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Supplementary material for Chapter 1
Introduction

Answer Table for Chapter 1

Multiple Choice Questions

Question Answer Reference

1.1 D Section 1.5.2; Figure 1.1

1.2 C Section 1.5.2; Figure 1.1

1.3 D Section 1.5.2; Figure 1.1

1.4 A Section 1.5.2; Figure 1.1

Answers to Chapter 1 Short Answer Questions
There are no short answer or additional questions for this chapter

Enhanced reading for Chapter 1

ER 1/1 
The number of anatomical terms is very large indeed, especially those used to name 
specific structures. It is important to learn the descriptive terms as many of these form 
parts of the names of structures. Many anatomical terms are derived from Greek or 
Latin words and some students find that knowing these derivations can help them 
to learn the meanings of these words; see the Glossary for the derivation of some 
anatomical terms. 

Several books have been written explaining the derivations of anatomical 
terms (see the Further Reading section below). As well as understanding what your 
teachers of basic medical sciences are talking about, it is important also that all health 
professionals åuse the same names to describe structures. To ensure that this is the case, 
the International Committees of Anatomists produce lists of internationally-accepted 
terminology for human anatomy. Terminologica Anatomica is the list of terms for 
human gross or topographical anatomy including neuroanatomy in both Latin and 
English. As students, you are very unlikely to need to consult this book yourselves, 
but as practising professionals you may, especially if you find yourselves working 
internationally. Therefore, this reference has also been included in Further Reading. 

Further reading for Chapter 1
The first two books contain derivations and definitions of many common anatomical 
terms. 

Lewis, S. (1990). An Anatomical Wordbook. London: Butterworth-Heinemann.

Mayhew, Terry M. (2001). Anatomical Terms and What They Mean. Nottingham: 
Nottingham University Press.
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The next book is the definitive list of internationally-accepted anatomical terms.

Terminologia Anatomica (1998) International Anatomical Terminology. FCAT 
Federative Committee on Anatomical Terminology. Stuttgart: Thieme.

The following two books, which are not primarily anatomical texts, do contain concise 
accounts of anatomy of the vocal tract and speech production.

Borden, G.J., Harris, K.S., & Raphael, L.J. (2011). Speech Science Primer. Physiology, 
Acoustics and Perception of Speech, 6th ed. Philadelphia and Baltimore: Wolters 
Kluwer, Lippincott, Williams and Wilkins.

Clark, J., Yallop, C., & Fletcher, J. (2007). An Introduction to Phonetics and Phonology, 
3rd ed. Oxford: Blackwell.
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Supplementary material for Chapter 2
How the body works: Some basic concepts of structure 
and function

Answer Table for Chapter 2 Multiple Choice Questions

Question Answer Reference

2.1 C Section 2.6

2.2 B Section 2.6.1

2.3 B Section 2.6

2.4 A Section 2.11.2

2.5 D Section 2.11.2

2.6 B Section 2.12.1

2.7 D Section 2.11.3

2.8 B Section 2.10

2.9 B Section 2.4

2.10 C Section 2.12.1

Answers to Chapter 2 Short Answer Questions
There are no short answer or additional questions for this chapter

Further reading for Chapter 2
The first of these books has been written specifically for students undertaking life 
sciences degrees who need a basic introduction to biology. The second is a compendium 
which includes the biology book but also contains similar volumes on chemistry and 
mathematics. Both contain information which supplements that in Chapter 2.

Bradley, P.M. & Calvert, J. (2013). Catch-Up Biology, 2nd ed. Bloxham: Scion 
Publishing. 

Page, E.,, Gordon G., Calvert, J., Harris, M., Fry, M., & Bradley, P. (2013). Catch-
Up Compendium, 3rd ed. Bloxham: Scion Publishing. 

If you wish to pursue further any of the material covered in Chapter 2, then you should 
consult one of the many good textbook of physiology. The following two titles are 
designed for undergraduate reading.

Boron, W.F. & Boulpaep, E.L. (2017). Medical Physiology, 3rd ed. Philadelphia: 
Elsevier.

Silverthorn, D.E. (2016). Human Physiology: An Integrated Approach, 7th ed. 
Edinburgh: Pearson Education.

If you wish to enlarge your knowledge of cell biology, this comprehensive textbook is 
a good starting place

Alberts, B. (Ed.) (2013) Essential Cell Biology, 3rd ed. New York: Garland Science.
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Supplementary material for Chapter 3
The locomotor system

Answer Table for Chapter 3 Multiple Choice Questions

Question Answer Reference

3.1 C Section 3.3

3.2 D Section 3.3.1

3.3 C Section 3.3.2

3.4 B Section 3.3

3.5 B Section 3.4.1

Answers to Chapter 3 Short Answer Questions
There are no short answer or additional questions for this chapter.

Enhanced reading for Chapter 3

ER 3/1
Muscle fibres in individual muscles are of different types. They are classified by the 
time it takes them to develop tension after the arrival of a nerve action potential and 
by how resistant they are to fatigue which is when the muscle is no longer able to 
regenerate or sustain contraction. There are three types of muscle fibres:

• slow twitch (Type I)

• fast twitch oxidative-glycolytic (Type IIA) 

• fast twitch glycolytic (Type IIB).

Fast twitch muscles develop their tension two to three times faster than slow twitch 
fibres but their contractions are short, lasting only about 7.5 msec. Slow twitch fibres 
develop tension more slowly but can maintain contraction about 10 times longer than 
fast twitch fibres. These differences are due to different types of myosin within the 
muscle fibres. Fast twitch fibres are used to make rapid precise movements such as eye 
movements or movements of the different structures used during speech articulation. 
Slow twitch fibres are used more-or-less all the time for maintaining posture, standing 
or walking.

Slow twitch Type I and fast twitch Type IIA are more able to resist fatigue than 
fast twitch Type IIB muscle fibres. This is because, compared to Type IIB muscle 
fibres, Types I and IIA use oxygen to produce ATP for their energy requirements. 
They have a richer blood supply to bring more oxygen to the muscle fibres and more 
mitochondria for efficient production of energy. The fast twitch type IIB fibres rely 
more on anaerobic metabolism which generates lots of H+ ions in the process, making 
them more acid and more susceptible to fatigue. 

It has been claimed that there is a fourth type of muscle fibre which is called 
fatigue-free. This is not strictly true but these fibres are highly resistant to fatigue. 
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Muscles in the tongue, larynx and the extraocular muscles are claimed to exhibit high 
fatigue resistance which is why we can talk for lengthy periods without the muscles 
used for speech articulation tiring, while you may feel the effects in your leg muscles 
of standing for an hour. 

Further reading for Chapter 3
Further information on the structure and function of tissues will be found in any 
textbook of general histology. The first text provides a concise overview. The next two 
books are more detailed.

Mitchell, B.S. & Peel, S. (2009). Histology: An Illustrated Colour Text. Edinburgh: 
Churchill Livingstone.

Ovalle, W.K. & Nahirney, P.C. (2013). Netter’s Essential Histology, 2nd ed. 
Philadelphia: Elsevier.

Lowe, J.S. & Anderson, P.G. (2015). Stevens & Lowe’s Human Histology, 4th ed. 
Philadelphia PA: Mosby/Elsevier,

The next book should be consulted for further information on the gross anatomy of 
the locomotor system.

Drake, R.L., Vogl, W., & Mitchell, A.W.M. (2015). Gray’s Anatomy for Students, 
3rd ed. Edinburgh: Churchill Livingstone.
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Supplementary material for Chapter 4
The circulatory system

Answer Table for Chapter 4 Multiple Choice Questions

Question Answer Reference

4.1 C Section 4.3.1

4.2 D Section 4.3.1

4.3 B Section 4.3.1

4.4 C Section 4.3.1

4.5 B Section 4.3; Figure 4.1

Answers to Chapter 4 Short Answer Questions
There are no short answer or additional questions for this chapter.

Further reading for Chapter 4
Further information of the structure and function of tissues described in this chapter 
will be found in any textbook of general histology. These two books provide useful 
starting places.

Ovalle, W.K. & Nahirney, P.C. (2013). Netter’s Essential Histology, 2nd ed. 
Philadelphia: Elsevier.
Lowe, J.S. & Anderson, P.G. (2015). Stevens & Lowe’s Human Histology 4th 
ed. Philadelphia PA: Mosby/Elsevier,A good starting point for more detail on 
cardiovascular physiology is:

Silverthorn, D.E. (2016). Human Physiology: An integrated approach, 7th ed. 
Edinburgh: Pearson Education Ltd.

The next book also gives more detail on the material in this chapter.

Drake, R.L., Vogl, W., & Mitchell, A.W.M. (2015). Gray’s Anatomy for Students 
3rd ed. Edinburgh: Churchill Livingstone.
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Supplementary material for Chapter 5
The respiratory system

Answer Table for Chapter 5 Multiple Choice Questions

Question Answer Section reference

5.1 B Section 5.3.1

5.2 B Section 5.3.1

5.3 D Section 5.3.1

5.4 C Section 5.3.1

5.5 B Section 5.3.1

Answers to Chapter 5 Short Answer Questions
There are no short answer or additional questions for this chapter.

Further reading for Chapter 5
Further information of the structure and function of tissues described in this chapter 
will be found in any textbook of general histology. These two books will provide useful 
starting places.

Ovalle, W.K. & Nahirney, P.C. (2013). Netter’s Essential Histology, 2nd ed. 
Philadelphia: Elsevier.

Lowe, J.S. & Anderson, P.G.. (2015). Stevens & Lowe’s Human Histology, 4th ed. 
Philadelphia PA: Mosby/Elsevier,

A starting place for more detail on respiratory physiology is:

Silverthorn, D.E. (2016). Human Physiology: An Integrated Approach, 7th ed. 
Edinburgh: Pearson Education.

The next textbook should be consulted for further information on the gross anatomy 
of the respiratory system:

Drake, R.L., Vogl, W., & Mitchell, A.W.M. (2015). Gray’s Anatomy for Students, 
3rd ed. Edinburgh: Churchill Livingstone.
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Supplementary material for Chapter 6
The endocrine glands
Answer Table for Chapter 6 Multiple Choice Questions

Question Correct answer Section reference

6.1 B Section 6.3

6.2 C Box 6.3

6.3 D Section 6.5.1

6.4 C Section 6.4

6.5 A Section 6.3

Answers to Chapter 6 Short Answer Questions
There are no short answer questions for this chapter.

Additional question for Chapter 6
(The answers will be found after the Further Reading list)

1  Hypothalamic releasing factors directly regulate the release of hormones 
from the:

A. anterior pituitary gland 
B. thyroid gland 
C. adrenal cortex 
D. posterior pituitary gland.

Further reading for Chapter 6
Further information about the structure and function of tissues described in this 
chapter will be found in any textbook of general histology. These two books will 
provide useful starting places.

Ovalle, W.K. & Nahirney, P.C. (2013). Netter’s Essential Histology, 2nd ed. 
Philadelphia: Elsevier.
Lowe, J.S., Anderson, P.G., & Steven, A. (2015). Stevens & Lowe: Human Histology, 
4th ed. Philadelphia PA: Mosby/Elsevier.

The next book is a good starting place for more detail on endocrine physiology.
Silverthorn, D.E. (2016). Human Physiology: An Integrated Approach 7th ed. 
Edinburgh: Pearson Education.

This textbook should be consulted for further information on the gross anatomy of 
the endocrine system.

Drake, R.L., Vogl, W., & Mitchell, A.W.M. (2015). Gray’s Anatomy for Students, 
3rd ed. Edinburgh: Churchill Livingstone.

Answers to additional questions
Question Answer Section reference

1 A 6.2
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Supplementary material for Chapter 7
The nervous system

Answer Table for Chapter 7 Multiple Choice Questions

Question Correct answer Section reference

7.1 C 7.4

7.2 B 7.4

7.3 A 7.4

7.4 B 7.4

7.5 C 7.2

7.6 A 7.3

7.7 B 7.2

7.8 A 7.2

7.9 A 7.4

7.10 A 7.2

Answers to Chapter 7 Short Answer Questions
There are no short answer questions for this chapter.

Additional questions for Chapter 7
(Answers will be found after the Further Reading list below)

7.11  The intracellular ionic composition of excitable cells at rest differs from 
the extracellular composition. It is characterized by a high intracellular 
concentration of

A. Na+ ions 

B. H+ ions 

C. K+ ions 

D. a2+ ions

7.12 The sodium/potassium pump in neuronal cell membranes moves sodium 

• into and potassium out of the cell 

• and potassium out of the cell 

• out of and potassium into the cell 

• and potassium into the cell
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7.13 The majority of synapses are formed between presynaptic

• axons and postsynaptic axons 

• axons and postsynaptic dendrites 

• dendrites and postsynaptic axons 

• dendrites and postsynaptic dendrites 

7.14  The velocity at which nerve impulses are conducted increases in 
proportion as the 

• length of the axon increases 

• length of the axon decreases  

• diameter of the axon increases 

• diameter of the axon decreases 

7.15 Which one of the following is true about interneurons?

• They lie entirely within the central nervous system.

• They have long axons. 

• They are among the largest neurons in the body.

• They are the least numerous type of neurons in the body.

Enhanced reading for Chapter 7

ER 7/1 Neuroanatomical terms of position
One of the difficulties that you may encounter when studying neuroscience for the 
first time is that, as we have seen in Chapter 1, there is often more than one word for 
a descriptive term.

As described and illustrated in Section 1.5.2 and Figure 1.1, the term used to 
describe the position of structures nearer to the front of the body is anterior and that 
used for structures nearer the back of the body is posterior. When describing the 
central nervous system, anterior is often replaced by ventral and posterior by dorsal. 
This is why the horns of grey matter of the spinal cord are designated the dorsal and 
ventral horns. However, to add to the confusion, the terms anterior and posterior are 
now being used more frequently in the neuroscience literature so you may find the 
ventral and dorsal horns of the spinal cord referred to respectively as the anterior and 
posterior horns. We have only used dorsal and ventral in this book, but you need to 
be aware of the alternative terminology in case you encounter them in other books 
or articles you may read.

If you have not noticed already, the human nervous system has a bend (flexure) 
in the midbrain to accommodate to our upright posture. This means that the long axis 
of the forebrain is approximately at right angles to the long axis of the spinal cord and 
brainstem. This is why the conventional terminology of things nearest the top of the 
head being designated superior and those nearest the bottom as inferior is reverted 
to for structures in the cerebral hemispheres rather than dorsal and ventral.
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Further reading for Chapter 7
Either of these first two books will provide you with some further reading on basic 
neuroanatomy.

Kiernan, J.A. (2014). Barr`s The Human Nervous System: An Anatomical Viewpoint, 
10th ed. Philadelphia: Lippincott-Raven.

Vanderah, T.W. & Gould, D.J. (2016). Nolte’s The Human Brain: An Introduction 
to Functional Anatomy, 7th ed. Philadelphia: Elsevier.

The next book is a more advanced textbook, regarded by some as the last word in 
neuroscience; it contains additional material should you need it.

Kandel, E.R. (2013). Principles of Neural Science, 5th ed. New York and London: 
McGraw Hill Medical.

Answers to Chapter 7 supplementary questions

Question Correct answer Section reference

7.11 B 7.4

7.12 C 7.4

7.13 B 7.3

7.14 C 7.2; Table 7.1

7.15 A 7.2
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Supplementary material for Chapter 8
The anatomy of the nervous system

Answer Table for Chapter 8 Multiple Choice Questions

Question Correct answer Section reference

8.1 C 8.3 + 8.7.1

8.2 C 8.7.1

8.3 B 8.4.1

8.4 A 8.5.1

8.5 A 8.4

8.6 B 8.8

8.7 D 8.8

8.8 D 8.7

8.9 D 8.7.1

8.10 A 8.6

8.11 C 8.6

Answers to Chapter 8 Short Answer Questions
There are no short answer questions for this chapter.

Additional questions for Chapter 8
(The answers will be found after the Further Reading for Chapter 8 below)

8.12 Cerebrospinal fluid
A. is made by the closed capillaries in grey matter 
B. flows from the subdural space into the fourth ventricle 
C. is made in the ventricular choroid plexuses 
D. drains into the carotid arteries

8.13 Cerebrospinal fluid
A. circulates around the brain between the arachnoid and pia 
B. exits the ventricular system through the cerebral aqueduct 
C. is produced only in the lateral ventricles. 
D. All three statements are correct.

8.14  A patient is admitted after a head injury and sinks rapidly into a coma. 
An MRI scan indicates an extradural haemorrhage because extravasated 
blood can be detected between the
A. skull bones and dura mater 
B. dura mater and arachnoid 
C. arachnoid and pia mater 
D. pia mater and brain surface
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Enhanced reading for Chapter 8

ER 8/1 Possible functions of the arterial circle (of Willis)
The functions of the arterial circle have always been uncertain. The prevailing view, and 
the one which Willis himself proposed, is that the communicating branches making 
up the arterial circle provide an alternative route for blood if one of the major vessels 
(the internal carotid arteries or basilar artery) supplying the brain becomes blocked. 
However, as pointed out in Section 8.8.2, it is complete in less than 50% of people 
and it has been argued recently by some authors that it is functionally competent in 
only about 20% because the communicating arteries are so narrow that they provide 
a very high resistance to blood flow. These same authors have argued that the more 
important function of the arterial circle is not to provide an alternative route for blood 
flow in pathological conditions but to act as a normal physiological way of lowering 
peaks of blood pressure in the carotid and vertebrobasilar systems and to stabilize 
blood flow in the two hemispheres in order to provide a degree of protection against 
cerebral artery aneurysms.

Burlakoti, A., Kumaratilake, J., Taylor, J., Massy-Westropp, N., & Henneberg, M. 
(2017). The cerebral basal arterial network: Morphometry of inflow and outflow 
components. Journal of Anatomy 230, 833‒841.

Further reading for Chapter 8
Any of these books will provide further information on the basic structure and function 
of the human nervous system. 

Kiernan, J.A. (2014). Barr`s The Human Nervous System: An Anatomical 
Viewpoint,10th ed. Philadelphia: Lippincott-Raven.

Strominger, N.L., Demarest, R.J., & Laemle, L. (2012). Noback’s Human Nervous 
System Structure and Function, 7th ed. Totowa, N.J.: Humana; London: Springer 
Distributor.

Vanderah, T.W. & Gould, D.J. (2016). Nolte’s The Human Brain: An Introduction 
to Functional Anatomy, 7th ed. Philadelpia: Elsevier.

Answers to supplementary questions for Chapter 8

Question Correct answer Section reference

8.12 C 8.7.1

8.13 A 8.3

8.14 B Box 8.1
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Supplementary material for Chapter 9 

The sensory nervous system

Answer Table for Chapter 9 Multiple Choice Questions

Question Correct answer Section reference

9.1 D Sections 9.3 and 9.6

9.2 A Section 8.5.1

9.3 A Section 9.1

9.4 C Section 9.5

9.5 A Section 9.2

9.6 B Box 9.3, p. 150

9.7 B Section 9.3

9.8 D Section 9.4

9.9 D Section 9.3

9.10 A Section 9.6

Answers to Chapter 9 Short Answer Questions
There are no short answer questions for Chapter 9.

Enhanced reading for Chapter 9

ER 9/1 The laminae of Rexed
The grey matter of the spinal cord is divided into different areas, the laminae of Rexed, 
on the basis of the density and size of the cells in each area as shown in the figure below. 
Primary sensory axons entering the spinal cord via the dorsal horn generally terminate 
in lamina I (the marginal zone), lamina II (the substantia gelatinosa), and laminae IV 
and V (the magnocellular zone). There is some segregation of axons carrying different 
sensory modalities within these zones. Thalamic projection (second order) neurons 
arise in the deeper laminae of the magnocellular zone, the marginal zone and laminae 
VII and VIII in the ventral horn.

The ventral grey matter of the spinal cord is largely concerned with motor function. 
Lamina VIII receives descending reticulospinal and vestibulospinal motor pathways 
which connect with Lamina IX, the location of cell bodies of α and γ motor neurons. 
Lamina X is the area where various pathways decussate from one side of the spinal 
cord to the other. 
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ER 9/2 Somatosensory pathways from the head
The somatosensory pathways that originate from the head and convey this information 
to the cerebral cortex play a crucial role in the control of speech. Speech, like any other 
motor behaviour, is under continuous sensory control, so an understanding of these 
pathways is necessary to understand how speech movements are controlled. This short 
account supplements the material found in the text.

There are three pathways conveying somatosensory information from the head 
to the cerebral cortex and these pathways all have counterparts with the pathways that 
originate from the body. The pathways are the 

• trigeminal lemniscus 

• mesencephalic trigeminal tract 

• ventral trigeminothalamic tract. 

