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Abstract
This thesis describes the study carried out for the `Observation and Quantification of
Pathological Lesionsin the MusculoskeletalStructures of the Cervical Spine'. In particular,
this study has focused on the identification and quantification of pathological lesionsof the
musculoskeletalcomplex of the cervical spine, resulting from a whiplash injury.

Whiplashwas first recognisedin the early 1920's, and since this first report there has been a
greater number of road users; which has led to an increase in its incidence. Whiplashis an
injury of high socioeconomicimportance and the ability to understandand assessthis injury
would benefit from a diagnostic technique.

Whiplash injury is the result of a sudden

movement of the head typically occurring as a result of a rear-end vehicle collision. Victims
typically report varying levels of pain emanating from the neck region, although the exact
causeof pain is yet to be established. This unknownpathoanatomyis a possiblereasonwhy a
suitable diagnostic procedure has not been established. One suggestionis that damage
occurring to the soft tissuesof the neck, such as muscle and ligament, is responsiblefor the
pain experienced following a whiplash injury.

Diagnostic ultrasound is already well

established and recognisedfor its ability to image the musculoskeletalsystem and identify
pathologies, and for this reason is the chosen imaging modality for this study.

The

effectiveness of diagnostic ultrasound as a diagnostic toot of the soft tissuesof the cervical
region; and its ability to identify and quantify the pathoanatomyof whiplash is examined.
The results of this research enabled the development of a diagnostic procedure that was
carried out on whiplash patients. A future study has been suggestedbasedon these findings
for the further developmentof this procedure.
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Chapter 1: Introduction

Chapter 1: Introduction
1.1 Chapter Summary
This chapter describesthe backgroundto this researchand provides an overview of the work
presentedin this thesis. The importance of the researchand its timelinessare discussed. The
aims of this researchproject and the objectives needed to achieve these aims are identified.
The layout of this thesis is describedtogether with a brief overview of the contents for each
chapter.

1.2 Thesis Overview
Whiplashis one of the most illusive road traffic injuries to diagnoseand treat. Its prevalence
is increasing as a direct result of the significant growth in the number of road users. In
genuinecasesof whiplash the pain can be debilitating and may be present for years, however,
there is significant evidence to indicate that it is frequently used as a generic catch all for a
range of injuries; some real and some imaginary. Whiplashis also proving to be a pain in the
pocket commercially.

Both the victim and their employer incur loss of earnings and

inconvenience. The consequential compensation claims being awarded to victims are a
significant financial drain to the insurance industry. The value of the claims being made
result in higher insurancepremium chargeswhich ultimately affect every consumer. With no
ability to determine diagnosisand prognosis,monetary awards for the suffering caused and
the amount of absenceneededfrom work is difficult to determine.

Whiplashis the result of a sudden movement of the head typically occurring as a result of a
rear-end vehicle collision but may also occur during side-impact motor vehicle collisions.
Although whiplash is normally associatedwith accidentsinvolving vehicles, it can also occur as
a result of many other mishapssuch as diving. This sudden head movement can cause soft
tissue or bony injuries that may lead to a variety of clinical manifestationsknown as whiplashassociateddisorders. An imaging modality is not available that can assessthe damagecaused
by whiplash successfully and radiographic techniques have failed to provide a solution.
Diagnosticultrasound is an imagingtechnique not yet exploited for the assessmentof whiplash
-1-
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injury, but it has the inherent capability to image soft tissuesand identify tears and swelling.
Diagnosticultrasound therefore has the potential, when applied to the structures of the neck
damagedby whiplash, to assistthe clinician in determining the existence, level and extent of
injury, as welt as for the formulation and evaluation of treatment strategies.

1.3 Importance of this Work
The literature relating to whiplash is abundant, and highlights it as a medical, legal and social
problem.

In the UK, an investigation of accident and emergency departments and calculation

of the relative expenses, estimated the annual cost to the economy from whiplash as £3.1
billion (Charles Galasko personal communication 2004).

The UK experiences in excess of

250,000 claims each year relating to whiplash; with an estimated annual cost to the insurance
community of at least £1 billion (PartnerRe Ltd. 2000). If a technique for identifying whiplash
could be identified then this could form the basis from which to develop a method for injury
management, prevent malingering and save a considerable amount of money. A diagnostic
procedure capable of identifying a whiplash injury does not exist, and this is probably due to
the exact cause of pain experienced after a whiplash event being unknown.

The research

conducted in this thesis aims to identify the pathoanatomy of whiplash. This information can
then be used in the development of a diagnostic technique for whiplash.

1.4 Timeliness of the Research
Researchinto whiplash hasfocusedon its prevention, and little if any progresshas been made
in the identification of the pathoanatomy of whiplash. Very little literature is available
regarding the use of ultrasound to assesswhiplash injuries.

In the past, ultrasound as a

general imaging tool was neglected as those images captured were of insufficient detail to
provide useful information to the clinician. Recent advancesin ultrasound technology have
resulted in an interest in its use for diagnosingother musculoskeletalinjuries (Bianchi et at.,
2002; Martinoli et at., 2002; Peetrons2002). The use of ultrasound on the neck has not been
exploited and the focus has been on anterior structures such as the thyroid (Mclvor et at.,

-2-

Chapter 1: Introduction

1993)and lymph nodes (Ahuja and Ying 2002). Advancesin ultrasound technology, together
with the experiencesgained from these researchactivities indicate that it is an ideal time to
investigate the use of ultrasoundas a diagnostictool for whiplash injuries.

1.5 Project Aims and Objectives
The aim of this research is to evaluate traumatic failure and pathological lesions in the
musculoskeletalstructures of the cervical spine using diagnosticultrasound. This information
will be used to establish a methodologyand provide guidelinesthat can be used to define the
presenceand extent of a whiplash injury and for monitoring the recovery process.

The specific objectives to achieve this aim are as follows:
0

understand the current research relating to this study

A literature review will be undertaken to appreciate the current state of knowledgein those
researchfields relating to this whiplash study.

0

establish a techniquefor scanningthe neck

This objective is required so that a systematic approachfor the investigation of the neck can
be applied.

"

assessthe normal ultrasound appearanceof the neck

Knowledge of the normal ultrasound appearance of the asymptomatic subject provides a
standard reference, whereby variation to this can be usedas an indication of pathology.

"

investigate the ultrasound appearance of soft tissue damage in vitro

An understandingof the appearanceof soft tissue damagein vitro may then be extrapolated
to the In vivo situation.

-3-
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9

Investigate the ultrasound appearanceof soft tissuedamagein vivo

An appreciation of the soft tissue injuries that occur in vivo may be translated to aid
assessment.

Investigate the ultrasound appearanceof bony structures
Investigatethe ability of ultrasoundto visualisethese structures.

"

define a methodologythat can be used to record and quantify soft tissue pathology using
ultrasound

Providea meansto assessthe extent of pathologyand monitor changes.

0

investigate the ultrasound appearanceof the neck in whiplashpatients

Apply the understanding of all objectives to identify if ultrasound can detect the
pathoanatomyof whiplash.

1.6 Thesis Organisation
The organisationof this thesis is described, outlining what each chapter encompasses.

Chapter 1: Introduction
This chapter describesthe backgroundto this researchand provides an overview of the work
The
discussed.
its
in
The
importance
timeliness
this
thesis.
the
are
presented
of
researchand
aims of this researchproject and the objectives needed to achieve these aims are identified.
The layout of this thesis is described together with a brief overview of the contents for each
chapter.

Chapter 2: Literature Review
The research included in this thesis encompasses a wide range of disciplines.
fields
from
literature
those
related to this study.
the
research
reviews

This chapter

The concepts, tools

fields
developed
have
developed
in
these
are
well
many
of
techniques
and
we
a very good
and
-4-

Chapter 1: Introduction
understandingof their current applications. However, this specialised knowledge has not
been previously unified in the way required to satisfy the diagnostic approachin this thesis;
and for this study, their combinedapplication has been experimental. An appreciation of the
scope of knowledge from these fields will allow a greater understanding of how when
combinedthey may prove useful to answerthe question posedby this thesis.

Chapter3: Methodology
This chapter discussesthe ultrasound equipment used for this study, general considerationsof
scanningtechnique and operator training, image analysisprograms, the use of phantoms to
measure the accuracy of the equipment and concludes with a discussionon the risks and
precautionsof using ultrasound. Methodologyand scanningtechnique specific to experiments
will be discussedin the relevant chapters.

Chapter4: Ultrasoundof the Neck
This chapter discussesthe experimentsthat were carried out to produce an ultrasound map of
the cervical region. These investigations provided the reference material essential for the
investigation of pathology later in the study by providing a normal picture to which deviations
could be identified. The technique used for scanningpatients is established and described.
Optionsavailable for image processingare also discussed.

Chapter 5: Soft Tissue Damage

In this chapter, imageswere collected from a variety of injuries and have been presented as
casestudies. These casestudies enabled the author to gain a practical understandingof how
soft tissue injury appearsand how the repair processmay be monitored with ultrasound. This
activity also provided an opportunity to understand patient issues and to develop patient
interaction skills.

-
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Chapter 6: Quantification of PathologyUsingUltrasound
This chapter discussesthe approach taken to define a quantitative technique for the
assessmentof soft tissue pathology. A quantitative technique was developedthrough a series
of experimental work. An initial simulation of soft tissue injury was carried out in vitro to
confirm in vivo findings from case studies and form a basis for an experimental model. An
investigation of quantification of these injuries follows.

These experiments provide an

indication of how realistic it will be to assesswhiplash injuries and what is the best approach
to documentingany pathologicalchange. An assessmentof using the ultrasoundequipment to
quantify injury damage; as well as the effects of the operator on the results, is also
considered.

Chapter 7: Facet Joint and Intervertebral Disc

This chapter discussesthe ultrasound appearanceof the bony structures of the cervical spine
and a technique to view them. In addition, it assessesthe use of ultrasound as an imaging
modality for needle guidancein interventional proceduresof the cervical spine.

Chapter 8: Whiplash
This final experimental chapter brings together the studiesoutlined in previouschapters. The
groundwork for the study has been described in previous chapters where the ultrasound
anatomy of the neck and how it varies between individuals has been assessed,a scanning
technique for the neck has been identified, soft tissue injury signs are understood and
methodsto quantify these changeshave been addressed. This information provides the basis
for collecting imagesand performing diagnosison whiplash patients. This chapter describes
how a culmination of the experience gained in previousexperimental chapters was used in an
investigation of whiplash patients. This investigation was to assessthose injuries associated
with whiplash that may be identified, and monitored usingultrasound.

-6-
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Chapter 9: Discussion
This chapter describeshow the researchpresented in this thesis has fulfilled the aims of the

researchproject.

Chapter 10: Future Work
This chapter considersthe continuation of the researchpresented in this thesis. A discussion
follows on the opportunity of establishinga whiplash clinic, the purposeof which is to recruit
a large sample of whiplash patients for the assessmentof their injury using diagnostic
ultrasound. Resultsfrom this further study would be used to determine if ultrasound is a
viable diagnostic tool for whiplash injury. Basedon the author's experience; suggestionsare
made as to how this clinic could be implemented.

Appendix

Presentations produced throughout the study are included here as well as additional
information.

7.

Chapter 2: Literature Review

Chapter 2: Literature

Review

2.1 ChapterSummary
The research included in this thesis encompassesa wide range of disciplines. This chapter
reviews the literature from those researchfields related to this study. The concepts, tools
and techniquesdevelopedin many of these fields are well developedand we have a very good
understandingof their current applications. However, this specialised knowledge has not
been previously unified in the way required to satisfy the diagnostic approachin this thesis;
and for this study, their combinedapplication has been experimental. An appreciation of the
scope of knowledge from these fields will allow a greater understanding of how when
combinedthey may prove useful to answerthe question posedby this thesis.

Project objectives fulfilled in this chapter:
"

understandthe current researchrelating to this study

2.2 Anatomy of the Neck
An important objective of this thesis is to image the anatomical structures of the neck. An
appreciation of the anatomical structures of the neck is a prerequisite to understanding:an
injury mechanism, those anatomical structures at risk, what injury mechanism could
predisposethese structures to failure; as well as the feasibility of imagingthese structures.

The neck
The neck provides a conduit between the head to the trunk and limbs. The neck contains
bones, muscles,vessels,nerves and other structures connecting these areas. It also contains
important endocrine glands such as the thyroid.

Musculoskeletal describes both the

musculatureand bony elements, and in the spine, these are essential for cervical stability and
motion.
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Skeleton
The skeleton supports the neck, protects the spinal cord and facilitates movement and
posture. The neck consistsof the hyoid bone, manubriumof the sternum, clavicles and seven
cervical vertebrae.

The cervical spine consists of seven vertebrae, including three atypical

and four typical vertebrae. The typical vertebrae, C3-C6 are composed of a body, an arch and
various processes (fig. 1). The weight bearing portion of the vertebra is called the body. The
spinal cord is protected by the vertebral arch and the dorsal part of the body, which produce
an opening called the vertebral foramen.

The vertebral foramina of adjacent vertebrae

combine to form the vertebral canal which contains the spinal cord.

The arch may be

considered as two halves consisting of a pedicle which attaches to the body and a lamina
which continues dorsally from the pedicle to join the lamina on the opposite side.

A

transverse process projects from each side of the arch between the lamina and pedicle and a
single bifid spinous process projects at the junction between the two lamina. These processes
are for articulation

and attachment of soft tissue.

The spinous process may be seen and

palpated as a series of bumps down the midline of the back and thus provide a useful
landmark.

Spinal nerves exit the spinal cord through the intervertebral

formed by notches in the pedicles of adjacent vertebrae.

foramina which are

In each transverse process is a

transverse foramen that allows passage of the vertebral arteries to the head.

Additional

movement and support of the vertebral column is made possible by vertebral processes. Each
vertebra has a superior and an inferior articular process. Where the superior process of one
vertebra articulates with the inferior process of the next superior vertebra a joint called a
facet joint is produced. This overlap increases the rigidity of the vertebral column. The first
two vertebrae are specialised. The atlas, the first cervical vertebra, holds up the head. It
has no body and no spinous process but has large superior articular facets where it joins the
base of the skull.

This joint allows the 'yes' motion.

The second vertebra is the axis and

allows a considerable amount of rotation to produce a 'no' motion.

The axis has a highly

modified process on the superior side of its small body called the dens. The dens fits into the
enlarged vertebral foramen of the atlas, and the atlas rotates around this process.

-9-
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spinousprocessof the seventh cervical vertebra is not bifid and is quite pronouncedand can
often be seenand felt as a bump between the shoulders,providing another useful landmark.

Spinous process
Vertebral foramen
Posterior
tubercle
Transverse
process

Anterior
tubercle

Vertebral body

Foramen

Superiorview

Figure 1: Typical cervical vertebra

Joints of the cervical spine
Movement of the cervical spine is enabled by joints allowing articulation of the skeletal
elements. Joints of the vertebral column include joints of the vertebral bodies (intervertebral
disc, uncovertebral joint), joints of vertebral arches (facet joint) and craniovertebral joints
(atlantooccipital, atlantoaxial).

Joints of the vertebral bodies
Intervertebral disc
The intervertebral disc forms a joint with adjacent vertebrae called an intervertebral
symphysis. A symphysisis the name given to a type of joint that consistsof fibrocartilage
uniting two bones. The intervertebral disc is interposed between the bodies of adjacent
vertebrae providing a strong attachment between vertebral bodies (fig. 10). The disc is
designedfor weight bearing and strength. There is no disc between Cl (atlas) and C2 (axis)
vertebrae.
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An intervertebral disc consists of an outer fibrous part, the anulus fibrosus. The anulus
fibrosus forms a ring consisting of concentric lamellae of fibrocartilage forming the
circumference of the disc. The anulusfibrosus surroundsthe nucleuspulposus,the gelatinous
central mass. The nucleuspulposusforms the central core of the disc; it is more cartilaginous
than fibrous and is normally highly elastic in young people. The disc has a high water content
that is maximal at birth and decreaseswith advancing age. These progressivechangesin
elasticity and water content may predisposethe disc to injury. The nucleuspulposusacts as a
shock absorber for axial forces and like a semifluid ball-bearing during movement. It is
avascular and receives nourishment by diffusion from blood vesselsat the periphery of the
anulusfibrosusand vertebral body.

Uncovertebraljoints (Joint of Luschka)
These synoviat joints are found at the lateral and posterolateral margins of the discs, between
the uncinate processes of C3 to C6 vertebrae and the bevelled surfaces of the vertebral bodies
superior to them.

Joints of vertebral arches
Facetjoint (also called zygapophysealjoint, zjoint)
The joint between adjacent vertebrae is the facet joint.

This joint permits gliding movements

between vertebrae, where the shape and disposition of the articular surfaces determines the
type of movement possible.

Facet joints are a synovial joint;

a type of joint containing

synovial fluid which allows considerable movement between articulating bones (fig. 2 and fig.
3).

The articular surface of the bone is covered by smooth hyaline cartilage which aids

movement, reduces friction and is resilient to wear.

The joint is enclosed in a collagenous

capsule. The synovial membrane covers the inside of this capsule and secretes synovial fluid
to keep articulating surfaces lubricated.

The capsule is richly innervated and this supports the

notion of the facet joint as a pain generator.

The capsule is not very strong and the

surrounding ligaments running outside the capsule hold the bones together.
the forces that produce movement of the joint.
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joint are of particular note. The inferior facet of the vertebrae above is directed anteriorly
and inferiorly, while the superior facet of the subjacent vertebrae is oriented posteriorly and
superiorly.

The inclination becomes more vertical at the lower cervical facet joints.

cervical facet joints are relatively flat with only minimal concavity or convexity.

The

It is these

features and their arrangement that is believed to predispose this joint to disarticutation and
stretching of the capsule in a whiplash event.

,t
m
cartilage

Figure 2: Schematic of a synovial joint
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Superior lip

Facet joint
Inferior lip

ransverse process

Figure 3: Facet joint

Craniovertebral joints
There are two craniovertebral joints, the attantooccipitat joint (between the skull and Cl
vertebra) for flexion and extension; and the atlantoaxial joint for rotation (between C1 and
C2). These are both synovial joints and have no intervertebral disc.

