groups in the spinal grey columns

Extent in the spinal
cord

Entire cord
Entire cord
Entire cord
Entire cord
Prominent in limb

enlargements
Cl-C4

C8-L3

T1-L2 and S2-S4
T1-L2 and S2-S4

Lateral border of
L1-L5

Entire cord
Entire cord
Entire cord

Functions

Relay station for “fast” pain

Interneurons for modi cation of pain and other
sensory input

Gives origin to ventral and lateral spinothalamic tracts

Integration of exteroceptive, nociceptive,
proprioceptive and visceral senses

Propriospinal polysynaptic re exes like exion or
withdrawal re ex

Tonic neck re exes

Unconscious proprioception from lower limb; gives
origin to posterior spinocerebellar tract

Visceral a erents
Visceromotor

Unconscious proprioception from lower limb

In uence motor neurons
Innervates the striated muscles

Di use and nondiscriminatory

i1 Central group:
- Spinal accessory (C1-C5)
— Phrenic nucleus (C3-C5)
— Nucleus of Onuf (S2-S4)

f Lateral group:

Ventrolateral (C5-C8 and L2-S2)

Dorsolateral (C5-C8 and L2-S2)
Retrodorsolateral (C8, T1 and S2, S3)

e cells of anterior grey column and their connections

are given in Table 3.4.
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TABLE 3.2: Nerve cell groups and their connections (Posterior

grey column)

Substantia gelatinosa Rext_ed Nucleiin A erent_ E erent_
\ . lamina greycolumn connections connections
Nucleus proprius
“Fast” pin-pricki Gives origin
Nucleus dorsalis ast’pin-pricking -, o)
\ (Clarke's column) | Ppsteromar- type of pain from spinothalamic
Kitariindic: ginal nucleus d_orsolateral tract of tract of the
lateral nucleus Lissauer opposite side
Intermedio- . . .
Fsdial nliclous Stimulation from Presynaptic
. large diameter inhibition
Substantia .
Il elatinosa sensory bres; to nucleus
9 inhibitory from pain proprius (See
bres Figure 3.6)
. . . Fibres carryin Gives origin to
Figure 3.5: Nerve cell groups in the posterior grey column e Zf cgr]ude anterolaSaral
llland  Nucleus . .
Y proprius touch, pressure, spinothalamic
thermal and “slow” tracts of the
burning pain opposite side
. Exteroceptive,
Ditek targe dismeter Bofe Di use nociceptR/e, Gives origin to
® spinal proprioceptive and  spinoreticular,
@ — |® Vv rgticular visceral senses; spinotectal and
Substantia Lamina | Spinothalamic tract nucleus cortlcosplna_l tract  spino-olivary
gelatinosa v » and subcortical tracts
A inputs
@ > |® p
© Exteroceptive,
_ J Interneurons  nociceptive, Motor neurons
e Vi for spinal proprioceptive for super cial
. L . re exes senses; spinal re exes
Figure 3.6: The sensory “gate” mechanism in the spinal cord corticospinal tract P
showing presynaptic inhibition by substantia gelatinosa \.
o [ Lumbosacral
2| nucleus
o
= ACCESSOW
£ | nucleus
8| Phrenic —
" nucleus Retrodorsolateral | &
o o
5 [ Dorsomedial Dorsolateral {:,_)
5| nucleus ; Ventrolateral | &
.8 | Ventromedial =
g | nucleus

Figures 3.7A and B: (A) Nerve cell groups in the anterior grey column; (B) Poliomyelitisa ecting the nerve cell groups in the
anterior grey column
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TABLE 3.3: Nerve cell groups and their connections (Lateral grey column)

Rexed - . .
lamina Nuclei in grey column A erentconnections E erent connections
. Proprioception from neck, semicircular .
Central cervical nucleus cangls P Contralateral cerebellum and vestibular nucleus
Posterior thoracic (Clarke’s . . . Gives origin to posterior spinocerebellar tract of
Proprioception from lower limbs .
i column) same side
. . . . Intermediolateral nucleus, hypothalamus,
Intermediomedial nucleus  Interoception from viscera . .
reticular formation
. Hypothalamus, reticular formation, Preganglionic autonomics to smooth muscles
Intermediolateral nucleus . . .
L intermediomedial nucleus and glands )

TABLE 3.4: Nerve cell groups and their connections (Anterior grey column)

Rex .. . .
I;m?ga Nuclei in grey column A erentconnections E erentconnections
. . . . Gives origin to anterior
Spinal border nucleus Proprioception from lower limbs . 9 o
spinocerebellar tract of opposite side
VI
Interneurons for motor ~ Corticospinal and extrapyramidal tracts, other spinal
Motor neurons
neurons neurons
Ventromedial nucleus Corticospinal, spinal interneurons, muscle spindle Dorsal muscles of trunk
Dorsomedial nucleus Corticospinal, spinal interneurons and muscle spindle ~ Ventral muscles of trunk
Spinal accessory Corticospinal, spinal interneurons, muscle spindle Sternocleidomastoid and trapezius
Phrenic nucleus Cort!cosplnal, spinal interneurons, medullary Diaphragm
respiratory centre
X Ivic diaph I
- . Pelvic diaphragm, voluntar
Nucleus of Onuf Spinal interneurons and visceral a erents . phrag y
sphincters of urethra and anal canal
Ventrolateral Corticospinal, spinal interneurons and muscle spindle Dorsal muscles of limbs
Dorsolateral Corticospinal, spinal interneurons and muscle spindle ~ Ventral muscles of limbs
L Retrodorsolateral Corticospinal, spinal interneurons and muscle spindle Muscles of hand and foot J
{ Clinical Anatomy N\ _a trac_t (or fgs.mculus). is collect_lon pf nerve bres has
J a similar origin, course, and termination. Tracts may be