The first two of these pathways are especially important for speech.
The trigeminal lemniscus contains mostly sensory axons conveying touch, pressure 

and vibration sensation from the face, head and oral cavity and mechanoreception from 
the periodontal ligament which supports the teeth in their sockets. The axons conveying 
this information from the receptors to the brainstem are mostly fast conducting large 
myelinated afferent axons with their cell bodies located in the trigeminal sensory 
ganglion. These primary sensory neurons enter the pons in all three divisions of the 
trigeminal nerve and synapse on thalamic projection neurons in the main sensory 
nucleus of the trigeminal nerve. This nucleus is the equivalent of the dorsal column 
nuclei in the lower medulla, (part of the dorsal column-medial lemniscal system). 
The axons of thalamic projection neurons decussate to enter the trigeminal lemniscus 
which is medial to the larger medial lemniscus from the body; the two pairs of 
lemnisci thus form a complete map of the entire body. The axons ascend through the 
midbrain and enter the thalamus where they synapse with third order neurons in the 
ventroposteromedial nucleus (VPM) of the thalamus. Axons leave this nucleus, enter 
the internal capsule and terminate in the face and head area of the primary sensory 
cortex (M1). There is also a small ipsilateral component arising from tissues in the oral 
cavity and teeth. This forms the dorsal trigeminothalamic tract. It ascends dorsally, 

Dorsal root

Ventral root

III
III

IV
V

V

X VII

VII
IX

Figure ER 9/1 The laminae of Rexed.
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separate from the trigeminal lemniscus but terminates in the thalamus in the same 
location in the trigeminal lemniscus, the VPM nucleus.

The mesencephalic trigeminal tract conveys proprioception and so corresponds 
to the spinocerebellar tracts from the body. It carries proprioceptive information from 
muscles of the jaw. It is unusual in that the cell bodies of these neurons are actually 
located in the midbrain in a nucleus called the mesencephalic nucleus of the trigeminal 
nerve and not in the trigeminal sensory ganglion as you might expect. The peripheral 
processes of these afferents enter with the trigeminal nerve to join the mesencephalic 
trigeminal tract. The central processes of these sensory neurons then terminate in other 
brainstem regions including the motor nucleus of the trigeminal nerve mediating the 
jaw jerk reflex. Not much else is known about the central connections of this pathway 
though it might be presumed that afferent projections are sent to the cerebellum.

The ventral trigeminothalamic tract conveys pain, temperature and probably 
some high threshold touch sensation from head and neck. It therefore corresponds 
to the anterolateral system of pathways arising from the body. Many of these axons 
convey information carried to the brainstem in a range of small diameter myelinated 
and unmyelinated primary sensory axons, like the anterolateral system. Many of the 
primary sensory axons travel in the trigeminal nerve but there are also contributions 
from the facial, glossopharyngeal and vagus nerves as well (see Chapter 11). Axons from 
all these nerves enter a tract in the brainstem called the spinal tract of the trigeminal 
nerve. This tract runs alongside a nucleus called the spinal nucleus of the trigeminal 
nerve which runs the length of the medulla. This is a complex nucleus in three parts; the 
most inferior part is the caudal nucleus and the most superior part is the oral nucleus 
with the interpolar nucleus between. The primary afferent neurons from the structures 
in the face and mouth are arranged somatotopically. The thalamic projection neurons 
from this nucleus immediately decussate and ascend to the contralateral thalamus. 
However, just as is the case with the anterolateral system axons in this pathway also 
terminate in the reticular formation with the medulla, pons and midbrain.

ER 9/3 Brown-Séquard syndrome 
Brown-Séquard syndrome is named after Professor Charles Edouard Brown-Séquard, 
the person who first described it in 1840. 

The syndrome is the result of damage to the spinal cord producing an incomplete 
severing of the spinal cord ‒ a hemisection, meaning damage to one half of the spinal 
cord. The commonest cause is trauma which may be the result of stab wounds, gunshot 
injury or a unilateral fracture or dislocation of a vertebral facet following a fall or a 
motor vehicle accident. There are also non-traumatic causes, the main ones being a 
spinal cord tumour, multiple sclerosis or the herniation of an intervertebral disc. It 
is a rare condition so figures for its incidence are hard to come by, but it is estimated 
that it is a sequel to 2‒4% of all spinal cord trauma cases.

Symptoms
The key symptoms are loss of the sensation of fine touch, vibration and some 
proprioception from the side of the body ipsilateral to the lesion combined with a 
spastic paralysis or weakness of muscles also on that side. There is also a decrease or 
loss of some touch, pain and temperature sensation from the contralateral side of the 
body. So, how can the complex distribution of symptoms of Brown-Séquard syndrome 
be explained? 
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Explanation
The apparently bizarre loss of function can be explained if you understand the anatomy 
of the anatomical pathways that pass up and down the spinal cord. The sensory 
pathways carrying somatosensory information from the body to the cerebral cortex 
travels in two locations within the spinal cord. The sensations of firm touch, pain and 
temperature, travel in the lateral and ventral parts of the spinal cord white matter as 
anterolateral system pathways. The axons from sensory receptors in this pathway enter 
the spinal cord, synapse and then the axons of the secondary neurones cross over to 
the contralateral side of the spinal cord to enter the white matter. Thus damage to one 
half of the spinal cord will damage this pathway resulting in loss or decrease of pain 
temperature and touch sensation in the opposite side of the body. The motor effects 
are due to damage to the corticospinal tracts. These pathways leave the cerebral cortex, 
travel in the ventral part of the brainstem, cross over near the junction of the spinal 
cord and medulla and descend in the lateral and dorsal parts of the spinal cord white 
matter. Thus, damage to this pathway will result in ipsilateral paralysis because the 
pathway has already crossed. This damage will resemble that seen in a stroke within 
the cerebral hemispheres in that it will produce spastic paralysis and weakness. Spastic 
paralysis is a condition in which there is increased muscle activity such that the limbs 
are stiffer and show resistance to passive movement; it is a condition more prominent 
in the extensors of the leg and flexors of the feet and hands (see Box 10.3).

The dorsal columns are the pathways for fine touch, vibration and, for the upper 
limb only, proprioception. The axons in this pathway enter the dorsal columns, ascend 
ipsilaterally and synapse in the dorsal column nuclei in the medulla. Damage to one 
half of the spinal cord will thus interrupt this pathway resulting in decrease of touch 
sensation on the same side as the lesion. It should be noted, though, that the dorsal 
columns are not always affected in this syndrome.

The best way to understand the effects would be to look at the differences in 
effects in the legs. Here the characteristic pattern of effects would be a strong leg on the 
opposite side of the body to the damage to the spinal cord but one with a decrease of 
pain and temperature sensation and a spastic weak leg on the same side as the damage 
to the spinal cord which may have some loss of touch.

Further reading for Chapter 9
Either of these two books will provide valuable additional information on sensory 
pathways; both have coloured diagrams.

Crossman, A.R. & Neary, D. (2014). Neuroanatomy: An Illustrated Colour Text, 
5th ed. Edinburgh and London: Churchill Livingstone.

Kiernan, J.A. (2014). Barr`s The Human Nervous System: An Anatomical 
Viewpoint,10th ed. Philadelphia: Lippincott-Raven.

For those who wish to explore this subject further, these two more detailed texts are 
excellent starting places.

Martin, J.H. (2002). Neuroanatomy: Text and Atlas, 3rd ed. Stanford Co., Appleton 
Lange.

Kandel, E.R., (2013). Principles of Neural Science, 5th ed. New York and London: 
McGraw Hill Medical.
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Supplementary material for Chapter 10 
Motor function

Answer Table for Chapter 10 Multiple Choice Questions

Question Correct answer Section reference

10.1 C Box 10.1

10.2 B 10.3.2

10.3 D Box 10.7

10.4 A 10.4

10.5 A Box 10.6

10.6 C 8.8 and Box 10.3

10.7 D 10.6.2 and Box 10.8

10.8 D Box 10.1

10.9 A Box 10.3

10.10 D 10.6.1 and Box 10.6

10.11 B 10.3.2

10.12 A 10.2

Answers to Chapter 10 Short Answer Questions
10.13  The artery supplying area A is the anterior cerebral artery, the artery supplying 

area B is the middle cerebral artery and the artery supplying area C is the 
posterior cerebral artery 

10.14 A total loss of vision from the eye on the opposite side.

10.15 
Facial motor nucleus
Trigeminal motor nucleus
Nucleus ambiguus
Hypoglossal motor nucleus
Face area of primary motor cortex and premotor cortex.

10.16
Hypokinetic disorders – Parkinson’s disease. This results in low volume quiet 
speech lacking in emphasis.
Hyperkinetic disorders – spasmodic dysphonia. In this disease the larynx 
goes into spasm, usually on one side, affecting phonation either abduction or 
adduction.

10.17 A CVA is a cerebrovascular accident ‒ see Box 8.5. There are two types. 
Haemorrhagic CVA is due to bursting either of an aneurysm in an artery, 
bleeding from a group of abnormally formed blood vessels called an arterio-
venous malformation, or from the rupture of wall of a small artery in the 
brain that has become thinner through disease. 
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Ischaemic CVA is due to blockage of the artery either by narrowing of its 
wall through the deposition of fat deposits on the insides of the vessels called 
atheromatous plaques or by a clot (thrombus) that has become detached from 
a plaque elsewhere in the circulation. 

10.18  The anterior and middle cerebral arteries which are terminal branches of the 
internal carotid arteries, and the posterior cerebral arteries which are terminal 
branches of the basilar arteries.

10.19  See the diagram accompanying question 10.13 for quick reference. For more 
detailed illustrations see Figures 8.10 and 8.11 and Section 8.8 for the precise 
details of the distribution of the blood supply of these three arteries.

10.20  The term (L) MCA region refers to the area of the cerebral hemispheres that 
receives its blood supply from the left middle cerebral artery. The precise 
distribution can be obtained from Figure 8.11. The functions of the areas within 
this region on the left side include Broca’s and Wernicke’s language area, the 
supramarginal and angular gyri, most of the primary motor (M1) and primary 
somatosensory cortices and the core and belt auditory cortices (see Figuress 
7.7 and 8.11).

10.21  The scan should show more precisely the area of the cerebral hemisphere 
affected by the CVA. From its location, you should be able to anticipate some 
of the adverse effects of the CVA on Mr B.

10.22 Probable hemiparalysis affecting the right arm.

10.23 You may get additional information from:

• the client’s case notes 

•  other health care professionals caring for him such as nurses, 
physiotherapists and doctors

• his family.

You should look for pre-existing medical conditions that might impact upon your 
diagnosis either directly or indirectly because they affect his general health and 
functioning. You should also note any medication he is prescribed. You should also 
ascertain whether he requires spectacles, hearing aids or dentures as well as his general 
state of health. Is he conscious? If so, how long can he maintain wakefulness and is 
he taking any interest in his environment? Is he trying to communicate and, if so, are 
his utterances lucid and fluent? You may wish to obtain some information about your 
client as a person: his family circumstances, home support and premorbid levels of 
functioning and even his handedness*. (*Why might this information be important?) 

*Handedness is a good, but not failsafe, predictor of which hemisphere is dominant 
for language (see Sections 9.5.2 and 25.3).

10.24  Be prepared to tailor your answer to how much Mrs Brayne appears to understand, 
not least because of the likely worry and stress she is experiencing about her 
husband’s condition. Whatever her level of understanding, you should be 
prepared to repeat things and summarize for her; she will almost certainly less 
able to take in complex information.

 You should explain that the stroke has damaged that part of his brain which controls 
the nerves going to his muscles. Nerves going from the left side of the brain to the 
muscles cross over (decussate) just before they leave the skull and pass into the spinal 
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cord on the opposite side (pyramidal decussation). A simple ‘wiring diagram’ may help 
her understand the connections between the brain and the muscles. Damage to the 
left brain will therefore affect the right side of the body. You may attempt to explain 
the localization of function within the motor cortex (somatotopy – see Figure 10.4). 
His right leg is unaffected because the area of his brain controlling his leg is supplied 
by another artery (**which one?) which was not damaged by his stroke. See Section 
10.2 and Figure 10.4. 

**The leg area of the motor cortex is supplied by the anterior cerebral artery.

Additional questions for Chapter 10
(Answers follow the Further Reading section below)

10.25 Activity of the left precentral gyrus results in contraction of
A. antigravity muscles only
B. musculature on right and left sides of the body
C. musculature on the right side of the body
D. musculature on the left side of the body

10.26 In the spinal cord, motor output leaves and sensory input enters mainly
A. via dorsal and ventral roots respectively
B. via ventral and dorsal roots respectively
C. equally distributed between both roots
D. by routes for which no general rule applies

10.27 The ventral horn of the spinal cord is the location of 
A.  synapses between peripheral afferent axons and thalamic projection 

neurons
B. the cell bodies of primary sensory (afferent) neurons
C. the cell bodies of somatic motor (efferent) neurons
D. the cell bodies of autonomic sympathetic efferent neurons

Enhanced reading for Chapter 10
ER 10/1
Table ER 10/1 The five principal loop systems through the 
Basal Ganglia 

There are five principal loops through the basal ganglia and the connections, functions 
and the effects of lesions are detailed in this table. The basic pattern of connections 
between the basal ganglia and the cerebral cortex is that a region or regions of the 
cerebral cortex sends outputs to the input nuclei of the basal ganglia. These input 
nuclei then send connections to the output nuclei of the basal ganglia which then 
send a connection to specific nuclei within the thalamus. Finally, these thalamic nuclei 
send connections to different regions of the cerebral cortex. Some recent publications 
recognize only four loop systems; in this scheme the executive and orbitofrontal loop 
are considered as one system.
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Table ER 10/1 The five principle loop systems through the basal ganglia. 

Component Circuit

Skeletomotor Oculomotor Executive Limbic Orbitofrontal
Cortical 
regional input

Primary sensory Prefrontal, 
Posterior 
parietal

Posterior 
parietal
Medial and 
inferior 
temporal 

Medial and 
lateral temporal,
Hippocampus,

Temporal,
Anterior 
cingulate

Basal ganglia 
input nuclei

Putamen Body of caudate Head of caudate Ventral striatum 
(Nucleus 
accumbens)

caudate

Basal ganglia 
output nuclei

GPi/SNPr GPi/SNPr GPi/SNPr GPi/SNPr GPi/SNPr

Thalamic nuclei VA/VL VA/MD VA/MD MD/VA VA/MD

Cortical output 
Destination

Supplementary 
motor

Frontal eye field,
Supplementary 
eye field

Prefrontal,
Premotor

Anterior 
cingulate

Lateral 
orbitofrontal

Function(s) Motor Eye movements Motor planning, 
Executive,
Cognition

Motivation, 
Motor 
expression of 
emotion

Motivation,
Social responses

Effect(s) of 
lesions

Hypo and 
hyperkinetic 
motor disorders

Oculomotor 
hypokinesia

Deficits in 
executive 
functions

Akinetic 
mutism

Alterations in 
social behaviour,
Obsessive-
compulsive 
disorders

Abbreviations Basal ganglia: GPi, Globus pallidus internal segment, SNPr, Substantia nigra, pars 
reticulate
Thalamus: VA, ventral anterior nucleus, VL, ventral lateral nucleus, MD, mediodorsal 
nucleus
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Figure ER 10/2
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Figure ER 10/2 shows connections to and from and within the basal ganglia in 
diagrammatic form.

Excitatory neurotransmitters are indicated in GREEN and inhibitory transmitters 
are indicated in RED.

Further reading for Chapter 10
Further information on the structure and function of the motor system will be found 
here.

Crossman, A.R. & Neary, D. (2014). Neuroanatomy: An Illustrated Colour Text, 
5th ed. Edinburgh and London: Churchill Livingstone.

If you need more detail on the structure and function of the motor system then this 
text provides a good starting place.

Kandel, E.R., (2013) Principles of Neural Science, 5th ed. New York and London: 
McGraw Hill Medical.

As relief from all the heavy textbooks, try the novel

Saturday, by Ian McEwan (Vintage Books, 2005).

Apart from being a good read, it gives some interesting insights into neuroscience, 
neurosurgery and the cognitive and executional deficits which arise in a disorder 
considered primarily as a motor disorder.

Do No Harm, the autobiography of neurosurgeon Henry Marsh (Phoenix Books, 
2014) is enthralling; it will give you some useful revision of neuroscience as well as 
the effects of various disorders on the physical, mental and emotional wellbeing of 
affected individuals.

Answers to supplementary questions for Chapter 10

Question Correct answer Section reference

10.25 C 10.3.2

10.26 B 8.4 and 10.2

10.27 D 10.2
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Supplementary material for Chapter 11 
The Cranial Nerves

Answer Table for Chapter 11 Multiple Choice Questions

Question Correct answer Section reference

11.1 A 11.5 + 11.6

11.2 C 11.9

11.3 C 11.6

11.4 A 11.6,11.7, 11.9, 11.11

11.5 D 11.5

11.6 C 11.7

11.7 C 11.6

11.8 A 11.7

11.9 D 11.11

11.10 C 11.9

Answers to Chapter 11 Short Answer Questions
There are no short answer questions for Chapter 11.

Additional questions for Chapter 11
The answers will be found after the suggestions for Further Reading below.

11.11 Which cranial nerves originate from the midbrain?

A. The olfactory and optic nerves 

B. The oculomotor and trochlear nerves 

C. The trigeminal and abducens nerves 

D. The facial and vestibulocochlear nerves 

11.12 A lesion affecting the oculomotor nerve is likely to produce

A. double vision 

B. double vision and a medial strabismus 

C. double vision, a medial strabismus and pupillary dilatation 

D. double vision, a medial strabismus, pupillary dilatation and ptosis
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11.13 Damage to the third cranial nerve will cause

A. a convergent squint

B. pupillary dilatation

C. tunnel vision

D. pupillary constriction

11.14  Damage to the accessory nerve in the posterior triangle of the neck 
impairs

A. neck flexion

B. neck elevation

C. scapular elevation

D. scapular depression

11.15 Which of the following statements is true of the pupillary light reflex?

A. Its efferent limb is carried in the oculomotor nerve.

B. It is mediated by the superior colliculi in the midbrain.

C. It is a consensual reflex

D. All three statements are true.

11.16 The facial nerve innervates

A. the lacrimal gland, which keeps the cornea moist 

B. the cornea and is the afferent limb of the blink reflex 

C. orbicularis oculi, which elevates the upper eyelid 

D. the sensory receptors in the facial skin 
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Table ER 11/1 Further information about the cranial 
nerves
Cranial nerves 1: Anatomy, nuclei, functions and testing

Cranial nerve Foramina of exit 
from skull

CNS nuclei Tests of function Reflexes

Olfactory Cribriform plate Olfactory bulb

Optic Optic canal Lateral geniculate 
nucleus

Visual field testing

Oculomotor Superior orbital 
fissure

Motor n. of V
Edinger-Westphal

Eye movements Accommodation
Pupillary light reflex

Trochlear Superior orbital 
fissure

Trochlear motor n. Eye movements

Trigeminal V1 Superior orbital 
fissure
V2 Foramen 
rotundum
V3 F. ovale

Spinal n. of V
Main n. of V.
Mesencephalic n. 
of V
Motor n. of V

Sensory testing of 
facial skin
Jaw movements

Jaw jerk
Corneal (blink)

Abducens Superior orbital 
fissure

Abducens motor n. Eye movement

Facial Internal auditory 
meatus

Gustatory n.
Spinal n. of
Facial motor n.
Inferior salivatory n.

M. of facial 
expression: raise 
eyebrow, blink, puff 
out cheeks, move 
lower lip, tense skin 
of neck

Stapedius
Corneal (blink)

Vestibulo-
cochlear

Internal auditory 
meatus

Cochlear and 
vestibular nuclei

Hearing tests

Glosso-
pharyngeal

Jugular Foramen. N. of solitary tract
Gustatory n.
Spinal n. of V
N. ambiguus
Inferior salivatory n.

Gag reflex and 
swallowing

Gag
Swallowing

Vagus Jugular Foramen. N. of solitary tract
Gustatory n.
Spinal n. of V
N. ambiguus
Dorsal motor n. of X

Gag reflex and 
swallowing

Gag
Swallowing

Accessory Jugular Foramen. N. ambiguus
Spinal accessory n.

Gag reflex and 
swallowing
Lift shoulder or 
turn head against 
resistance

Gag
Swallowing

Hypoglossal Hypoglossal canal Hypoglossal motor 
n.

Protrude tongue 
(deviates to opposite 
side)



27 Cranial Nerves 2:  Sensory components and their functions, nuclei and their central 
connections

Cranial nerve General somatic 
afferents

Special senses 
(special somatic 
afferents) 

General visceral 
afferents

Special visceral 
afferents (smell and 
taste)

Olfactory Smell from olfactory 
epithelium

Optic Vision from retina 
to lateral geniculate 
body in thalamus

Oculomotor
Trochlear
Trigeminal
(Sensory cell bodies 
in the trigeminal 
ganglion except 
for those of 
proprioception that 
are located within 
the mesencephalic 
nucleus itself.)