Soft tissue of the neck
Soft tissue is the term used to describe muscle, tendon and ligament tissue. These are the
tissues responsible for supporting and creating movement of the skeletal components.

Muscle
Skeletal muscle is the connective tissue that produces the forces responsible for movement
(fig. 4).

It is contractile

and elastic in nature.

Muscle is composed of muscle fibres,

connective tissue, blood vessels and nerves. The distribution of fibres within a muscle reflects
its function.

Two main types of muscle fibre exist, these are Type I (slow twitch) fibres which

perform slow repetitive contractions and maintain posture.

The other fibre is Type II (fast

twitch) fibres which produce rapid movement but fatigue more easily. Muscle is attached to
bone and other connective tissue by tendon.
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Muscle fibers

Fasciculi
/

Epimysium--Perimysium

Skeletal
muscle

Tendon

Bone

Figure 4: Typical joint complex

Movement of the head and neck is achieved by particular muscles. An understanding of how
these muscles function assists the identification
when a particular movement is limited or painful.

of what may be damaged following injury
Flexion is achieved by the flexors of the

head and neck which lie deep within the neck along the anterior margins of the vertebral
bodies. Extension of the head is by posterior neck muscles. Rotation and abduction of the
head are accomplished by muscles of both the lateral and posterior groups. Adduction of the
head is accomplished by abductors of the opposite side.

The following figures (figs. 5-9) illustrate

the muscles of the cervical region and further

details of these musclescan be found in Appendix B. Table 1 describesthe principal muscles
producing movement of the neck.
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X-/

,1

Stemocleidomastood

Trapezius
Levator scapulae
Scalenus medius
Scalenus posterior
Omohyoid, interior belly

Figure 5: Muscles in the lateral aspect of the neck
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Longus capitis
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Figure 6: Prevertebral muscles of the neck
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Semispinalis capitis
II

Longissimus capitis

Ligamentum
ouches
Splenius
capnis

Iliocostalis cervicis
Longlssimuscervlcis

--

Splenius
cervlcis

Longissimus
thoracis
Iliocostalls
thoracis
Spinalis

liocostalis
lumborum

II

ýI
Aponeurotic
origin of
erector
spines

Figure 7: Intrinsic back muscles: erector spinae, splenius, semispinalls
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External occipital protuberance
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Rectus capitis
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Inferior oblique
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Figure 8: Intrinsic back muscles: transversopinalis
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Figure 9: Transverse section of back muscles
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Table 1: Principal musclesproducing movement of cervical intervertebral joints

Bilateral action of.
longuscolli
"
"

Lateral Bending

Extension

Flexion

Bilateral action of:
"

scalene
"
sternocleidomastoid
"

spleniuscapitis
semispinalis
capitis
semispinalis
cervicis

Unilateral action
of:
" iliocostalis
cervicis
0 longissimus
capitis
" longissimus
cervicis
"
"

Rotation

Unilateral action
Of.
"

rotatores

.

semispinalis
capitis
semispinalis
cervicis

.

spleniuscapitis
.
spleniuscervicis

multifidus
spleniuscervicis

Tendon
Tendon is the connective tissue that attaches muscle to bone (fig. 4). Tendon consistsof
collagen fibres that run in parallel and normally form a cable with a circular cross section.
The fibres consist of collagen, which has great tensile strength. Tendons are only slightly
elastic and therefore transmit the force generatedby the muscledirectly to the bone.

Ligaments
Ligamentsattach bone to bone and provide stability; they are only slightly elastic in nature
(fig. 10) (see Appendix B). In structure, ligaments are similar to tendon but of a smaller
scale. Ligamentsconsistof densebundlesof collagen fibres runningparallel to the line of pull
that interweave to someextent to form a mesh; this arrangementresiststension or distractive
forces.

In cross-section, ligaments are usually flattened and made up of several

interconnected parallel sheets of fibres. A few ligaments, such as the ligamentum flavum,
contain elastin which allows someflexibility. The blood supply to ligamentsis sparse.
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Posterior apophyseal joint

Joint capsule
Vertebral body

Dorsal

}

spines

Intraspinous
ligament

Anterior
ligament

longitudinal

Annulus fibrosus
tº ,/

Nucleus pulposus
Supraspinous
ligament

ý,,

Posterior longitudinal
ligament

Ligamentum
flavum

Cartilage plate

Figure 10: Ligaments of the neck

Skin and fascia
The boundary between the neck and the environment is formed by skin. Layers of cervical
fascia compartmentalise the structures of the neck. These fascia allow structures to pass over
each other during swallowing and movement of the neck.

Superficial fascia (subcutaneous tissue)
Superficial fascia is a thin, loose fatty layer of connective tissue that ties between the dermis
of the skin and investing layer of deep cervical fascia.

It contains cutaneous nerves, blood,

lymphatic vessels, variable amounts of fat, and anteriolaterally contains the platysma muscle.

Deep fascia (muscular fascia)
The deep fascia consists of three thin flat sheets of interweaving collagen fibres.
sheets are called: investing, pretracheal, and prevertebral.

These

These sheets support the viscera

(e. g. thyroid gland), muscles, vessels and deep lymph nodes.

Blood vessels and nerves
Blood vessels are clearly visible on ultrasound, and the pulsatile nature of arteries can be
observed making them ideal landmarks.

The common carotid artery is one of the major

arteries of the neck and its bifurcation makes this vessel a suitable landmark.

19
-

The vagus

Chapter 2: Literature Review

nerve exits from the jugular foramen and is carried within the carotid sheath along with the
commoncarotid artery and internal jugular vein to the thorax. Nervesof the neck arise from
the spinal cord and exit the vertebral canal via the intervertebral foramina forming spinal
nervesC1-C8.

Range of motion

The range of motion of the cervical spine should be noted when considering injury
mechanismsand the mobility afforded is dependent on the anatomical features of the neck.
The characteristics of the vertebrae forming the cervical spine allow a great range of
movement. Musclebulk is minimal in the neck region which increasesmobility. The range of
motion is dependent on the age and physical ability of the subject. In theory, the head may
be flexed until the chin rests on the sternum and the shoulder limits lateral flexion. A well
adjusted car head restraint will prevent excessive extension. There are no anatomical
structures impeding extensionand rotation of the neck and it is possiblethat there is a risk of
movementbeyondthe natural range of motion in these directions which would result in injury
to associatedstructures. Flexibility is also determined by the elasticity of soft tissues and
therefore exceeding our own inherent range of motion could lead to damage of these
structures even before the rangeof movementis met.

Triangles of the neck
For the description of cervical anatomy, each side of the neck is divided into anterior and
posterior triangles by the obliquely situated stemocleidomastoidmuscle (fig. 11).
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4.

I
1

I

PT

I

Figure 11: Triangles of the neck
The neck is divided into descriptive triangles to aid orientation.
(AT = anterior triangle, PT = posterior triangle, SCM= sternocleidomastoid muscle)

2.3 Whiplash Injury
This section defines whiplash, discusses the aetiology of whiplash, its prevalence and the
biomechanics behind the injury mechanism.

Possible hypotheses for the mechanisms that

result in whiplash pathology are considered.

What is whiplash?
Early medical reports refer to whiplash as 'railway spine'.

This term was used in the 191h

century to describe the persistent pain and other 'subjective symptoms' reported by railway
passengers and personnel which had resulted from minor railway crashes. The modern term of
whiplash was first used by Crowe in 1928 and although the term describes a mechanism of
injury and not an actual illness, it is now used freely to describe both situations; debate
continues as to how the term should be used.

Colloquially, the term whiplash is used to

describe a mechanism whereby the cervical spine undergoes a motion of rapid acceleration
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and deceleration, most typically as a result of motor vehicle rear-end impact. Whiplash is
also used to describe the injury state of a person who has undergonethis mechanism. The
abundanceof literature produced on whiplash, led to an initiative called The QuebecTask
Force being set up to produce a comprehensivemonographon whiplash-associateddisorders
(Spitzer et al., 1995). The Quebec Task Force defined whiplash as "an acceleration.
deceleration mechanismof energy transfer to the neck". For the purposeof this thesis, the
term whiplash will be used to describe both the mechanismand the injury, as this is generally
how it is accepted. The whiplash injury often manifests as varying degreesof discomfort in
the neck and results in a variety of signs and symptoms referred to as whiplash-associated
disorders (Spitzer et al., 1995). In terms of diagnosis, fractures of the vertebrae are rare
(Bogduk 1986) but may be easily imaged by using such modalities as plain radiography,
magnetic resonanceimaging and computed tomography scans. However, the majority of
injuries are more likely to be soft tissue trauma, which is not always identifiable, and as
patients rarely undergosurgery, these injuries often remain undetected (Bogduk1986). There
is no consensuson the mechanismof injury or cause for the chronic pain associatedwith
whiplash and no meansof diagnosisalthough whiplash injuries can causea lifetime of pain and
suffering.

Whiplash aetiology
Whiplashinjury is typically the result of an acceleration-decelerationinjury. Most often this
is the consequenceof rear-end or side-impact motor vehicle collisions, but the injury can
happenduring diving accidents and other mishaps(Spitzer et at., 1995). This study will focus
on those sufferers of road traffic accidents where the collision is a rear-end impact; by using
this classification the injury mechanismis kept reasonablyconstant.

Prevalence
Determiningthe exact prevalenceof whiplash in the UK is difficult, as incident figures are not
published. Potential sources for obtaining incident information are the Department for
Transport, insurancecompaniesand the National Health Service. The author approachedthe
-22-
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Road Accident Statistics Department of the Department for Transport, UK; who hold records
on vehicle accident information

but found they did not have a classification category

specifically for whiplash and therefore exact figures of its incidence could not be provided
(Department for Transport personal communication 2004). The National Health Service has no
formal definition of whiplash, and it is the author's experience of working in a hospital
accident and emergency department that the term is not used because of its litigation
association and sensitivity. Therefore, no information could be provided from hospital figures.
A provider of risk assumption for the global insurance and capital markets; report that
incident figures from the insurance industry suggest that the UK experiences in excess of
250,000 claims each year relating to whiplash; with an estimated annual cost to the economy
of at least £1 billion (PartnerRe Ltd, 2000).

This figure does not take into account the

unknown number of sufferers not claiming.

Neck injuries are the primary complaint from car accidents (Tsuchisashi et al., 1981, Olney et
at., 1986, Maag et at., 1990) with 65% of crash victims reporting neck injuries (Olney et at.,
1986).

Neck pain develops in 56% of patients involved in a front or side-impact accident

(Deans et al., 1986). Women are more at risk of whiplash injury than men (Spitzer et at.,
1995, Versteegen et at., 2000) and this is possibly because women's necks tend to have less
muscle development and are long and slender.

The typical patient with a neck injury is a

middle aged woman who has worn a seat belt when involved in a low speed crash (Otremski et
al., 1989).

Basedon these estimates, the high prevalence and cost to the economy of whiplash, it was
decided that an investigation into determining its diagnosiscould have significant benefits to
both victims and a variety of interested organisationsfrom the medical, commercial and legal
communities.
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Biomechanics - What is the whiplash mechanism?
Simulated whiplash events have been undertaken in an attempt to determine the whiplash
mechanism. An understanding of injury mechanisms provides an indication of potential injury
sites and the anatomical elements prone to injury.

Experimental models of whiplash have

included studies using human volunteers (Severy et al., 1955), anthropomorphic dummies
(Severy et at., 1955), cadavers (Clemens and Burow 1972, Deng et at., 2000, Luan et at.,
2000), animals (McNab, 1964) and mathematical models (Martinez and Garcia 1968).

ýý00

a0L1

Figure 12: Whiplash mechanism

During a whiplash event, the motion of the torso precedes that of the neck and a bull whip
effect is generated in order for the head to remain attached to the torso (fig. 12). This shear
force is generated at each cervical level and is transmitted up the cervical spine until it
reaches the occipital condyles; here the force can act on the head to cause it to move
forward.

This shearing action results in relative motion between adjacent vertebrae which

are most pronounced at the lower cervical levels where the facet angle is less steep and
where most pain is felt.

There is no consensus as to how this motion of the head and neck

causes whiplash-associated disorders but a number of hypotheses have been put forward.
These hypotheses will be considered in this research as they provide an indication of the type
of injury to expect when investigating the whiplash patients.

An early hypothesis identified

neck hyperextension as the injury mechanism (MacNab et al., 1965). Hyperextension of the
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neck,

even at low velocity

rear-end

collisions,

can produce forces that

result

in

musculoligamentous tears, haemorrhage, disc fibre damage and vertebral body fracture (Dunn
and Blazar 1987). Another hypothesis suggests that pain emanates from facet joints, and a
few ideas have been put forward as possible explanations for the facet joint as a source of
pain.

One study suggests the occurrence of a facet joint impingement injury mechanism,

where a portion of the facet capsule becomes trapped between the facet joint surfaces (Ono
et at., 1997 and Yoganandan et at., 1998). Another study attributes facet joint pain to the
facets compressing into one another (Kaneoka et at., 1999), while another study suggests that
the facet capsule could be stretched during whiplash (Yang and Begeman 1996, Deng et at.,
2000). Another hypothesis of an injury mechanism for whiplash is that pressure increases in
the spinal canal during whiplash, which applies pressure on the nerve roots (Aldman 1986) and
dorsal root ganglion which causes pain signals to be sent to the brain (Svenssonet at., 1993).
The hypothesis that soft tissue damage is the source of the pain has received little attention
in recent years, with the current trend towards investigations into facet joint injury.

By

considering the role of the anatomical structures, it becomes evident why this thesis focuses
on the soft tissues. The spatial position and active motion of the head is mostly under the
control of the cervical muscles.
supporting only one fifth
illustrating

The osteoligamentous region of the neck is capable of

to one fourth of the weight of the head (Panjabi 1998) thus

the role of muscle control.

Without muscle control,

the osteoligamentous

forced
the
hold
head
in
to
the
resist
not
can
structures are unable
position, and certainly
motion that is created in rear-end impacts. Electromyographic studies measure the activity of
defence
line
in
first
be
the
have
the
the
to
that
of
cervical
muscles
appear
shown
and
muscle
during a whiplash mechanism and are therefore likely to be injured first (Kumar et at., 2002).
Whiplash injuries are likely to be complex and progressive; with muscle followed by ligament,
facet joints and the brain being injured in sequence with increasing magnitude of impact
(Kumar et at., 2002). Muscles maintain posture; when subjected to mechanical perturbation
they respond to counteract the perturbation or restore posture. The harder the perturbation,
the greater the muscle response; the higher muscular response is associated with greater
tension in the muscle as greater tensile load in the tissue (Kumar et at., 2002). Studies of
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muscle response in a whiplash event have highlighted key structures of interest.
Investigations of forces produced in muscle during a rear-end crash have found the
sternocleidomastoidmuscleto be activated before the paraspinalmuscles(Brault et at., 2000,
Kumar et at., 2002) and the sternocleidomastoidrespondswith greater relative contraction
than either the trapezius or splenius capitis muscles (Kumar et at., 2002). Another study
noted that the greatest deformation occurred in the longus colli muscle followed by the
scalenusanterior then the longus capitis, sternocleidomastoid,and scalene posterior muscles
(Dengand Goldsmith, 1987). When impact was offset 45° (posterolateral impact), the effect
was to shift the burden of the impact over more musclegroups(Kumaret at., 2004a).

It is important to be aware of the characteristics of the accident as these will influence the
whiplash mechanism. In a low speedcollision of 15mphthe head can accelerate with enough
force to cause injury to structures of the cervical spine (Severyet at., 1955). The forces in
the neck may be affected by humanfactors suchas seatingposture (Dengand Goldsmith1987,
Denget at., 2000), position of the head and neck (Onoet at., 1997; Dengand Goldsmith1987;
Kumar et at., 2004b), awarenessof impending collision (Kumar et at., 2002) and head
restraint position.

What is damaged?
The whiplash injury often manifestsas varying degreesof discomfort in the neck and results in
a variety of signs and symptomsreferred to as whiplash-associateddisorders (Spitzer et at.,
1995). In the QuebecTask Force report on WhiplashAssociatedDisorders,it was said that
becauseof limitations in current diagnostic techniques, the exact anatomical site of injury
remains largely unknown (Spitzer et at., 1995). Injuries described as being a result of
whiplash range from a subtle injury such as muscle strain (McNab1964)to grossinjuries such
as fracture (Dunn and Blazar 1987). Symptomsmay span many organ systemsresulting in a
variety of different problems(see Table 2).
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Table 2: Main complaints associatedwith whiplash
Symptom

Patients (%)

Neckpain

88-100

Headache

54-66

Shoulderpain

40-42

Dizziness

17-25

Paresthesias

13-62

Visual disturbance

8-21

Auditory disturbance

4-18

(from PartnerRe Ltd. 2000)

Diagnosisof whiplash must include an appreciation of structures susceptible to injury within
each phase of the injury mechanics. During the extension phase of whiplash the anterior
column is strained, white posterior elements are compressed. At the craniocervicatjunction,
the head resists forward acceleration transmitted by the neck. During the flexion phaseof
whiplash: posterior structures, including the posterior longitudinal ligament, interspinous
ligaments, ligamentum nuchae, musclesand facet joint capsule are subjected to strain while
intervertebral discs and bodies undergo compression(Johnson1996; LaBan1990and Panjabi
et at., 1998).

Experimentalstudies have attempted to define those structures that are damagedfollowing a
whiplash event and an appreciation of these findings may provide clues as to the areas to
expect pathological changesto occur when assessmentis made using ultrasound. Musculature
damaged in whiplash injuries include the sternocleidomastoid, trapezius, scaleni, (McNab
1964; Jeffreys and McSweeney1980; Caiüiet 1991); splenius capitis, semispinalis capitis,
longissimuscapitis, rhomboid, rectus capitis, superior and inferior oblique capitis, longuscolli,
and tonguscapitis muscles (Jeffreys and McSweeney1980; Cailliet 1991). Hyperflexion neck
injuries primarily produce ligamentous-disctrauma (Unterharnscheidt 1986; Yoganandanet
at., 1989) and damage to nerve roots, the posterior longitudinal ligament, the interspinous
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ligament, and facet joints (Unterharnscheidt1986). Posterior muscle ruptures tend to occur
near the facet joints (Jönssonet at., 1991). Cervical extension experiments in animals show
tears of the longus tollt muscle with occasional injury to the cervical sympathetic plexus
(MacNab 1971).