ascending, descending or intersegmental (which could
include both ascending and descending). ey are usually
named after the masses of grey matter connected by
them. us, a tract beginning in the cerebral cortex and
descending to the spinal cord is called the corticospinal
tract, while a tract ascending from the spinal cord to
the thalamus is called the spinothalamic tract. Tracts
are sometimes referred to as lemnisci (ribbons). The

Poliomyelitis (Figure 3.7B):

Lesion of ventral grey column neurons as in poliomyelitis or as
in progressive muscular atrophy results in lower motor neuron
(LMN) paralysis of the a ected segments. It would be accid
paralysis, with absent super cial and deep re exes. If the virus
a ects the grey matter of the medulla (bulbar polio), it can
result in respiratory arrest.

TRACTS IN WHITE MATTER

A collection of nerve fibres within the central nervous
system, that connects two masses of grey matter, is called

major tracts passing through the spinal cord are shown
schematically in Figure 3.8 and in Table 3.5. e position
of the tracts in a transverse section of the spinal cord is
shown in Figure 3.9.
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Figure 3.8: Major tracts of spinal cord passing through the brainstem (Abbreviation: SC, superior colliculus; RN, red nucleus; VN, vestibular
nuclei; RFP, reticular formation of pons; RFM, reticular formation of medulla; OL, inferior olivary nucleus)

TABLE 3.5: Important ascending and descending tracts in various funiculi

Funiculus Ascending tracts

Posterior 1 Fasciculus gracilis

Fasciculus cuneatus

=

=

Lateral Posterior spinocerebellar
Anterior spinocerebellar
Lateral spinothalamic
Spinotectal

Spino-olivary

Dorsolateral (Lissauer’s tract)

= =08 8883

Anterior 1 Anterior spinothalamic

Spinoreticular

=

Descending tracts

=2

[ T e R e B e (Y e Pl e
ER=N= =

e T e R e R e i e
= e e B e

Septomarginal tract
Fasciculus interfascicularis (Semilunar tract/ Comma tract of
Schultze)

Lateral corticospinal
Rubrospinal

Lateral reticulospinal
Olivospinal
Hypothalamospinal
Raphespinal

Anterior corticospinal

(Lateral) vestibulospinal

Medial vestibulospinal (Medial longitudinal fasciculus)
Tectospinal

Medial reticulospinal

A Clinical Anatomy )

Cordotomy
Sometimes, a patient may be in severe pain that cannot be
controlled by drugs. As an extreme measure pain may be
relieved by cutting the lateral spinothalamic tracts (which
carries pain sensation). The operation is called cordotomy.
The ligamentum denticulatum serves as a guide to the
surgeon. For relief of pain the incision is placed anterior to
this ligament (anterolateral cordotomy), so as not to involve
lateral corticospinal tract (which lie behind ligamentum
denticulatum), responsible for skillful voluntary movement.
Pain can also be relieved by cutting the posterior nerve
roots in the region. This operation is called posterior
rhizotomy.

ASCENDING TRACTS

Sensory modalities are either special senses or general

senses. e general senses are classi ed as follows:

i Exteroception: Sensations perceived by the body,
arising from external world and include touch,
pressure, vibration, pain, thermal sensation, itch,
tickle, etc.

1 Proprioception: Sensations perceived by the body,
generated by the own tissues and include perception
of posture, joint position and movement, muscle
contraction and stretch.

1 Interoception: Sensations perceived by the body,

arising from internal world and include sensations
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ASCENDING TRACTS(Blue)

DESCENDING TRACTS(Red)

Fasciculus gracilis

Fasciculus cuneatus

Posterior
spinocerebellar tract

Lateral
spinothalamic tract

Anterior
spinocerebellar tract

Spinotectal tract

Spino-olivary tract

Anterior
spinothalamic tract

Septomarginal tract

Comma tract

Raphespinal tract

Hypothalamospinal tract

Lateral corticospinal tract

Rubrospinal tract

Lateral reticulospinal tract

Medial reticulospinal tract

Olivospinal tract

Vestibulospinal tract

Tectospinal tract

Anterior

corticospinal tract

Figure 3.9: Positions of the main ascending and descending tracts present in a transverse section of the spinal cord

Sensory cortex

Neuron [lI
in
Thalamus

Neuron I

in grey matter
of spinal cord/
brainstem
crosses the
midline

Neuron |
in dorsal
root

ganglion

Figure 3.10: Levels of neurons in ascending or sensory tract

from viscera like hunger, thirst, bladder fullness, urge

to defecate, etc.

Ascendingtractsrelatedto the consciousgeneral senses
consist of a sequence of three neurons that extends from

peripheral receptor to the cerebral cortex. ese are often
referred to as primary, secondary and tertiary neurons
or rst-order neurons, second-order neurons and third-
order neurons (Figure 3.10). Unconscious proprioception
and some exteroception going to cerebellum consist of
only two neurons, as also those terminating in brainstem.