Firm touch, pain and 
temperature
from skin of face, oral 
and nasal cavities 
to spinal n. of V in 
medulla; fine touch 
from skin of face and 
oral cavity to main 
nucleus of V in pons; 
proprioception from 
muscles of head to 
mesencephalic n of V in 
midbrain 

Abducens
Facial
(Sensory cell bodies 
in the geniculate 
ganglion)

Skin of ear and external 
auditory meatus
to spinal n. of V in 
medulla

Taste from anterior 
⅔ of tongue and 
palate to gustatory 
n. in medulla and 
pons.

Vestibulo-cochlear
(Sensory cell bodies 
in the vestibular and 
spiral ganglia)

Hearing and balance 
from hair cells of 
organ of Corti and 
vestibular labyrinth of 
inner ear.

Glosso-pharyngeal
(Somatic sensory 
cell bodies in the 
superior ganglion, 
visceral sensory 
neurone cell bodies 
in the petrosal 
ganglion.)

Firm touch, pain and 
temperature
from posterior ⅓ 
tongue and, oropharynx 
to spinal n. of V in 
medulla

From 
Chemoreceptors 
and baroceptors 
from the carotid 
sinus to nucleus 
tractus solitarius.

Taste from posterior 
⅓ of tongue to 
gustatory n. in 
medulla and pons.

Vagus
(Somatic sensory 
cell bodies in the 
jugular ganglion, 
visceral sensory 
neurone cell bodies 
in the nodose 
ganglion.)

Firm touch, pain and 
temperature
from ear and external 
auditory meatus and 
mucosa of the larynx 
to spinal n. of V in 
medulla

Visceral sensation 
from aortic arch 
receptors and 
thoracic and 
abdominal viscera 
to nucleus tractus 
solitarius. 

Taste from epiglottis 
to gustatory n. in 
medulla and pons.

Accessory
Hypoglossal



Cranial Nerves 3:  Motor components and their functions, nuclei and their central 
connections

Cranial nerve General somatic efferents* Special visceral* 
efferents

Parasympathetic (general visceral 
efferents or secretomotor)

Olfactory
Optic
Oculomotor Oculomotor nucleus in midbrain: 

medial, superior, and inferior 
rectus, inferior oblique and 
levator palpebrae superioris

Edinger-Westphal nucleus in 
midbrain: constrictor pupillae and 
ciliary muscle of eye. Preganglionic 
axons synapse in ciliary ganglion 

Trochlear Trochlear motor nucleus in 
midbrain: superior oblique 
muscle

Trigeminal Motor n. of 
V: muscles of 
mastication, 
tensor tympani, 
tensor veli palatini, 
anterior digastric 
and mylohyoid

Abducens Abducens motor n. in pons: 
lateral rectus m.

Facial Motor n. of VII in 
pons: muscles of 
facial expression, 
stapedius, posterior 
digastric and 
stylohyoid

Superior salivatory n. in pons: 
submandibular and sublingual 
salivary glands and preganglionic 
axons synapse in submandibular 
ganglion; also lacrimal gland and 
mucous glands in nasal and oral 
cavities and the preganglionic 
axons synapse in pterygopalatine 
ganglion

Vestibulo-cochlear
Glosso-pharyngeal N. ambiguus 

(rostral part) 
in medulla: 
stylopharyngeus

Inferior salivatory n. in pons: 
parotid gland. Preganglionic axons 
synapse in otic ganglion

Vagus N. ambiguus 
(middle part) in 
medulla: muscles 
of pharynx and soft 
palate

Dorsal motor n. of X in medulla: 
smooth muscle and glands in 
thorax and abdomen, heart. 
Preganglionic axons synapse in 
ganglia close to their targets.

Accessory Spinal accessory n. C1-
C6 in cervical spinal cord: 
sternocleidomastoid and 
trapezius. (Spinal root of 
accessory nerve)

** [N. ambiguus 
(caudal part) in 
medulla: muscles of 
larynx. (Cranial root 
of accessory nerve that 
joins the vagus nerve]

Hypoglossal Hypoglossal motor n in medulla. 
intrinsic muscles of tongue, 
hyoglossus, styloglossus and 
genioglossus

*The distinction between general somatic efferent and special visceral efferent motor components of the cranial nerves is due to the different embryological origins of their 
target muscles. The general visceral efferent components supply the extraocular muscles derived from structures called the preotic somites and the muscles of the tongue, derived 
from occipital somites (see Section 22.8.3) whereas the muscles supplied by special visceral efferents derive from the mesoderm in the pharyngeal arches (see Section 22.7). In 
practice, this distinction really is purely academic as upper or lower motor neuron lesions, irrespective of their cause, will have exactly the same effect on both types of cranial 
motor neurons.

**In the main text we have only referred to the spinal accessory nerve, opting for the simplified version – twelve cranial nerves are more than enough for anyone to cope with! 
The cranial accessory nerve is also described in many textbooks but others simply dismiss it as an aberrant branch of the vagus nerve. 
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Further reading for Chapter 11
Either of these texts will provide more detailed information on cranial nerve structure.

Crossman, A.R. & Neary, D. (2014). Neuroanatomy: An Illustrated Colour Text, 
5th ed. Edinburgh and London: Churchill Livingstone.

Strominger, N.L., Demarest, R.J., & Laemle, L. (2012). Noback’s Human Nervous 
System Structure and Function, 7th ed. Totowa, N.J. : Humana; London: Springer 
Distributor.

A very simple guide to cranial nerve testing can be found in the following article.
Bolek, B (2006). Facing cranial nerve assessment. American Nurse Today 2(1) online 
access https://americannursetoday.com/facing-cranial-nerve-assessment/ viewed on 
25 August 2016.

Answers to supplementary questions for Chapter 11

Question Correct answer Section reference

11.11 C 11.2, 11.3, 11.5, 11.6, 
11.7, 11.8

11.12 D 11.5

11.13 B 11.5

11.14 C 11.10

11.15 D 11.5

11.16 A 11.7
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Supplementary material for Chapter 12 
The autonomic nervous system

Answer Table for Chapter 12 Multiple Choice Questions

Question Correct answer Section reference

12/1 D 12.2.2 and Table 12.1

12/2 A 12.3 and Table 12.2

12/3 B 12.2.1 and Table 12.1

12/4 B 12.3 and Table 12.2

12/5 A 12.3 and Table 12.2

12/6 A 12.2.2 and Table 12.1

Answers to Chapter 12 Short Answer Questions
There are no short answer or additional questions for this chapter.

Further reading for Chapter 12
These first two textbooks provide further information on the neuroanatomy, anatomy 
and functions of the autonomic nervous system.

Crossman, A.R. & Neary, D. (2014). Neuroanatomy: An Illustrated Colour Text, 
5th ed. Edinburgh and London: Churchill Livingstone.

Kiernan, J.A. (2014). Barr`s The Human Nervous System: An Anatomical Viewpoint, 
10th ed. Philadelphia: Lippincott-Raven.

The next two books provide further information on the structure of the autonomic 
nervous system.

Atkinson, M.E. (2013). Anatomy for Dental Students, 4th ed. Oxford and New 
York: Oxford University Press, Oxford Medical Publications.

Liebgott, B. (2011). Anatomical Basis of Dentistry, 3rd ed. St Louis and London: 
Mosby.
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Supplementary material for Chapter 13 
The structure of the respiratory system 

Answer Table for Chapter 13 Multiple Choice Questions

Question Correct answer Section reference

13/1 B 13.4 and Figure 13.2

13/2 B 13.4

13/3 D 13.5.3 and Figure. 13.5

13/4 C 13.5.2

13/5 B 13.5.4

Answers to Chapter 13 Short Answer Questions
There are no short answer questions for Chapter 13.

Additional questions for Chapter 13
The answers are provided after the suggestions for Further Reading. 

13.6.  What is the lung hilum and what structures enter and leave the lung at 
this point? 

13.7 What is the carina? 

13.8 Name the branches of the trachea that enter the lungs

13.9  How does the anatomy of the branches that you have named in  
question 13.8 differ on the left and right?

Enhanced reading for Chapter 13

13/1 Cell types in the alveoli
The squamous epithelial cells are only one of a number of cell types in the alveoli, 
each performing an important function. As well as being the major pathway for gas 
exchange in the lungs, squamous cells, also known as alveolar (type 1) cells, are 
also involved in the turnover of surfactant and the removal of small particles from 
the alveolar surface. Type 1 cells are held firmly together to prevent leakage of tissue 
fluid into the alveoli. Surfactant (type II) cells, interspersed between type I cells, are 
secretory cells which synthesize pulmonary surfactant, a material which spreads over 
the alveolar surface and has several functions (see below). Alveolar macrophages 
phagocytose foreign material like bacteria, carbon and dust particles and then migrate 
into the alveolar lumen. Once in the lumen, macrophages cannot pass back between 
the lining epithelial cells. They move up the bronchial tree to be eventually swallowed 
or migrate along lymphatic vessels on to the lung surface, keeping the undigested 
material they contain away from the area where it could damage the delicate alveolar 
lining. Environmental pollution results in the inhalation of particulate matter which 



Basic Medical Science for Speech, and Language Therapy Students  •Extra Materials  ©2018 J&R Press Ltd32

cannot be broken down and remains within the macrophages. For this reason, the 
lungs of coal miners or inhabitants of polluted urban regions are discoloured because 
of the presence of numerous alveolar macrophages laden with carbon within and on 
the surface of the lung.

Pulmonary surfactant is an oily secretion from type II cells. It is removed by Type 
1 cells, thus undergoing constant turnover. Surfactant reduces the surface tension of 
the squamous epithelial cells; without it, the surface tension would simply collapse 
the alveoli. Reducing the surface tension also means that less work is needed during 
inspiration to inflate the alveoli. Although the surface tension is reduced by surfactant, 
the surface tension forces account for about two thirds of the elastic recoil in the lungs 
during expiration. Surfactant also facilitates the transport of gases between air and 
blood; it also contains a bactericide which kills any bacteria which manage to reach 
the respiratory portion of the pulmonary tree.

Further reading for Chapter 13
Further information on the structure of the respiratory system will be found in these 
textbooks

Atkinson, M.E. (2013). Anatomy for Dental Students, 4th ed. Oxford and New 
York: Oxford University Press, Oxford Medical Publications.

Liebgott, B (2011). Anatomical Basis of Dentistry, 3rd ed. St Louis and London: 
Mosby

Drake, R.L., Vogl, W., & Mitchell, A.W.M. (2015). Gray’s Anatomy for Students, 
3rd ed. Edinburgh: Churchill Livingstone.

Further information on the physiology of respiration will be found in the next book.

Silverthorn, D.E. (2016). Human Physiology: An Integrated Approach, 7th ed. 
Edinburgh: Pearson Education Ltd.

The next two articles from the RCSLT Bulletin provide some useful insights into the 
role of SLTs in management of clients with respiratory disorders.

Ilsley, E. 2011. Dysphagia and chronic obstructive pulmonary disease. RCSLT 
Bulletin, Feb, 13‒14.

Haines, J. (2011). Respiratory speech and language therapy. RCSLT Bulletin Feb, 
15‒16.

Answers to supplementary questions for Chapter 13

13.6  The hilum of the lung is a depression on the medial surface of the lung 
where structures enter and leave the lung. The main structures are the 
bronchi, pulmonary artery and vein and bronchial arteries and veins.

13.7 The carina is the term used for the bifurcation of the trachea.

13.8  The branches of the trachea that enter the lungs are known as the 
primary bronchi.

13.9  The right bronchus is wider, shorter and more vertical than the left 
primary bronchus because the right lung has three lobes as opposed 
to two in the left lung. The left main bronchus is longer and more 
horizontal because it is displaced by the heart. The difference in the 
anatomy of the two main bronchi means that inhaled foreign bodies 
are more likely to enter the right primary bronchus rather than the 
left.
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Supplementary material for Chapter 14 
The mechanisms of ventilation

Answer Table for Chapter 14 Multiple Choice Questions

Question Correct answer Section reference

14/1 D 14.5

14/2 D 14.6

14/3 D 14.3

14/4 D 14.6

14/5 C 14.2

14/6 B Box 14.1

14/7 D 14.3

14/8 C Box 14.1

14/9 A 14.5

14/10 B 14.5

Answers to Chapter 14 Short Answer Questions

14.11 

•  A foreign body entering the supraglottic cavity or sitting near to the 
laryngeal inlet is detected by sensory receptors within the mucosa and 
the information is relayed to the brain via sensory axons of the vagus 
nerve innervating those receptors. 

• This triggers an initial deep inspiration. 

• The vocal folds are then tightly adducted (closed). 

•  Forceful expiration against the closed vocal folds increases intrathoracic 
pressure so the subglottic pressure below the closed vocal folds rises. 

•  When sufficient pressure has been generated the vocal folds are suddenly 
abducted. The rapid release of air under raised pressure will, hopefully, 
dislodge the foreign body up into the oropharynx from where it can be 
spat out or swallowed.

14.12

•  The sensory receptors in the laryngeal inlet and supraglottic cavity are 
supplied by the superior laryngeal nerve which constitutes the afferent 
limb of the reflex (see Section 16.6).

• These nerves terminate in the trigeminal sensory nucleus.

• The trigeminal sensory nucleus is linked to the respiratory centres. 
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•  Motor nerves involved in ventilation [*which nerves?] controlled by the 
respiratory centres operate on the respiratory and laryngeal muscles 
to produce deep inspiration, adduction of the vocal folds, forceful 
expiration and abduction of the vocal folds as outlined in the previous 
answer.

*The phrenic nerves to the diaphragm and intercostal nerves to the intercostal muscles 
and muscles of the anterior abdominal wall.

Enhanced reading for Chapter 14

ER 14/1 Actions of the intercostal muscles 
There is some confusion about the actions of the intercostal muscles in textbooks.

The evidence from direct electromyographic recording from the intercostal 
muscles show that the external intercostal muscles are inspiratory and most parts of 
the internal intercostal muscles are expiratory, the conventional account of the actions 
of the intercostal muscles. These studies do, however, show some subtle detailed 
differences in their actions from the standard account. 

•  In quiet ventilation the parasternal parts of the internal intercostal muscles, 
which extend from the sternum laterally to the costochondral junctions, are 
active during inspiration. 

•  During vigorous and forced ventilation all the intercostal muscles become 
active. Similar to their actions during quiet ventilation, the parasternal 
portion of the intercostal muscles assist the external layer during inspiration. 
The costochondral parts of the internal intercostal muscles which extend 
from the costochondral junctions to the angle of the rib become active 
during expiration.

The innermost intercostal muscles are small and relatively insignificant; they are 
believed to have the same actions as the internal intercostal muscles.

The functions of the intercostal muscles are to raise and lower the ribs but also 
to stiffen the intercostal spaces.

Further reading for Chapter 14
Further information on the structure of the respiratory system will be found in these texts

Atkinson, M.E. (2013). Anatomy for Dental Students, 4th ed. Oxford and New 
York: Oxford University Press, Oxford Medical Publications.

Liebgott, B (2011). Anatomical Basis of Dentistry, 3rd ed. St Louis and London: 
Mosby.

Drake, R.L., Vogl, W., & Mitchell, A.W.M. (2015). Gray’s Anatomy for Students, 
3rd ed. Edinburgh: Churchill Livingstone.

Further information on the physiology of respiration will be found in this text.

Silverthorn, D.E. (2016). Human Physiology: An Integrated Approach, 7th ed. 
Edinburgh: Pearson Education Ltd.

The next two articles from the RCSLT Bulletin provide some useful insights into the 
role of SLTs in management of clients with respiratory disorders.

Ilsley, E. (2011). Dysphagia and chronic obstructive pulmonary disease. RCSLT 
Bulletin, Feb, 13‒14.

Haines, J. (2011). Respiratory speech and language therapy. RCSLT Bulletin, Feb, 
2011 15‒16.
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Supplementary material for Chapter 15
Introduction to the anatomy and functions of the head 
and neck

Answer Table for Chapter 15 Multiple Choice Questions

Question Correct answer Section reference

15/1 D 15.8

15/2 C Box 15.2, Figure15.9

15/3 A 15.2, Figure 15.5

15/4 B 15.2, Figure 15.5

15/5 C 8.2, Figure 8.2

15/6 D 15.5, Figure 15.9

15/7 C 15.2, Figure 15.3

15/8 C 15.6, Table 15.1 

15/9 B 15.1, Figure 15.1, Figure 
15.11

15/10 C Box 15.2, Figure 15.9

Additional Short Answer questions for Chapter 15 
Answers will be found after the suggestions for Further Reading for Chapter 15

NOTE: If the subjects of the following questions do not form part of your course 
you may need to read the ER material before attempting to answer them.

15.11  List the bones that form the vault of the skull. Name the sutures that 
unite the bones which you have listed.

15.12 Name the three major bones forming the base of the skull.

15.13 List the structures that leave the skull via the jugular foramen.

15.14  Name the foramina through which the three divisions of the trigeminal 
nerve leave the skull.

15.15  Name the foramina through which the three divisions of the trigeminal 
nerve emerge onto the face.

Enhanced reading for Chapter 15

ER 15/1 Foramina of the skull on the face
See Figure 15.3.

The supraorbital foramen or supraorbital notch is on the frontal bone and transmits 
the supraorbital branch of the ophthalmic divisions of the trigeminal nerve. 

The infraorbital foramen is on the maxilla and transmits the infraorbital branch 
of the maxillary division of the trigeminal nerve.
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The mental foramen is on the mandible and transmits the mental branch of the 
mandibular division of the trigeminal nerve. 

These three pairs of nerves constitute the main cutaneous nerves supplying the 
skin of the face.

ER 15/2 Foramina in the middle cranial fossa
Two foramina are located laterally within the greater wings of the sphenoid bone, the 
foramen ovale and foramen spinosum. The foramen lacerum is at the apex of the petrous 
temporal bone; it is closed in life by a plug of cartilage left over from the formation 
of this part of the skull so it is it is visible only in dried skulls. The middle meningeal 
artery passes from the maxillary artery into the cranial cavity through the foramen 
spinosum. The hypoglossal canals open laterally beneath each occipital condyle. 

ER 15/3 Surface anatomy of the parotid gland and 
facial nerve
The parotid gland lies in the hollow between the sternocleidomastoid muscle and the 
mandible. The parotid gland can be located by tracing its margins from just below the 
zygomatic arch onto the ramus of the mandible and masseter which it overlaps, then 
inferiorly to just below the inferior border of the body of the mandible then across the 
anterior border of sternocleidomastoid muscle which the gland also overlaps and back 
to the zygomatic arch (see Figure 18.1). The parotid duct emerges from the anterior 
border of the gland and can be felt as it crosses the anterior border of the masseter. 
To do this, clench your teeth to contract the masseter. You should be able to feel the 
duct as a tubular structure running across the muscle about a finger’s breadth below 
the zygomatic arch. 

The facial nerve exits from the stylomastoid foramen and enters the gland. As it 
passes through the gland it divides and five branches, each of which may be multiple, 
emerge onto the face from the anterior and superior borders of the gland (see Figure 
18.1). The approximate location of these five branches can be traced as follows. Place 
the heel of the hand over the parotid gland, spread the fingers so that the thumb is on 
the temple and the little finger points down the neck. The five digits now indicate the 
approximate position of the five branches of the VIIth nerve on the face (from above 
to below, temporal, zygomatic, buccal, marginal mandibular and cervical).

ER 15/4 Pulse points of the head and neck

There are two other pulse points besides the carotid pulse which can be located with 
care. The superficial temporal artery pulse can be felt above the ear as the artery 
emerges from the parotid gland. The facial artery pulse can be felt as it crosses the 
inferior border of the body of the mandible close to the anterior border of masseter. 

ER 15/5 Boundaries and contents of the infratemporal 
fossa

The boundaries of the infratemporal fossa have been defined in the main text (see 
page 258). Two foramina open into the roof of this region, the foramen ovale and the 
foramen spinosum. In addition to the pterygoid muscles this region contains some 
other important structures. These are: 
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•  the mandibular division of the trigeminal nerve that enters the fossa through 
the foramen ovale

•  the chorda tympani, a branch of the facial nerve that joins the lingual nerve 
in the fossa 

•  the maxillary artery, one of the two terminal branches of the external carotid 
artery that are given off within the parotid gland 

• the maxillary vein 

• the otic ganglion.