Anterior longitudinal ligament tears also have been associated with

separation of cervical discs from vertebrae (Olney et at., 1986). Studies using magnetic
resonanceimaging suggest that whiplash trauma can cause permanent damageto the alar
ligaments (Krakeneset at., 2002)other studies disagreeand state that the inherent variability
in a normal population makesthis an unreliable technique (Wilmink and Patljn 2001). Chronic
whiplash symptoms include damage to the occipital or cerebral nerves, vertebral arterial
compressionand excessdilation of blood vessels (Barnsley1995). Whiplashinjuries that are
more seriousmay also include cervical fracture and disc-vertebral body separation (Dunnand
Blazar 1987).

Haemorrhages have been identified between the intermuscular fascia[ planes of the neck and
have been associated with

damage to the cervical

Haemorrhages have also been identified

sympathetic

plexus (LaBan 1990).

around nerve roots and in the adventitia of the

vertebral arteries (LaBan 1990).

Considerations
The aetiology, prevalence and biomechanicsof whiplash have been discussed. The vastness
and uncertainty of this field can be appreciated and becauseof this, this study is unable to
take account of all hypothesesidentified. This study will be limited to using ultrasound to
investigate the hypothesis that soft tissue damage occurs to the neck following a whiplash
event. During the assessmentof whiplash patients, an appreciation of the accident event will
injury
An
the
injury
indication
the
of
mechanismwill
understanding
mechanism.
of
provide an
help to identify what structures have potentially been damaged.
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2.4 Soft Tissue Damage
The structure of soft tissue is altered following injury and during its subsequentrepair. These
changescan be diagnosedusing ultrasound and this is discussedin a later section. This
section provides a description of the physiologyof these injuries and the repair process, as
well as the timescale over which this occurs,will provide clues to assessthe type of injury and
the stage of repair.

Pathophysiology of soft tissue injury

Injury causesdamageto the structural elements of the tissue, such as muscle fibres, collagen
or elastin, and is accompaniedby rupture of capillaries, arterioles and venules (fig. 13). The
extent of bleeding dependsupon the vascularity (blood supply) of the tissue; muscle is more
vascular than tendon and is therefore more likely to bleed. Bleeding into tissuesacts as an
irritant and increasesthe degree of inflammation. Inflammation is a complex network of
vascular and cellular responsesdesigned to resolve the pathologic insult and restore the
anatomy to a level of physiologicalfunction identical to pre-injury status. This restoration is
achieved by removingdamagedtissue and regeneratingnormal tissue. Followinginjury, blood
flow increasesto the site of damage. White blood cells migrate towards the damagedtissue
and remove the debris which consistsof cell, damagedtissue and micro-organismsof other
foreign matter. After twenty four to forty eight hours, the extravascularspacesare distended
with white blood cells and fibrin forms the basisof the blood clot. The increasein blood flow,
as well as cell proliferation or migration and an increasedsecretion of matrix material; causes
expansionof the matrix resulting in visible swelling (Stauber et al. 1998) which pushesthe
structural tissue elements apart. The torn blood vesselsare patched with platelets and fibrin;
however, the extravasatedblood is still present in the tissue. External signsof inflammation
are heat, swelling, pain, rednessand lack of function. Heat, swelling and rednessare caused
by vascular changesand the presencesof inflammatory exudates. Pain is due to increased
tissue tension and direct stimulation of pain fibres by pharmacologicallyactive substances.
Loss of function is partly due to swelling and tissue tension, which mechanically impede
movement, and partly by a neurologicalreflex.
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Figure 13: Inflammatory response following soft tissue injury
Injury causes damage to the structural elements of the tissue and is accompanied by rupture
of surrounding blood vessels.

Repair of soft tissue following

injury

Repair of the former soft tissue structure takes place with the formation of granulation tissue
(which consists of blood vessels and connective tissue), which peaks around ten days after the
injury (fig. 14). Fibroblasts are involved in continuous remodelling for months, before the
scar tissue matures.

Initially the matrix consists of fibronectin,

that appear to enhance cell recruitment and wound contraction.

which are large molecules
Fibronectin may be essential

for organising collagen fibrils into bundles and may act as a template for collagen fibre
formation.
tissues.

Collagen fibres are produced and remodelled to lie along the axis of stress in the
Mature scar tissue is formed which is inferior to normal tissue and has a lower
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breaking strength and it may also deform the original tissue and impair its function; however,
mature scar tissue provides a rapid restoration of structure integrity.

Muscle granulation

tissue is present ten days post injury and tears easily, at twenty days, collagen formation is
virtually complete but the tissue is immature, strength increases up until four months and
then during the first six to twelve months of maturation, remodelling and further increases in
strength take place. Muscle scar tissue is unlike muscle tissue as scar tissue is inelastic and
prone to tearing at a later stage.

In tendons, scar tissue takes four months to achieve its

maximal strength.

Fibroblast

Fibroblasts
Macrophage

Debri

Muscle
fibres

(al

Ibl

Collagen

Ic)

Figure 14: Repair of soft tissue
Injury is immediately followed by a repair process that aims to return the tissue to its original
state.

Muscle injury
Muscle injury often occurs when an activated muscle is forcibly stretched.

Typically, such

injuries often occur during athletic activities requiring bursts of speed and acceleration but
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this mechanismwould be true of a whiplash event. In sports medicine, rupture often occurs
at the musculotendinousjunction (where the tendon and muscle join) or the belly of the
muscle (Tidball et at., 1993; Kaariainenet at., 2000); although the site of failure dependson
the state of activation of the muscle at the time of injury (Tidbalt et at.. 1993). Magnetic
resonanceimaging showsfibre disruption, oedemaand haemorrhageconcentrated around the
musculotendinousjunction or within the muscle and deep to the overlying fascia (Kneeland
1997). Full thickness tears may cause the muscle to retract and deform. On external
examination, pain and tendernessis felt and sometimesthere is a severe loss of movement
possiblybecausethe muscle is unable to contract (Joneset at., 1986), giving further clues as
to the location of injury and where to examine. The fibre compositionof muscle influences
susceptibility to injury, with Type II fibres (fibres for movement)being more severelyaffected
than Type I fibres (fibres for posture) (Jones et at., 1986). This could be caused by
recruitment patterns or becauseType I fibres are more resistant to damage. The extent of
injury and the frequency of repeated injury determine whether the outcome be degeneration,
regenerationor fibrosis (Devoret al., 1999).

Whiplashpatients often do not feel the pain until the next day following injury. This may be
comparable to the delay following eccentric exercises (where a muscle producesincreasing
tension as the muscle lengthens), and the appearanceof muscle damage symptoms called
'delayed onset muscular soreness' (DOMS). DOMSoccurs a few hours after vigorousexercise
and intensifies a few days after activity. It may be caused by damageto the myofibrils or
injury to the adjacent fascia and pulling apart of the musculotendinousjunction (Kneeland
1997). It is unknownwhat is responsiblefor this delay but a possiblecauseis a delay in the
immune system responsethat results in the destruction of musclefibres (Joneset at., 1986).
This response has been observed in eccentrically worked muscle but not after concentric
exercise (where a muscle producesincreasing tension as the muscle shortens) (Joneset at.,
1986). Whiplashis an eccentric event which lends itself to this idea.
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Muscle repair
Skeletal muscle has the ability to regenerate following injury.
on the extent of damage to the basement membrane.

The success of repair depends

If the muscle is exposed to severe

trauma, the basement membrane may be destroyed and connective tissue proliferates to form
a scar. Fibrosis occurs when collagen Type 1 Is deposited around the muscle fibres (Stauber et
at., 1998), which can decrease function and mobility.

Most of the processes involved in

muscle development are active following injury (Stauber et at., 1998). During the healing
process, two competitive events take place; these are regeneration of disrupted muscle and
production of a connective tissue scar.

Complete regeneration occurs within five days to

several weeks (Devor et at., 1999). The time required for healing depends on what proteins
must be synthesised and organised into functional sarcomeres (the functional units of a
muscle), or membranes.

Complete recovery is possible in young subjects, muscle in older

subjects takes longer to regenerate; complete recovery occurs if the injury is not severe
(Devor et at., 1999). Muscle can also repair by fibre branching where small fibres branch off
an existing myofibre.

If the fibres split from the myofibre, it has an extracellular matrix of

normal dimensions and content surrounding it, however, the muscle has more connective
tissue to resist further injury (Stauber et al., 1998). Myositis ossificans occurs in muscle tissue
when an osteoblast (a bone forming cell), invades the haematoma and matures to produce
bone, this can impair function (Hudson 1998).

Tendon damage
Tendon injury is identified by tendernessor chronically painful tendons and is often called
tendonitis although little swelling occurs. For tendons with a tenosynoviat layer, this may
become inflamed in responseto microtrauma or to degenerative changesand this is termed
tenosynovitis; in the tendon proper the term tendinosis is applied. The degenerativepattern
can assumefatty, mucoid or hyaline features. In damagedtendon, the matrix is disorganised
without the usual axial, tightly woven collagen bundles, fibroblasts are more numerousand
there is increasedvascularity (Teitz et al., 1997). There is invasionof fibroblasts and vascular
granulation described as angiofibroblastic hyperplasia (Teitz et at., 1997). The tendon is
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thickened and at the tendon insertion, calcification and cystic areas may be apparent (Teitz
et at., 1997). Other features include crepitis and a macroscopicor microscopictear. Tissue
damageresults in the inflammatory responseproducingswelling, heat and pain (Birch et at.,
1998). Rupture results in longitudinal splitting, disintegration and angulation of collagen
fibrils, a decreasein averagecollagen fibre diameter and if strained to failure, every fibril
disintegrates (Birch et at., 1998). Collagenfibres form a crimp arrangementthat protects the
muscle from rupture. Creep occurswhen a constant load causesthe tendon to lengthen with
time as the crimp straightens. Excessiveloads cause the tendon to fatigue and rupture.
When tendon is damaged,the crimp pattern is disrupted and tensile performance is reduced
(Williams et al., 1985).

Tendon repair
The blood supply to tendons is poor and therefore heating is slow. A microscopictear in the
tendon may initiate an inflammatory responsethat if not treated, is replaced by a tissue that
resemblesa failed repair or degenerative processthat is poorly organised. This tissue has
numerousblood vesselsand contains fibroblasts and areas of hyaline or mucold degeneration
(Teitz et al., 1997). Fibroblasts from surrounding connective tissue arrange on strands of
fibrin and elongate to form collagen fibres that gradually increasein diameter (Hudson1998).
Twenty four hours after injury, remnants of crimp pattern are present and collagen fibre
alignment is poor (Williams et at., 1985) and there is a high turnover of newly synthesised
collagen. The collagen composition found in healing tendon may affect the formation of
crimp. One month after injury there are regionsof crimp regularly distributed throughout the
tissue, however the dimensionsof crimp differ from normal tendon. Three months after
injury, crimp alignment has improved. Tendon heating is slow, and does not reach full
maturity in terms of fibril diameter distribution and crimp formation for at least fourteen
months after injury. It may take three to six monthsfor warmth and tendernessto disappear
(Teitz et al., 1997).
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2.5 Imaging Modalities for Whiplash
Imaging provides information for those anatomical structures that could not otherwise be
visualised by an external examination. An assessmentof the image obtained can be made
which forms the basis for a clinical diagnosis and therapeutic plan.

Present imaging

modalities used to evaluate the musculoskeletalelements of the cervical spine following
whiplash injury include plain radiography,computed tomography(CT)and magnetic resonance
imaging (MRI). Each of these imaging modalities specialisesin its ability to image specific
features and all are well established for imaging the muscutoskeletalsystem. This section
focuseson the role of these imaging modalities for the diagnosisof whiplash. The sensitivity,
accuracy, specificity and limitations of these imaging modalities are presented. The cost
effectivenessand patient considerationsare also discussed.

Diagnosing whiplash
The main difficulty with diagnosingwhiplash is the high level of uncertainty of what structures
are injured and the cause of the pain being generated. Due to the myriad of processesthat
can cause the symptoms and signs in a whiplash injury, it is not surprising that imaging
findings are also diverse. Diagnosinga whiplash injury is a source of controversy because
there are often limited objective findings. The exact cause of pain experienced after a
whiplash event is unknown; and this may explain why a diagnostic procedure has not been
identified.

The protocol used by the accident and emergency department of the Queen's Medical Centre,
Nottingham, UK; is a protocol typical of current UK medical practice for a patient presenting
2003).
Coffey
injury
follows
(Frank
is
communication
personal
as
whiplash
a
suspected
with
Information is collected including patient history and the nature of the accident to determine
the mechanism of injury.

This is followed by a physical examination where the patient's

general well-being, perceived pain, mobility and neurology are assessed. Imaging modalities
are utilised depending on clinical signs and symptoms, with plain radiography being carried
out to rule out severe damage such as fracture.
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tomography is used if there are suspected vertebrae, disc or nerve damage. If damage is not
identified

the patient is discharged.

Generally with a whiplash injury,

these imaging

techniques reveal negative results and the physician must diagnose the injury based on the
nature and mechanism of injury and primarily on the indirect effects of the injury including
pain, disability, palpable oedema, steep loss and other side effects of the injury (Nordhoff
1996).

Neck injuries involving fractures are more easily identifiable; however, neck sprain without
fracture poses a difficult diagnostic problem because soft tissue injuries are not usually
demonstrableby usingstandard radiography. This adds to the patient's distressas there is no
objective evidence of an injury to account for the pain. With the absenceof an organic
lesion, patients are often regardedas havinga psychosomaticillness.

The diagnostic approachesthat have been used to assesswhiplash are considered including
the initial clinical examinationand the subsequentimagingmodalities that may be chosen.

Clinical examination
A clinical assessment of whiplash involves examination of a patient's

general well-being,

perceived pain, mobility and neurology. The patient may have existing limitations due to age,
previous injury or because they are innate. In the first twenty four hours following a whiplash
injury, the majority of patients report pain and stiffness in the neck and interscapular region
and headache; with no neurologic deficit or radicular symptoms being observed (see Table 3)
(Ronnen et at., 1996).
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Table 3: Whiplash symptoms
Symptoms

No. of patients

Painand stiffness in the neck and interscapular region

99%

Headache (general)

96%

Headachein the occipital region

78%

Limitation in rotation

49%

Limitation in flexion and/or extension

42%

Loss of concentration

34%

Paresthesiain the armsor hands

24%

Vertigo and dizziness

24%

Generaltiredness

19%

Short-term memorydisturbances

6%

Personalitychanges

6%

Disturbanceswith word finding

5%

Neurologicdeficit

0%

Radicular symptoms

0%

Symptoms reported by 100 patients (Ronnen et al., 1996)

Plain radiography
Plain radiography utilises X-ray to image bony structures (fig. 15). Plain radiographyis the
imaging modality of choice for patients with whiplash injury to identify fracture, dislocation,
retropharyngeal oedema, tracheal displacement and instability (El-Khoury et at., 1995).
Whilst plain radiography allows good visualisation of the topographical arrangementof bony
componentsof the cervical spine, visualisation of soft tissue is not possible. It has also been
demonstrated that a high incidence of cervical pathology may be present despite normal
radiographs (E("Khouryet ol., 1995). Dynamic imaging using plain radiography has shown
functional disturbances in patients suffering from whiplash injuries (Griffiths 1998). As
radiography has yielded negative results, this may suggestthat whiplash mainly affects soft
tissues.
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Figure 15: Plain radiograph of the neck
(C2-C7 = cervical vertebrae)

Computed tomography
Computed tomography (CT) examines the bony structures and soft tissue of the body (fig. 16).
A low intensity X-ray tube is rotated through a 360° arc around the patient.

This information

is analysed in a computer that constructs the image of a 'slice' through the body at the point
at which the X-ray beam was focussed and rotated.

It is also possible with some computers to

take several scans short distances apart and stack the slices to produce a three-dimensional
image. CT allows good visualisation of the topographical arrangement of bony components of
the cervical spine, soft tissues are visualised but without

structural

detail.

Cervical

discography followed by CT may be more sensitive in detecting sometimes painful anular
fissures (Volle et at., 1992).

CT has a higher sensitivity in detecting fractures than plain

radiography. CT is time consuming (Baum et at., 2000) and exposes the patient to significant
amounts of ionising radiation (Som 1997). For soft tissues to be visualised, a radiopaque dye
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of iodine (a contrast medium capable of absorbing X-rays), has to be injected intravenously
and allergies to the dye can exist (Som 1997).

Figure 16: Computed Tomography image of the neck
Bony structures are well defined; surrounding musculature is apparent but lacking in
architectural detail.
1- thyroid cartilage
2- vertebral body

3- vertebral foramen
4- spinous process

5- muscle

Magnetic resonance imaging
Magnetic resonance imaging (MRI) images bone and provides good soft tissue differentiation
(fig. 17). MRI forms an image based on the behaviour of atoms in a magnetic field.
waves are directed at a person lying inside a large electromagnetic field.
causes the protons of various atoms to align.

Radio

The magnetic field

The body contains large amounts of water

imaging
in
is
important
this
hydrogen
it
is
that
these
the
of
alignment
atoms,
and
of
composed
system.

Radio waves of certain frequencies are directed at the patient that changes the

alignment of these hydrogen atoms.

When the radio waves are turned off, the hydrogen

field.
in
the
magnetic
accordance
with
realign
atoms
different
is
to
realign
atoms

The time it takes for these hydrogen

for the various tissues of the body.

analysed by a computer to produce images of body sections.