Ascending Tracts Projecting to the Cerebral
Cortex

e rst-order neurons of these pathways are located
in spinal (dorsal nerve root) ganglia (Figure 3.11). e
neurons in these ganglia are unipolar. Each neuron
gives off a peripheral process and a central process.

e peripheral processes of the neurons end in relation
to sensory end organs (receptors) situated in various
tissues. e central processes of these neurons enter the
spinal cord through the dorsal nerve roots. e second-
order neurons (located in the spinal cord or medulla
oblongata) cross the midline and end by synapsing
with neurons in the thalamus.  ird-order neurons are
located in the thalamus and carry the sensations to the
cerebral cortex.
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dorsal nerve root
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Unipolar cell body
in spinal ganglion

To skin,
muscles.

> tendons,
viscera,
etc.

Figure 3.11: Typical arrangement of a primary a erent neuron

Posterior Columns

e fasciculus gracilis (Tract of Goll) and cuneatus (Tract
of Burdach) are central processes of rst-order neurons
synapsing with nucleus gracilis and cuneatus in the
medulla oblongata (which are the second-order neurons)
(Figure 3.12A). e sensory modalities that they carry are:
1 Fine touch (tactile localization, two-point

discrimination)
1 Vibration
Joint position
1 Muscle proprioception

==

Clinical Anatomy )

Sensory neuron disease (Figure 3.12B). Involvement of
posterior columns, as in hereditary sensory neuropathy or
tertiary syphilis causes bilateral loss of ne touch, two-point
discrimination, joint position and vibration sense. However,
crude sensations carried by spinothalamic tracts remain intact.

Anterolateral Spinothalamic Tract

The other sensations are carried by anterolateral
spinothalamic tract (Figure 3.13A). The first-order
neurons ascend two or three segments in the dorsolateral
tractofLissauerbeforetheyterminateinposteromarginal
nucleus (for “pin-pricking” pain) and nucleus proprius
(for crude touch, pressure, “burning” pain and thermal
sensation).  ese nuclei are the second-order neurons.

e bres of pain and thermal sensation cross the midline
in the anterior white commissure and ascend up as lateral
part of anterolateral spinothalamic tract. e crude touch

and pressure sensation (after crossing) ascend up as
anterior part of anterolateral spinothalamic tract.

{ Clinical Anatomy ) .

Syringomyelia (Figure 3.13B): A destructive process around
the central canal of the spinal cord results in increase in the
size of the cavity and a ects the crossing spinothalamic bres
in the anterior white commissure. So, there will be bilateral loss
of pain and temperature sensations but the posterior column
sensations are preserved as they do not get a ected initially.
This produces “dissociated sensory loss”.

& J

Different modalities of sensations are carried by
di erent portions of anterolateral spinothalamic tract. e
spinothalamic tract carries sensations from the opposite
side of the body.

A Clinical Anatomy ) .

Tract of Lissauer: A unilateral lesion of the spinothalamic tract
will result in loss of crude touch, pressure, pain and thermal
sensation. The sensation will be lost on the opposite side
below the level of lesion. The contralateral loss of pain and
temperature sensations, however, occur 2—-3 segments below
the level of the lesion because pain and thermal sense rise
2-3 levels up in the tract of Lissauer before they terminate.

Ascending Tracts Projecting to the
Cerebellum (Figure 3.14)

Posterior Spinocerebellar Tract

This tract carries unconscious proprioception from
individual muscles of the lower limb. e dorsal nerve
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Cerebral cortex
(somesthetic
areas 3, 1, 2)

Internal capsule

Neuron 3 in thalamus

Medial lemniscus

Neuron 2 in
nucleus gracilis and
nucleus cuneatus

Fasciculus
cuneatus

Fasciculus gracilis

Neuron 1 in dorsal
nerve root ganglion

From
receptors

for touch and
proprioceptive
sensations

Figures 3.12A and B: (A) Main features of the posterior column medial lemniscus pathway;
(B) Tabes dorsalis a ecting the posterior column pathway
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Cerebral cortex

1 Neuron 3 in
thalamus

&
<!
<

Neuron 2 in
dorsal grey column

Neuron 1 in dorsal
nerve root ganglion

La}eral s Fibres from
spinothalamic tract receptors for
touch, pain and
temperature
Ventral 3
spinothalamic tract

Figures 3.13A and B: (A) Main features of the spinothalamic pathways (Red: pain; Blue: crude touch);
(B) Syringomyelia (destructive lesions of central canal)

Through superior
cerebellar peduncle

Through inferior
cerebellar
peduncle

Accessory 0
cuneate
Cuneocerebellar

nucleus
/ fibres
Neuron 2
Ve‘ntral O Dorsal spino-
spinocerebellar cerebellar tract
tract

Neuron 1

Figure 3.14: Main features of the spinocerebellar pathways
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root ganglion isthe rst-order neuron. e central process
of the neuron synapses with posterior thoracic nucleus
(Clarke’s column). Axons from Clarke’s column do not
cross the midline and enter the cerebellum through the
inferior cerebellar peduncle.

Anterior Spinocerebellar Tract

is tract carries unconscious proprioception from lower
limbasawhole. edorsal nerverootganglionisthe rst-
order neuron. e central process of the neuron synapses
with spinal border cells. Axons from spinal border cells
cross the midline and enter the cerebellum through
the superior cerebellar peduncle and most of the bres
recross in the cerebellum.