The mandibular division:  The trigeminal nerve leaves the foramen ovale and divides 
into anterior and posterior divisions. The anterior division supplies three of the muscles 
of mastication, temporalis, masseter and lateral pterygoid, as well as giving a sensory 
branch, the long buccal nerve. This nerve emerges onto the face from beneath the 
masseter and divides into a superficial branch that supplies the skin over the buccinator 
muscle and a deep branch which then pierces that muscle to supply structures inside 
the oral cavity including the buccal mucosa. The posterior division divides into the 
inferior alveolar and lingual nerves. The inferior alveolar nerve enters the mandible 
through the mandibular foramen to supply the mandibular teeth, a branch leaves the 
mental foramen as the mental nerve (see ER 15/1). The nerve to the mylohyoid is 
given off before the inferior alveolar nerve enters the mandibular foramen. The chorda 
tympani unites with the lingual nerve just beneath their exits from the skull. It carries 
taste afferent axons from the anterior two-thirds of the tongue and paraganglionic, 
parasympathetic efferent axons to the submandibular ganglion. The lingual nerve then 
passes to the floor of the mouth (see Section 19.5). The auriculotemporal nerve is also 
a branch of the posterior division of the mandibular nerve. It ascends to the side of the 
head supplying skin in that region as well as giving branches to the parotid gland and 
temporomandibular joint. The otic ganglion is located on the medial surface of the 
mandibular nerve close to the foramen ovale. This ganglion contains postganglionic 
neurons that provide a parasympathetic, postganglionic secretomotor nerve supply 
to the parotid gland The preganglionic axons travel in the lesser superficial petrosal 
nerve which arises from the tympanic plexus in the petrous temporal bone and enters 
the infratemporal fossa via the foramen ovale.

The maxillary artery gives off numerous branches but very few of these are 
important. The inferior alveolar artery accompanies the inferior alveolar nerve. The 
middle meningeal artery ascends to enter the skull through the foramen spinosum. It 
supplies blood to some of the bones of the skull as well as the meninges. In its course 
inside the skull it passes across the region of the pterion where it can be damaged if 
the fragile pterion is fractured by a traumatic injury. The maxillary vein ultimately 
drains into the internal and external jugular veins.
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ER 15/ Table 1

Anatomy of the suprahyoid muscles

Suprahyoid muscle Attachments Actions Innervation

Mylohyoid The inferior attachment is to 
the body of the hyoid bone 
and the mylohyoid raphé. 
The superior attachment is 
to the mylohyoid line on 
the medial aspect of the 
mandible.

Elevates the hyoid 
bone, tongue and floor 
of mouth.

The nerve to the 
mylohyoid branch of the 
inferior alveolar nerve a 
branch of the mandibular 
division of the trigeminal 
nerve (V3)

Geniohyoid The inferior attachment 
is to the body of the 
hyoid bone. The superior 
attachment is to the inferior 
genial tubercles located 
on the inner surface of the 
mandible on either side of 
the symphysis menti.

Elevates the hyoid 
bone and draws it 
anteriorly.

C1 axons that travel with 
the hypoglossal nerve

Stylohyoid The inferior attachment is 
to the body of the hyoid 
close to its junction with the 
greater cornu. The superior 
attachment is to posterior 
aspect of the styloid process. 

Elevates and retracts 
the hyoid bone.

Stylohyoid branch of the 
facial nerve

Posterior belly of the 
digastric muscle

The posterior attachment 
is to the digastric notch 
on the medial surface of 
the mandible. The anterior 
attachment is to the 
intermediate tendon. (This 
tendon pierces the tendon 
of stylohyoid close to its 
attachment to the hyoid 
bone and is held in place on 
the hyoid bone by a loop of 
fascia.

Depresses the 
mandible and elevates 
the hyoid bone.

Posterior digastric branch 
of facial (VIIth) nerve (it 
often arises together with 
the branch to stylohyoid)

Anterior belly of the 
digastric muscle

The posterior attachment is 
to the intermediate tendon. 
The anterior attachment 
is to the digastric fossa on 
the inferior border of the 
mandible.

Protracts and 
depresses the mandible 
and elevates the hyoid 
bone

The nerve to the 
mylohyoid branch of the 
mandibular division of 
the trigeminal nerve (V3)
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ER 15 Table 2

Anatomy of the infrahyoid muscles

Infrahyoid muscle Attachments Actions Innervation

Omohyoid The muscle has two 
bellies. The inferior belly 
is attached inferiorly to 
the superior border of the 
scapula near the scapula 
notch and superiorly to 
the intermediate tendon. 
The superior belly is 
attached inferiorly to the 
intermediate tendon and 
superiorly to lower bode of 
the body of the hyoid bone.

Depresses the 
hyoid bone and so 
indirectly depresses 
the larynx.

Ansa cervicalis (C1, C2, 
C3), inferior belly
C1, superior belly

Sternohyoid Inferior attachments are 
to the posterior aspect 
of medial end of the 
clavicle, posterior aspect 
of sternoclavicular joint 
and posterior aspect of 
manubrium of the sternum. 
The superior attachment is 
to the inferior border of the 
body of the hyoid bone.

Depresses the 
hyoid bone and so 
indirectly depresses 
the larynx.

Ansa cervicalis (C1, C2, 
C3)

Sternothyroid Inferior attachment is to 
the posterior surface of the 
manubrium sterni inferior 
to that of sternohyoid. 
Superior attachment is 
to the oblique line on 
the lamina of the thyroid 
cartilage.

Depresses the larynx. Ansa cervicalis (C1, C2, 
C3)

Thyrohyoid Inferior attachment is to 
the oblique line on the 
lamina of the thyroid 
cartilage. Superior 
attachment is to the 
inferior border of the 
greater cornu and adjacent 
body of the hyoid bone.

Depresses the hyoid 
bone and can elevate 
the larynx if the 
hyoid bone has been 
fixed.

C1 axons that branch 
off from the hypoglossal 
nerve
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Further reading for Chapter 15
A comprehensive guide to the surface anatomy of the human body can be found in:

Tunstall, R. & Shah, N. (2012). Surface Anatomy. London: JP Medical Ltd.

These next two textbooks contain more detail on the anatomy of the head and neck.

Atkinson, M.E. (2013). Anatomy for Dental Students. 4th ed. Oxford and New 
York: Oxford University Press, Oxford Medical Publications.

Leibgott, B (2011). Anatomical Basis of Dentistry, 3rd ed. St Louis and London: 
Mosby.

A useful, if very detailed, anatomical atlas dealing with those structures relating 
specifically related to speech is:

McFarland, D.H. (2009). Netter’s Atlas of Anatomy for Speech, Swallowing and 
Hearing. St Louis: Mosby Elsevier.

Answers to supplementary questions for Chapter 15

15.11

• Frontal bone

• Parietal bone

• Occipital bone

• Temporal bone (squamous part)

• Greater wing of sphenoid bone

• The coronal suture unites the frontal and parietal bones

• The sagittal suture unites the left and right parietal bones

• The lambdoid suture unites the occipital and parietal bones 

•  The squamosal suture unites the parietal bones with the squamous parts 
of the temporal bones on each side 

•  The greater wing of the sphenoid is united with the frontal bone by the 
sphenofrontal suture and with the squamous part of the temporal bone 
by the sphenosquamosal suture.

15. 12 

Sphenoid, occipital and temporal bones. The palatine processes of the 
maxillae and the horizontal plates of the palatine bones forming the hard 
palate are visible in an inferior view of the skull but are not classed a part 
of the skull base.

15.13

• Glossopharyngeal nerve

• Vagus nerve

• Spinal accessory nerve

•  Internal jugular vein (with inferior petrosal and sigmoid sinuses 
draining into it)
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15.14

• Ophthalmic division, V1 – superior orbital fissure

• Maxillary, V2 – foramen rotundum

• Mandibular, V3 – foramen ovale

15.15  

• Ophthalmic division, V1 – supraorbital foramen or notch

•  Maxillary, V2 – infraorbital foramen

• Mandibular, V3 – mental foramen



Basic Medical Science for Speech, and Language Therapy Students  •Extra Materials  ©2018 J&R Press Ltd42

Supplementary material for Chapter 16 
The structure and function of the larynx

Answer Table for Chapter 16 Multiple Choice Questions

Question number Correct answer  Section reference

16/1 A 16.6

16/2 B 16.2.3, Figure 16.4

16/3 B 16.4.1 and ER 16/1

16/4 B 16.6.1 and Box 16.6

16/5 C Box 15.2, Figure 15.9

16/6 A 16.2.2

16/7 C 16.6.1 and Box 16.6

16/8 C 16.4

16/9 D 16.6.1 and Box 16.6

16/10 C 16.2.3

16.11 D 16.5.1, 16.5.2, Figure 
16.7, Table 16.1

16.12 H 16.5.1, 16.5.2, Figure 
16.7, Table 16.1

16.13 E 16.5.1, 16.5.2, Figure 
16.7, Table 16.1

16.14 G 16.5.1, 16.5.2, Figure 
16.7, Table 16.1

16.15 C 16.5.1, 16.5.2, Figure 
16.7, Table 16.1

16.16 A 16.5.1, 16.5.2, Figure 
16.7, Table 16.1

16.17 I 16.5.1, 16.5.2, Figure 
16.7, Table 16.1

16.18 B 16.5.1, 16.5.2, Figure 
16.7, Table 16.1



Basic Medical Science for Speech, and Language Therapy Students  •Extra Materials  ©2018 J&R Press Ltd43

Answers to Chapter 16 Case Study Questions

16.19 

The tumour is compressing the bronchi in the left lung and may also 
be compressing both main bronchi below the tracheal bifurcation thus 
hindering inspiration and expiration. This will also compromise speech 
because voice production requires adequate airflow.

16. 20

The left vocal fold paralysis is due to compression of the left recurrent 
laryngeal nerve, the main motor supply to the intrinsic muscles of the 
larynx. The left recurrent laryngeal nerve branches from the left vagus 
nerve and curves round the aorta to enter the neck and innervate the 
laryngeal muscles. On the left, the recurrent laryngeal nerve re-enters the 
neck to innervate from below. In contrast, the right recurrent laryngeal 
nerve branches from the right vagus just at the entrance to the thorax, 
curving around the subclavian artery in the root of the neck. Because of 
the longer course of the left recurrent laryngeal nerve in contact with the 
left lung, it is very likely to be compressed by a tumour whereas the right 
recurrent laryngeal is rarely affected even by a tumour in the right lung. 
Left vocal fold paralysis is always an ominous sign.

Additional Questions for Chapter 16
There are no additional questions for Chapter 16.

Enhanced reading for Chapter 16

ER 16/1 Laryngeal oedema

The submucous tissue separating the epithelial lining of the larynx from the underlying 
connective tissues is tightly bound to those tissues in the region of the vocal fold covered 
with stratified squamous epithelium but is lax elsewhere in the laryngeal cavity, and 
this has important function consequences should laryngeal oedema occur. The most 
frequent cause of laryngeal oedema is adverse reaction to various medicines or other 
allergens. Various complex reactions occur, including capillaries becoming more 
permeable thus fluid from the blood accumulates in the connective tissues. This is 
especially so where the mucosa is loose. If fluid accumulates in the supraglottic cavity, 
it will naturally gravitate downwards until it is arrested where the epithelium is tightly 
bound down to the connective tissue of the vocal folds. As a result, fluid accumulation 
in the mucosa of the laryngeal vestibule and above distends the mucosa. If left untreated, 
fluid distension will eventually occlude the airway and is life threatening. Injections of 
anti-histamine drugs are usually successful in diminishing the oedema but occasionally 
a tracheotomy, an emergency opening into the respiratory tract performed through 
the cricothyroid membrane, is necessary to bypass the laryngeal obstruction.
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ER 16/Figure 1 A nasendoscopic view of a normal 
larynx 

With thanks to Joseph Murray, Ph.D., CCC-SLP, Chief, Audiology/Speech Pathology Service, Ann 
Arbor Healthcare System, Ann Arbor, Michigan, U.S.A.

ER 16/Figure 2A Vocal nodules 

Note the position of the nodules at one-third of the length of the ligamentous vocal 
folds but also the difference in size of the nodules on each side.

Cuneiform cartilage

Aryepiglottic fold

Epiglottis

Vestibular fold

Vocal fold

Tracheal ring
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ER 16/2B Vocal polyps

The laryngeal sinus between the vocal and vestibular folds is visible in this picture.

ER 16/Figure 3 Squamous cell carcinoma of the larynx

With thanks to Nathalie Eastwood, Expert SLT practitioner – voice disorders, 
ENT Department, Freeman Hospital, Newcastle-upon-Tyne for providing the 
photographs for Figures 16.2 and 16.3. 

Polyp
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ER 16/Video
The video shows several aspects of the dynamic movements of the vocal folds. There 
are two things to note as you watch the video sequence.

•  The vocal folds exhibit their normal pale colouration. Inflamed vocal folds 
will look redder.

•  The person who volunteered for this excellent video sequence is used to 
tolerating a laryngoscope and practised in making the manoeuvres shown 
in the sequence. The majority of clients may not be so tolerant and are likely 
to move their epiglottis or posterior tongue, thus obscuring the field of view 
for some of the time. The manoeuvres the client is asked to perform are also 
likely to be less fluid.

The video is downloadable using the button on the book’s web 
page



47 ER Table 16.1 Intrinsic muscles of the larynx

Muscle Attachments Actions Innervation
Posterior 
cricoarytenoid

Medial attachment is to the 
posterior surface of the cricoid 
lamina. The lateral attachment 
is to the ipsilateral posterior and 
superior surfaces of the muscular 
process of the arytenoid 
cartilage.

An abductor of the vocal folds acting 
rocking the arytenoid cartilages 
posteriorly and drawing them laterally 
causing the vocal folds to open. The 
muscle also lengthens the vocal folds 
by drawing the arytenoid cartilages 
posteriorly.

Recurrent 
laryngeal nerve

Lateral 
cricoarytenoid

Anterior attachment is to 
the superior border of the 
arch of the cricoid. Posterior 
attachment to the anterior aspect 
of the muscular process of the 
arytenoid cartilage.

An adductor of the vocal folds that 
draws together the apices of the vocal 
processes of the arytenoid cartilages so 
adducting mainly the intramembranous 
part of the rima glottides (an action 
termed ‘medial compression’ by 
phoneticians).

Recurrent 
laryngeal nerve

Transverse 
interarytenoid

Between the posterior surface 
and lateral borders of the left 
and right arytenoid cartilages. 
An unpaired muscle, it lies deep 
to the oblique interarytenoid 
muscles.

Acts to draw together the arytenoid 
cartilages closing the cartilaginous 
part of the rima glottides (an action 
referred to by phoneticians as ‘adductive 
tension’).

Recurrent 
laryngeal nerve

Oblique 
interarytenoid

This muscle extends from the 
posterior surface of the muscular 
process of the ipsilateral 
arytenoid cartilage to the apex 
of the contralateral arytenoid 
cartilage.

An weak adductor of the vocal folds it 
acts to draw the arytenoid cartilages 
together .

Recurrent 
laryngeal nerve

Cricothyroid Anterior attachment is to the 
outside of the cricoid arch. 
The muscle has two bellies 
with the pars obliqua attaching 
posteriorly to the inferior cornu 
and the pars recta attaching 
posteriorly to the lower border of 
the thyroid lamina posteriorly.

The muscle lengthens the vocal folds 
by pulling the cricoid cartilage closer to 
the thyroid cartilage so increasing the 
distance between the tips of the vocal 
processes and the posterior surface of 
the lamina of the thyroid cartilage. The 
muscle also lengthens the vocal folds by 
drawing the thyroid cartilage slightly 
anteriorly.

External laryngeal 
branch of superior 
laryngeal nerve

Thyroarytenoid Anterior attachment is to the 
angle of the thyroid lamina. 
Its posterior attachment is to 
the anterolateral surface of the 
arytenoid cartilage. The lower 
and deeper fibres are sometimes 
described as a separate muscle, 
vocalis, which lies alongside the 
vocal ligament.

This muscle shortens the vocal folds 
by drawing the arytenoid cartilages 
towards the posterior surface of the 
thyroid cartilage.

Recurrent 
laryngeal nerve

Aryepiglottic Posterior attachment to the 
apex of the arytenoid cartilage 
the fibres run anteriorly in the 
aryepiglottic fold to the lateral 
side of the epiglottis.

This muscle adducts the aryepiglottic 
fold and draws the arytenoid cartilages 
towards the epiglottis so controlling the 
laryngeal inlet.

Thyroepiglottic This muscle consists of a band 
of muscle fibres that extend 
from the thyroarytenoid to the 
aryepiglottic folds and epiglottic 
margin.

This muscle is a weak depressor of the 
epiglottis.



Further reading for Chapter 16 

The first six books all contain further detailed information on the structure and 
function of the larynx.

Blitzer, A., Brin, M.F., & Ramig, L.O. (2009). Neurologic Disorders of the Larynx, 
2nd ed. New York and Stuttgart: Thieme.

Dickson, D.R. & Maue-Dickson, W. (1982). Anatomical and Physiological Bases 
of Speech. Boston: Little, Brown and Company.

Hixon, T.J., Weismer, G., & Hoit, J.D. (2014). Preclinical Speech Science. Anatomy, 
Physiology, Acoustics and Perception, 2nd ed. San Diego, Oxford and Melbourne: 
Plural Publishing Inc.

Laver, J. (1980). The Phonetic Description of Voice Quality. Cambridge: Cambridge 
University Press.

Standring, S. (Editor in Chief) (2016). Gray’s Anatomy: The Anatomical Basis of 
Clinical Practice, 41st ed. Edinburgh: Churchill Livingstone.

Titze, I.R. (1994). Principles of Voice Production. Englewoods Cliffs, NJ: Prentice-Hall.

The following books and scientific articles deal with the vexed issues of laryngeal joint 
movements and muscle activity.

Zemlin, W.R. (1998). Speech and Hearing Science Anatomy and Physiology, 4th ed. 
Englewood Cliffs N.J.: Prentice Hall

Wang, R.C. (1998). Three dimensional analysis of cricoarytenoid joint motion. 
Laryngoscope, 108, Supplement 1-17.

Kasperburger, J.L. (1998). A biomechanical study of the human cricoarytenoid 
joint. Laryngoscope, 108, 1704–1711.

Poletto, C.J., Verdun, L.P., Strominger, R., & Ludlow, C.L. (2004). Correspondence 
between laryngeal vocal fold movement and muscle activity during speech and 
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Supplementary material for Chapter 17
Phonation

Answer Table for Chapter 17 Multiple Choice Questions

Question number Correct answer Section reference

17.1 D 17.2

17.2 B 17.2 and Figure 17.1

17.3 C 17.2

17.4 B 17.2

17.5 A 17.2

17.6 A 17.6

Answers to Chapter 17 Short Answer Questions

17.7

1.  At the onset of an utterance muscles adduct the vocal folds during an 
expiration. 

2.  As expiration continues the sub-glottic pressure beneath the vocal folds 
then increases. 

3.  The sub-glottal pressure rises until it is sufficient to overcome the 
muscular forces of adduction and the folds are blown apart. 

4. Air enters the supralaryngeal vocal tract and the subglottal pressure falls. 

5.  Provided the muscular force responsible for adduction is sustained the 
vocal folds start to close. 

6.  As they narrow the pressure between the folds decreases because of the 
Bernoulli force and they are sucked together initiating the start of a new 
phonatory cycle.

17.8

1. The inertia of the air column passing through the vocal folds and 

2.  The difference in shape of the rima glottidis when the vocal folds open 
and close as the result of the vocal folds not opening uniformly along 
their vertical height.

17.9 

The fraction of time that the larynx is open during each phonatory 
cycle (the opening quotient) is reduced by the action of the lateral 
cricoarytenoid and interarytenoid muscles while the cricothyroid and 
thyroarytenoid muscles increase vocal fold tension. This causes a rise in 
sub-glottal pressure and the release of air at higher pressure from the rima 
glottidis.
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17. 10 

Paralysis of the left vocal fold means that Mr Smith is unable to adduct 
his left fold to meet the right fold to close the rima glottis. He is therefore 
unable to generate much subglottic pressure and hence any power to his 
voice. 

The gap between the vocal folds even when the right fold is fully adducted 
will allow air escape, hence the breathy voice.

Additional questions for Chapter 17
There are no additional questions for Chapter 17.

Enhanced reading for Chapter 17

Figure 17.1 
In the top row, the positive arrows within the vocal folds indicate the high pressure 
adducting the vocal folds generated by the contraction of the lateral cricoarytenoid and 
interarytenoid muscles. along with the negative pressure generated by the Bernouilli 
force persisting from the previous phonatory cycle. The negative arrows below the 
vocal folds indicate negative subglottal pressure at the onset of the phonatory cycle. 
The vertical arrows indicate expired air beginning to increase the subglottal pressure. 
Note that the negative arrows disappear as subglottal pressure rises, causing the vocal 
folds to open from below. Note also that the pressure within the vocal folds is negative 
at the lower part of the folds but is still positive in the upper area. In the third panel the 
positive pressure is in balance with the subglottal pressure just prior to the increased 
subglottal pressure overcoming the muscular forces opening the entire vocal folds as 
shown in the last panel.