These differences are

In the clinical setting, MRI is

reserved for serious cases and therefore most whiplash patients would not undergo this
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technique until their problem was long term, at this point any oedema or bleeding would
unlikely be evident. The use of MRI to identify a whiplash injury has had various success. In
one study, MRI of whiplash patients appeared to demonstrate the presence of anterior
longitudinal ligament injury, vertebral end plate fracture, disc injury, disc herniation, disc
injury and interspinous ligament injury (Davis et at., 1991). However, these changes have
been observed as normal variants or present in asymptomatic individuals (Boden et at., 1990).
Other MRI studies have not revealed any specific feature after whiplash with the authors of
these studies stating that MRI has no role in evaluating whiplash injury (Ronnen et at., 1996;
Borchgrevink et at., 1997; Voyvodic et at., 1997). Soft tissue changes indicating bleeding or
oedema were not seen in the cervical images of patients scanned within two days of injury
(Borchgrevink et at., 1997) which suggests soft tissue damage did not occur in this case.
Dynamic imaging using MRI has shown functional

disturbances in patients suffering from

whiplash injuries (Nagele et at., 1992). MRI is non-invasive and does not expose the patient to
ionizing radiation; however, disadvantages exist.

MRI may not always provide the necessary

information required to evaluate pathologies such as incomplete ligamentous disruption and
paraspinal soft tissue pain (Schwartz et at., 1999). This is largely due to a limitation of spatial
resolution and contrast within muscles and ligaments.

Patient compliance can be a problem

as discomfort due to claustrophobia or pain can lead to movement artefacts or incomplete
sequences of images being acquired.

Patients with unstable ferrous materials such as

pacemakers, aneurysm brain clips and foreign bodies in the eyes; are potentially excluded
from undergoing this procedure (Som 1997). The long duration required for image capture
precludes the routine use of MRI for obtaining real time recordings (Duerinckx et at., 1999).
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1234-

Figure 17: Magnetic Resonance imaging of the neck
5- levator scapulae
sternocleidomastoid
9- splenius capitis
6- erector spinae
vertebral body
10 - trachea
internal jugular vein
7- trapezius
11 - spinal cord
8- semispinalis
common carotid

MRI and CT scanning requires the use of expensive machinery, dedicated space implying lack
of portability, trained technicians as well as experienced radiologists for image interpretation
(Som 1997). Waiting times for a routine examination at the Queen's Medical Centre is less
than two weeks for CT and a maximum wait of three months for musculoskeletal MRI; for both
modalities

urgent

communication
information,

cases are assessed on the

2004).

same day

(Robert

Kerslake personal

Although MRI and CT imaging provide useful musculoskeletal

an alternative form of imaging which yields comparable information would be

attractive in terms of logistics and economics and if the modality had superior resolution this
may aid soft tissue pathology diagnosis.

Ultrasound
The use of ultrasound as a diagnostic tool for whiplash injury is considered here; the principles
of ultrasound will be discussed in a later section.

The ability to use ultrasound to diagnose

whiplash is controversial, and there is little documented evidence available that whiplash
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has
Ultrasound
be
patients
evidencedsoft tissue injuries
of
whiplash
seen.
related signscan
suchas muscle tears, haematoma,swelling and muscle atrophy (Martino et at., 1992,Shwartz
et at., 1999, Kristjansson2004). In these studies, ultrasound revealed hypoechoic signals
suggestiveof haematoma(Shwartzet at., 1999)and tears (Martino et al., 1992) and a loss of
tissue architectural definition (Kristjansson2004) typical of muscle atrophy, swelling and
haematoma. The characteristic ultrasound appearanceof these pathologiescorrelates well
with documented musculoskeletalinjuries (see Section 2.7). Further pathologies including
disc bulgesand herniations, as well as abnormalities of the facet joints and paraspinalmuscles
have been claimed (Kirsch and Poirier 1997). Although for this study, only an abstract is
available on the World Wide Web, which obviously has the inherent problems of not being a
peer reviewed article, lacking detail and there is absenceof follow up work. The findings of
this study must be viewed with caution; however, these results are not unbelievable, as using
ultrasound to identify pathology of those mentioned structures has been achieved in other
studies (Porter 1980, Hides 1995,Weiss1996).

Ultrasoundis not routinely used to diagnosewhiplash, and evidenceof this work is sparsewith
the field developingslowly. Ultrasoundtechnologyhas developedconsiderablysince many of
these studies were conducted.

The improved quality of ultrasound imaging enhances

diagnosticcapabilities, and therefore makesnow an ideal time to develop these studies.

Using imaging devices to verify injury

An inherent risk of imaging is that without knowing the pre and post injury state, it is
impossible to know what changes have taken place as a result of injury.

Those features

identified as injuries may have been present before the accident, normal variance or just
be
ideal
To
due
the
to
degenerative
situation
would
changes,
verify
ageing.
changes
natural
to have before and after imagesto make a valid assessmentof those changestaking place. As
this is not feasible in the clinical setting, imaging findings must be matched to symptoms,
free
from
is
image
(assuming
this
pathology); and compared to
to
contralateral
a
compared
asymptomaticindividuals.
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Whiplash is a subject where litigation expenses are high and with no diagnostic tool available,
it is a doctor's note that decides the severity of the problem, a system such as this is open to
malingerers.

For the purpose of litigation and patient care, an imaging modality that can

successfully determine an organic lesion is needed. Although there are a number of imaging
techniques available to investigate the neck, they have proved unsuccessful for identifying
pathology consistent with whiplash.

These modalities also lack image quality, are resource

intensive and have associated risks for the patient.

The original ultrasound devices, although

patient friendly and economical, had inadequate image clarity of soft tissue damage and were
most likely discounted as a diagnostic tool for this reason. However, ultrasound technology
has made considerable advances during recent years and is available at a relatively low cost
when compared to other imaging techniques.
now has the inherent ability

Advances in technology mean that ultrasound

to visualise those musculoskeletal injuries believed to be

damaged in a whiplash injury.

2.6 Ultrasound
The physicsof ultrasound and its use as an imaging modality is discussedincluding details of
the equipment used throughout this study. The benefits, disadvantagesand weaknessesof
using ultrasoundtechnologyare also reviewed.

Development of ultrasound
Ultrasound is a high frequency sound wave above the human auditory range that is also
In
1880,
bats
dolphins
the
by
and
navigation.
and
as
a
means
communication
of
produced
Curie brothers discovereda method to produceand detect these high frequency soundwaves.
The threat of submarinesduring the first world war; led to a need to see hidden underwater
detect
but
it
developed
that
technique
could
submarines
could not
a
was
and
obstructions
gauge their range. By the second word war, Sound Navigation and Ranging(SONAR)had
detection
The
in
developed
both
use
of
ultrasound
and
ranging.
medicine
as
allowing
evolved
a byproduct from these engineeringventures. In 1937, the Dussikbrothers were the first to
describe the use of ultrasound for imaging and produced images of the head. This fuelled
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interest among research groups.

In 1949, Wild reported that ultrasound could be use to

visualise soft tissue (Wild 1950).

In the early to mid 1950's, Howry developed a machine

called the Somascope, meaning tissue vision; and using the findings of this machine published
papers on the use of ultrasound for soft tissue investigation (Howry and Bliss 1952; Howry et
al., 1954). Howry's invention of a Compound Waterbath Scanner in 1954 produced detailed
scans, especially of the neck (fig. 18).

Figure 18: Compound Waterbath Scanner
Ultrasound cross-section of the neck.
(left = anterior, right = posterior)

The physics of ultrasound and instrumentation
Sound is the transmission of mechanical vibrations through matter.

These vibrations are

orderly, oscillatory motions generated by an external source. Frequency is the term used to
quantify these oscillations.

Frequency is the number of oscillations per second performed by

particles of the matter in which the sound is propagating.

Ultrasound is the sound waves of

extremely high frequency, above 20,000Hz, which are inaudible to the human ear. The sound
waves of diagnostic ultrasound travel through the human body interacting with tissues in a
way that allows it to be used for diagnostic imaging.

Behaviour of ultrasound
Diagnostic ultrasound relies on the interaction
structures under investigation.

of the transmitted

sound wave with the

The ultrasound equipment locates and displays echoes based
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on the waves propagation speed (the speed at which a wave moves through the medium).
Propagation speed is affected by acoustic impedance (the resistance offered by tissues to the
movement of particles caused by ultrasound waves) (see Appendix Q. Acoustic impedance is
a function of the density (concentration of matter) and hardness (resistance of a material to
compress) of a tissue (see Appendix C). Materials with high acoustic impedance transmit
sound faster than those of low acoustic impedance.

Therefore, propagation speeds are

highest in solids (such as bone) and lowest in gases (see Appendix Q.

The average

propagation speed of ultrasound in soft tissue is 1540m/s and this is used as a reference when
mapping echo location.

The behaviour of a sound wave on meeting a boundary is dependant on the acoustic
impedanceof the medium the wave is moving through and the angle of incidence the wave
meets boundarieswithin the region of interest. The behaviour of sound waves enables the
identification of elements and pathologies of the musculoskeletal system based on this
acoustic impedance. Tissue with high water content such as muscle, cartilage and tendon;
transmit and reflect sound waves very well allowing good images of these structures to be
acquired (seeAppendix Q. The ultrasoundappearancecreated by the different architectures
of these structures hasbeen well defined and will be discussedlater.

Attenuation
As the ultrasound beam traverses through a medium, a phenomenon called attenuation
occurs. Attenuation is the decreasein amplitude and intensity with distance as a wave travels
through a medium. Attenuation is the result of the beam being reflected, refracted, absorbed
or scattered due to structures of different acoustic impedance. Higher frequencies are more
readily attenuated than lower frequencies and therefore to image deeper structures lower
frequenciesare required.
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Reflection and refraction
When the beam reaches a tissue interface at a perpendicular incidence, some of the beam
may be transmitted and the rest is reflected back to the transducer (fig. 19). The amount of
is proportional

energy reflected

to the difference

in acoustic impedance between the

structures forming the tissue interface (see Appendix Q.
boundaries with an oblique incidence.

Ultrasound waves tend to meet

If the oblique incident pulse on meeting a boundary is

transmitted, this change in direction of sound is termed refraction.
beams are refracted.

Not all non-perpendicular

Some are scattered about the tissue interface.

transducer

incident pulse

returned pulse
interface

transmitted pulse

Figure 19: Ultrasound behaviour at an interface (Part 1)

In figure 20, a fraction of the incident wave (1) is reflected (2) at an angle equal to the angle
of incidence.

Another fraction (3) passes across the interface and is refracted, continuing at

an angle different

from the angle of incidence.

The greater the difference between the

fraction
interface;
the
then
the
impedances
that is reflected.
greater
at
an
acoustic

Bone

reflects ultrasound strongly so that its architecture may not be imaged and subsequently the
bone produces an acoustic shadow behind its surface.
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propagationspeeds,the greater the refraction. In practice, this is least important when the
incident angle is zero and the ultrasoundwave strikes the interface perpendicularly.

angle of
reflection

angle of
incidence

Interface
refraction

3

Figure 20: Ultrasound behaviour at an interface (Part 2)

If the reflecting boundaryis much wider than the wavelength (e.g. ten or twenty times wider)
it acts like a mirror and is called a specular reflector.

The walls of blood vessels and

connective tissues are example of specular reflectors. Ultrasound waves scatter when the
width of the reflectors (scatterers) is smaller than the wavelength of the ultrasound. Only a
small fraction of the ultrasound wave is returned back in the original direction (fig. 21). The
effect of these scatterers is to produce 'noise' that is perceived as a granular textured
background. This backgroundmay convey little if any information regardingthe arrangement
of reflectors, and is referred to as speckle.
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4))
Figure 21: Ultrasound behaviour at an interface (Part 3)

The effect of boundaries makes the use of a coupling agent a requirement.

The coupling

agent prevents air trapped between the skin and the transducer acting as a barrier to the
ultrasound waves.

Absorption
Another cause of attenuation

is absorption by the traversed tissues.

The lost energy is

imparted to the tissue in the form of heat which is possibly the basis of therapeutic
ultrasound.

Imaging instruments: pulse-echo imaging
Diagnostic ultrasound systems consist of a pulse-echo imaging system (fig. 22).

A pulse is

emitted from the transducer, and the system determines the returning echo strength and
location of echo generation sites.

Echo generation sites are determined from the direction

and arrival time of echoes returning from the tissues. It is this information that produces the
characteristic sonogram. The pulse-echo imaging system consists of a beam former, a signal
processor, an image processor and a display.
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Figure 22: Schematic of a pulse-echo system
(T = transducer)

To summarise this system, the beam former produces electric pulses that drive the transducer
and performs the initial functions on returning echo voltages from the transducer.

The

transducer produces an ultrasound pulse for each electric pulse applied to it.

For each echo

received from the tissues, an electric voltage is produced by the transducer.

These voltages

go through the beam former to the signal processor, where they are processed to a form
suitable for input to the image processor. Electronic information from the image processor
drives the display, which produces a visual image of the anatomy interrogated by the system.
This system may be manipulated by the operator to obtain a suitable image. A more complete
discussion on this system follows.

Transducer
Constructionand operation
The transducer is the device responsible for transmitting ultrasound waves and receiving
returning echoes. The transduceris constructed from piezoelectric (pressure-electric)crystals
that have the properties to convert electrical stimulus to vibrations which produce pressure
(sound)wavesand vice versa. The linear-array transducer used in this study has piezoelectric
elements arranged in a rectangular formation.

Rectangular images are produced and are

composedof many vertical, parallel scan lines. The length of this array determines the field
driven
is
by cycles of alternating voltage which apply electricity to
The
transducer
of view.
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the crystals at a specific pulse rate; the crystals produce vibrations that causean alternating
pressure that propagatesfrom the transducer as a sound pulse. The frequency of sound
produced is determined by the characteristics of the crystals in the transducer. The driving
voltage must be near to the operating frequency (resonancefrequency) of the transducer.
The operating frequency is the natural frequency of operation for the element. The returning
echo is converted into an alternating voltage pulse by the transducer.

Focussing
The beam emitted by a transducer in an unfocussed state has two separate fields; the near
field (Fresnel Zone) and the far field (Fraunhoffer Zone). The near field is the same width as
the transducer face and extends to the focal point.
diverges and is called the far field.

Beyond the focal point, the beam

Because of this divergence, resolution in the far field is

poor compared to the resolution achieved by the near field.

For optimal resolution, the

transducer should be focussed to the specific region of interest.

Focussing moves the end of

the near zone toward the transducer and narrows the beam; this can only be achieved in the
near zone of a beam. Well adjusted focussing provides a narrow acoustic beam and a thinner
image section; this gives better resolution of detail and a clearer image containing more
information.

This can be likened to the effect of a thin beam of light showing an object more

clearly than a scattered beam.

The linear array transducer used in this study has an

electronically variable focal length that can be adjusted to the required depth.

Detail resolution
Resolution is the ability of the transducer to separate and define small, closely spaced
structures. Resolutionis determined by wavelength which is inversely proportional to the
frequency. Therefore the higher the frequency, the smaller the structures that can be
identified; however, high frequency has a limited depth of penetration (see Table 4). Lateral
define
is
to
the
ability
separate
and
small structures perpendicular to the beam
resolution
beam
is
to
the
Lateral
width and is optimised by focussingthe beam at
equal
resolution
axis.
the area of interest; this has the effect of reducing the beam width, and using high
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frequencies. Axial resolution is the ability of the transducer to separate and define two
structures along the axis of the beam. Axial resolution is optimised by damping the crystal
and increasingfrequency. Elevational resolution or slice thicknessis the ability to distinguish
between reflectors and structures separated along a line that is perpendicular to the
ultrasoundimage plane. Ultrasoundcharacteristicsare displayedin Table 4.

Table 4: Ultrasound characteristics
Wavelength

Frequency

(mm)

Imagingdepth

(MHz)

(assumingaveragevelocity of
sound in tissue is 1540m/s)

(cm)

Axial Resolution
(mm)

1

1.54

?

?

2

0.77

30

0.77

5

0.31

12

0.31

10

0.15

6

0.15

15

0.10

4

0.10

20

0.08

-

-

Beam former

The user defines how much power is necessaryto observethe structures of interest using the
power transmitter control. This controls the amount of acoustic power transmitted by the
transducer. As a safety precaution, the lowest possiblepower setting which allows adequate
penetration should be employed. Increasingthe output power to the transducer produces
higher-intensity transmit pulses and larger-amplitude echoeswhich enable echo signalsfrom
weaker reflectors and scatterers to be visualised.

The transducer used in this study, is a linear phased array system. In this system, voltage
pulsesare applied to most or all of the elements but with a small time delay between them so
that the pulse is sent out in a specific direction. Subsequentpulses are sent out in slightly
different directions by altering the time delay and the beam direction continuesto change. In
this way, echoescan be generated from a specific anatomical location with several viewing
-51-

Chapter2: Literature Review
angles. Echo information from these multiple views is processedto present an improved
quality image. This is a form of electronic `compounding'of the image. The combination of a
linear array and electronically focussedphasedarray is best. This combination multiplies the
user options and focussingpossibilitiesfor better image resolution.

Due to the processof attenuation, echoesreturned from deeper structures are not as strong
as those that come from structures that are more superficial. These echoes from deeper
structures must therefore be amplified. Compensationfor attenuation is achieved using the
Time Gain Compensation(TGC) control. This mechanismcompensatesfor attenuation by
giving equal amplitudes of displayed echoes of equally impedant structures on the image
regardlessof the depth traversed or time elapsed between pulse and echo. TGCis required
becauseechoesin the near field take less time to return to the transducer than those from
the far field. TGCcorrects the varying intensities of these echoes. The user decreasesTGC
gains in the near field and increasesTGC In the far field. Care must be taken as over and
under compensationcan produce artefact (see Chapter 3). Overall gain is adjusted once the
image appearsto be of homogenousecho quality throughout both the near and the far field.
The overall gain control controls the amplification of signals received by the transducer; it
affects all echoes equally and is set subjectively so that echoes appear with appropriate
brightness.