Clinical Anatomy )

A unilateral lesion of spinal cord will show bilateral
ataxia of lower limbs, if the ventral spinocerebellar tract
(carrying contralateral proprioceptive impulses) and dorsal
spinocerebellar tract (carrying ipsilateral proprioceptive
impulses) are a ected.

e upper limb equivalent of posterior spinocerebellar
tract is cuneocerebellar tract (which lies in the medulla
oblongata).

e upper limb equivalent of ventral spinocerebellar tract
is rostral spinocerebellar tract arising from di use neurons
in the base of the posterior horn of cervical part of spinal
cord. e existence of this pathway is doubtful in humans.

A Clinical Anatomy ) .

Disorders of equilibrium: Inability to maintain the equilibrium
of the body, while standing or while walking, is referred to as
ataxia. This may occur as a result of interruption of a erent
proprioceptive pathways, i.e. tracts in the posterior column
and the spinocerebellar pathways (sensory ataxia).

Lack of proprioceptive information can be compensated
to a considerable extent by information received through the
eyes. The defects are, therefore, much more pronounced with
the eyes closed (Romberg’s sign positive).

Ascending Tracts Projecting to the
Brainstem

e spinotectal, spino-olivary and spinoreticular bres
start from lamina V of spinal cord and terminate in the
respective nuclei of the brainstem.

A summary of the ascending tracts is seen in Table 3.6.

Cerebral cortex
(Areas 4, 6)
Upper
motor
3 neuron
Brainstem W
Spinal cord
Ventral horn
Lower
motor

neuron

Figure 3.15: Position of upper motor neuron and lower motor
neuron in brain and spinal cord

A Clinical Anatomy ) .

The second-order neurons of both the tracts of dorsal funiculus
(carrying ne sensations) and spinothalamic tracts (carrying
pain sensation) decussate. The level of decussation is di erent.

Fasciculi gracilis and cuneatus decussate at medulla;
spinothalamic tract decussates at spinal cord.

Hence, spinal cord lesions cause ipsilateral loss of ne
senses and contralateral loss of pain. A lesion anywhere in
the brainstem or higher will cause contralateral loss of both
senses—a great localizing sign.

DESCENDING TRACTS

e grey matter of lamina IX of Rexed (alpha and gamma
motor neurons) sends axons that innervate skeletal
muscles through the anterior root of spinal cord. This
pathway is called as final common pathway or Lower
Motor Neuron (LMN) pathway. e LMN (Figure 3.15) can
be activated by:

1 Pyramidal tract or corticospinal tract or upper motor
neuron (UMN) starting from cerebral cortex for
voluntary movements
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TABLE 3.6: Ascending tracts of spinal cord

Tract Function First-order neuron Second-order neuron Third-order neuron
Peripheral Cell Central Cellbody  Crossing Ascent Cellbody  Axons
process body process

Fasciculus Fine touch, Skin, joint, Dorsal  Fasciculus Nucleus Internal Medial Ventral Superior

gracilis proprioception, tendon nerve  gracilisin gracilisin  arcuate lemniscus  postero- thalamic

vibration, joint root the posterior medulla bres lateral radiation to
position sense ganglia funiculus oblongata nucleus of  postcentral
from below T6 thalamus  gyrus

Fasciculus Fine touch, Skin, joint, Dorsal  Fasciculus Nucleus Internal Medial Ventral Superior

cuneatus proprioception, tendon nerve  cuneatusin cuneatus arcuate lemniscus  postero- thalamic

vibration, joint root the posterior inmedulla  bres lateral radiation to
position sense ganglia funiculus oblongata nucleus of  postcentral
from above T6 thalamus  gyrus

Anterior  Crude touch, Skin Dorsal  Synapses Nucleus Anterior Joins Ventral Superior

spino- pressure nerve  with nucleus proprius white com- medial postero- thalamic

thalamic root proprius of  inspinal missure of  lemnis- lateral radiation to

tract ganglia spinalcord  cord spinal cord cusin nucleus of  postcentral
medulla  thalamus  gyrus
oblongata

Lateral Pain and ther-  Skin Dorsal  Ascends few Nucleus Anterior Continues Ventral Superior

spino- mal sensation nerve  segments postero- white com- asspinal  postero- thalamic

thalamic root upindorso- mar- missure of  lemniscus lateral radiation to
tract ganglia lateraltract ginaland spinalcord in brain- nucleus of  postcentral
of Lissauer  nucleus stem thalamus  gyrus
proprius

Posterior  Unconscious Muscles Dorsal  Ascendsin Posterior Termi-

spinocer-  proprioception and joints nerve  fasciculus thoracic nates in

ebellar from lower of lower root till Clarke’s nucleus anterior

limb limb ganglia column o lobe of o o
cerebel-
lum

Anterior  Unconscious Muscles Dorsal  Synapses Spinal Anterior Termi-

spinocer-  proprioception andjoints nerve  withspinal  border white com- natesin

ebellar from lower of lower root bordercells  cells missure of  anterior

limb limb ganglia spinal cord  lobe of T T
cerebel-
lum

Spino- Deep pain Deeptis- Dorsal  Synapses LaminaV  Anterior Reticular

reticular sues nerve  withcellsin  of Rexed white com- formation

tract root laminaV missure of  of brain-

ganglia spinal cord; stem — —
some bres
do not
Cross

Spino- Feedback Muscles Dorsal  Synapses LaminaV  Anterior Inferior

olivary about perfor- and joints nerve  withcellsin of Rexed  white com- olivary

tract mance root laminaV missure of  nucleus of — —

ganglia spinal cord medulla
oblongata
Spinotec- Re ex move- Skin, joint, Dorsal  Synapses LaminaV  Anterior Superior
tal tract ments of the muscles nerve  withcellsin ofRexed  white com- colliculus
head and eyes root lamina V missure of  of mid- o o
ganglia spinal cord  brain
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Cerebral cortex
(Areas 4, 6,3,2,1)