Further Reading for Chapter 17
These six references all contain further detailed information on phonation and voice 
production.

  Dickson, D.R. & Maue-Dickson, W. (1982). Anatomical and Physiological Bases 
of Speech. Boston: Little, Brown and Company.

  Hixon, T.J., Weismer, G., & Hoit, J.D. (2014). Preclinical Speech Science. Anatomy, 
Physiology, Acoustics and Perception, 2nd ed. San Diego, Oxford and Melbourne: 
Plural Publishing.

  Laver, J. (1980). The Phonetic Description of Voice Quality. Cambridge: Cambridge 
University Press.

  Standring, S. (Editor in Chief )(2016). Gray’s Anatomy: The Anatomical Basis of 
Clinical Practice, 41st ed. Edinburgh: Churchill Livingstone.

  Titze, I.R. (1994). Principles of Voice Production. Englewoods Cliffs, NJ: Prentice-
Hall.

  Zemlin, W.R. (1998). Speech and Hearing Science Anatomy and Physiology, 4th 
Ed. Englewood Cliffs, NJ: Prentice Hall.
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Supplementary material for Chapter 18
The face and jaws

Answer Table for Chapter 18 Multiple Choice Questions

Question number Correct answer Section reference

18.1 A 18.4

18.2 C 18.5.2

18.3 A 18.5.2

18.4 A 18.3

18.5 D 18.2.1

18.6 C 18.4

18.7 B 18.5.2

Answers to Chapter 18 Short Answer Questions
18.8

Branch of facial nerve Clinical test of its 
function

Section reference

Temporal raise the eyebrows Box 18.2

Zygomatic blinking Box 18.2

Buccal puff out the cheeks Box 18.2

Mandibular lower or evert the lower 
lip

Box 18.2

Cervical tense the skin of the 
neck

Box 18.2

18.9
A.  This is a lower motor neuron lesion so all muscles of facial expression 

would be paralyzed.

B.  This is an upper motor neuron lesion so the upper facial muscles would 
be spared but the lower facial muscles would exhibit paresis.

See Boxes 10.1 and 10.3.

18.10 

A.  D

B. A and B

C. C and E
See Section 18.2.1.
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18.11

Movement Compartment Muscles Page reference

Hinge Lower Suprahyoids, 
infrahyoids and 
lateral pterygoids

18.5.1

Translation Upper Lateral pterygoid 
muscles

18.5.1

18.12 Compare your labelling of the figure with Figures 18.1 and 18.4. 

Additional questions for Chapter 18
There are no additional questions for Chapter 18.

ER 18/ Table 1 The muscles of facial expression

Muscle of facial 
expression

Attachments Actions Innervation

Orbicularis oculi The muscle is in two parts. The orbital 
part surrounds the orbital margins 
and attaches to the frontal process of 
the maxilla and to the frontal bone 
and then into skin surrounding the 
margins of the orbit. The palpebral 
part lies within the eyelids attaches 
to ligaments at the medial and lateral 
corners of the eyelids and to the skin 
covering the eyelids.

The palpebral part acts 
to close the eyelids as 
in blinking. The orbital 
part elevates the skin 
below the orbit and 
depresses the skin above 
the orbit. Contracting 
both parts of the muscle 
results in forcible closure 
of the eye, burying 
the eyelashes into the 
eyelids.

Temporal and 
zygomatic branches 
of the facial nerve

Occipitofrontalis The frontalis part of the muscle is 
attached anteriorly to the skin of the 
eyebrow and nose and posteriorly 
to the epicranial aponeurosis. The 
occipitalis part of the muscle is 
attached anteriorly to the epicranial 
aponeurosis and posteriorly to the 
highest nuchal line.

The frontalis part of the 
muscle elevates the skin 
of the eyebrows. The 
occipitalis part of the 
muscle draws the scalp 
posteriorly.

Temporal branches 
of the facial nerve 
(frontalis) and 
posterior auricular 
branch of facial 
nerve (occipitalis)

Corrugator 
supercilii

It is attached to the medial part of the 
superciliary arch and to the skin in the 
region of the middle of the eyebrow. 

It draws the skin of 
the eyebrows medially, 
wrinkling the skin 
between the eyebrows as 
in a frown or quizzical 
expression.

Temporal branches 
of the facial nerve

Procerus It is attached inferiorly to the 
aponeurosis of compressor naris and 
superiorly to the skin over the glabella.

It depresses the skin 
between the eyebrows 
giving rise to transverse 
wrinkles.

Buccal branches of 
facial nerve
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Compressor naris From the maxilla above the canine 
notch to an aponeurosis over the nasal 
cartilages and so to the corresponding 
muscle on the other side.

It compresses the 
cartilaginous skeleton of 
the nose.

Buccal branches of 
facial nerve

Depressor naris It is attached from the incisive fossa 
of the maxilla to the side (ala) and 
septum of the nose.

It depresses the sides of 
the nose.

Buccal branches of 
facial nerve

Depressor septi It is attached from the sides of the nose 
to the cartilage of the nasal apertures.

It dilates the nose. Buccal branches of 
facial nerve

Levator labii 
superioris alaeque 
nasi

It is attached superiorly to the frontal 
process of the maxilla and inferiorly in 
two parts one to the skin over the side 
(ala) of the nose and one to the upper 
lip.

It raises the upper lip 
and dilates the nose.

Buccal branches of 
facial nerve

Levator labii 
superioris 

Superiorly from region of the maxilla 
between the infraorbital foramen and 
inferior orbital margin to the skin of 
the upper lip inferiorly.

It raises the skin of the 
upper lip.

Buccal branches of 
facial nerve

Zygomaticus 
minor

Posteriorly from the zygomatic bone 
anteriorly and inferiorly close to the 
maxilla to the skin of the upper lip 
anteriorly.

The muscle both raises 
the upper lip and draws 
it slightly laterally.

Buccal branches of 
facial nerve

Zygomaticus major Posteriorly from the external surface 
of the zygomatic bone close to the 
junction between the zygomatic bone 
and maxilla to the skin at the angle of 
the mouth anteriorly.

It raises the angle of 
the mouth and pulls it 
laterally.

Buccal branches of 
facial nerve

Levator anguli oris It is attached from the canine fossa of 
the maxilla to the skin at the angle of 
the mouth and also to part of the lower 
lip.

It raises the angle of the 
mouth and also pulls it 
slightly medially.

Buccal branches of 
facial nerve

Depressor anguli 
oris

It is attached from the oblique line of 
the mandible and attaches to the skin 
of the angle of the mouth.

It lowers the angle of the 
mouth.

The marginal 
mandibular branch 
of the facial nerve

Depressor labii 
inferioris

The inferior part of the body of the 
mandible from below the mental 
foramen to just lateral to the symphysis 
menti.

It lowers the lower lip 
and pulls it slightly 
laterally.

The marginal 
mandibular branch 
of the facial nerve.

Mentalis Inferiorly from the incisive fossa of the 
mandible to the skin of the chin.

The muscle elevates 
and protrudes the 
lower lip. In speech 
it is active during 
labiodentalization.

The marginal 
mandibular branch 
of the facial nerve

Continued
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Buccinator It is attached posteriorly to the alveolar 
process of the maxilla and mandible 
in the regions of the molar teeth and 
to the pterygomandibular raphé. 
Anteriorly its fibres intermingle with 
orbicularis oris within the upper and 
lower lips.

The muscle draws the 
angles of the mouth 
laterally and presses the 
skin of the cheek against 
the teeth preventing 
the tissue of the cheek 
becoming trapped under 
the teeth when chewing 
while holding the food 
underneath the occlusal 
surfaces of the teeth.

Buccal branches of 
the facial nerve.

Risorius It is attached between the fascia 
covering masseter and the parotid 
gland and the skin of the angle of the 
mouth.

It pulls the angles of the 
mouth laterally.

Buccal branches of 
the facial nerve

Orbicularis oris The muscle is in three layers. The 
deepest layer consists of fibres attached 
to the incisive fossae of the maxilla 
and mandible and to the anterior 
nasal spines. The intermediate and 
superficial layers consist of muscle 
fibres from the buccinator and the 
elevators and depressors of the upper 
and lower lips respectively. 

The muscle closes the 
lips, pressing them 
against the alveolar 
process of the maxilla 
and mandible.
In speech the muscle 
in closing, adducting, 
and the lips is active in 
the production of stops 
such as /b/ and /p/. By 
pressing the lower lip 
against the alveolar 
process of the mandible 
it aids the production of 
the labiodental fricative 
/f/.

Buccal and 
marginal 
mandibular 
branches 

ER 18/2 Course of the trigeminal nerve
The ophthalmic division leaves the skull via the superior orbital fissure, and after 
passing through the orbit emerges on the face through the supraorbital foramen or 
notch as the frontal nerve to supply the skin of the forehead.

The maxillary division leaves the skull via the foramen rotundum and passes through 
the pterygopalatine fossa. It continues as the infraorbital nerve beneath the floor of 
the orbit and emerges on to the face through the infraorbital foramen to supply the 
skin of the face from the lower eyelid to the upper lip. This division of the trigeminal 
also supplies the nasopharynx, much of the mucosa of the nasal cavity and paranasal 
air sinuses and the structures in the upper part of the oral cavity.

The mandibular division leaves the skull via the foramen ovale and divides into 
an anterior and posterior division in the infratemporal fossa. The anterior division 
innervates the muscles of mastication and some other muscles, as well as conveying 
sensory information from the cheeks over the lower molar teeth. The posterior division 
supplies the mucosa of the anterior two-thirds of the tongue through its lingual branch, 
the mandibular teeth through its inferior alveolar branch and skin of the pinna of 
the ear and temple through its auriculotemporal branch. The other major cutaneous 
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nerve supplying skin of the lower lip and chin, is the mental nerve, a branch of the 
inferior alveolar nerve which emerges onto the face through the mental foramen. See 
also ER 5/15

ER 18/3 Ligaments of the temporomandibular joint

The sphenomandibular ligament is another accessory ligament attached between the 
spine of the sphenoid close to the foramen spinosum and the mandibular foramen close 
to the eventual axis of rotation of the joint in mandibular depression and elevation. 
Two other ligaments associated with the joint are the stylomandibular ligament and 
the pterygomandibular raphé. 

ER 18/4 Actions of lateral pterygoid

There is considerable debate about whether the superior and inferior heads of the lateral 
pterygoid have different actions. Some studies indicate that they act reciprocally during 
jaw opening and closing with the inferior head acting during opening to protrude the 
jaw and pull the articular disc forwards and the superior head during closing of the jaw. 
Others suggest that the inferior head protrudes the mandible and the superior head 
acts when the protruded position is achieved to pull the articular disc into the space 
between the articular eminence and condylar head to help stabilize the joint during 
protrusion. Some recent studies indicate that both heads have the same function of 
protrusion. It has been known for some time that if local anaesthetic is injected into 
the superior head of lateral pterygoid (Ouch - even with informed consent!) the patient 
has great difficulty making accurate reproducible jaw movements indicating that the 
superior head is involved in refined positioning of the lower jaw during protrusion and 
lateral excursion. This is another example of being able to discover the Higgs boson 
while not knowing how our own body works.



Basic Medical Science for Speech, and Language Therapy Students  •Extra Materials  ©2018 J&R Press Ltd56

ER 18/5 
Table 3 The muscles of mastication

Muscle of 
mastication

Attachments Actions Innervation

Temporalis Temporalis is a bipennate muscle with a central 
tendon extending from the inferior temporal 
line inferiorly to the coronoid process of the 
mandible. Muscle fibres extend medially 
from the central tendon to the temporal 
fossa between the inferior temporal line and 
the infratemporal crest and laterally to the 
temporalis fascia. The lateral fibres are only 
present superiorly. The central tendon extends 
inferiorly to the coronoid process along its 
length to the retromolar fossa with temporalis 
fibres attaching both laterally and medially to 
the coronoid process.

The muscle is active in 
jaw closing (mandibular 
elevation).

Mandibular 
division of the 
trigeminal nerve 
(V3)

Masseter This muscle has three distinct parts: 
backwardly-directed fibres attach superiorly 
to anterior two-thirds of the lower border 
of the angle of the mandible; vertical fibres 
attach superiorly to the medial surface of 
anterior two-thirds of the zygomatic arch; 
and the posterior one-third of its lower 
border and downwardly directed fibres 
attach to the whole of the medial border 
of the zygomatic arch. These fibres attach 
inferiorly to the medial surface of the 
ramus of the mandible from the angle to 
the mandibular notch. The three parts are 
distinct posteriorly but are progressively 
fused anteriorly.

The muscle is active 
in jaw closing 
(mandibular 
elevation).

Mandibular 
division of the 
trigeminal nerve 
(V3)

Lateral 
pterygoid

This muscle has two heads. The larger, 
inferior head attaches anteriorly to the 
lateral surface of the lateral pterygoid plate. 
The smaller, superior head attaches antero-
superiorly to the infratemporal surface of 
the greater wing of the sphenoid bone. The 
two heads converge posteriorly to attach to 
the pterygoid fovea of the mandible and the 
capsule of the temporomandibular joint.

The inferior head of 
the muscle is active 
in jaw opening 
(mandibular 
depression) pulling 
the mandibular 
condyle and disc 
anteriorly clear of 
the mandibular fossa 
to lie beneath the 
articular eminence. 
The superior head acts 
during jaw closure 
to pull the articular 
disc upwards into the 
mandibular fossa. 

Mandibular 
division of the 
trigeminal nerve 
(V3)

Continued
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Medial 
pterygoid

This muscle has two heads. The superficial 
head attaches superiorly to the maxillary 
tuberosity. The inferior head attaches 
superiorly to the medial surface of the 
lateral pterygoid plate. Both heads attach 
inferiorly to the medial surface of the 
mandible in the region of the angle.

This muscle is 
active in the early 
stages of jaw closing 
(mandibular 
elevation). When 
it contracts in 
combination with the 
contraction of lateral 
pterygoid it pulls the 
mandible forwards 
(protraction).

Mandibular 
division of the 
trigeminal nerve 
(V3)

Further reading for Chapter 18
The first three books should be consulted for further detailed information on the 
anatomy and functions of structures in this region.

Atkinson, M.E. (2013). Anatomy for Dental Students, 4th ed. Oxford and New 
York: Oxford University Press, Oxford Medical Publications.

Liebgott, B. (2011). Anatomical Basis of Dentistry, 3rd ed. St Louis and London: 
Mosby.

Standring, S. (Editor in Chief) (2016). Gray`s Anatomy: The Anatomical Basis of 
Clinical Practice, 41st ed. Edinburgh: Churchill Livingstone.

The next book is a good starting place for more detail on the role of the structures in 
this region in speech.

Hixon, T.J., Weismer, G., & Hoit, J.D. (2014). Preclinical Speech Science. Anatomy, 
Physiology, Acoustics and Perception, 2nd ed. San Diego, Oxford and Melbourne: 
Plural Publishing Inc.

Do not be put off by the title of the next book. It contains some very interesting insights 
into the structure and function of the structures covered in this chapter viewed from 
an evolutionary perspective.

Aiello, L. & Dean, C. (1990). An Introduction to Human Evolutionary Anatomy. 
London and San Diego: Academic Press.
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Supplementary material for Chapter 19 
The mouth and nose

Answer Table for Chapter 19 Multiple Choice Questions

Question number Correct answer Section reference

19.1 A 19.5.2, Figure 19.8

19.2 D 19.6.1, Table 19.3

19.3 C 19.6.1

19.4 D 19.8.1

19.5 C 19.8.1

19.6 C 19.8.1

19.7 B 19.4.2, Figure 19.4

19.8 B 19.3

19.9 B 19.5.2, Figure 19.8

19.10 A 19.8

Answers to Chapter 19 Short Answer Questions

19.11 

They are enlarged lymph nodes. They could be the result of spread of 
infection (see Sections 4.4.1 and 15.10) or, more sinisterly, metastasis of a 
tumour (see Section 2.11.3).

19.12 

Refer back to Table 4.1! The first two questions in this case history 
illustrate how you will need to draw from a wide range of topics for 
accurate diagnosis in clinical practice.

19.13 

Reread Section 19.5.2 and look at Figure 19.8 to refresh your knowledge of 
the innervation of the tongue; somatosensation of the anterior two-thirds 
is supplied by the lingual branch of the mandibular trigeminal nerve and 
the posterior third by the glossopharyngeal nerve. You would test loss 
of sensation on the anterior two-thirds of the tongue by the blunt touch 
test (see Box 11.2 and Table 11.2) – you would not use a sharp touch test 
as you would if examining cutaneous sensory loss. [*Why not?] It can be 
very difficult to assess sensory loss on the posterior third of the tongue. 
[**Why?]

*Most people find sharp sensation in the mouth very unpleasant.

**This area of the tongue is very difficult to access and is supplied by the 
glossopharyngeal nerve, the afferent limb of the gag reflex; clients are likely to 
find tests in this area unpleasant and may well gag.
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19.17.  Label the muscles of the tongue and other structures shown on the 
diagram below; the attachments of the muscles give clues to their 
functions.

19.14

Loss of sensation over the tongue may make it difficult for him to register 
the presence of liquid and the location of the tongue in relation to 
other oral structures. Liquid may escape into his pharynx before he has 
actually initiated a swallow (see Section 21.3.2) and has entered his larynx 
initiating a cough reflex (see Section14.7). 

19.15

The hypoglossal nerve (CN XII). See Box 11.7 and Table 11.2 for tests.

Additional questions for Chapter 19
The answers will be found after the suggestions for Further Reading.

19.16.  Label the structures arrowed on the diagram below. Try to do it without 
reference to the corresponding figures in the text to see how much you 
can recall.
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19.19.  Which nerve supplies the sensory innervation to the region labelled 4 in 
the diagram? Of which reflex does this nerve form the afferent limb? 

19.20.  A client, a retired lecturer in French, is referred to an ENT surgeon by 
his dentist because of a suspicious lump anterior to the structure ST on 
the diagram. What is ST and what is its significance?

19.21.  Which cranial nerve carries sensory information from the tongue 
anterior to ST? 

ER 19/1 Dental terminology and shorthand systems for 
identifying teeth
For clinical purposes the dentition is divided into quadrants illustrated in ER Figure 
19.1. Each maxillary (upper) and mandibular (lower) dental arch is divided into 
left or right quadrants, one on either side of the midline. Note that, as always, it is 
designated with respect to the client’s left and right sides (not your own!) In a full 
permanent dentition there should be 32 teeth with eight in each quadrant. From the 
midline, each quadrant contains a central incisor, lateral incisor, canine, first premolar, 
second premolar, first molar, second molar and third molar (the wisdom tooth). In the 
primary dentition, there are five teeth in each quadrant giving a total of 20. From the 
midline, these are a central incisor, lateral incisor, canine, first molar and second molar.

Dentists use shorthand reference systems to identify specific teeth; anyone who 
has had a dental examination will have heard the dentist relaying information to the 
dental surgery assistant as “upper right seven absent. Lower left five gold crown …”. 
The system now most widely used is the FDI system. Until recently, a system known 

19.18.  The diagram below shows a view of the oral cavity that would be seen 
during an examination of the oral cavity. Identify the structures labelled 
1 to 7
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as the Zsigmondy System was commonly used to designate teeth. It is included here 
because some elements of this system are still used. 

In the most widely-used FDI system, the permanent teeth are numbered 1 to 8 
in each quadrant and the primary teeth are also numbered as 1 to 5. Each quadrant 
is given a number starting with the upper right permanent quadrant as 1 through 
upper left (2), lower left (3) and lower right(4) as indicated in Figure ER 19.1. The 
primary quadrants follow on in sequence so the upper right primary quadrant is 5 
and the lower right primary quadrant is 8. Each tooth is identified by its quadrant and 
number. As examples of the use of the FDI system, the upper right permanent canine 
is designated as 1.3, the upper left primary second molar becomes 6.5, and the upper 
right primary lateral incisor is 5.2.

Upper right quadrant  
(1 or 5)

Upper left quadrant (2 or 6)

Lower left quadrant (3 
or 7)

Lower right quadrant (4 
or 8)

In the Zsigmondy System, the dentition is written out as a grid; each permanent tooth 
within a quadrant is given a number and each deciduous tooth is given a letter thus:

  upper right quadrant  8 7 6 5 4 3 2 1  | 1 2 3 4 5 6 7 8   upper left quadrant
                                               E D C B A  | A B C D E            
                                                E D C B A | A B C D E         
  lower right quadrant  8 7  6 5 4 3 2 1 | 1 2 3 4 5 6 7 8   lower left quadrant

Each tooth is designated by its number or letter enclosed in the appropriate grid. Thus 
the upper left primary second molar is written |E; the upper right permanent canine 
as 3|, the upper right deciduous lateral incisor as B| and so on. 