Signal processor
Information from the beam former is sent to the signal processor. The signal processoris an
form
from
into
device
the
the
that
translates
a
receiver
signals
amplified
echo
electronic
suitable for the display.

Operations carried out include bandpassfiltering (eliminates

frequencies outside the bandwidth), demodulation (radio frequency is converted to video) and
dynamic range compression(reduction of dynamic range with logarithmic amplification). This
information is then input to the image processor.
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Image processor
The image processorreceivesinformation from the signal processor. Throughpre-processing,
the various amplitudes received are compressedinto number values. Thesenumbersare used
to create a digital representation of the ultrasound image which may be viewed on the
instrument display. This allows preferential enhancementof certain tissue types and better
characterisation of the internal structure of organs. Pre-processingis performed before or
during scanning (in real time); before the echo data is stored in the image memory.

Pre-

processing includes the ability to produce panoramic images, spatial compounding and 3D
processing. The 'Diasus' used in this study does not have these pre-processing functions as it
is a basic system and by not having these functions, the cost of the equipment is minimised.
After pre-processing, image frames are stored in image memory. A rapid sequence of frames
is acquired producing a real-time image. A freeze-frame occurs when one frame is held and
displayed out of this sequence. The ultrasound equipment is able to store a number of frames
before freezing and this produces the cine loop. Cine loops are viewable when the system is
live; however, after this the cine loop is stored as a batch of images that must be
reconstructed in external software to view later.

Post-processing is carried out on the image

data retrieved from memory, and determines how this information will appear on the display.
Post-processing takes the numbers assigned by pre-processing and in turn assigns them to grey
shades as viewed on the instrument display. Post-processing is performed on the frozen image
and allows changes in grey scale (gamma correction) to give more or less display brightness to
weaker echoes.

Four post-processing curves for gamma correction are available on the

'Diasus' to be assigned at the operator's discretion.

Display
The B-modescanproducesa grey-scalesonographicimage. B-modescansare so called as the
imagesare produced by scanningthe image in cross-sectionand converting the echo strength
into a brightnessto represent the echo on the display (hence B-modescanor brightnessscan).
B-modeimageswatched in rapid sequencebecome real-time images. The display updates as
the transducer or part of the body moves. A freeze option allows the displayed image to be
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held stationary for observation and measurements. Features of the 'Diasus' B-mode scan
enables magnification in the form of a six step hardware zoom and image inversion
capabilities. The brightnessof the monitor may also be adjusted to improve image clarity.
The monitor is best viewed in a dark room to avoid reflection from external light sources
confoundingthe image.

Artefacts

An artefact is an additional, missing or distorted image that does not conform to the real
anatomyof the structure being examined. Artefacts are consideredin Chapter 3.

Ultrasound safety
There are no known risks with medical diagnostic ultrasound, however; it is best to assume
that there is a risk as ultrasound is a form of energy and has the potential to produce a
biological effect
experimental
animals.
cavitation.

that could constitute

a risk.

Bio-effects

observations in cell suspensions and cultures,

The bio-effects observed include interaction

have been identified

from

plants and in experimental

mechanisms such as heating and

Absorption of ultrasound by a tissue results in a subsequent temperature rise.

Biological effect may result depending on temperature and exposure time.

Cavitation is the

formation of gas bubbles or the behaviour of bubbles already present in a tissue. It is possible
for ultrasound to produce cavitationat activity that can result in damage.

The American

Institute of Ultrasound in Medicine (AIUM 1994) has stated that based on experimental studies,
clinical blo-effects would not be expected to occur with the output intensities of most current
diagnostic instruments.

As a precaution, ultrasound should only be used when necessary and

by using minimum output and exposure time in diagnostic examinations, a principle called
ALARA (as low as reasonably achievable).

Why use ultrasound for this study?
For the assessmentof a whiplash injury, ultrasound as an imaging modality has been
overlooked. Basedon the assumptionthat the pathoanatomyof whiplash is soft tissue based,
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ultrasound would seem appropriate for this task.

Ultrasound is well established as an

investigative and interventional tool in the musculoskeletal system (Heckmatt and Dubowitz,
1988; Goodwin 2000; Allen and Wilson, 2001; Martinoli et at., 2001; Peetrons et at., 2001;
Chang et at., 2002; Peetrons 2002).
system, investigation

Despite its credibility for imaging the musculoskeletal

of the elements of the spine is limited.

The standard imaging

techniques used to evaluate musculoskeletal components of the cervical spine are plain
radiography and computed tomography (CT) for bony elements, and CT and magnetic
resonance imaging (MRI) for soft tissue assessment. Although CT and MRI are both able to
assesssoft tissue, neither has proven successful for the assessment of a whiplash injury.

MRI

and CT both lack the architectural detail achieved by ultrasound and it is possible that this is
the level of detail required to make an assessment. In terms of how ultrasound compares to
these other imaging modalities; it has been found comparable to MRI for assessingmuscle size
(Bemben 2002) and slightly more successful than MRI for detecting tendon injury (Möller et
at., 2002). These results seem appropriate as assessment of pathology size does not require
detail of architecture

and therefore assessment is comparable; however, visualisation of

internal tissue structure and resolution ability may give ultrasound the edge for detecting
pathology. By using ultrasound as the initial diagnostic procedure, the need to use other more
expensive imaging techniques may be reduced.

Advantages and disadvantages of ultrasound
With advances in ultrasound imaging it is now possible to achieve superior resolution of
structures than was possiblein the past (Whittingham 1997;Claudonet at., 2002). Ultrasound
is an attractive imaging modality, being a flexible and non-invasivetechnique that produces
detailed real-time images. The ultrasound assessmentenables interaction between the
examiner and the patient.

The patient may give direct feedback about tenderness from

transducer palpation and aid detection of injury. Compressionfrom applying transducerunder
real-time evaluation can reveal important information about the composition of underlying
structures and allows increased conspicuity or detection of abnormalities that may be
otherwise hidden (Jacobson1999). Dynamicimagingcan reveal transient conditions related to
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specific position or movements,that can be absent during static examination (Jacobson1999).
Dynamicimaging allows examination of an area under movementand eliminates the need for
the patient to remain still if it is uncomfortable to do so. Contralateral comparisonis easily
performed in the musculoskeletalsystem; it distinguishessignificant findings from normal
variants and occasionally reveals unsuspectedabnormalities (Lin et at., 2000). Ultrasound
permits a three dimensional investigation to be carried out.

Ultrasound equipment is

calibrated and therefore measurementscan be made in all dimensions. The fact that
ultrasound is portable and requires no dedicated space makes it a useful tool. There have
been no documentedcasesof side effects occurring becauseof diagnostic ultrasound and to
date, there are no contraindications for its use (Healy 2002). Unlike other radiographic
techniques, ultrasounddoes not rely on exposureto ionising radiation.

There are disadvantagesassociatedwith ultrasound but many of these may be over come with
training and care. A problem with real-time image capture; is that the image captured
representsa single moment of a dynamic study, and if the observer has no knowledgeof the
examination then interpretation can be complicated. The interpretation of imagesis often
subjective requiring technical expertise from experienced radiologists. Possiblelimitations of
ultrasound are that examination may be too painful to assessinjured necksand this will need
to be addressed. The stature of the patient may influence the ability to acquire images; for
example, it may be difficult to acquire images of deeper structures in patients of larger
stature.

2.7 Soft Tissue Appearance with Ultrasound
Different types of soft tissue have a characteristic appearancewhen viewed with ultrasound.
An understandingof the ultrasound appearanceof normal soft tissue is required to provide a
reference for identifying when changesmay have occurred. In responseto injury and during
the recovery process,the tissue architecture is altered. These changesin structure result in
changesin their ultrasound appearance. The tissuesappearancewith ultrasound suggeststhe
type of injury, its extent, as well as an indication of its age and state of repair. Although
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many of these changesoccur at an ultra-structural level, and are too small to be made visible
with ultrasound, their accumulative changein appearanceis evident. Thesechangeswill be
used as markersin whiplash patients. The structural changethat soft tissue undergoesduring
injury and repair and the timescalesover which these changesoccur are considered.

Structure and ultrasound properties of soft tissue
Anisotropyshould be consideredwhen examiningany musculoskeletalsoft tissue structure but
is most obvious in tendon and ligaments. Tendon has a regular homogenousstructure which
produces an ultrasound image that is very sensitive to scanning angle (Crasset at., 1988;
Garcia 2003). Collagen bundles have a long and smooth surface which act as specular
reflectors to the ultrasound beam. Anisotropy occurs when the ultrasound beam is not
perpendicular to these bundles and in the absenceof these specular reflectors, an artifactual
hypoechoicto anechoicappearanceresults (Martinoli et at., 1993). Muscleis less affected by
anisotropydue to its more complex histological organisation. Musclehasfewer interfaces that
yield specularreflections and more nonspecularreflectors, whoseamplitudes have little angle
dependence. The result is little changein muscle echogenicity with changesof the angle of
the transducer (Crasset al., 1988). It is important to bear the effects of anisotropy in mind
when assessinga tissues echogenicity. The echogenicity of a tendon is greatest when
examined perpendicular to the ultrasound beam (Lin et at., 2000), as the angle increases,the
tendon appearsmore hypoechoic. Therefore, if echogenicity is used as a criterion, the angle
of the ultrasound beam must be specifically defined (Crasset at., 1988).

Ultrasound properties of muscle
Normal muscle tissue appears as a structure with low to mid level echogenicity with
hyperechoic fascial planes separating the fibres (Baatenburgde Jong et at., 1993; Jacobson
boundaries
2002).
Peetrons
The
Holsbeeck
1998;
of the muscle are clearly visible, as
van
and
the epimysiumsurroundingthe muscle is a highly reflective structure. Muscletissue is divided
by echogenic sheets of perimysial connective tissue, which gives it a speckled appearance.
Epimystum,fascia, nervesand tendons appear hyperechoicrelative to muscle (Peetrons2002).
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Ultrasound appearance of muscle damage
Ultrasound can successfully evaluate changes in intramuscular architecture

(Bleakney and

Maffulli, 2002). Muscle tears appear as hypoechoic gaps, and in the acute phase, the area of
muscle damage appears thickened with displacement of the outer margins due to the
haematoma (Lee and Bouffard 2001).

Ultrasound allows identification

of partial or full

thickness tears within the musculotendinous junction (Healy 2002). There are two categories
to describe the mechanism of injury for muscle. The first category is caused by stretch and
has three grades; grade 1: strain, with no appreciable tissue disruption, grade 2: partial
thickness tears and grade 3: full-thickness tears. The second category involves direct impact
or crush, and typically produces damage and haemorrhage in the muscle belly.

Magnetic

resonance imaging (MRI) is often unable to differentiate

between category 1: grade 1 and 2

Ultrasound has superior spatial resolution

compared to MRI and is able to

strains.

differentiate

between

both categories and their

respective

grades.

The ultrasound

appearance of a Grade 1 strain is hyperechogenicity within muscle associated with swelling,
although this can appear normal on ultrasound.

Grade 2 strains appear on ultrasound with

discontinuity of the echogenic perimysial striae because of disruption of muscle fibres (Healy
2002). It is also possible to see intramuscular fluid collection or a surrounding echogenic halo
(Healy 2002).

Dynamic scans taken whilst asking the patient to move during active and

passive contraction may allow observation of changes relative to the surrounding tissue.
Movement may also increase the size of the deficit making it more conspicuous.

Ultrasound properties of tendon and ligament
On ultrasound, tendonshave a fibrillar pattern of parallel hyperechoiclines in the longitudinal
plane and a hyperechoicround-to-ovoidshapein the transverseplane (Martinoli et at., 1993).
In the transverseplane, the bundlesof fascicles of the tendon show as rounded echogenicfoci
separatedby hypoechoicloose connective tissue (Ying et at., 2003). Ligamentsappear similar
to tendon but can be differentiated by their more compact, fibrillar and hyperechoicpattern
(Jacobsonand van Holsbeeck1998). Superficial ligaments are more readily and consistently
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identified than deeper ligaments (Lin et of., 2000), this is important to bear in mind when
assessingneck ligaments.

Ultrasound appearance of tendon and ligament damage
Tendon tears that are either complete or partial, demonstrate a complete loss or disruption of
its fibrillar pattern (Kaempffe and Lerner 1996). In chronic tears, continuous areas of atrophic
scar tissue and calcification within tendons can be seen (Lee and Bouffard 2001). Loss of
typical fibrillar echotexture is the most sensitive marker of tendon damage occurring both in
inflammatory

and degenerative disorders (Grassi et of., 2000).

Focal aspects of fibrillar

interruptions, blurring of the tendon texture, and areas of lower echogenicity are the typical
sonographic features indicating damage of the inner tendon structure (Grassi et at., 2000).
Partial tendon tears are characterised by hypoechoic areas; tendon fibres may be interrupted
and defects are usually filled with fluid, blood, or fat (Grassi et al., 2000).

Ultrasound properties of nerve
Larger peripheral nerves may be identified on ultrasound (Fornage 1988). Nerves typically
appear as echogenic fascicular structures and tend to be less echogenic than tendons or
ligaments (Silvestri et at., 1995). Peripheral nerves have a speckled appearance in crossfascicles
longitudinal
from
hypoechoic
fascicular
in
and
plane
nerve
a
pattern
section, and
hyperechoicconnective stoma (Silvestri et at., 1995).

Ultrasound appearance of nerve damage
Information is lacking on the ultrasound appearanceof nerve damage. Benignlesionssuch as
lesions
2001).
demarcated,
(Bianchi
et
al.,
cystic
anechoic
as
well
appear
ganglia

Ultrasound appearance of facet joint
Bone cortex is hyperechoic with posterior acoustic shadowing (Baatenburgde Jong et al.,
1993). A thin hypoechoicrim paralleling the echogenicarticular cortical surface represents
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hyaline cartilage (Lin et al., 2000). Equine cervical facet joints were clearly visible with
ultrasound, although there was no clear distinction of articular cartilages (Berg et at., 2003).

Ultrasound appearance of facet joint damage

Information regarding the ultrasound appearanceof facet joint damagedoes not exist to the
author's knowledge.

Ultrasound appearance of intervertebral disc
Ultrasoundof the intervertebral disc has focussedon imaging the lumbar region, possiblyas
this region is associatedmost commonlywith back pain. In vivo (McNallyet of., 2000) and in
vitro (Naishet at., 2003) ultrasound imagingof the lumbar region producedimagesof the disc
that contain a high degree of structural information. It is possible that these results will
translate to the cervical region.

Ultrasound appearance of intervertebral disc damage
In the lumbar region, in vitro ultrasound images of intervertebral

discs relate well to their

pathologic condition (Naish et at., 2003). In vivo ultrasound has been found to be a reliable
method for detecting structural changes in lumbar intervertebral

discs (Tervonen et at.,

1991).

Ultrasound appearance of other tissues
Large areas of fat cells, such as in the subcutaneousfat tissue, are hypoechoic (Reimerset
be
tissue
In
1993).
tissue,
of
may
echogenic
septa
connective
several
subcutaneous
at.,
visible.

Overall echogenicities increase with increasing thickness of the subcutaneousfat

diameters
(Reimers et at.,
interest
the
to
growing
muscle
and
with
muscle
of
superficial
1993). Scattering of the ultrasound beam may be the cause of slightly increasing muscle
echogenicity in musclewith a large diameter (Reimerset at., 1993). Musclefibrosis proved to
Glandular
(Reimers
1993).
to
the
et
al.,
slightly
echogenicity
structures
only
contribute
appear as homogenousparenchymal pattern of high echogenicity and are well defined
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structures (Baatenburgde Jong et at., 1993). Interfaces of tissue and air such as the oral
cavity, pharynx, larynx, oesophagusand trachea have strong reflections (Baatenburgde Jong
et al., 1993). Bloodvesselsare echo free, tubular, and well defined, arteries display pulsatile
movements. The Valsalva'smanoeuvre(where the subject breathesagainsta closed glottis as
occurs during coughing, defecation and heavy lifting) impedes venous return and may aid
identification of the jugular vein (Baatenburgde Jong et at., 1993).

Correlation between ultrasound and pathologic findings in soft tissue injury
Ultrasoundhas been identified as an imaging modality that has high sensitivity and specificity
in the diagnosis of soft tissue injury.

Muscle
There is good correlation when the findings of histological studies of experimental muscle
injury are compared with those obtained from the correspondinginjured musclesin vivo by
ultrasound (Lehto and Alanen 1987; Küllmer et at., 1997; Kim et al., 2002). During the early
phasesof healing of a muscle rupture, especially during the first week, ultrasoundis useful for
evaluation; as healing progressesand the amount of scar tissue decreasestogether with
improving orientation of regeneratingmusclefibres, it becomesmore difficult to differentiate
between normal and healing musculartissue (Lehto and Alanen 1987).

Ligament and tendon

A consistent relationship has been found between ultrasound and histopathological findings,
and the specific ultrasound appearance which represented the various stages of tendon
healing has been defined (Marr et at., 1993). Ligamentsare similar to tendon but on a smaller
scale. Due to their smaller size, it is hard to identify partial tears but rupture, thickening and
calcification may be identified (McNally2002).
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Ultrasound appearance of lesions
Haematoma

A fresh haematoma may be hard to identify and appear as a toss of the muscles normal
'herringbone' pattern; as the haemorrhageorganises,the haematoma becomeshypoechoic
and may contain small bright echoesthat are thought to represent fibrin clots (Hodgsonand
Rose1994). Haematomais a key sign of a muscle tear; the ideal time for the examination is
between two and forty eight hours after the muscle trauma (Peetrons 2002). Before two
hours, the haematomais still in formation, after forty eight hours the haematomacan spread
outside the muscle.

Oedema
Oedemaof soft tissues usually appears hypoechoicand showsloss of adjacent fascial planes
(Ahuja and Ying 2002). Swelling is evident with ultrasound as an increase in structure
diameter, or an increasein the distance between muscleand the skin.

Calcifications
Where calcification has occurred, it typically exhibits as increased echogenicity with
associatedposterior acoustic shadowing(Lin et at., 2000).