Internal capsule
Crus cerebri

Internuncial neurons

Neuron in ventral
grey column

Ventral corticospinal tract

Pons

Medulla

Ventral corticospinal
tract

Lateral cortico-
spinal tract

Skeletal
muscle

Figure 3.16: Course of the corticospinal tracts (Note the position of the tracts at various levels of the brainstem)

I Extrapyramidal tracts starting from brainstem for
postural control of proximal muscles and controlling
the output of autonomic nervous system

1 Spinal reflexes (monosynaptic stretch reflex or
polysynaptic re exes) through intersegmental tracts

Corticospinal Tract (or Pyramidal Tract)

About 30% of bres of this tract arise from the neurons
lying in the motor area of the cerebral cortex (area 4),
30% arise from the premotor area (area 6) and 40% from
the somatosensory area (areas 3,1, 2). e bres starting
from sensory cortex in uence sensory input to the central
nervous system. A few bres also arise from association
areas of parietal, temporal and occipital lobes.

After passing through the internal capsule, the bres
enter the crus cerebri (of the midbrain) and then descend
through the ventral part of the pons to enter the pyramids

in the upper part of the medulla. Near the lower end of
the medulla about 80% of the bres cross to the opposite
side and enter the lateral funiculus of the spinal cord and
descend as the lateral corticospinal tract (Figure 3.16).
The fibres of this tract terminate in grey matter of the
spinal cord.

The corticospinal fibres that do not cross in the
pyramidal decussation enter the anterior funiculus of the
spinal cord to form the anterior corticospinal tract. On
reaching the appropriate level of the spinal cord, many
of the bres of this tract cross the midline (through the
anterior white commissure) to reach grey matter on the
opposite side of the cord. A few terminate on the same side
and are responsible of bilateral activities of the trunk.

e corticospinal tract constitutes the upper motor
neuron (UMN). Majority of the bres of UMN terminate in
an interneuron, although a few may terminate directly on
the lower motor neuron (LMN).
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TABLE 3.7: Di erences between upper motor neuron lesion and lower motor neuron lesion

Feature Upper motor neuron lesion Lower motor neuron lesion
Paralysis Groups of muscles of one or more limbs paralyzed  Individual muscles paralyzed
Muscle tone Spasticity/rigidity (spastic paralysis) Flaccid ( accid paralysis)
Deep tendonre exes Exaggerated Absent
Super cial re exes like abdominaland Absent Absent
cremasteric re exes
Plantar response Extensor (Babinski sign positive) No response
Muscle atrophy May not be marked (may occur late and will be due  Will be early and severe and due to
to disuse) denervation
 Fasciculations and  brillations Do not occur Are common )

Rubrospinal Tract

Superior colliculus
Dorsal tegmental is tract is made up of axons of neurons lying in the red
decussation ' \cleus (which lies in the upper part of the midbrain). e
Red nucleus . . . .
bres of the tract cross to the opposite side of the midbrain
and pass through the pons and medulla to enter the
lateral funiculus of the spinal cord (Figure 3.17). e tract
Ventral tegmental terrr!mates in the cervical segments of spinal cord and is
decussation  facilitatory to exors of upper limb.

Central canal

Tectospinal tract )
Rubrospinalract  actospinal Tract

Lateral . . . .
corticospinal tract e bres of this tract arise from neurons in the superior

colliculus (midbrain). The fibres cross to the opposite
side in the midbrain and descend through the pons and
medulla into the anterior funiculus of the spinal cord
(Figure 3.17). e tract terminates in the upper cervical
segments of the spinal cord. s tract is responsible for
Figure 3.17: Main features of tectospinal and rubrospinal tracts.  re ex postural movements of neck in response to visual

Note that the bres of both the tracts cross to the opposite side in  stimuli.
midbrain (in dorsal and ventral tegmental decussations)

Rubrospinal tract
Interneuron

Anterior horn cell
Tectospinal tract

Interneuron
Anterior horn cell

Medial Reticulospinal Tract

A Clinical Anatomy ) N . . . .
J Fibres arise from the medial part of the reticular formation

The cerebral cortex controls voluntary movement through of pons. The fibres are largely uncrossed and descend
the corticospinal tract. Inability to move a part of the body is in the anterior funiculus. e tract is facilitatory to the
referred to as paralysis. This can be produced by interruption |  extensor muscles of the trunk and limbs. The tract is
of motor pathways anywhere between the motor area of the | ¢oncerned with postural adjustments of the head, trunk

cerebral cortex and the muscles themselves (UMN or LMN). |y jimps (Figure 3.18). Control of bladder and bowel is
From a clinical point of view, Table 3.7 will help to di erentiate .
also done through this tract.

the two.