The surfaces of teeth have a terminology of their own. The outer surface adjacent 
to the lips is the labial surface, that adjacent to the cheek the buccal surface. The 
inner surfaces are known as the palatal surfaces in the maxillary dentition and the 
lingual surfaces in the mandibular dentition as they are adjacent to the palate and 
tongue respectively. The surfaces between two adjacent teeth in the same dental arch 
are the mesial surfaces facing the midline and the distal surfaces facing the back of 
the mouth. The sharp biting edges of the anterior teeth are the incisal edges and the 
broad surfaces with cusps on posterior teeth are the occlusal surfaces.

Figure ER 19.1
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ER 19/2 Developmental stages of the dentition.
A combination of oral examination and dental radiography enables the clinician to 
assess the development of the two dentitions and determine if teeth are going to appear 
in their normal sequence at the normal time and in the correct location. 

There are four notable stages in the life history of developing teeth. Calcification 
of the crown is when the hard tissues, enamel and dentine are first formed. This 
generally occurs several years before the tooth is visible in the mouth and can only 
be observed radiographically. However, detection of calcification tells the dentist that 
that particular tooth is developing normally. Even before teeth calcify, the presence 
of the developing tooth is marked by a dark (radiolucent) area in the jaw bones. From 
the start of calcification, it takes about 3 years for permanent teeth and between 8 
and 12 months for deciduous teeth for the crown of the tooth (the part which can be 
seen in the mouth) to be fully formed. Examination of the progress in the formation 
of the crown will tell the dentist whether the teeth are developing as predicted. The 
long process by which teeth move from their developmental position in the jaws into 
their functional position in the oral cavity is known as eruption. Each tooth appears 
in the oral cavity within a relatively restricted period and the teeth in each dentition 
appear in a particular sequence which is, unfortunately, not a simple front to back 
progression. The tooth roots, which take about twice as long as the crown to develop, 
can also be seen on radiographs and corroborate other evidence that the teeth are 
developing normally. 

The sequence and timing of these stages for each tooth is fairly consistent although 
primary (deciduous) teeth may erupt more than 6 months either side the given dates and 
permanent teeth may erupt one year either side the given date. Mandibular teeth usually 
erupt about 6 months ahead of their maxillary counterparts and eruption is usually 
earlier in females than in males. Using thorough oral examination and radiographs, 
dentists can gain a full picture of the state of development of the dentition, make 
predictions about how development will proceed, and anticipate whether overcrowding 
of the teeth is likely to occur.

Figure ER 19.2 is a dental panoramic radiograph of a 3-year-old child and shows 
several features mentioned above. The teeth have been labelled using the Zsigmondy 
system, using letters for the primary teeth to clarify which teeth are primary and which 
are permanent. Look at the lower left second primary molar (E) and you can see that 

Figure ER 19.2
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its roots are fully formed ending in sharp points. Look carefully between its roots and 
you can make out the beginning of formation of the crown of the permanent second 
premolar (5) which will succeed it at about 10 years of age. The crown of the lower 
left 6 distal to it has formed and the root is just beginning to form. The next tooth (7) 
is only just visible; the crown has just started to calcify but you can see a dark area 
around the tooth occupied by the tissues making tooth enamel.

ER 19/3 Osteology of the hyoid bone and mandible
The hyoid bone itself is U-shaped. A thickened body forms the base of the U which 
lies anteriorly in the neck and is the portion of the bone that is easily palpable during 
examination of the neck (see Box 15.2). Two greater cornua extend posteriorly on 
each side to form the upward strokes of the U; they end in slightly enlarged tips. Two 
smaller lesser cornua extend superiorly at the junction between the greater cornua 
and the body.

There are several other features on the internal aspect of the mandible as well 
as the very obvious mylohyoid line, the attachment of the mylohyoid muscle. The 
superficial part of the submandibular gland rests in the submandibular fossa inferior 
to the mylohyoid line and the smaller sublingual fossa superior to the mylohyoid line 
houses the sublingual gland. The mandibular foramen on the ramus of the mandible 
is where the inferior alveolar nerve and vessels enter the mandible. The mylohyoid 
groove housing the nerve to mylohyoid runs anteriorly from the foramen. The superior 
and inferior genial tubercles, forming the anterior attachments of the genioglossus and 
geniohyoid muscles respectively lie on internal surface of the mandible in the midline 
whilst the two digastric fossae for attachment of the anterior bellies of the two digastric 
muscles lie on the inferior border just on either side of the midline.

ER 19/4 Surface anatomy and contents of the 
submandibular region 
The submandibular region is located in the upper part of the neck immediately inferior 
to the mandible. Locate the boundaries of the submandibular region by palpating the 
anterior belly of the digastric muscle which can most easily be located by opening thee 
mouth against resistance (place a thumb under the chin and push up as you or your 
volunteer tries to open their mouth). The posterior belly of digastric lies too deep to 
be palpated. Locate and palpate the tip of the greater cornu of the hyoid bone and the 
mastoid process and the position of the muscle belly lies along a line drawn between 
these two bony landmarks. The submandibular triangle is then completed by the 
inferior border of the body of the mandible. The submandibular salivary gland is the 
major structure within the submandibular triangle. The superficial part of this gland 
lies in the neck in the submandibular triangle while the deep part of the gland and its 
duct lie in the oral cavity. Thus, the gland is best palpated by placing a finger of one 
hand on the gland in the neck and a finger of the other hand on the gland in the mouth 
and rolling the gland between both fingers. The posterior part of the superficial lobe 
of the gland curves around the posterior border of the mylohyoid muscle to become 
continuous with the deep part of the gland in the oral cavity (see Figure 19.13). The 
submandibular lymph nodes are superficial to the gland; they drain the floor of the 
mouth and the anterior tongue. Enlargement (lymphadenopathy) of the lymph nodes 
can be distinguished from swelling of the submandibular gland because the nodes can 
only be palpated superficially whereas the gland can be palpated intraorally as well. 

A number of other structures enter the oral cavity after passing through the 
submandibular region. They include the facial and lingual arteries which are branches 
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of the external carotid artery, the facial vein, the hypoglossal nerve and the nerve to 
mylohyoid.

ER 19/5 The chorda tympani 
You may wonder why the chorda tympani leaves the facial nerve to join the lingual 
nerve, a branch of the mandibular division of the trigeminal nerve. During development 
of the head and neck, the trigeminal and facial nerves lie close together in the embryo 
in adjacent pharyngeal arches (see Chapter 22.7). A branch passes from the facial nerve 
to the mandibular division of the trigeminal nerve at this very early stage, and in this 
case the connection persists as the chorda tympani. In fact, other branches pass between 
the cranial nerves supplying the other pharyngeal arches though the chorda tympani 
is the largest and most significant. These branches are known as pretrematic branches. 
The existence of the chorda tympani is one of a number of puzzling features of head 
and neck anatomy that has a straightforward explanation, deriving from the way in 
which the head and neck form in the embryo though the mechanism that governs 
why the chorda tympani grows in this way is still being investigated.

ER 19/6 Autonomic innervation of the salivary glands
The parotid glands are supplied by parasympathetic secretomotor preganglionic axons 
from the glossopharyngeal nerves that synapse in the otic ganglion. The submandibular 
and sublingual glands are innervated by preganglionic secretomotor nerves from the 
facial nerve travelling in the chorda tympani that synapse in the submandibular 
ganglion. Both ganglia are very close to the glands and the postganglionic axons from 
these two ganglia then travel to their respective salivary glands. The facial nerve is also 
the source of preganglionic nerves to the lacrimal glands which secrete tears, a serous 
fluid which protects the conjunctiva covering the anterior aspect of the eyeball from 
infection. This why dry eye may be seen alongside xerostomia. These nerves synapse 
in the pterygopalatine ganglion.

The preganglionic sympathetic nerve supply to the major salivary gland is derived 
from the upper thoracic outflow and the nerves synapse in the superior cervical 
ganglion where the cervical sympathetic chain terminates. The postganglionic axons 
reach each gland by travelling along the external carotid artery to the parotid gland 
and the lingual and facial arteries to the submandibular and sublingual glands.

Further reading for Chapter 19
A comprehensive guide to the surface anatomy of the human body can be found in:

Tunstall, R. & Shah, N. (2012). Surface Anatomy. London JP Medical Ltd.

The next two textbooks will be found to contain more detail on the anatomy of the 
head and neck.

Atkinson, M.E. (2013). Anatomy for Dental Students, 4th ed. Oxford and New 
York: Oxford University Press, Oxford Medical Publications.

Liebgott, B (2011). Anatomical Basis of Dentistry, 3rd ed. St Louis and London: 
Mosby.
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Answers to additional questions for Chapter 19

19.16  You should confirm the accuracy of labelling in answer to this 
question by comparing your labelling of the diagram to that of 
Figure 19.11.

19.17  You should confirm the accuracy of labelling in answer to this 
question by comparing your labelling of the diagram to that of 
Figure 19.11.

19.18  The structures are: 1 = hard palate, 2 = soft palate, 3 = uvula, 4 = 
posterior pharyngeal wall, 5 = palatopharyngeal arch (posterior 
pillar of the fauces), 6 = palatoglossal arch (anterior pillar of the 
fauces), 7 = tonsillar fossa containing the palatine tonsil.

19.19  The glossopharyngeal nerve (CN IX) which forms the afferent limb 
of the gag reflex.

19.20  The sulcus terminalis demarcating the division of the anterior two-
thirds and posterior two-thirds of the tongue. The midline septum 
of the tongue also terminates at the level of the sulcus terminalis; it 
is also deficient right at the tip of the tongue. The fibrous septum is 
impermeable to fluids and the lymphatic drainage from each side of 
the tongue is directed to the lymph nodes of its own side where the 
septum is present. In areas where the septum is absent, lymph can 
drain to both sides so that dissemination of cancer cells, for example, 
is likely to be much more widespread. A cancer in the posterior 
third of the tongue generally has a worse prognosis than one on the 
anterior two-thirds of the tongue.

19.21  The lingual branch of the mandibular division of the trigeminal 
nerve (CN5) is the somatosensory supply and the chorda tympani 
branch of the facial nerve (CN7) supplies the taste buds on the 
anterior two-thirds of the tongue.
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Supplementary material for Chapter 20
Speech articulation

Answer Table for Chapter 20 Multiple Choice Questions

Question number Correct answer Section reference

20.1 D 20.2.2

20.2 B 20.2.2

20.3 C 20.2.1 and 20.2.2

20.4 A 20.2.2

20.5 A 20.2.2

20.6 B 20.2.2

If these questions perplexed you, hide these answers and try them again, but this time, 
think about what is happening in each segment of the phonation and articulation of 
the phoneme in question. So:

Is the phoneme voiced or unvoiced? So, are the vocal folds adducted or abducted? If 
so, which muscles are active?

Is there a nasal component? So, is the soft palate raised or lowered? If so, which muscles 
are active?

Where is the supraglottal tract stopped by the tongue? So which muscles get the tongue 
into that position?

What is the position and shape of the lips? So which muscles produce the required 
position and shape?

Is there any jaw movement required? In what direction? So which muscles will produce 
that movement?

If you think this way and know the names and actions of the muscles involved, you 
can analyze any phoneme. Yes you can!

Answers to Chapter 20 Short Answer Questions

20.7

During formation of /u/ there is some degree of mandibular depression 
but this movement is absent during articulation of /ɒ / and there may 
even be a slight elevation. During articulation of /u/ the lips are protruded 
but during articulation of /ɒ/ there is rounding but very little, if any, 
protrusion. This illustrates the complexities of articulation; two apparently 
closely-related sounds are achieved by subtly different movements. 

20.8 

During articulation of /l/ the sides of the tongue are lowered mainly by 
the action of the hyoglossus muscles whereas /ʃ/ requires grooving of the 
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dorsum of the tongue and elevation of its sides by a combination of action 
of the styloglossus and transverse intrinsic muscles.

Additional Questions for Chapter 20
There are no additional questions for Chapter 20

Further reading for Chapter 20
The first two sources contain further information on the anatomy of articulation:

Clark, J., Yallop, C., & Fletcher, J. (2007). An Introduction to Phonetics and Phonology, 
3rd ed. Oxford: Blackwell.

Hixon, T.J., Weismer, G., & Hoit, J.D. (2014). Preclinical Speech Science. Anatomy, 
Physiology, Acoustics and Perception 2nd Ed. San Diego, Oxford and Melbourne: 
Plural Publishing Inc.

These older books, if still available, also contain useful information on the subject.

Hardcastle, W.J. (1976). Physiology of Speech Production. An Introduction for Speech 
Scientists. New York and London: Academic Press.

Laver, J. (1980). The Phonetic Description of Voice Quality. Cambridge: Cambridge 
University Press.

Palmer, J.M. (1993). Anatomy for Speech and Hearing. Baltimore: Williams and 
Wilkins.
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Supplementary material for Chapter 21 
Swallowing

Answer Table for Chapter 21 Multiple Choice Questions

Question number Correct answer Section reference

21.1 B 21.2.3

21.2 C 21.2.4

21.3 C 21.3.3, Table 21.1

21.4 B 21.2.3

21.5 D 21.2.1 and 19.2

21.6 D 21.3.2

21.7 A 21.3

21.8 C 21.4

21.9 A 21.3.3

21.10 D 21.3.4

Answers to Chapter 21 Short Answer Questions

21.11 

The cerebellum.

21.12 

There are several characteristics but not all of these will necessarily be 
present in any one individual. 

Dysphagia, hoarseness, weak ad breathy voice, palatal insufficiency 
associated with damage to vagus nerve nuclei (the nucleus ambiguus). 

Vertigo, nausea or sickness, nystagmus, an abnormal form of eye 
movement in which the eye makes a smooth pursuit movement in one 
direction followed by a quick saccade or jerking movement in the opposite 
direction**; oscillopsia (a defect of eye movement which results in objects 
in visual space appearing to oscillate varying from quite a mild effect 
giving a blurry image to something much more pronounced). These are all 
associated with cerebellar damage.

Loss of pinprick facial sensation due to damage to the spinal part of the 
trigeminal sensory nucleus. 

Loss of pinprick sensation from the body due to damage to spinothalamic 
tract of the anterolateral pathways.

Drooping of the upper eyelid due to damage to the diffuse descending 
sympathetic tract in the lateral medulla passing down to the sympathetic 



Basic Medical Science for Speech, and Language Therapy Students  •Extra Materials  ©2018 J&R Press Ltd69

nerves exiting the CNS with the upper thoracic nerves.

[**If you want to see what this actually looks like there is a video 
demonstration on Wikipedia which gives also gives a very simple account 
of a complex topic]

21.13 

FEES

Additional questions for Chapter 21
There are no additional questions for Chapter 21.

Enhanced reading for Chapter 21

ER 21/1 Forces acting during swallowing 
The forces driving the bolus of food from the pharynx into the oesophagus interact 
to ensure food is, as far as possible, completely cleared from the pharynx before the 
laryngeal inlet reopens. A muscular force develops in the pharynx as it constricts 
behind the bolus generated by contraction of the superior constrictor muscles. The 
bolus is then carried down the pharynx by a coordinated peristaltic wave as the three 
pairs of constrictor muscles contract in sequence from above downwards, driving the 
bolus towards the oesophagus. However, observations indicate that the head of the 
bolus moves faster than the wave of pharyngeal constriction. This suggests that it is 
the kinetic energy imparted to the bolus as it is expelled from the mouth which may 
be the main driving force sufficient to carry the bolus through the pharynx aided by 
negative pressure in the laryngopharynx. The tongue driving force is a positive pressure 
pushing the bolus towards the laryngopharynx generated by the upward movement 
of the tongue pressing the bolus against the contracting pharyngeal wall. A tight 
velopharyngeal seal is necessary for this force to be effective. In the laryngopharynx 
a negative pressure acting like a suction pump is generated by the elevation and 
anterior movement of the hyoid bone and larynx. This negative pressure sucks the 
bolus towards the oesophagus. The negative pressure in the laryngopharynx is aided 
by a more negative pressure inside the oesophagus produced by negative pressure in 
the thoracic cavity.
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ER 21 Table 1 The anatomy of the pharyngeal muscles
Pharyngeal muscle Attachments Actions Innervation

Superior constrictor The anterior attachments 
of the superior constrictor 
muscles are superiorly 
from the lower half of the 
posterior border of the 
medial pterygoid plate 
as far posteriorly as the 
tip of the hamulus. The 
muscle then attaches to the 
pterygomandibular raphé 
where it interdigitates with 
the buccinator. Inferiorly 
it attaches to the posterior 
part of the mylohyoid line. 
Posteriorly the fibres of 
superior constrictor attach 
to the pharyngeal raphé 
extending superiorly to the 
pharyngeal tubercle of the 
basiocciput and inferiorly to 
level of the vocal folds in the 
larynx. The fibres of superior 
muscle lie outside the 
pharyngobasilar fascia but as 
they extend inferiorly they lie 
within middle constrictor

The superior 
constrictor acts in a 
coordinated fashion 
with the middle and 
inferior constrictors to 
constrict the pharynx 
to aid the passage of 
food or liquids down 
the pharynx during 
swallowing.
The pharyngeal 
constrictors also act 
during the production 
of speech to change 
the calibre of the 
pharynx and tension 
in the pharyngeal walls 
to alter its resonant 
properties.

Superior constrictor, 
middle constrictor, the 
thyropharyngeus part 
of inferior constrictor, 
palatopharyngeus and 
salpingopharyngeus all 
receive their nerve supply 
from the pharyngeal plexus. 
This lies on the posterior wall 
of the pharynx mainly on 
the middle constrictor. The 
pharyngeal plexus receives 
a motor contribution from 
the vagus nerve, a sensory 
contribution from the 
glossopharyngeal nerve and 
a sympathetic contribution 
from the cervical sympathetic 
nerves.

Middle constrictor The middle constrictor 
muscle is attached anteriorly 
to the greater and lesser 
cornua of the hyoid bone 
and to the lowest part of the 
stylohyoid ligament. From 
this narrow attachment its 
fibres extend posteriorly 
to attach to the midline 
pharyngeal raphé. Superiorly 
they extend upwards outside 
the superior constrictor to 
within an inch or so of the 
skull base. Inferiorly the 
fibres pass inside the inferior 
constrictor ending at the level 
of the vocal folds.

See superior constrictor 
above.

See superior constrictor 
above.

Continued
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Inferior constrictor This muscle is in two parts: 
thyropharyngeus above and 
cricopharyngeus below.
The thyropharyngeus part 
of the muscle is attached 
anteriorly to the oblique 
line of the lamina of the 
thyroid cartilage and to a 
ligament that runs across 
the cricothyroid muscle. The 
fibres then pass posteriorly 
and superiorly enclosing 
the middle and superior 
constrictor muscles.
The cricopharyngeus muscle 
attaches anteriorly to the 
cricoid arch and passes 
posteriorly in a ring to the 
cricoid arch on the opposite 
side for the pharyngeal raphé 
is absent at this level. The 
cricopharyngeus part of 
the muscle contains a high 
proportion of elastic fibres.

See superior constrictor 
above
The cricopharyngeus 
muscle is normally 
closed except during 
a swallow. When 
closed it acts as a 
sphincter to prevent 
air being sucked 
into the oesophagus 
by the negative 
pressure within the 
thorax especially 
during inspiration. 
During a swallow 
the cricopharyngeus 
relaxes to allow 
the passage of food 
or liquid into the 
oesophagus.

For the innervation of the 
thyropharyngeus part of 
inferior constrictor see 
superior constrictor above.
The cricopharyngeus part of 
the muscle is also supplied 
by the recurrent and external 
laryngeal nerves

Palatopharyngeus Superiorly this muscle has 
two heads. The anterior head 
is attached to the posterior 
border of the hard palate 
and the anterior part of 
the upper surface of the 
palatine aponeurosis. The 
posterior head attaches to 
the posterior part of the 
upper surface of the palatine 
aponeurosis. The inferior 
attachment of the muscle is 
to the posterior border of the 
thyroid lamina and superior 
and inferior cornua of the 
thyroid cartilage. The fibres of 
palatopharyngeus blend with 
the salpingopharyngeus and 
stylopharyngeus.

The palatopharyngeus 
acts to raise the 
pharynx should its 
palatine attachment 
be fixed which occurs 
during palatine 
elevation when the soft 
palate is raised and 
tensed. If the palate 
is relaxed then this 
muscle lowers the soft 
palate.

See superior constrictor 
above

Continued



Basic Medical Science for Speech, and Language Therapy Students  •Extra Materials  ©2018 J&R Press Ltd72

Salpingopharyngeus This muscle is attached 
superiorly to the cartilage 
of the auditory tube. 
Inferiorly it blends with the 
palatopharyngeus (see above).