Scar tissue
Scar tissue will be evident on ultrasound as greater echogenicity due to its more fibrous
structure than surroundingtissue.

Effect of age on ultrasound appearance of tissue
The age of the subject may affect the ultrasound appearanceof the tissue as older subjects
did
in
degenerative
However,
have
tendon,
equine
age
not
changes.
age
related
may
1995a).
(Gillis
tendon
et
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cross-sectional
area
or
mean
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with
correlate
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The timescale of recovery and how this affects diagnosis
Ultrasoundhas also been used to monitor the healing progressin tissues (Adriani et al., 1995;
Hollenberget al., 2000) as subsequentchangesin the tissuesarchitecture occur. Windowsof
opportunity appear to exist for scanningwhere ultrasound will be able to detect pathology.
For example, scanninga patient two years after their original injury, you would not expect to
find factors evident of an initial injury response. These responses,such as haematoma or
oedema,would have been resolvedas part of the heating processand remodelling adaptations
may be too subtle to identify. However, in old injuries, scar tissue may be evident. When
assessingan injury, the time elapsed since the original injury occurred must be taken into
consideration as this will influence the stage of healing and therefore its ultrasound
appearance. The Quebec Task Force (Spitzer et at., 1995) observed that the majority of
people who had sustained a whiplash injury recovered within six months. A minority had
extended symptoms that required medical treatment for longer than six months. These
extended symptoms are referred to as 'late chronic whiplash syndrome', and cause the
greatest concern to the medical community and are a major issue for insurers. Soft tissue
injuries resolvewithin a few months and therefore it is unlikely that these types of soft tissue
injury are responsiblefor producingthe symptomsof 'late chronic whiplash syndrome'.

Assumingthat whiplash results in musculoligamentousdamage, observations of damage to
other structures may provide an indication of recovery time.

In cases of Achilles tendon

rupture, tendon thickening and heterogeneity are common during the first year, oedema and
tendon defects appear to belong to the early rehabilitation period and are present after six
2002).
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by the presenceof a haematoma(Peetrons2002). The ideal time for examination is between
two and forty-eight hours after trauma, and for some musclesup to three days; after this the
haematomaspreadsmaking identification of the exact location of the tear difficult (Peetrons
2002). Muscle repair is normally complete within four months although injuries may persist
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atrophy, inflammation, avulsion and tumours may also be identified and monitored (Peetrons
2002).

2.8 Ultrasound of the Neck
Studies into the use of ultrasound as a diagnostic toot of the cervical spine and musculature
are limited which is probably due to the lack of familiarity with this technique (Kaempffeand
Lerner 1996). The region of the spine that has received the most attention with ultrasoundis
the lumbar region. This is likely to be becausethe majority of back problemsoccur here due
to the weight bearing function of this region. With the ability of ultrasound to image
musculoskeletal regions and the lumbar spine region, these indicators suggest that this
technique could be developedto becomea standard option for imagingof the cervical region.

Anterior structures of the neck
In the cervical spine, ultrasoundhas been usedextensively to study anterior structures suchas
the thyroid gland (Mclvor et at, 1993), lymph nodes (Ahuja and Ying, 2002), embryologically
derived lesions(Baatenburgde Jong et at., 1993),and vascularanomalies(Lameris1993). The
use of ultrasound to investigate the posterior structures of the cervical spine has not been
exploited although it has been used to evaluate ligamentous and muscular strain in the
paraspinalregion (Schwartzet at., 1999).

Ultrasound of the spine and intervertebral discs
The use of ultrasound to image the spine has been utilised to measurethe lumbosacratspine
in children (Lam et al., 2004) and visualise the contents of the spinal canal in infants and
foetuses (Raghavendraand Epstein 1985). Its use has been directed at detecting intraspinat
disease during the intraoperative period (Henegar et at., 1996) and for antra-operative
monitoring of spinal decompression(Raynor1997). With chronic spinal conditions, diagnostic
ultrasound has proved useful in correlating back pain with spinal canal diameter (Porter et at.,
1980). The structure of the intervertebral disc in the lumbar region in vivo has also been
characterised (McNally et al., 2000) and pathology In vitro identified (Naish et at., 2003).
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Ultrasound is also able to observe inflammation of nerve root area and facet joint (Weiss
1996).

Ultrasound of soft tissue of the spine

Ultrasoundof the soft tissuesfollowing a whiplash injury has been discussed. Other examples
where ultrasoundhas been used to image soft tissuesof the spine include quantification of the
size of the spleniuscapitis muscle (Soltani et al., 1996) and paraspinalmuscle (Hides et at.,
1995). A study by Stipkovich(1994)focussedprimarily on the ultrasoundappearanceof lymph
nodes, but also commented on the ability of ultrasound to image neck musculature. A study
that evaluated cervical and lumbar back pain using a 5MHzultrasound transducerwas unable
to demonstrate abnormal echogenicity adjacent to facets in symptomatic patients. This study
concluded that paraspinal ultrasound is neither accurate nor reproducible in evaluating
patients with cervical and lumbar back pain (Nazarianet at., 1998). However, these findings
could be a result of the lack of ultrasoundtechnologyavailable at that time.

Ultrasound of the neck
The neck was one of the first regions to be imaged with ultrasound, but this area has since
received little mention or documentation. Ultrasoundis a well establisheddiagnostictool for
diagnosingmusculoskeletalinjuries of other regions of the body. The technology is proven
and accepted, therefore it would seem that ultrasound has the unrealised potential to
visualisewhiplash injuries should they involve soft tissue damage.

2.9 Quantification
Quantification of pathologyallows an understandingof the extent of damageand assistsin the
monitoring of recovery.

This section describes why quantification is necessary, how

quantification of soft tissue injury is achieved, expected levels of accuracy, the effect of the
operator and the effect of technology.

-65-

Chapter 2: Literature Review

The need for quantification
Two methods of measurementexist, qualitative and quantitative. The human eye, which
captures the image, and the human brain, which processesthe image is a surprisingly
powerful systemfor recognition and identification. However, this type of qualitative analysis
is based on the judgement of an operator and carries all the risks that are inherent in
subjectivity. Quantitative analysis is far less susceptible to bias and should provide more
reliable and consistent results; it also allows statistical tests to be performed that can ensure
confidence in our results. Quantification may also facilitate detection of subtle changes,
which might escapedetection by visual assessmentalone. To be able to quantify an injury
enables a value to be assignedto the pathologies identified. This value can be used as a
reference value, which is essential to describe the extent of damageand for monitoring the
recovery process.

Quantification

of soft tissue injuries

Quantification of ultrasound images is complex. In many instances the evaluation is of what is
essentially a two dimensional representation of a three dimensional object.

This type of

analysis is assumptive and because not all parameters required are available; errors may be
introduced.

It is therefore an accepted practise in ultrasound assessment, to make qualitative

observations based on the operator's judgement to decide the presence or absence of
pathology or disease. The operator may take measurements, but these are often not precise
and are used as more of an indication or visual aid for the examiner.

In order to make an

objective assessment of the ultrasound images of this study, attempts have been made to
identify techniques that enable a quantitative analysis. Firstly, the image must be acquired
and the location of structures or lesions documented.

Measurements taken from a standard

anatomic reference point will allow the specific locations of structures and lesions to be
precisely documented.

This approach facilitates the comparison to contralateral structures.

Location of previously described lesions can quickly and precisely be located for re-evaluation.
This method has been described to locate equine tendon lesions (Pugh 1993). Following image
acquisition, based on the interpretation

of the following parameters: spectral, textural and
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distribution of these grey tones. Contextural feature is the information derived from blocksof
independent
being
Texture
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data
the
are
not
and
analysed.
area
surrounding
pictorial
concepts but form an inextricable relationship; context, texture and tone are always present
in an image, one can dominate the other.

Methods of quantification using ultrasound
The following techniques have been employed in previous studies to provide a quantitative
assessmentof image parameters.

Computerisedimage analysis
An integral feature of ultrasound equipment is its capacity to take on-screen measurements.
The operator defines the region of interest using an input device such as a pen, trackball,
keyboard or mouse.

Measurement options usually include line measurement, a free-hand

trace or predefined shapes such as ellipses.

This technique is used to assess regions of

interest such as pathology and for the measurements of structures.

This analysis is also

carried out by exporting images to a personal computer and using appropriate software.
Where analysis is performed on software other than the ultrasound equipment, it is essential
that calibration is performed.

Cross-sectionmeasurements
Ultrasoundis a reliable diagnostic modality for the assessmentof cross-sectionmeasurement
2003).
1999;
Bertram
(Emshoff
2003)
(Ying
et
at.,
et
at.,
and muscle
et at.,
of tendon
Measurementsof the masseter muscle taken at a given site; are found to be consistent and
the scanninglevel with the highest reproducibility is halfway between the origin and insertion
(Bertram et at., 2003). Ultrasoundhas been found successfulfor the objective assessmentof
the size of an equine superficial digital flexor tendon cross-sectionalarea at predetermined
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levels in the tendon (Gillis et at., 1995b). The ability of ultrasoundto measurecross-sectionis
usedin this study to determine structure dimensionand assessany grosschangesin soft tissue
size due to atrophy or swelling following injury.

One loop evaluation
With the exception of ultrasound systemscapable of producingextended field of view images
(where multiple images are combined during the scan sweep), the scanning face of the
transducer is too small to accommodatethe full extent of the structure of interest. This
limitation may be overcomeby observinga collection of frames in a cine loop. For example,
to ascertain the midpoint of a muscle, a cine scan of the entire muscle may be acquired and
the middle frame within the total sweep frame set can then be calculated indicating the
midpoint of the muscle (Watkin et at., 2001). A cine loop is captured when it is necessaryto
gain a view of large areasof interest.

Gray scale analysis
The B-mode ultrasound image produced by the majority of ultrasound systemshas a pixel
intensity range from 0-255 (where 0 is black and 255 is white). The composition of these
pixels is termed echogenicity. Pathologyresults in changesin the tissuesproperties that are
found
have
been
to
by
in
These
in
echogenicity.
changes
echogenicity
changes
reflected
correlate well with histology (Watkin et at., 2001). Echogenicity has been employed to
measure fat and muscle composition (Schotten et at., 2003), for the identification of
determination
for
disorders
2003),
(Maurits
the
subjective
objective
and
et at.,
neuromuscular
healing
2001)
lesions
tendon
to
(Pickersgill
of equine
tendon
accurately
monitor
at.,
and
et
of
2001).
2001;
Pickersgill
digital
flexor
(Micklethwaite
tendon
et
at.,
at.,
et
superficial
Computable textural features based on grey-tone spatial dependencieshave been used to
for
be
This
1973).
formations
(Haralick
the
application
could
used
et
at.,
rock
categorise
assessmentof soft tissue and pathology.
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A disadvantageof assessingechogenicity is that it may be affected by factors other than
be
Factors
that
consideredare the ultrasound
must
confound
analysis.
pathologywhich could
increased
be
In
terms
to
the
of
equipment
set-up,
an
assessed.
subject
and
equipment set-up
keep
important
it
is
technical
increased
to
in
therefore,
echogenicity;
will
result
gain
parametersconstant throughout an assessment(Reimerset at., 1993). In terms of the subject
being scanned,both the thicknessof the subcutaneousfat (layer of fat beneath the skin) and
muscle diameter have to be taken into consideration, as these will affect echogenicity
(Reimerset at., 1993). The soft tissue structure will also have an effect on echogenicity, for
example the anisotropic properties of tendon (Crasset at., 1988).

In this study, analysisof echogenicity will be used for structure and pathology identification
and its subsequentquantification.

Speckletracking and elastography
Biological tissuesexperiencemechanicaldeformation and studies have shownit to be possible
to quantify this displacement using ultrasound (Revell et al., 2003). A computer program is
able to track the displacement of pixels within the image between one frame and the next
producing a record of the relative movement of these pixels; this processis called speckle
tracking. Elastographyis the measurementof the elastic properties of tissue and this can be
in
Measurement
(Revell
technique
tracking
of
the
press).
et
al.,
speckle
using
measured
changesin mechanicaldeformation may provide an indication of pathology.

Accuracy of measurements from images

The image analysistechniques available for quantification have been discussed,the accuracy
be
techniques
these
taking
now
considered.
will
using
measurements
of

The accuracyof a measurementis dependentupon the following factors:
.

Selectingthe correct region of interest to be scanned.
Clear and complete depiction of the structure of interest.
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"

The position of the calliper markersand correct selection of the boundaries.

0

Use of the correct value for the velocity of ultrasound in tissue to calculate the image
scale.

0

The accuracyof the electronic measuringdevice.

"

The equipment used.

Although using the same equipment to undertake repeat

examinations is preferable; particularly in relation to clinician familiarity with
equipment; in clinical practice this is not alwayspossible.
"

The individuality of the operator, such as skill and knowledge, has an impact on the
accuracyof the measurement.

The following technical questions should be considered when using a measuring device
(McDicken1991):
"

Is the scale of presentation of the image as large as possible?

"

Couldthe image be made sharper by altering the sensitivity or frequency?

"

How accurate is the procedureand is it able to give clinically significant result?

"

Is the measurementreproducible by the same/another operator?

"

Would serial measurementsimprove the value of the technique?

0

Are the measurementsmade comparableto other workers in the field?

"

How many parallel sectionsare required for accurate calculation of volume? A greater
number of sectionswould increaseaccuracy.

"

Howcould the measurementbe improved?

0

Is this the best quantity to measure?

It is important to have an understandingof the limitations of a measuringsystem. In this
study, these limitations will be consideredand accuracywill be assessed.
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How technique and technology affect image acquisition and analysis
The capability of the equipment to provide the best representationof the structure of interest
data
this
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the
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performance
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make
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equipments
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user
of
and
ability
highlighted
in
factors
These
the clinical setting where
directly
are
quantification.
affect
will
variations of technologyand technique exist.

Technique
If the operator has poor technique and is unable to make the best use of the equipment, this
will result in the capture of an image that does not represent the structure of interest and will
ultimately obscure analysis. It is important to be aware of how the positioning of the
transducer will affect the image and that it should be positioned perpendicular to the
structure of interest. Movement artefact caused by the subject or transducer; should be
minimised, as these will be reflected in the measurements(Emshoff et al., 2003). It is
important to minimise variation when repositioning the transducer at each assessmentso that
the sameregion can be assessed.Pressureon the transducerwill affect structure appearance
by causingdeformation or a change in orientation and therefore a similar pressureshould be
maintained.

Technology
With the advancementof technology, the ability of ultrasound systemsto depict the structure
is
It
for
improves,
the
thus
interest
accuracy.
potential
greater
providing
and analyse
of
important to appreciate the ability of the ultrasound system and any limitations of the
is
in
What
time.
image
essentially
The
snapshot
a
represents
acquired
ultrasound
equipment.
image.
dimensional
two
is
dimensional
as
a
three
represented
structure
a

There are

for
dimensional
image,
the
three
used
equipment
a
of
capturing
capable
ultrasound systems
this project does not have this capability. For the majority of the time, two dimensional
but
limitations
information
exist:
sufficient
analysisprovides
.

Two dimensional analysis allows linear dimensions and cross-sectional area to be
assessed,however, an important clinical parameter is volume and this cannot be
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accurately determined. As a result, grossassumptionsare often made when estimating
the volume.
0

Someviews are impossibleto obtain due to the arrangement of structures and other
structures such as bone impeding the investigation.

0

Optimal two dimensionalscanviews maybe overlookedand it is often the casethat an
image is acquired for analysislater; possiblyby a different user. If a three dimensional
image was captured, this would permit a virtual examination later, and the best view
could be obtained.

How the acquired image will be analysedmust be considered. It is important to preservethe
integrity of the acquired data so that accurate measurementsmay be made during analysis,
this is especially true when transferring imagesfor use on other systems.

A very important component in the effective and successfuluse of the ultrasound equipment
is operator competence. It was necessaryfor the author to be trained in the operation of the
ultrasoundequipment and to be aware of its capabilities.

Effect of operator on image acquisition and analysis
We are all individuals with differing mental and physical attributes that result in unique
characteristics including dexterity, interpretation and attention. To execute a task, we draw
on these characteristics and therefore our individual inherent abilities lead to a variation
between others in our capacity to perform.

Interlintra observer variability
For a measuring technique to be of value, it is important that it is both accurate and
repeatable. In a clinical setting, it is possible that a patient could have a different examiner
at a later date.

In order for a valid assessmentto be made, measurementsneed to be

consistent. To understandhow useful ultrasoundcan be as a diagnostictool, it is important to
identify the level of skill required by the operator and how interpretation varies between
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users. Imageacquisition is found to be consistent between operators (Pickersgill et at., 2001;
Ying et at., 2003; Klauser et al., 2004). However, different operators may have different
opinions regarding framework and this could result in an operator consistently returning
larger/smaller measurements(Pickersgillet al., 2001). Significant variability can result when
different operators undertake different stagesof an examination (Pickersgillet at., 2001). To
reduce confounding during investigations using multiple persons, one operator should
undertake image analysis, although different operators may undertake image acquisition
(Pickersgill et al., 2001). This point must be considered; while in clinical practice, image
analysisis undertakenat the time of examination by the sameoperator who undertook image
acquisition, during research investigations or at follow-up clinical assessments,different
operatorswould most likely be involved.

Skill
Imageacquisition is found to be consistent between operators of different skill (Pickersgiltet
at., 2001). In terms of the level of skill required to make an assessment,an inexperienced
musculoskeletal sonographer can achieve acceptable performance if given appropriate
training (Bahnt and Sturrock2001).

It is common opinion that one of the major disadvantagesof musculoskeletalultrasound is
operator dependency. The operator must define what they believe is the region of interest,
and it is possible that the true extent of the injury is not measured. As long as the same
operator carries out any future measurements,assessmentis made basedon their judgement
and criteria, which in turn minimisesvariation; and therefore the measurementis likely to be
more consistent. For this study, it was important to determine: a) how transferable is the
technique to assessneck pathology; b) how well the author was able to assessimages, as the
author will be the primary investigator. A comparison of the author's ability compared to
others will ascertain the reproducibility of the assessment.
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Quantification process
It was important that we have a good grounding to base our quantification on, and this starts
with the successful capturing of an image. An appropriate method of analysis must then be
chosen.