Lateral Reticulospinal Tract

Extrapyramldal Tracts is tract is constituted by bres arising in the reticular

Descending tracts arising from subcortical centres are  formation of the medullaoblongata. e bresare crossed
called extrapyramidal tracts. and uncrossed. They descend in the lateral funiculus
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Lateral vestibular
nucleus

Reticular formation

Inferior olivary
nucleus

Lateral vestibulospinal tract

Lateral reticulospinal
tract

i ) Olivospinal tract
Reticulospinal tract

Vestibulospinal tract

Figure 3.18: Main features of vestibulospinal, olivospinal and
reticulospinal tracts

(Figure 3.18). e tract is facilitatory to the exor muscles
of the trunk and limbs. Automatic breathing is also
controlled by lateral reticulospinal tract. It also in uences
transmission of pain through the ascending tracts.

Lateral Vestibulospinal Tract

e neurons of origin of the lateral vestibulospinal tract lie
in the lateral vestibular nucleus located at pontomedullary
junction. is tract is uncrossed and lies in the anterior
funiculus of the spinal cord (Figure 3.18). s tract is an
important e erent path for equilibrium.

e lateral vestibulospinal tract is facilitatory to motor
neurons supplying extensor muscles.

Medial Vestibulospinal Tract or Medial Longitudinal
Fasciculus (MLF)

e medial vestibulospinal tract arises mainly from the
medial vestibular nucleus located at the pontomedullary

TABLE 3.8: Descending tracts of spinal cord

.

Tract

Lateral corticospinal

Anterior
corticospinal

Rubrospinal
Tectospinal tract

Medial
reticulospinal tract

Lateral
reticulospinal tract

Lateral
vestibulospinal
tract

Medial
vestibulospinal
tract (MLF)

Olivospinal

Descending
autonomic

Raphespinal

Origin

Cerebral cortex area 4,
area 6, and areas 3, 1, 2

Cerebral cortex area 4,
area 6,and areas 3,1, 2

Red nucleus
Superior colliculus
Pontine reticular
formation
Medullary reticular

formation

Lateral vestibular
nucleus

Medial vestibular
nucleus

Inferior olivary nucleus
Limbic lobe,

hypothalamus
Raphe magnus nucleus

Crossing

Lower medulla

Just before
termination in the
spinal cord

Upper midbrain

Upper midbrain

Various levels

Upper midbrain

Upper medulla

Termination Funiculus Function
of cord
Interneuron and Lateral Fine motor function of
alpha motor neuron distal muscles of limb and
modulation of senses
Interneuron and Anterior  Gross motor function of
alpha motor neuron axial musculature
Gamma motor Lateral Facilitates exors of upper
neuron limb
Interneurons Anterior  Re ex postural
movements of neck
Gamma motor Anterior  Facilitates extensors and
neuron bladder, bowel control
Gamma motor Lateral Facilitates exors,
neuron automatic breathing,
modulation of pain
Alpha motor neuron  Anterior  Facilitates extensors
Alpha motor neuron  Anterior  Turning of head
Interneurons Lateral Feedback to spino-olivary
tract
Preganglionic Lateral Control autonomic output
autonomic neurons
Dorsal horn Lateral Pain inhibition by release
of serotonin




Figures 3.19A and B: (A) Lesion in amyotrophic lateral sclerosis;
(B) Lesion in subacute combined degeneration

junction (with some fibres from the inferior and
superior nuclei). e tract descends through the anterior
funiculus. istractis a downward continuation of medial
longitudinal fasciculus and terminates in the upper
cervical spinal cord. e tract is responsible for the neck
righting reflex in response to stimulus received from
vestibular apparatus.

Olivospinal Tract

istractarisesfromtheinferiorolivary nucleus (medulla).
It provides a feedback to spino-olivocerebellar pathway.

Chapter 3 Spinal Cord—Internal Features

A summary of the descending tracts is seen in Table 3.8.

{ Clinical Anatomy )

Amyotrophic lateral sclerosis (Figure 3.19A): A combination
of lesions of pyramidal tracts and anterior horn cells results in
both UMN and LMN signs as in motor neuron disease (MND)
or amyotrophic lateral sclerosis (ALS). This is a progressive
degenerative disorder.

In the earlier stages, depending of the site of involvement,
there will be LMN signs at the level of lesion and UMN signs
below the level of lesion. Plantar re ex will show Babinski
sign positive. As the disease progresses, death occurs due to
paralysis of respiratory muscles. Death occurs much earlier in
bulbar ALS.

Subacute combined degeneration (Figure 3.19B):
Involvement of both posterior columns and pyramidal tracts is
seen in subacute combined degeneration due to vitamin B12
de ciency.

This causes bilateral loss of ne touch, two-point
discrimination, joint position and vibration sense and bilateral
spastic paralysis and Babinski sign positive.

SOMATOTOPIC LAMINATION

e orderly arrangement of di erent levels of the body in
atract is somatotopic lamination of a tract.

. - In the posterior funiculus, since it is an uncrossed tract
Descendlng Autonomic Fibres first-order neuron, sacral fibres which are added first,
Hypothalamospinal fibres descend uncrossed in the are pushed most medially, followed by lumbar, thoracic
lateral funiculus and control the output of preganglionic ~ and cervical. Cervical, thoracic, lumbar and sacral = bres
autonomic neurons of thoracolumbar and sacral segments ~ are arranged from medial to lateral in spinothalamic and

of spinal cord.