This muscle aids the 
elevation of the larynx 
and pharynx and also 
aids tensor veli palatini 
in the opening of the 
pharyngotympanic 
tube by depressing the 
floor of the tube.

See superior constrictor 
above

Stylopharyngeus This muscle is attached 
superiorly to the deep aspect 
of the styloid process close to 
its origin from the skull base. 
Inferiorly it passes through 
a gap between the lowest 
fibres of superior constrictor 
and highest fibres of middle 
constrictor coming to lie 
within the middle constrictor 
to attach inferiorly posterior 
border of the thyroid lamina 
and superior and inferior 
cornua of the thyroid 
cartilage.

This muscle raises the 
larynx and pharynx 
during swallowing or 
during speech.

Glossopharyngeal nerve

Further reading for Chapter 21
Chapter 13 of the first book gives a useful overview of swallowing.

Hixon, T.J., Weismer, G., & Hoit, J.D. (2014). Preclinical Speech Science. Anatomy, Physiology, 
Acoustics and Perception 2nd ed. San Diego, Oxford and Melbourne: Plural Publishing.

Standring, S. (Editor in Chief )(2016). Gray`s Anatomy: The Anatomical Basis of Clinical 
Practice, 41st ed. Edinburgh: Churchill Livingstone. This book contains a concise overview of 
swallowing at the end of Chapter 34 on the pharynx. There are also references to more detailed 
reviews of the topic for those wishing to pursue the subject further. 

You can also do so by reading: 

Patterson, J. & McHanwell, S. (2017) The physiology of swallowing. In: V. Paleri et al. (Eds)
Scott-Brown’s Otolaryngology: Head and Neck Surgery, 8th ed. P London: Edward Arnold. 
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Supplementary material for Chapter 22 
Development and growth of the face and jaws

Answer Table for Chapter 22 Multiple Choice Questions

Question number Correct answer Section reference

22.1 D 22.8.4, Box 22.3

22.2 B 22.8.4, Table 22.2

22.3 A 22.7, Table 22.1

22.4 C 22.2

22.5 C 22.5

22.6 B 22.9.2, Box 22.4

22.7 C 22.5

22.8 C 22.8.4, Table 22.2

22.9 A 22.8.1

22.10 B 22.7, Box 22.2

Answers to Chapter 22 Short Answer Questions

22.11 

You should reassure her that, although alcohol may be a contributory 
factor, it is usually due to continuous heavy alcohol consumption in the 
early stages of pregnancy. You should also make it clear that the palate is 
fully formed by the end of the first 3 months of pregnancy so a drinking 
binge at 6 months would have had no effect anyway. 

See Section 22.8.4 and Table 22.3.

22.12

You should explain:

•  Building blocks form between 4–6 weeks but may not form properly as 
several ‘bits’ are needed to make a palate. 

• These have to grow sufficiently to meet each other and might not do so.

•  The palatine processes are deflected vertically by the growing tongue 
and then have to move into a horizontal alignment to meet properly. 
Various factors play a role – cervical flexure of the embryo, growth in 
mandibular width to allow tongue to drop and synthesis of chemicals 
(GAGs including hyaluronon) in palatine processes. Disturbance of any 
of these could affect palate formation. 

•  Ectoderm covering the different processes has to ‘die’ (apoptosis) to 
allow the underlying ectomesenchymal tissue to fuse. The signals that 
make the cells die may not operate. 
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See Section 22.8 and Table 22.3. Of course, you will have this book handy 
so you could show her the relevant figures or attempt to draw them for her.

Additional questions for Chapter 22
The answers will be found after the suggestions for Further Reading for this chapter

22.13 Macrostomia results from failure of fusion of:

A. maxillary and mandibular processes

B. left and right mandibular processes

C. maxillary and frontonasal processes

D. mandibular and hyoid arches

22.14 Palatine shelf elevation is due to the effect of:

A. descent of the tongue 

B. changes in flexure of the developing brain

C. hydrophilic molecules increasing turgor pressure in the palatine shelves

D. a combination of each of these processes

22.15 Which of the following structures are derived from ectomesenchyme?

A. Cranial sensory nerve ganglia.

B. Autonomic ganglia.

C. Melanocytes.

D. All three cell types.



75 Enhanced reading for Chapter 22

ER 22/Figure 1 The developmental relationship 
between the components of the pharyngeal arches.

The vertical dots indicate the alignment of each frame. A. The pharyngeal 
pouches. B. The rhombomeres and cranial nerves. C. The coding of rhombomere 
tissue by the differential expression of homeobox genes. D. The migration of 
ectomesenchyme (neural crest) into the pharyngeal arches. E. The muscular 
derivatives of the paraxial mesoderm and their distribution. Redrawn from Noden, 
D.M. &Trainor, P.A. Journal of Anatomy 207, 588 (2005). Reproduced from M.E. 
Atkinson, Anatomy for Dental Students, 4th ed. (2013) by permission of Oxford 
University Press.
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Further reading for Chapter 22
The first two in the list are well-illustrated embryology textbooks giving very good 
descriptions of human embryology.

Mitchell, B.S. & Sharma, R. (2009). Embryology: An Illustrated Colour Text, 2nd 
ed. Edinburgh: Churchill Livingstone.

Sadler, T.W. (2015). Langman`s Medical Embryology, 13th ed. Philadelphia PA: 
Lippincott, Williams and Wilkins.

This popular science book by Professor Shubin of the University of Chicago contains 
some very concise but approachable and illuminating descriptions of embryology 
including embryology of the head and neck. Chapters 3 and 4 deal specifically with 
head and neck.

Shubin, N. (2008). Your Inner Fish. London: Allen Lane.

Answers to supplementary questions for Chapter 22

Question Correct answer Page reference

22.13 A 22.8.5, Box 22.3

22.14 D 22.8.4

22.15 D 22.4
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Supplementary material for Chapter 23 
Ear and hearing

Answer Table for Chapter 23 Multiple Choice Questions

Question Answer Section reference

23.1 C 23.2

23.2 D 22.4.1

23.3 C 22.4.2

23.4 B 22.5.1 and 21.2.3

23.5 A 22.5.2

23.6 A 22.5.3

23.7 D 22.6.3

23.8 C 22.6.4

23.9 A 22.7.1

23.10 B 22.7.2

23.11 A 22.5.2

23.12 B 22.4.2

Answers to Chapter 23 Short Answer Questions

23.13  Sound is measured in decibels. This is a logarithmic scale so a sound 
of 10 decibels is 10 times louder than a sound of 1 decibel; a sound 
of 20 decibels is 100 times louder (10 × 10) than a sound of 10 
decibels. It is a relative scale measured against a minimum value.

See Section 23.2

23. 14 

• Transmission of sound to the oval window and inner ear. 

•  Amplification of the force of vibration on the fluid-filled inner ear by 
acting as an impedance matching device due to the difference in area 
between the tympanic membrane and the oval window (** What is the 
area difference?), the lever action of the ossicles and the buckling of the 
tympanic membrane. 

• Reduction of bone-conducted sound.

** Fifteen (tympanic membrane) to one (oval window)

See also Section 22.5.2.

23.15  The stapedius (facial nerve – CNVII) and tensor tympani 
(mandibular division of trigeminal). See Section 22.5.3.
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23.16  They contract reflexly in response to loud and or low frequency sounds 
acting to protect the ossicles. They also contract in response to high 
frequency sounds where they act to lock the ossicles together and thus 
improve their high frequency response. 

See Section 22.5.3.

Additional questions for Chapter 23
Answers will be found after the suggestions for further reading for this chapter

23.17 Name the structures visible on each of the walls of the tympanic cavity. 

23.18 On to which of these structures does the foot plate of the stapes press?

Enhanced reading for Chapter 23

ER 23/1 Anatomy and functions of the external ear
The pinna, or auricle, consists of a framework of elastic cartilage covered with skin 
containing sebaceous glands and hair follicles. The lateral surface of the pinna is slightly 
concave and bears a number of convexities, cavities and curvatures. These features 
have all been given names by anatomists but they are of little interest to a speech and 
language therapist. The pinna develops from six separate components around the first 
pharyngeal cleft which accounts for the wide individual variation in the shape, size and 
disposition of cavities and convexities in the auricle. The pinna is attached to the side of 
the head by the continuity of its cartilaginous plate with the cartilage of the lateral part 
of the external auditory meatus and ligaments and muscles. The muscles are vestigial in 
man and do not serve the function, as in some mammals, of moving the pinna to face 
the direction of the sound source to aid sound localization; their names, attachments 
and functions are of little interest to speech and language therapists. However, the fact 
that we cannot move our auricle to face the direction from which a sound is coming has 
practical consequences. Mostly we judge the direction from which a sound is coming 
through neural processing in the brainstem (see Section 24.3) but we can also turn 
our entire head to position our ears favourably to localize sound. The curvatures and 
cavities within our auricle also aid the localization of sounds coming towards us by 
deflecting sound as it enters the external auditory meatus. This is especially important 
in relation to the vertical localization of sound. Look at anyone’s ear and it is clear that 
the part of the ear above the external auditory meatus is a different shape to that part 
below; sound reaching us from below is reflected around the auricle in a different way 
to sound reaching us from above and the brain can analyze these differences to locate 
sound in a vertical plane. The ability of humans to localize sound is not as good as 
some animals such as bats or some birds. Similarly, our ability to detect frequency is 
not as good as in other animals. Basically, human hearing in all its aspects is not as 
good as that in most animals. 

The external auditory meatus as a blind-ending tube has its own resonant frequency 
and this is relatively low, in the range 3000-4000 Hz; sounds at these frequencies will 
be enhanced as they pass down the meatus and onto the tympanic membrane. The 
variation in this resonant frequency is simply the reflection of the fact that the size of 
the meatus varies between individuals.
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ER 23/2 

Anatomy of the ossicular chain and ossicular 
movements during hearing
There are two synovial joints in the ossicular chain: 

• the incudomalleolar joint 

• the incudostapedial joint. 

The incudomalleolar joint occurs between the malleus and the incus and the 
incudostapedial joint between the incus and the stapes. At normal ranges of sound 
intensity, the incus and malleus move as a single unit but at higher intensities some 
gliding movement occurs at the saddle-shaped incudomalleolar joint. 

Motion is quite free at the incudostapedial joint. The joint capsules contain an 
abnormally large quantity of elastic tissue. Ligaments support the ossicles within the 
tympanic cavity and strengthen the joints. The main ligaments are the anterior ligament 
of the malleus and the posterior ligament of the incus. The anterior ligament of the 
malleus is attached to the small anterior process of the malleus located at the junction 
of the manubrium of the malleus with the neck. This ligament attaches to the wall 
of the middle ear cavity. The posterior ligament of the incus is attached to the short 
process of the incus and the posterior wall of the tympanic cavity.

Movements of the tympanic membrane produced by sound pressure waves are 
transferred to the oval window by movements of the ossicles and thus displace fluid in 
the cochlea as described in the text. The manubrium faithfully follows the movements 
of the tympanic membrane because it is so tightly bound to the membrane and this 
is one important factor in ensuring that movements of the tympanic membrane are 
transferred accurately to the ossicular chain minimizing distortion of the sound. As 
the tympanic membrane moves medially in response to the increased air pressure, 
the manubrium moves medially causing the head of the malleus to rotate. Rotation 
of these two bones is about an antero-posterior axis and the head of the malleus and 
the body of the incus rotate laterally within the epitympanic recess shown in Figure 
22.3 in the text. The axis of this rotation is along a line that passes through the anterior 
ligament of the malleus, the malleolar head and short process of the incus and then 
along the posterior ligament of the incus. Normally, the malleus and incus are locked 
together by their smaller processes at the incudomalleolar joint. Both joint surfaces 
are concave, resembling a handshake, and thus the two ossicles move as a single unit; 
malleolar rotation produces a similar rotation of the incus. This rotation causes the long 
process of the malleus to move medially in parallel with the manubrium of the malleus. 
As a result, the stapes is pushed medially into the oval window. Larger movements 
produced by loud sounds unlock the two bones, allowing the malleus to glide a little 
on the incus. This prevents the stapes being pulled off the oval window. The precise 
movements made by the footplate of the stapes vary. The main motion appears to be 
a hinge movement about a fulcrum located on the antero-inferior border of the oval 
window likened to the opening of a door rather than a piston-like action sometimes 
described although a combination of these two movements may occur. Whatever the 
precise mode of movement, the footplate pushes on the oval window causing fluid 
displacement in the membranous labyrinth of the cochlea. Because the fluid within 
the inner ear cannot be compressed, this displacement ultimately causes the secondary 
tympanic membrane closing the round window to bulge laterally into the tympanic 
cavity to accommodate the pressure change. 
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The centre of gravity of the ossicular chain lies very close to the axis of rotation 
at the incudomalleolar joint because the main bony mass of the malleolar head and 
body of the incus are situated at that point. This is an important factor in ensuring 
that ossicular movements are rapidly damped; in other words, movements stop 
quickly when sounds stop. If undamped, the ossicles would exhibit a pendulum-like 
movement continuing beyond the end of a sound which would produce spurious 
pressure changes in the cochlea which would be another potential source of sound 
distortion. As described in the text this coincidence of the centre of gravity with the 
axis of rotation also helps to damp vibrations originating from within the bone thereby 
reducing bone-conducted sounds.

ER 23/3 Bone – conducted sound
In addition to sound reaching the inner ear through conduction by the ossicular chain, 
sound vibrations can also be transferred through what is often termed bone-conducted 
sound though it is likely to involve not just the bone but also the soft tissues of the 
skull. This route of transmission has been known about for more than 150 years but 
the mechanisms that bring about this transfer of sound are still not fully understood. 
Several mechanisms have been proposed, including vibration of the external auditory 
meatus, vibration of the walls of the tympanic cavity, movements of the ossicles relative 
to the surrounding bone, movement of the fluids in the inner ear, direct compression 
of the walls of the cochlea and vibrations transferred through the cerebrospinal fluid. 

While some of these mechanisms involve movements of the ossicles in the middle 
ear, other mechanisms bypass that route and stimulate the inner ear directly; these 
form the basis of the classical tests of Rinne and Weber where a tuning fork is applied 
directly to the bone as a means of distinguishing between conductive hearing loss and 
sensorineural hearing loss (see Box 23.1).

These routes of sound conduction to the inner ear are valuable especially at lower 
frequencies where transmission by the ossicular route may be less efficient but this does 
pose a problem that detection of sound in quiet surroundings can be compromised 
by the sounds conducted through these routes via normal activities of living such 
as breathing, chewing and joint movements. The existence, in man, of three ossicles 
rather than one has been proposed to contribute to the suppression of bone-conducted 
sounds under these circumstances. It has been suggested that the head of the malleus 
acts as a counterweight which shifts the centre of mass of the chain much closer to the 
axis of rotation of the malleus and incus relative to the skull. Consequently, when the 
skull vibrates the ossicular chain moves with it and the stapes does not move relative 
to the oval window. This helps detect higher frequency sounds in quiet environments 
against the background noise originating from within.

ER 23/4 Physiology of ossicular movements
The ossicles have a resonant frequency of around 3000-4000 Hz similar to the resonant 
frequency of the external auditory meatus which is the main reason why human hearing 
is especially sensitive in this range of frequency. The ability of the ossicles to conduct 
sound is affected both by their mass and by their stiffness, or resistance to movements. 
Relatively heavy structures of low stiffness will transmit low frequencies while relatively 
light structures of high stiffness will be more effective at transmitting high frequencies. 
The fact that the ossicles have a resonant frequency around 3000-4000 Hz tells us that, 
relatively speaking, the ossicles are too heavy to transmit high frequency sounds and 
too stiff to transmit low frequency sounds as efficiently as transmission of sounds at 
their resonant frequency. 
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Obviously, there is nothing that can be done to alter the weight of the ossicles so 
the only way in which their ability to transmit sound of different frequencies can be 
altered is to change their stiffness or resistance to movement. Contraction of the two 
muscles within the tympanic cavity regulates the stiffness of the ossicular chain both to 
reduce excessive movement and probably also to help regulate their frequency response.

Contraction of the tensor tympani muscle pulls the tympanic membrane medially, 
thus increasing the force needed to move it while contraction stapedius pulls the stapes 
away from the oval window slightly. The combined effect of these two muscles acting 
together will draw the ossicles together and will also increase tension in the ligaments 
holding the ossicles in place within the middle ear cavity. This increases the stiffness 
of the ossicular chain. Stiffness is also augmented by the elasticity of the tympanic 
membrane, the ligaments supporting the ossicles and the resistance to movement by 
the air in the tympanic cavity. The combined effect of all these forces make it harder 
to move the ossicles and so, as described in the text, provides some protection, albeit 
slow, against damage from excessive movement of the ossicular chain that would 
otherwise occur in response to loud sounds. Movements of the ossicles will also be 
greater at low frequencies and if the sound pressures moving the ossicles are greater 
than the forces holding them together then the ossicles will tend to separate when 
attempting to move in response to low frequency sounds of high intensity. This will 
result in sound distortion and reduce hearing acuity so not only do these muscles 
have a protective effect, they may also help improve the accuracy of hearing. Another 
function of tensor tympani and stapedius may be to improve the response of the 
ossicular chain to higher frequencies of sound by reducing the masking effect of low 
frequency sounds on high frequency sounds. Finally, the contraction of these muscles 
during vocalization or speech may help both to protect us from the large pressures 
present in our own supralaryngeal vocal tract when we speak which can be as high as 
100dB SPL, and to hear sounds once we stop speaking.

ER 23/5 Anatomy of the vestibular system
The membranous labyrinth consists of several components in addition to the cochlear 
duct and semi-circular canals. Although the anatomy and functions of those components 
of this system are not of direct relevance to speech and language therapy, some 
knowledge of the vestibular system can be helpful in understanding various clinical 
conditions in which disorders of speech, hearing or swallowing are accompanied by 
disorders of balance.

The cochlear duct within the cochlea is connected via the narrow ductus reuniens 
to a sac located within the vestibule called the saccule. These two components of 
the membranous labyrinth are sometimes called its inferior division. The saccule is 
connected to the utricle via another narrow duct called the utriculosaccular duct. 
The three semicircular canals, lateral, anterior and posterior, lead off the utricle. At 
one end of each semicircular canal is a slight swelling called the ampulla. The saccule 
and semicircular canals form the superior division of the membranous labyrinth. The 
endolymph within the membranous labyrinth is produced by cells within the cochlear 
duct. It is drained into the cerebrospinal fluid by the endolymphatic sac which is joined 
to the membranous labyrinth by the endolymphatic duct that arises between the saccule 
and the utricle. The whole system is closed and so damage to the endolymphatic sac or 
a blockage in the system causes an increase in endolymph termed hydrops which affects 
both hearing and balance. This probably occurs in Ménière’s disease (see Box 23.2).

Hair cells that have similarities in structure to those found in the cochlear are 
located within structures called the maculae in the saccule and utricle and cristae 
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ampullaris in the semi-circular canals. The maculae detect tilting of the head or rapid 
linear acceleration or deceleration of the head. The cristae ampullaris detect angular 
acceleration and deceleration (rotation) of the head. As these systems detect different 
components of movement, the brain can build up a complete picture of movement in 
all three planes. This information about the direction of movement and changes in the 
velocity of movement and are crucial in motor control. The receptors are innervated 
by the vestibular nerves, the vestibular components of the vestibulocochlear nerves, 
which end in the vestibular nuclei in the brainstem. The vestibular nuclei give rise to 
the vestibulospinal pathways which are important for the control of posture, movement 
and the control of eye movements (see Section 10.3.1).

The vestibular nuclei can be affected in a stroke occurring in the brainstem. A 
stroke affecting the nucleus ambiguus that controls swallowing and voice will often 
affect the vestibular nuclei as well, so a speech and language therapist treating a client 
with swallowing or voice disorders following such a stroke may find that these clients 
often also have problems of balance, feelings of vertigo or nausea and nystagmus.

ER 23/6 Innervation of the hair cells in the organ of 
Corti
In humans, the cochlear nerve contains 30-40,000 axons which are a mixture of afferent 
and efferent fibres. The cell bodies of afferent axons are located in the spiral ganglion 
situated within the modiolus. They are bipolar; the peripheral processes innervate the 
hair cells by passing through fine holes in the spiral lamina and the central processes 
go to the brainstem. They leave the cochlea as a series of fine filaments which join 
together to form the cochlear part of the eighth cranial nerve. It joins the vestibular part 
of the eighth nerve in the internal auditory meatus where the nerve travels alongside 
the facial nerve to join the brainstem at the pontomedullary junction. The efferent 
axons originate from neurons in the periolivary nuclei of the superior olivary complex 
(see Section 23.3).