An appreciation of both the systems and our own capabilities and limitations is

essential when collecting and interpreting data.

Ultimately, the clinical relevance of these

measurements of pathology must be ascertained.

2.10 Chapter Discussion
This chapter has given an indication of the vast array of backgroundresearchcompleted. It
has identified the complexity of the technology and provided an overview of the use of
ultrasound as a diagnostic aid to identify damageto the musculoskeletalsystem. It can be
appreciated that there are many skills required together with an extensive knowledgeof the
subjects surrounding this topic, for these to be successfully utilised in new applications.
Although ultrasound as an imaging tool for the musculoskeletalsystem is well established, it
appearsto have been neglected for the investigation of the neck. The assessmentof neck
injury, such as whiplash, that has an increasing incidence is in great need of having a
diagnostic tool made available. Sucha facility will assistthe clinician and help the victim by
providing early diagnosis,accurate prognosisand effective monitoring of recovery.
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3.1 Chapter Summary
This chapter discussesthe ultrasoundequipment used for this study, general considerationsof
scanningtechnique and operator training, image analysisprograms, the use of phantoms to
measure the accuracy of the equipment and concludes with a discussionon the risks and
precautionsof using ultrasound. Methodologyand scanningtechnique specific to experiments
will be discussedin the relevant chapters.

3.2 Study Participants
All subjects involved in the research of the study were over the age of 18 years old and gave
their informed consent to participate.

The University of Nottingham ethics committee gave

approval for the inclusion of healthy subjects in the study.

Inclusion of patients of the

Queen's Medical Centre, Nottingham, UK was by the approval of the Queen's Medical Centre
ethics committee.

Subject stature assessment
Where experiments assessthe ability of ultrasound to image subjects, the effect of stature
will be considered. Body massindex (BMI)Indicates a personsbody fat calculated from their
height and weight. The following formula is usedto calculate BMI:

BMI =

weight in kilograms
height in meters2

The resulting figure from this calculation will fall into one of the following BMI categories:
Underweight = <18.5

Normalweight = 18.5 - 24.9
Overweight= 25-29.9
Obese= 30>
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The way this calculation works is that according to the weight categories, any personwith a
BMI over twenty five would be classified as overweight.

However, being rated in the

overweight or obesecategories does not necessarilymean that they have excessfat. These
categoriesare basedon scientific findings that the risk for diseaseincreasesas BMIincreases.
Other methods used to determine fat include callipers (skin-fold measurement),underwater
weighing, bioelectrical impedance and computerised topography. However, these methods
are either very expensive, need highly trained personnelor are not available; and therefore
BMIcalculation was chosenover these methods.

3.3 Biological Specimens
Biological tissue
Animal tissue provides an acceptable model for biological studies where information needs to
be extrapolated for human tissue.

Animal tissue is more readily available and avoids the

ethical considerations required for the use of human tissue. The animal tissue used in these
experiments included equine (horse), bovine (cow), porcine (pig) and ovine (sheep). Porcine
and ovine blood was collected at slaughter in tubes containing anticoagulant.

The university

Specific
blood.
Campus,
Sutton
Bonnington
tissue
based
the
supplied
animal
and
at
abattoir
tissue details are provided with the relevant experiment.

Preparation of anticoagulants

When blood is removedfrom the subject, it will coagulateunlessprevented by the addition of
dextrose
(ACD),
different
Three
anti-coagulant
anticoagulant:
of
mixtures
an anticoagulant.
for
for
this
the
EDTA
(disodium
of
purposes
suitability
were
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salt)
and
citrate
sodium
2004)
(see
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(Rhodri
Jones
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to
personal
communication
of
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adding
experiment
Appendix D).

All anticoagulants performed equally well, all preventing the blood from

it
however,
as
was most easily obtainable.
was
chosen
sodium
citrate
coagulating;
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3.4 Technical Specification of the Ultrasound Equipment
All experimental
equipment.

work carried out in this study utilised the same model of ultrasound

The ultrasound equipment employed for this study represents what would

typically be used in the clinical setting.

The equipment used was a 'Diasus: Dynamic Imaging

Application Specific Ultrasound' manufactured by Dynamic Imaging, Livingston, UK (fig. 23)
(see Appendix E). This ultrasound equipment is a pulse-echo imaging system, the organisation
and operation of this type of system has been discussed in Chapter 2; and here consideration
is only given to the transducer chosen for this study. The imaging software used is Dynamic
Imaging Software Version P7.03,2001.

L

Figure 23: Diasus ultrasound equipment

Transducer
Three transducers of different frequency are available for use with the 'Diasus'.
transducers are ultra wideband linear-array transducers.
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different performancecharacteristic with different abilities of resolution and penetration and
the manufacturerdescribesthese as follows:
L5-10MHztransducer: provides deep penetration. This transducer is useful for examining
deep lying structures suchas shoulderand thigh muscles.
L8-16MHz transducer: provides high resolution with outstanding image detail and tissue
differentiation.
L10-22MHztransducer: providesdetailed imagesof the most superficial structures.

All transducerswere consideredand their ability to image the neck musculoskeletalcomplex
was assessed. It was concluded that of the three transducers available, the 8-16MHz
transducer was the most appropriate frequency to use for this study. Table 5 discussesthe
findings from the range of transducers and figure 24 illustrates the different imaging
capabilities with a comparative view of the sternocleidomastoid muscle. The 8-16MHz
transducer has a good resolution to a depth of around 3cm; and this was ideal for imaging the
structures of the neck and the deeper facet joints and discs.

Table 5: Comparison of Diasus transducers

Transducer
frequency

penetration depth

Resolution

5-10MHz

penetration depth good

skeletal spine visualised. Structuresto the
spine imaged but with inadequateresolution
for evaluation of soft tissue architecture.

8-16MHz

penetration depth was
compromised

skeletal spine visualisedand soft tissue
architecture of structures was exquisite.

penetration depth poor

skeletal spine not clearly visualised,very
poor resolution of deep structures. Very
gooddefinition of the most superficial
structures.

10-22MHz
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Coupling medium
Air interferes with ultrasound transmission resulting in poor quality images.

Therefore, a

'coupling medium' that excludes air is required between the transducer and the object being
scanned. Two methods are commonly employed to achieve this which are called immersion
scanning and contact scanning (McDicken 1991) both approaches have been applied in this
study.

Immersion scanning (water bath scanning)

In this technique, the transduceris coupled to the object via a water bath. A considerationof
using a water bath is that the absorption of the ultrasonic pulse is negligible; and the pulse
can be reflected back and forth many times.

This is called reverberation and multiple

reflection artefacts result. To keep these artefacts clear from the tissue, the depth of the
water must be greater than the depth of the surface of interest.

Artefacts are easily

identified as the first reverberation echo is twice as far from the transmissionpulse as is the
water/skin interface echo.

Contact scanning
This method involves the direct application of the transducer to the object being scanned.
Coupling get is applied or a stand-off pad used. Coupling gel is a water based gel placed
between the transducerand object surface. Stand-off get is a semi-solidblock of silicone gel
material and has ultrasonic properties similar to those of tissue. Stand-off get is placed
between the transducerand object surface; goodcontact can be made and the attenuation of
the gel is such that reverberation in the stand-off layer is not a problem. A consideration
when using stand-off gel is that it increases the distance between transducer and object,
therefore penetrative depth through the actual structure is decreased. The coupling gel used
in this study was a water soluble and hypoallergenic ultrasound transmissiongel, 'Aquasonic
100' (Parker LaboratoriesInc., USA)and the stand-off get used was an aqueousultrasound gel
pad, 'Aquaflex' (ParkerLaboratoriesInc., USA).

-80-

Chapter 3: Methodology

Deformationof the object being scannedmay occur when the transducer is applied, however
this deformation can be minimised by applying a generousamount of contact get. In a water
bath, no contact is made with the structure and deformation cannot occur.

3.5 Scanning Procedure
General considerations when scanning
Prior to commencingthis research,the author's academicbackgroundin anatomyand through
background reading, ensured that the author had extensive knowledge of anatomy,
particularly of the neck region in order to identify and understand the best approach for
imaging the region of interest. For the purpose of examination and for the selection of the
same region for follow-up examination, it is important to be able to define and identify the
region of interest. The region of interest may be accurately recorded by identifying external
landmarksand palpable structures; and by using a co-ordinate systemwhereby a measurement
is made from a predetermined point to ensure the same region is identified at a later date.
Structures of consistent position viewed internally using ultrasound also provide the operator
with landmarks. These landmark positions and measurementsare specific to the individual
being scanneddue to natural anatomical variation. Imageswere acquired with the transducer
oriented in transverse and longitudinal positions to provide images in the transverse and
sagittal planesrespectively (fig. 25).
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Figure 25: Transducer orientation
The Diasus 8-16MHz transducer in both transverse (left) and longitudinal (right) orientation.

Training of the operator
Successful acquisition and interpretation
skill and experience of the operator.

of ultrasound images is highly dependent upon the

The ability of the operator to use the equipment will

affect the quality of the image obtained; therefore the author took every opportunity to gain
as much experience and knowledge as possible and hone their skills.

Prior to this study, the

author had never used diagnostic ultrasound. To aid understanding, the author participated in
musculoskeletal
Nottingham,

clinics

with

consultant

radiologists

of

the

Queen's Medical

Centre,

UK: Mr Robert Kerslake (Consultant Musculoskeletal Radiologist, Radiology

Department) and Professor Mark Batt (Consultant and Special Professor in Sports Medicine at
the Centre for Sports Medicine).
obtained

Further practise of the technique and understanding were

from scanning colleagues, both in health

and following

injury;

to gain an

appreciation of the types of injury that can affect the musculoskeletal system.

In vitro

experiments of simulated injury on animal tissue were designed to replicate in vivo injuries
enabling the author to gain an understanding of the ultrasound appearance of pathology,
scanning technique and ideas of how to quantify pathology (see Chapter 6). This in vitro work
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provided an insight into the appearanceof normal and pathological anatomy; in preparation
for the study of patients with whiplash injuries (see Chapter 8). An explanation of this work
will be included in the relevant experimental chapters. For consistency,the author acquired
all imagespresentedin this thesis.

3.6 Image Analysis
Images were displayed in a standard format (fig. 26). The scale on the left of the screen
alters depending on the magnification setting but in all cases, the scale represents the depth
from the face of the transducer in millimetres.

Arrows within the scale bar represent focus

and appear red when inactive and yellow to represent the position of the focus.
pertaining to the ultrasound settings are displayed to the right of the screen.
information,

date and time are displayed at the top of the screen.

Data
Patient

The images captured

during the process of the scan were most representative to the operator at the time as a
mental image is formed which contributes to understanding of the image.

Many factors

contribute to how an image appears at the time it is captured such as lighting within the
room, the brightness display of the monitor and the user's perception of the image on the
day. From the moment the image is captured to its display in print, it is possible for the value
of the image to be lost in translation.
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Figure 26: Diasus display screen

Image analysis took place after the image had been captured.

Measurements were made on

the display screen. Calliper systems are normally an integral feature of ultrasound equipment
and the 'Diasus' has this facility.

Having captured the image, this was saved as a computer

standard file on disk. Once an image had been saved as an image file, analysis was carried out
in a graphics or image analysis package; these packages were available on a personal
computer.

When measurements were made on a recorded image elsewhere, it was important

that the analysis software was calibrated to the image scales presented by the ultrasound
display.

Measuring a line
The electronic

calliper

was used to

make a measurement

of

a linear

dimension.

Measurements were superimposed on the frozen image; two marker spots were adjusted to lie
on the boundaries of the structure of interest.

The numeric value for the distance between

the spots was displayed. Several dimensions at a time were measured in this way. A scale on
the `Diasus' display indicates the depth of the image. Accuracy was greatest when the image
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is displayedon the largest convenient scale as this provides the user with a clear view of the
image and aids differentiation.

Measuring area and circumference

To measurearea and circumference, an indicator spot was movedaround the area of interest
using a track ball; this trajectory was superimposed over the image. The length was
automatically calculated and displayed on screen. If the loop was closed by returning to the
start point, values for the circumference and area were also displayed. Volume was
calculated manually if the area of parallel planes of the scan, and the overall distance the
region of interest spanswas known. This volume was the product of the averagearea of the
parallel scansand the depth of the region of interest.

Usingelectronic callipers
When the indicator was placed at a point on the image, two coordinates were recorded that
define the position of that point in the plane. These coordinateswere the X and Y Cartesian
coordinates that respectively define the horizontal and vertical distancesof the point from
the origin.

When the operator positioned the indicator at an appropriate point, the

coordinates were recorded and stored in the computer memory. The indicator was then
moved to a second point and the process repeated. The indicator was normally moved
continuously, and the coordinates of neighbouringpoints were recorded automatically. The
co-ordinateswere then resolvedand the distance between points and area was determined.

Analysisawayfrom the ultrasound equipment
When analysiswas conducted away from the ultrasound equipment usinga separatecomputer
for analysis; It was important to maintain image integrity and calibrate between the
ultrasound equipment and the personalcomputer software. This was achieved by using the
image analysis software to take measurementsof the scale on the ultrasound image. This
information was then usedto calibrate the image with the analysissoftware.
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Image analysis was carried out using the image analysis software `Image J Version 1.31'
(Wayne Rasband, USA). Image manipulation for presentation was carried out using `Jass Paint
Shop ProTMVersion 6.0' (Jasc Software Inc, USA) and 'Adobe Photoshop CSVersion 8.0' (Adobe
Systems Inc, USA). Animations of images recorded in cine mode were recompiled in `Jass
Paint Shop ProTMVersion 6.0' (Jasc Software Inc, USA).

3.7 Phantoms
The performanceof the ultrasoundequipment was assessedperiodically usinga pre-calibrated
phantom. The phantom usedin this study was a `DiagnosticSonarResolutionTest Object - An
element of the Cardiff test system' (DiagnosticSonar Ltd., Livingston, UK) (fig. 27). This
phantom mimicked the tissue properties of liver and simulated this tissues characteristic
behaviour under ultrasound, such as scattering and attenuating properties. Nylon lines are
distributed at known distance and formation throughout the phantom to provide indicators for
measurements(fig. 28). Phantomsassessthe ultrasoundequipment for the following:
"

detail resolution

"

contrast resolution

"

penetration and dynamic range

"

Time Gain Compensationoperation

"

accuracyof depth and distance measurement
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Figure 27: Phantom device

Figure 28: Testing of focus using the phantom
Focus set on uppermost object (left), focus set on the next object below (right).

it was important
quantification
quantification.

that ultrasound equipment is calibrated to ensure reliable and accurate

and diagnosis.

This was especially important

in a study that focuses on

A phantom was not readily available to this study and calibration checks were
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made annually, however, calibration was found to be consistent. Ideally, for a study that
relies heavily on quantification abilities, calibration checks need to be carried out on at least

a monthly basis.

3.8 Artefacts
An appreciation of artefact was essential for analysing the acquired images. An artefact is an
additional,

missing or distorted image that does not conform to the real image of the

structure being examined. They result from distortion or attenuation of the beam and are due
to many different

causes such as inadequate scanning technique, and from the nature of

sound and its interaction with tissues. Artefacts can impede diagnosis and in some instances
aid diagnosis. Typical artefacts encountered with diagnostic ultrasound are considered:

Incomplete Insonation - artefacts due to incomplete imaging are a source of error, since only

that part of the tissue or any object that is actually in the acoustic beam will be imaged.

Reverberation - echoes appear on screen that do not represent any structure in the body.
This occurs when the US beam encounters an interface with a very different acoustic
impedance(e.g. from intestinal gasto ribs). Reverberationis identified by the appearanceof
equally spaced parallel lines that decreasein brightnessas the distance from the transducer
increases,or the production of a mirror image of the object being scanned. Reverberation
can obscuretissuesthat lie behind.

Refraction - the beam deviance may be misinterpreted and produce images of structures
which are out of place. This can obscure accurate measurementand depth assessmentin
some instances. This artefact may be prevented by keeping the transducer is angled
perpendicularto the region of interest and to boundaries.

Acoustic shadowing - shadowing occurs when the entire beam is directed back to the
transducer by a bright reflector or is absorbed. This creates a region with absenceof echoes
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posterior to the reflector, and the area is generally clearly delineated. Bone and calcified
regions act as reflectors.

In some instances, acoustic shadowing may be overcome by using a

different scanningangle.

Enhancementor through transmission- occurs when there is little attenuation of the beam.
Enhancementtakes place due to the increasedamplitude of the displayedsignalsbeyond the
low attenuating mass. This typically occurs if the beam enters a tissue or field suchas a fluid
filled cyst. Enhancementallows diagnosisof a cyst and may be used to evaluate pathological
characteristicsof other masses.

The tissue characteristics can create artefact, significant subcutaneousfat and muscle can
scatter ultrasound, making deeper structures less distinct. Whenabnormalities are suspected,
scans are taken from a variety of angles to eliminate the possibility of artefact.

3.9 Chapter Discussion
The methodologydescribed in this chapter provides an overview of the standard equipment
used throughout this study and gives reasonsfor its choice. The procedure used for scanning
has been discussedand the author's experience and training have been outlined. The image
have
been
how
they
the
explained.
toots
operate
system
and
on
ultrasound
available
analysis
The requirement of phantomsfor establishingequipment quality control has been identified.
The occurrence of artefact when imaging has been discussedtogether with how it can be
identified and avoided. A method for evaluating the subject's stature which may affect
ultrasound capabilities hasbeen considered.
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Chapter 4: Ultrasound of the Neck
4.1 Chapter Summary
This chapter discusses the experiments that were carried out to produce an ultrasound map of
the cervical region.

These investigations provided the reference material essential for the

investigation of pathology later in the study by providing a normal picture to which deviations
could be identified.

The technique used for scanning patients is established and described.

Options available for image processing are also discussed.