Raphespinal Tract

Raphespinal fibres descend uncrossed in the lateral
funiculus and terminate in the dorsal horn. These are
serotoninergic bres involved in the inhibition of pain.

A_ Clinical Anatomy ) .

Spinothalamic tract gives o numerous collaterals to reticular
formation of brainstem. These collaterals also stimulate the
ascending reticular-activating system. A person can be easily
awoken from a sleeping state by these pathways.

These collaterals are also responsible for pain inhibition
via descending bres from periaqueductal grey matter. Some

bres descend from the periaqueductal grey matter to nucleus
raphe magnus of medulla, while others pass directly to the
spinal cord.

Descending raphespinal tract from medulla pass to the
substantia gelatinosa. Neurons in these sites secrete serotonin,
GABA, substance P, enkephalin and endorphin. All of these are
intimately concerned with the control of pain inputs.

corticospinal tracts (Figures 3.20 and 3.21).

A Clinical Anatomy )

A tumour in relation to the spinal cord can either grow from

outside (meningioma) or from within (neuroglioma).
If the meningioma is pressing the cervical part of spinal

cord from the lateral aspect, it initially involves:

Il The sacral and lumbar bres of lateral corticospinal tract
causing ipsilateral monoplegia of lower limb

I The sacral and lumbar bres of lateral spinothalamic tract
causing contralateral loss of pain from lower limb and
perianal region

If the neuroglioma is growing in the cervical part spinal cord

laterally, it initially involves:

I The cervical and thoracic bres of lateral corticospinal tract
causing ipsilateral monoplegia of upper limb

I The cervical and thoracic bres of lateral spinothalamic tract
causing contralateral loss of pain from upper limb and trunk.
Lower limb and perianal region are last to be involved
Some of the clinical conditions produced due to lesions

of various funiculi of spinal cord are shown in Figure 3.22

and Table 3.9.
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Fascicu\us Fasciculus
Gunea‘tu'-" gracilis
T L

S

Pressure
Vibration
Movement
Position

Figure 3.20: Pattern of lamination of the spinothalamic and Figure 3.21: Somatotopic lamination of corticospinal tract
posterior column tracts (Abbreviation: SLTC, sacral, lumbar, thoracic, (Abbreviation: SLTC, sacral, lumbar, thoracic, cervical)
cervical)

TABLE 3.9: The clinical conditions produced due to lesions of various funiculi of spinal cord

Site of lesion in the spinal cord Name of the clinical condition Tracts or neuronsa ected

One-half of spinal cord Brown-Séquard syndrome All the ascending and the descending tracts of
one-half

Anterior two-thirds of spinal cord Anterior spinal artery occlusion Tracts in anterior and lateral funiculi of both sides

Anterior grey columns Poliomyelitis Anterior grey columns

Anterior grey columns and lateral Amyotrophic lateral sclerosis or motor Anterior grey columns and corticospinal tracts of

funiculi neuron disease both sides

Around the central canal Syringomyelia Crossing bres of spinothalamic tracts

Posterior columns Hereditary sensory neuropathy Fasciculus gracilis and fasciculus cuneatus of both
sides

Lateral and posterior columns Subacute combined degeneration due to  Fasciculus gracilis and fasciculus cuneatus and

vitamin B12 de ciency corticospinal tracts of both sides
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A. Hemisection of the cord B. Anterior spinal artery syndrome
(Brown-Séquard syndrome)

C. Lower motor neuron disease D. Upper motor neuron disease

E. Combined upper and lower motor F. Syringomyelia
neuron paralysis

G. Sensory neuron disease H. Combined dorsal and lateral
column disease

Figure 3.22: Schematic representation of various lesions of spinal cord
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INTERSEGMENTAL TRACT OR
PROPRIOSPINAL TRACT

Tracts originating and terminating in spinal cord
(spinospinal tracts) are called as propriospinal tracts.
More than half of all ascending and descending tractsin the
spinal cord are propriospinal!  ese are short ascending
or descending tracts. They exist in the anterior, lateral
and posterior funiculi. Fasciculus septomarginalis and
fasciculus interfascicularis are examples of descending
tracts in the posterior funiculus. Posterolateral tract of
Lissauer is another example. Propriospinal tracts connect
the neuronsofdi erentspinal segmentsand are important
in intersegmental spinal re exes. Some examples include:
1 Flexor withdrawal re ex on nociceptive stimulus

1 Crossed extensor re exon exion of one limb

1 Reciprocal inhibition on stimulation of agonist

Q1. The somatic efferent cells of the ventral grey column of
spinal cord are known as:

A. Alpha motor neurons

B. Ganglion cells

C. Gamma motor neurons

D. Renshaw cells

The fibres of posterior spinocerebellar tract arise from:
A. Visceral afferent nucleus

B. Substantia gelatinosa

C. Nucleus dorsalis

D. Nucleus proprius

The LMNs are located in the:

A. Dorsal root ganglion

B. Pontine nuclei

C. Sympathetic chain

D. Anterior grey column of the spinal cord

Which of the following is the most posterior in the dorsal
grey column of the spinal cord?

A. Substantia gelatinosa (of Rolando)

B.  Nucleus dorsalis (Clarke's column)

Q2.

Qs.

Q4.