Approximately 90-95% of afferent axons innervate the inner hair cells. These 
are type I axons arising from similarly named neurons in the spiral ganglion. Each 
inner hair cell receives up to 20 afferents and it is believed that a single type I afferent 
axon innervates just a single cell. Thus, the innervation pattern of inner hair cells is 
divergent with one hair cell communicating with the cochlear nuclei via a number of 
axons. Type I afferent fibres show a similar pattern of response to inner hair cells in 
that they have a characteristic frequency at which they respond to sounds of the lowest 
intensity. The remaining 5-10% of afferent axons are type II axons which innervate the 
outer hair cells. Each type II axon innervates as many as 10 outer hair cells and each 
outer hair cell in turn receives afferents from severe type II axons. Thus, the afferent 
innervation of the outer hair cells differs from that of the inner hair cells in being 
convergent as well as divergent.

The efferent innervation of the inner and outer hair cells also differs. The efferent 
axons to inner hair cells originate ipsilaterally from the superior olivary complex (see 
Section 24.3) and end presynaptically on type I afferent axons. In contrast, efferent 
axons end directly on the outer hair cells and originate contralaterally. Outer hair cells 
receive a much denser efferent innervation than inner hair cells with several efferent 
axons ending on the base of each cell.

The afferent innervation of the cochlea is thus dominated by axons from the 
inner hair cells, with each inner hair cell projecting directly to neurones within the 
cochlear nuclei of the brainstem. For this reason, it is believed that the inner hair cells 
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provide the main, and possibly the sole, source of afferent information upon which any 
subsequent analysis of sound within the brainstem nuclei and auditory cortex is based.

ER 23/7 Movement of the hair stereocilia during 
hearing
As the hair cell stereocilia bend in response to displacement of the basilar membrane 
the hair cells bend. The bending of the hair cells is the result of shear forces that develop 
between the basilar membrane and the tectorial membrane as the basilar membrane 
moves in response to the pressure waves in the cochlea arising from vibration at the 
oval window. There are two mechanisms contributing to the development of these 
shear forces. The tectorial membrane and the basilar membrane form an outside and 
inside curvature. Since the radii of these two curvatures are different, when the basilar 
membrane moves the smaller radius will come under tension and the larger radius 
will be compressed, causing a shear force. Additionally, the basilar membrane and the 
tectorial membrane have different points of attachment to the modiolar side of the 
cochlear duct so that when the basilar membrane is displaced, there will be a shear 
force between it and the tectorial membrane because of their different pivot points. 
In both cases, these forces bend hair cell stereocilia. It is relatively easy to understand 
how this comes about for the hair cells whose stereocilia are in direct contact with 
the tectorial membrane. It is less clear how shear forces bend the stereocilia not in 
direct contact with it, but the most likely possibility is that displacement is caused by 
generation of small movement of endolymph bathing the stereocilia as a consequence 
of viscous drag. The bending of stereocilia on the outer hair cells in contact with the 
tectorial membrane is in proportion to the height of the displacement of the basilar 
membrane. The bending of stereocilia of the inner hair cells is proportional to the 
speed at which the basilar membrane moves. 

Protein filaments connect the tips of stereocilia in one row to the bases of 
stereocilia in the next row on the shorter side. As these protein filaments are moved 
by the bending of the stereocilia, they open ion channels resulting in a depolarization 
of the hair cell (see below). When the stereocilia move back to their rest position, the 
channels are closed and the cells become hyperpolarized. This generates an electrical 
potential called a generator potential within the hair cell which stimulates the afferent 
fibres of the auditory nerve that innervate them. In reality, hair cells have spontaneous 
oscillations in membrane potential all the time; mechanical activation by stereocilial 
movement amplifies the spontaneous potential. Only mechanical deformations that 
generate large changes in the potential stimulate the nerves supplying the hair cells.

Mechanical bending of the hair cell stereocilia as the organ of Corti is moved 
by the travelling wave in the basilar membrane causes an electrical excitation of the 
hair cells. More is known about the excitation of inner hair cells than outer hair cells.

Inner hair cells have a resting membrane potential of - 45 mV. The spontaneous 
voltage fluctuation mentioned above oscillates around the resting level. Different hair 
cells have different oscillation frequencies which match the frequencies at which they 
respond best to mechanical displacement. When the basilar membrane moves upwards 
towards the tectorial membrane and the stereocilia are bent, ion channels at the apices of 
the hair cells open. These ion channels are examples of a special kind of channel called 
mechanically-gated ion channels that open when the cell membrane changes in shape. 
The upward movement of the basilar membrane depolarizes the hair cell to produce an 
electrical response of up to -25 mV, the generator potential. As the basilar membrane 
moves in the opposite direction, these ion channels close, so the responses of the hair 
cells follow the oscillatory movements of the basilar membrane, albeit in a distorted 
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way. Depolarization of the inner hair cells causes the release of the neurotransmitter, 
glutamate, causing excitation of the auditory nerves that innervate them.

ER 23/8 Physiology of the basilar membrane
When the oval window is stimulated at a particular frequency, the basilar membrane 
is progressively displaced from base to apex and the movement is in the form of a 
travelling wave. As the wave advances, it grows in amplitude and, once it reaches a 
maximum at a point on the membrane characteristic for that frequency, its amplitude 
quickly declines. After this point the wave travels more slowly, changing the phase 
and producing a longer delay between movements of the oval window and the basilar 
membrane, and increases in wavelength. This mode of vibration means that, although all 
parts of the basilar membrane complete one cycle, they do so with different amplitudes 
and, at any one time, different parts of the membrane are at different points in the 
cycle. As a wave comes in to the beach from the sea, it increases in height (amplitude) 
until it breaks and decays; this is similar to the behaviour of waves travelling up the 
basilar membrane. The maximum amplitude of the wave is greatest near the base of 
the cochlear for high frequency sounds and greater near the apex for low frequency 
sounds. The relationship between the frequency of a sound and the point on the basilar 
membrane at which the amplitude of vibration is at a maximum is not linear but varies 
with the logarithm of the frequency. The human ear can detect frequencies between 
20 Hz to 20,000 Hz. About one-third of the length of the basilar membrane from base 
to apex covers each of the three ranges from 20 Hz-200 Hz, 200 Hz-2000 Hz and 2000 
Hz-20,000 Hz but in reverse order, so the basal third responds to the highest and the 
apex to the lowest frequencies (see Figure 23.7). 

The point at which the maximum amount of pressure passes across the cochlear 
duct to produce the greatest deflection of the basilar membrane depends upon the 
frequency of vibration. As frequency increases, so does the velocity of the particles 
within the medium conveying that vibration. However, because of inertia (resistance to 
movement), more energy is needed to move an object quickly than to move it slowly. 
The other factor preventing movement of the basilar membrane is its own stiffness, 
so the point of maximum vibration represents a balance between these two forces. At 
high frequencies the resistance to movement matches the greater stiffness near the base 
of the membrane producing maximum amplitude near the base. Beyond that point, 
the increasing laxity of the basilar membrane is readily overcome by movement and 
the peak of the wave will decline. This point is progressively nearer the cochlear apex 
as the frequency is reduced; very low frequency sounds will simply reach the round 
window through the helicotrema. Another way of explaining this is that there are two 
forces opposing movement of the basilar membrane, the stiffness of the membrane 
itself and the resistance to movement of the cochlear fluids. The point of maximum 
amplitude of vibration results from the interaction of these two forces. 

The selectivity of this mechanism in situations where the basilar membrane 
is allowed to vibrate passively in isolation is actually rather poor, especially at low 
frequencies where there is a gradual and quite shallow reduction in amplitude from 
the point of maximum to the cochlear base. Selectivity is better at high frequencies 
where there is a much steeper decline of amplitude from the maximum. However, the 
sensitivity of the cochlea and of the auditory nerve fibres to different frequencies of 
sound is far greater than that of the basilar membrane. This implies that the cochlea 
must amplify the sound energy to increase the ability to discriminate between two 
frequencies that only differ by a small amount.
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Further reading for Chapter 23

Martin, J.H. (2002). Neuroanatomy: Text and Atlas, 3rd ed. Stanford Co., Appleton 
Lange.

Kandel, E.R. (2013). Principles of Neural Science, 5th ed. New York and London: 
McGraw Hill Medical.

Silverthorn, D.E. (2016). Human Physiology: An Integrated Approach, 7th ed. 
Edinburgh: Pearson Education.

Answers to supplementary questions for Chapter 23

23.17  Roof – nothing

Posterior wall – pyramid (for stapedius)

Floor – nothing

Lateral wall – tympanic membrane and epitympanic recess

Anterior wall – auditory tube

Medial wall - oval window (fenestra vestibuli), round window (fenestra 
cochleae), promontory 

23.18 The stapes locates into oval window.
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Supplementary material for Chapter 24 
The central auditory pathways

Answer Table for Chapter 24 Multiple Choice Questions

Question Answer Page reference

24/1 A 24.2

24/2 A 24.2 and 24.3

24/3 D 24.2

24/4 D 24.3

24/5 A 24.3

24/6 A 24.4

24/7 B 24.4

24/8 D 24.7

24/9 D 24.7

24/10 C 24.7

24.11 C 24.5

24.12 B 23.5 and 21.2.3

Answers to Chapter 24 Short Answer Questions
There are no short answer questions for Chapter 24.

Additional questions for Chapter 24
There are no additional questions for Chapter 24

Enhanced reading for Chapter 24

ER 24/1 The cochlear nuclei
The auditory pathway in the brainstem is extremely complex for reasons which are not 
entirely clear but may be the consequence of the large amount of neural processing 
of sound that must take place prior to the perceptual processes occurring in the 
cortex. Another complexity, when it comes to understanding the auditory pathways 
in humans, is that much of our understanding is based upon what we know about 
auditory pathways in animals. There are likely to be differences in detail about the ways 
in which pathways are organized in man, not least because of our abilities of speech. 

This complexity, and some differences, are no less true of the cochlear nuclei. The 
cochlear nuclei are often described as being composed of three, and not two, separate 
divisions with the ventral cochlear nucleus being divided into an anteroventral and 
posteroventral part. The incoming axons enter the cochlear nuclei at the point where 
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the anteroventral and posteroventral cochlear nuclei join; they then branch so that axons 
terminate in all three regions. Bushy cells are the main cell type in the anteroventral 
cochlear nucleus, octopus cells are the main cell type in the posteroventral cochlear 
nucleus while multipolar cells are found in both divisions. In many animals, it is believed 
that the dorsal cochlear nucleus is involved in integrating auditory information with 
somatosensory information helping in sound localization. As we move our heads, we 
need to be able to distinguish changes in apparent localiszation of a sound caused by 
our head movement from actual changes in location of sound. This is analogous to 
being able to fix our gaze on an object while moving. The dorsal cochlear nucleus in 
man has a very different structure to that of other mammals so its function in man is 
still a matter for speculation.

Axons leave the cochlear nuclei in three bundles: the ventral, intermediate and 
dorsal acoustic striae. The ventral acoustic stria is the largest and contains axons 
from the bushy cells destined for the superior olivary complex. It is also known as 
the trapezoid body. Multipolar cell axons also leave in the ventral acoustic stria and 
join the lateral lemniscus as do some bushy cell axons. Octopus cell axons leave in 
the intermediate acoustic stria and then join the lateral lemniscus. Axons from the 
fusiform neurons in the dorsal cochlear nucleus join the dorsal acoustic stria and also 
join the lateral lemniscus.

ER 24/2 The superior olive
Neurons in the medial superior olive detect differences in timing of the arrival of 
sounds between the two ears by exploiting the property of the phase-locking seen in 
responses coming from the inner ear described in Section 23.3. Phase locking means 
that neurons respond to a sound at the same point in the cycle of compression and 
rarefaction every time the cycle is repeated. This is easiest to understand if you think 
of a pure tone with a regular sine wave where the peaks are always the same size 
and are equally spaced. Imagine, then, a nerve cell always responding to the highest 
point on the peak. Now as this regular tone is bent around the head and arrives at the 
furthest ear, a very short interval of time will have elapsed and now the sine wave may 
be arriving at the ear at the lowest point on the peak. This is called a phase difference. 
If a neuron from that furthest ear also only responds to the highest point in the peak 
then there will be a difference in time and so, in effect, neurons are responding to a 
phase difference. With simple sounds this provides information that is ambiguous. 
Luckily, the natural sounds that we hear all the time are complex and contain multiple 
frequencies providing much more precise localization information. However, this 
requires complex neural processing and this is taking place in the brainstem rather 
than the cerebral cortex as might be the case for the complex processing that is also 
required for vision or somatosensory information. This could be one reason why 
brainstem auditory pathways are so much more complex than other sensory pathways.

Further reading for Chapter 24
This book contains detailed further accounts of the anatomy of the auditory pathways.

Kandel, E.R., (2013). Principles of Neural Science, 5th ed. New York and London: 
McGraw Hill Medical.
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Supplementary material for Chapter 25 
Language processing in the brain

Answer Table for Chapter 25 Multiple Choice Questions

Question number Correct answer Section reference

25.1 C 8.8 and Figure 8.11

25.2 D 25.5.5

25.3 B 9.5.1 and Box 9.2

25.4 C 25.3

25.5 A 25.4.1

25.6 C 25.3

25.7 D 25.4.1

25.8 C 25.4.1

Answers to Chapter 25 Short Answer Questions

25.9 
The answers depend on how much of the frontal cortex was affected.

Specific language deficits are likely to be transcortical motor aphasia if the frontal 
operculum cannot communicate with the motor areas (see Section 25.5.5). Specific 
speech defects will occur if the lower part of the motor cortex in the precentral gyrus 
is affected leading to upper motor neuron lesions of the pathways supplying the cranial 
nerves with consequent paresis of the muscles supplied by the nerves in question 
(see Box 10.4); these will produce dysarthria and or dysphonia depending upon the 
particular cranial nerves affected. Apraxia of speech may arise if Broca’s area is involved.

If the prefrontal cortex were affected then you might expect the client to exhibit 
any of the behaviours outlined in Box 10.5. If other areas of the primary motor cortex 
were damaged there will be a contralateral spastic paralysis especially noticeable in 
the arm (see Section10.4). Remember that the initial acute signs and symptoms of a 
CVA may differ markedly from those remaining after some of the reparative processes 
have taken place (see Box 8.5). A recent TV advertisement in the UK, designed to 
make people aware of the signs of stroke, used the acronym F.A.S.T. to highlight the 
features and best response: F = face, A = arm, S = speech and T = time, indicating 
that the faster the victim is seen in hospital the better the chances of minimizing the 
effects of the CVA. 

Essentially, as well as speech and language deficits, the client will exhibit many 
other signs and symptoms which must be taken into account during treatment planning.

25.10
Conduction aphasia is the most likely manifestation of language deficits. There are no 
speech deficits clearly associated with damage to the parietal cortex.

A client with damage to the parietal cortex is likely to show many of the signs and 
symptoms of apraxia, an altered ability to perform the movements of learned motor 
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acts that cannot simply be attributed to the loss of sensory input or the weakness in 
muscles as outlined in Box 9.3. 

25.11
The client is likely to exhibit a classical Broca’s aphasia. 
Oral apraxia may well affect their speech articulation.
Clients often have contralateral hemianopia due to interference with the optic tract 
which passes close to the frontal operculum and the adjacent region of the insular cortex.

25.12
The most likely effects are sensory aphasia of some sort such as anomic 
aphasia or transcortical sensory aphasia. 
There are no speech defects associated with superior temporal lobe damage.

Some clients with temporal lobe damage can show confused or agitated 
behaviour because of damage to limbic pathways in the temporal lobe.

Additional question for Chapter 25
There are no additional questions for Chapter 25

Enhanced reading for Chapter 25

ER 25/1 Cortical control of larynx 
Although we have known for a long time about localization in the human motor 
cortex following the early work of Penfield (see Section 25.2), a location in this map 
for the intrinsic musculature of the larynx has long been lacking. This has been partly 
because of the relatively low resolution of the electrical stimulation techniques that 
were used to produce this map. Recent studies using functional magnetic resonance 
imaging (fMRI) have been used to locate a ‘larynx area’ in the human motor cortex. 
This region is in close proximity to the lip area of the motor cortex in humans and 
appears to be active in both vocal tasks, including phonation and production of glottal 
stops, and non-vocal laryngeal tasks, notably respiration and swallowing. It should be 
no surprise that a laryngeal area in the human motor cortex has been demonstrated 
given that the motor map seems to contain representations of many muscles; perhaps 
the only surprise is that the discovery of this area is relatively recent.
See Brown, Ngan and Lotti in the Further Reading section for more details.

ER 25/2 The role of cerebellum in language processing 
It has been long recognized that disorders of the cerebellum result in ataxic dysarthria. 
This should be no surprise because the cerebellum is involved in the control of all motor 
outputs and that includes the muscles involved in speech so a disorder in this structure 
would be expected to involve speech. The articulatory defects are all predictable from 
what we already know about the role of the cerebellum in movement control. Thus 
ataxic dysarthria produce, among other defects, a lack of precision in producing both 
consonants and vowels, excess and equal stress called scanning speech and a reduced 
rate of speech. Ataxic dysphonia may also be present and this depends upon the 
severity of the dysarthria. Ataxic dysphonia can result in sudden or irregular changes 
in loudness or pitch or a coarse voice tremor. 
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It used to be thought that cerebellar defects would not produce changes in speech 
perception or cognition but recent work has challenged this view. Studies are showing 
that defects of speech production,, including agrammatism, transcortical motor aphasia 
and transient mutism, can result from damage to different parts of the cerebellum. 
These changes can be attributed to the connections between the right cerebellum and 
the left, language dominant, frontal lobe (remember that the cerebellum is an ipsilateral 
structure but the cerebral hemispheres are contralateral). The cerebellum also seems 
to be involved in speech perception tasks.

See Ackerman et al. in the Further Reading section for more details.

ER 25/3 Studying cortical lesions
The advent of brain scanning techniques, which are now routinely employed to 
investigate which parts of the brain have been affected in anybody who has suffered 
a stroke, is providing a valuable resource for researchers studying cortical function. 
Researchers are now able to access a worldwide database in which strokes affecting 
small, focal areas of the brain in individuals are recorded. This means that researchers 
interested in, say, a specific small area of the middle temporal gyrus (also known as 
Brodmann’s area 21*), can see if anyone in the world has a lesion confined to their area 
of interest alone. They can then invite the individual(s) concerned (if they are willing 
and physically able), to participate in further studies.

[*In the early 20th century Brodmann developed a classification which characterized 
different areas of the cerebral cortex by the number, arrangement and density of 
neurons. In some areas, there is a good correlation between a particular Brodmann’s 
area and a specific function. Modern methods of investigation of functional localization 
have not entirely superseded Brodmann’s classification and some areas retain their 
area designation. We have not used this terminology in the text but you should be 
aware of it because you come across the terminology in lectures, clinics or scientific 
articles. The larger neuroscience books such as Kandel or Gray’s Anatomy give details 
of Brodmann’s areas should you need them.]

Further reading for Chapter 25
The first three textbooks give further information on the anatomy and 
physiology of language processing.

Kandel, E.R. (2013). Principles of Neural Science, 5th ed. New York and London: 
McGraw Hill Medical.

Rouse, M.H. (2016). Neuroanatomy for Speech Language Pathology and Audiology. 
Burlington MA: Jones & Bartlett Learning.

Fuller, D.R., Pimental, J.T., & Peregoy, B.M. (2012). Applied Anatomy and Physiology 
for Speech-Language Pathology and Audiology. Philadelphia and Baltimore: Wolters 
Kluwer, Lippincott, Williams and Wilkins.

The next article is a useful review paper of recent advances. 

Scott, S.K. (2012). The neurobiology of speech perception and production – 
can functional imaging tell us anything we did not already know? Journal of 
Communication Disorders, 45, 419- 425.

The next article is very densely packed with information with useful summaries of 
various aspects of speech and language processing; it is a masterly example of the art 
of precis. 



Basic Medical Science for Speech, and Language Therapy Students  •Extra Materials  ©2018 J&R Press Ltd91

Price, C.J. (2012). A review and synthesis of the first 20 years of PET and fMRI 
studies of heard speech, spoken language and reading. Neuroimage, 62, 816–847.

A useful article with numerous reference for those who wish to follow up the genetic 
basis of speech defects can be found at

FOXP2 https://en.wikippedia.org/wiki/FOXP2

The next three articles cover specific aspects of language processing summarized in 
the ER paragraphs above. 

Brown, S., Ngan, E., & Liotti (2008). A laryngeal area in the human motor cortex. 
Cerebral Cortex, 18, 837–845.

Ackerman, H., Mathiak, K., & Riecker, A. (2007). The contribution of the cerebellum 
to speech production and speech perception: Clinical and functional imaging 
data. The Cerebellum, 6, 202–213.

Duffy, J. (2013). Motor Speech Disorders: Substrates, Differential Diagnosis and 
Management, 3rd ed. St. Louis and London: Mosby.