ANSWERS

LA 2.C 3.D 4.A 5C

I Postural adjustments on local stretching
f Evacuation re exeson afull bladder or colon
I Paralytic ileus on peritoneal irritation

{ Clinical Anatomy ) .

Transection of Spinal Cord: Paraplegia in Flexion or Para-
plegiain Extension

In a transection of the thoracic part of spinal cord, both lower
limbs get paralyzed (paraplegia).

In an incomplete transection, bres in the lateral funiculus
get a ected, i.e. lateral reticulospinal tract and rubrospinal
tract (both facilitatory to exors). Vestibulospinal tract and
medial reticulospinal tract lying in anterior funiculus (both
facilitatory to extensors) are spared. This results in paraplegia
in extension.

In a complete transection, all descending bres are
involved. Lower limbs go into exor withdrawal re ex (spinal
re ex). Hence, there is paraplegiain exion.

C. Nucleus proprius

D. Visceral afferent nucleus

Which of the following tracts is concerned with reflex
head and neck movements in response to the stimulation
of body parts?

A. Spino-olivary

B. Spinoreticular

C. Spinotectal

D. Spinovestibular

Which of the following funiculi of the spinal cord contains
the fasciculus cuneatus?

A. Anterior

B. Lateral, anterior half

C. Lateral, posterior half

D. Posterior

The fibres of the medial reticulospinal tract begins from:
Medulla oblongata

Pons

Midbrain

Diencephalon

Q5.

Q6.

Q7.

OO0 w>»

6.D 7.B
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SHORT NOTES

1. >kZp Zg] eZ[e Z nkzglo™kI” 1”\nbhg h_ma” \kob\Ze i Zkn h_ TibgZe \hk] nh J~ib\n ozkthnl ZIN*g]bg™ Zg] ] I\"g]bg™ tkz\nl
0, > IN\K["ma” ozkthnl gn\e™ bg na” Zgnkbhk* ihIn~kohk Zg] ezn™kze “k™r \hen®Fgl h_na” libgZe \hk]

1, >M\K[ na™ ozkbhnl nkz\nl bg na” Zgn™kihk _ngb\nenl h_na™ 1ibgZe \hk]

2, >MN\K[™ na™ oZkthnl nkZ\nl bg na” eZnkze _ngh\nenl h_na™ 1ibgZe \hk]

3, >MN\K[™ na” ozkthnl nkZ\nl bg ra” ihln*kbhk _ngh\nenl h_na” TibgZe \hk]

{ Clinical Cases ) .

3.1: Brown-Séquard Syndrome
A person had a stab injury in the back of his neck between C7 and T1 vertebra. Magnetic resonance imaging (MRI) scan showed
that the left half of the spinal cord was damaged at the T1 spinal segment. Left-sided motor paralysis and left-sided ne touch
sensations were lost from T1 segment downwards. Pain sensation was lost on the right side from T4 segment.
A. Why was the pain sensation lost contralaterally from T4 segment?
B. Which group of muscles will show LMN type of paralysis?

3.2:  Poliomyelitis
A 4-year-old child su ered from fever and gastroenteritis. This was followed by acute accid paralysis with fasciculation of the
guadriceps muscle and absence of knee jerk. Atrophy of the muscle soon ensued.
A. Specify the type of neurological lesion.
B. Which segment of the spinal cord is involved in this child?

3.3: Amyotrophic Lateral Sclerosis
A 60-year-old person showed progressive wasting, fasciculation and weakness of upper limbs starting with the intrinsic muscles
of the hand. Lower limbs showed spastic weakness with exaggerated stretch re ex. There was no sensory involvement.
A. Specify the spinal segment initially involved.
B. Specify the somatotopic lamination (arrangement of bres) in the lateral corticospinal tract

3.4: Subacute combined degeneration
A 25-year-old person su ering from pernicious anemia showed loss of kinesthesia and discriminative touch. There was also
paraplegia and loss of joint position sense. Super cial re exes were lost and plantar response was extensor.
A. Which tracts are involved in this condition?
B. What type of motor lesion is seen in the lower limb?




O ETo] :IR‘M Brainstem—External Features

At the end of learning, the student shall be able to:
U Specify the structures forming the brainstem

Describe the external features of medulla oblongata, pons and midbrain

0
U Specify the site of attachment of lower 10 cranial nerves
0

Specify the blood supply of medulla oblongata, pons and midbrain

INTRODUCTION

e brainstem consists of the midbrain, pons and medulla
oblongata (or, just medulla) from above downwards
(Figure 4.1). Superiorly, the brainstem (midbrain) is
continuous with the structures forming the forebrain:
thalamus, hypothalamus and cerebral hemispheres
(Figure 4.2). Inferiorly, it is continuous with the spinal
cord (Figure 4.1).

Posteriorly, the ponsand medullaare separated from the
cerebellum by the fourth ventricle (Figure 4.2). e ventricle

is continuous below with the central canal, which traverses
the lower part of the medulla and becomes continuous with
the central canal of the spinal cord. Cranially, the fourth
ventricle is continuous with the aqueduct, which passes
through the midbrain (Figure 4.2).

The midbrain, pons and medulla are connected to
the cerebellum posteriorly by the superior, middle and
inferior cerebellar peduncles, respectively (Figure 4.3).

Ten pairs of cranial nerves are attached to the
brainstem. e third and fourth nerves emerge from the

Figures 4.1A and B: Ventral aspect of the brainstem: (A) Specimen; (B) line diagram
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