Project objectives fulfilled in this chapter:
"

establishinga technique for scanningthe neck - particularly of the posterior structures

0

assessthe normal ultrasoundappearanceof the neck

4.2 Background
The anterior anatomy of the neck as it appears with ultrasound has been well described with
regard to lymph and gland structure; however, little attention has been given to posterior
structures.

It was necessary to create an ultrasound map of the neck to provide reference

later
in
for
in
the
be
investigation
this
the
that
region
of
pathology
would
essential
material
study.

Magnetic resonance imaging is well established for soft tissue imaging and this was

obtained as a comparative technique to ultrasound.

The series of experiments described in

this chapter establish how the anatomy of the neck appears in the healthy subject and
addresses the feasibility

of imaging structures.

Cadaveric studies enabled a direct

visualisation of neck anatomy that could be correlated with those images captured with
ultrasound. A scanning technique that gave a thorough and complete examination of the neck
was established and landmarks were identified that would provide useful reference points for
navigation. Image processing techniques and their value to this study were investigated.

-90-

Chapter4: Ultrasoundof the Neck

4.3 Series of Experiments
The following series of experiments were conducted to establish a technique to scan and
assessthe normal ultrasoundappearanceof the neck:
Experiment 1: Magnetic resonanceimagingof the neck
Experiment2: Ultrasoundof the cadavericneck
Experiment 3: In vivo ultrasound imaging of the neck compared with cadaveric sections
Experiment 4: Ultrasound anatomy of the neck in vivo

Experiment5: Extendedfield of view imaging

Experiment 1: Magnetic resonance imaging of the neck
Background

Magnetic resonanceimaging (MRI)was used to obtain imagesof the cervical region as it is a
well establishedtechnique for the imagingof soft tissue structures and one that has also been
used to review whiplash injury. This investigation with MRIallowed an understandingof the
anatomical arrangement of the structures of the neck, as well as giving an appreciation of
anatomical variation in the normal population. MRI images could be compared directly to
ultrasound images to give a comparison of the two imaging techniques. The radiology
department of the Queen'sMedical Centre, Nottingham, UK, had recently installed a new MRI
system and needed volunteers for its calibration.

This calibration activity provided an

opportunity to acquire imagesof the neck.

Method
The cervical region of three asymptomatic subjects (a 22 year old and 32 year old female, 36
year old male) was scanned using MRI and ultrasound. The MRI system used was an `Inters 1.5
Testa' (Philips Medical Systems, Netherlands) operated by qualified technicians of the Queen's

Medical Centre, RadiologyDepartment. The 22 year old female subject was also scannedwith
an 'ATL HDI 5000' (PhilipsMedical Systems,Netherlands)connected to a 16MHzCL15-7linear
array transducer (Philips Medical Systems, Netherlands), an ultrasound system which is
capable of producing panoramic images. These panoramic images provide an extended field
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of view which aided understanding of the relationship of structures and facilitated comparison
of ultrasound images against the MRI image as both techniques produce a cross-section view of
the neck.

Panoramic images were compiled from transverse images acquired continuously

from the representative level of the C4/5 interspinous space. The images produced by MRI
and ultrasound and their imaging processes were compared.

Results
Images of the anterior and posterior structures of the neck were obtained from MR imaging
(fig. 29) and ultrasound imaging (figs. 30 and 31).

Figure 29: Magnetic Resonance Imaging of the neck
Cross-section view
1234-

sternocleidomastoid
vertebral body
internal jugular vein
common carotid

5678-

levator scapulae
erector spinae
trapezius
semispinalis
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11 - spinal cord
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Figure 30: Ultrasound of the anterior neck
Transverse scan
1- sternocleidomastoid
2- thyroid gland
3- common carotid artery

4- strap muscles
5- trachea
6- thyroid cartilage

Figure 31:

Ultrasound

7- platysma
8- skin

of the posterior

neck

Transverse scan

1- spinous process of C4
2- transverse process C4
3- erector spinae

4- trapezius
5- semispinatis
6- splenius capitis
93 -
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The characteristicsof magnetic resonanceimagingand ultrasoundare comparedin Table 6.

Table 6: Comparisonof MRIand ultrasound
Ultrasound

MRI

Restrictedby the width of
transducer (for this study

Regionof Interest

Measurement/identification

Wholesection visible

Accurate slice identification
and measurements
identified by the system

26mm), although this could
be increasedif using
equipment with panoramic
imagingcapabilities
Difficult to ascertainexact
position of image althougha
relative position can be
establishedat the time of
imagingand noted by the

user
Image

Acquisitiontime, static
image

Realtime imaging, dynamic
image

Tissue architecture

Detail limited, appearingas
shadesof grey and

Detail exquisite, fibre
orientation visible, muscle

Penetration

structure outline

fascia visible

Completepenetration
through slice

Limited penetration (16MHz
transducer), deep structures
not clear
Moststructures observed,

exceptions being bone and

Structures visible

All structures observed

cartilage and where depth of
structure is suchthat
attenuation occurs.

Time to capture image

Extensive,scansduration is
approximately45 minutes.
There is a risk of motion
artefact occurring.

Immediateimage acquisition.
Artefact may be immediately
recognisedand corrected.

Patient feelings

Isolated, trapped,
unnatural situation (in an
enclosedspace), had to
wear a gown

More relaxed atmosphere,
not daunting, wear normal
clothes

Limited communication

Patient freely communicates
with the operator,
provocative technique
therefore patient can
indicate affected area

Patient communication

No known side effects,
Risks

Minimal exposure advised

although minimal exposure

advised
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Cost

Expensive, resource
intensive, needs dedicated
space

Economical, minimal
operators, portable

Extendedfield of view images
The panoramic image facility of the 'ATL HDI 5000' uses successivesmoothly acquired
ultrasound imageswhich undergo real-time image processingand point-matching to produce
an extended field of view (Weng et at, 1997; Entrekin et at, 2001). This extended field of
view image of the neck greatly enhanced the ability to appreciate the anatomical area
scanned,and the layout of the structures imaged correspondswell with imagesacquired using
MRI;however, ultrasoundshowedgreater detail than MRI.

Discussion
The images acquired using MRI confirm the anatomical arrangement of structures in the
cervical region and further aided understanding of the anatomy and provided images for
comparisonwith those acquired using ultrasound. Imagesof both the anterior and posterior
neck have enabled the formulation of an 'ultrasound map' of the neck region. The extended
field of view imagesallows a greater appreciation of the arrangement and characteristics of
structures in the neck region and aided orientation when working on the more limited size of
scanafforded by the 'Diasus' equipment.

Images produced using magnetic resonance imaging and computed tomography provided a
depiction of anatomical section as well delineated, shadedregionswhere muscle boundaries
may overlap and with no detail of tissue architecture. Ultrasoundsurpassesthese modalities
with its ability to identify subtle differences between muscle groupsand provide unparalleled
information of the tissue architecture. This is important for the evaluation of pathology,
where it may involve subtle changes to the tissue architecture and the level of imaging
offered by ultrasound is essential if these changesare to be identified. In the past, images
were acquired using less sophisticated ultrasound equipment with lower resolution and
processingpower. Interpretation of such images were sometimes difficult, however, the
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advent of high-resolution ultrasound equipment has made interpretation easier. It is now
possibleto see the intrinsic appearanceof specific structures.

From the patient's perspective, ultrasound is a patient friendly technique compared to MRI
discussed
detail
have
been
in
discomfort.
The
virtues
of
ultrasound
may
cause
patient
which
elsewherein this document (seeChapter2).

Experiment 2: Ultrasound of the cadaveric neck
Background

Cadavericdissectionis an accepted and highly valued practise for gaining an understandingof
the anatomy of the living person. Dissectionenabled a greater understandingof the threedimensionalarrangementof the neck region and confirmed the arrangement of structures as
they appear with ultrasound. Ultrasoundis an imaging modality used on the living personand
one of the first questionsto ask is just how much of the information gleanedfrom a cadaveric
study can be transferred acrossto the living person. Ultrasound relies on the densities and
properties of the material being scanned to produce an image (see Chapter 2). Cadaveric
tissue is obviouslyvastly different from living tissue; trauma may be evident, dehydration of
the tissue will occur, the position of the body post mortem and during the embalming
be
fixed
the
relatively
will
once
alter
orientation
of
structures
and
may
and
shape
procedure
inert in their behaviour, all this in turn can lead to distortion and artefact. Preservationof
cadaveric tissue by embalming is carried out to prolong the lifespan of the material and
prevent bacterial infection and decay. Fixing by its very nature will affect the properties of
the tissue. The embalming procedure causesthe cadaveric tissue to be harder, stronger and
less elastic than during life. Thesechangesin the tissue density and character will affect the
way ultrasound behaves. Relatively, the structures will be in the same position, and to some
extent proportion, and thus provide a good representation. Ultrasound images of cadaveric
specimenshave been successfullycompared to ultrasound imagesof living tissue (Klauser et
at., 2004). It was envisagedthat ultrasound scanningof cadaveric material during dissection
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would allow a direct evaluation of the appearanceof structures and be usedto confirm in vivo
findings.

Method
The subject used for this study was an 84 year old mate, whose cause of death was a CVA
(cardiovascular accident) who had volunteered to be used for medical research. The cadaver
had been preserved in accordance with the embalming procedures of the School of Biomedical
Sciences, University of Nottingham, UK (see Appendix F). The head and neck were removed at
the level of T1.

The neck was frozen at -20°c in a Tefcotd Chest Freezer to facilitate

levels
levels
to
into
The
cervical
approximate
at
neck
was
seven
sections
sectioning.
marked
C1 through to C7. The hyoid cartilage was palpated and used to ascertain the C4 level.

Sectionswere marked at 2cm intervals as this is approximately the size of each anatomical
level of the neck (fig. 32). The head was sectioned usinga band saw (Startrite 14-5-5, Alfred
Cox (Surgical) Ltd, Surrey, UK). Sectionswere defrosted and photographedfrom an inferior
8-16MHz
`Diasus'
the
for
Sections
the
imaging.
is
typical
with
using
were
scanned
view as
linear array transducer. Scanningtook place with a coupling medium of gel, and at a later
living
in
bath.
images
Analogous
the
taken
subject.
a
same
position
at
were
a
water
stage
The images obtained from the dissection and ultrasound scan and living scan; were visually
compared.
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x
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Figure 32: Sectioned cadaver neck
Sections approximate vertebral levels C1-T1.

Results
Disappointingly,

ultrasound

of the

cadaveric sections was unable to provide

comparable to those obtained in vivo.
identified.

images

Specific muscles and tissue layers could not be

Penetration varied between levels. In the C1-C3 region, penetration was possible

to a depth 10mm (fig. 33).

In the C4-C7 region, penetration was deeper however, image

quality was poor and structures were not discernable.

Therefore, a comparison of the

cadaveric specimen and the subsequent ultrasound image could not be made.
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Figure 33: Ultrasound image of cadaver neck section
Transverse scan of section 0, taken at the level of C1/C2.

Discussion
It was not possible to obtain ultrasound images of the cadaveric neck.

This outcome

contradicts recent studies that have found it possible to obtain ultrasound images from
cadavers (Klauser et al., 2004). It has been noted that fixing a tissue with an agent such as
formalin will alter the ultrasonic properties of the tissue and increase attenuation by 30% at
3MHz (McDicken 1991) thus compromising imaging ability.

Other researchers believe that

there is no value in ultrasound investigation of cadaveric material (Stuart Foster personal
communication 2004). In this study, a possible reason that images were not obtained could be
due to the fixation process. The purpose of fixation is to preserve biological tissue that would
otherwise deteriorate if left in its natural state. In order to retain the cellular constituents in
their in vivo relationships to each other and prevent deterioration,

the fixative formalin (a

solution containing formaldehyde) is used. Formaldehyde has an ability to form cross links
with soluble and structural proteins, this is achieved by forming hydroxy-methylene bridges
between reactive end-groups of adjacent protein chains. In this way a matrix is formed, with
soluble and insoluble proteins binding to one another.

It is possible that this binding effect

forms a barrier that reduces penetration of the ultrasound beam through the tissue.
99 -
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fixation process is under the control of the School of Biomedical Sciences, Nottingham
University Hospital, UK; and could not be altered. Ideally, a fresh specimenwould be used as
it is less likely to have undergonechangesdue to handling and fixation. Unfortunately, due to
fresh
it
to
specimens.
use
was
not
possible
ethical considerations,
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Experiment 3: In vivo ultrasound imaging of the neck compared with cadaveric sections
The cadaveric sections of the cervical region were compared to those images obtained from
living subjects (figs. 34-40).

Cadaveric sections are viewed inferiorly

and where in vivo

images have been acquired these have been overlaid.
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Figure 34: Cadaver neck section 0
Section of Cl /C2 level.
1234-

spinal cord
internal jugular vein
internal carotid artery
external carotid artery

5678-

external jugular vein
tongue
semispinalis capitis
sternocleidomastoid

101
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9- obliquus capitis inferior
10 - vertebral body of C2
11 - rectus capitis posterior
major
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Figure 35: Cadaver neck section 1
Section of C2 level.
1- spinal cord
2- internal jugular vein
3- internal carotid artery

4- external carotid artery
5- external jugular vein
6- tongue
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7- semispinalis capitis
8- sternocleidomastoid
9- vertebral body of C2
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Figure 36: Cadaver neck section 2
Section of C3 level, with corresponding in vivo ultrasound.
12345-

spinal cord
internal jugular vein
internal carotid artery
submandibular gland
external jugular vein

6789-

sternocteidomastoid
semispinatis capitis
splenius capitis
trapezius

10 - semispinaliscervicis

11 - levator scapulae
12 - vertebral artery
13 - body of C3
14 - epiglottis

Section 2 (fig. 36), is a section of the C3 level. In life, the common carotid artery provides an
easily recognisable landmark when viewed on ultrasound due to its pulsatile nature.
internal jugular vein may be compressed in life.

The sternocleidomastoid muscle is a well

defined, large, extensive, superficial muscle and is therefore readily identifiable.
underlying the carotid artery are difficult to differentiate.
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Figure 37: Cadaver neck section 3
Section of :5 level, with corresponding in vivo ultrasound.
1234-

spinal cord
internal jugular vein
common carotid artery
external jugular vein

5- sternocleidomastoid
6- thyroid cartilage

7- sternohyoid
8- omohyoid
9- trapezius
10 - splenius capitis
11 - levator scapulae
12 - semispinalis capitis

13 14 15 16 17 -

erector spinae
scalenus medius
spinous process of C5
transverse process of C5
vertebral artery

Section 3 (fig. 37) is taken at the level of C5. The thyroid cartilage is clearly depicted on
ultrasound and penetration beyond this structure is not possible. Overlying strap muscles are

identifiable.
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Figure 38: Cadaver neck section 4
Section of C6 level, with corresponding in vivo ultrasound.
1234567-

spinal cord
internal jugular vein
common carotid artery
external jugular vein
sternocleidomastoid
sternohyoid
omohyoid

8- thyroid gland
9- vocal fold
10 - trapezius
11 - splenius capitis
12 - semispinalis
13 - levator scapulae
14 - erector spinae

15 16 17 18 19 20 -

spinous process
transverse process
vertebral body
ligamentum nuchae
scalenus anterior
scalenus medius

Section 4 (fig. 38) is taken at the level of C6. Ultrasound of the midtine clearly displays an
anechoic region created by the spinous process.
posterior triangle.
differentiate

A vast number of muscles reside in the

On dissection, the deep muscles rotatores, multifidus etc... are difficult to

being sparse in nature and therefore it is not thought feasible to identify these

with ultrasound.

The transverse processes of the cervical vertebrae can be seen deep to the

musculature as a hyperechoic line.
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Figure 39: Cadaver neck section 5

Sectionof C7 level, with correspondingin vivo ultrasound.
12345-

spinal cord
internal jugular vein
common carotid artery
sternocleidomastoid
sternohyoid

6- sternothyroid
7- omohyoid
8- trachea
9- oesophagus
10 - scalenus anterior

Section 5 (fig. 39) is taken at the level of C7.
ultrasound as having a homogenous texture.

11 - thyroid gland
12 - vertebral body of C7
13 - trapezius
14 - levator scapulae
15 - erector spinae

Glandular tissue is clearly visualised on

On the ultrasound image, the contrast between

the strap muscles and the thyroid gland is clearly demonstrated.
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Figure 40: Cadaver neck section 6
Section of C7/T1 level.
1234-

internal jugular vein
common carotid artery
sternocleidomastoid
sternohyoid

5678-

omohyoid
sternothyroid
thyroid gland
trachea

9- oesophagus
10 - scalenus anterior

Discussion
These images illustrate

how the structures identified on dissection were found to be well

represented with ultrasound images from subjects scanned in vivo. Dissection highlighted that
there is a difficulty
small structure.

differentiating

specific muscles in those that are closely related or of a

The erector spinae and transversospinalis group are particularly difficult

to

differentiate

into their constituents and this justified the difficulty of identifying these using

ultrasound.

The platysma is a good example of a diffuse muscle that cannot always be

visualised with ultrasound.
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One of the aims of this series of experiments was to image the cadaver with ultrasound and
dissection
directly
they
images
to
appear
on
and although this
these
as
structures
compare
for
familiarity
it
of neck structures and their
exercise
worthwhile
proved
a
was not achieved,
The
information
images
anatomy.
of
sectional
reference
as
providing
as
well
arrangement
it
is
from
dissection
information
in
investigation
the
and
cadaver
this
of
one
only gives
gleaned
important to be aware of anatomical variation through a population. Anatomical variations
that can occur throughout a population include different amounts of body fat, variation in
build, different development of muscles, existing pathology, congenital abnormalities and
natural variation in structures. Anatomical variation aside, the sections compared welt to
be
in
has
that
this
taken
the
the
will
vivo
and
process
structures
scans
clarified
appearanceof
observedin the living subject. The condition of the tissue, whether living or dead, will affect
its mechanical properties and, hence, its impact on soundwaves and therefore the quality of
the ultrasound image.

Care must be taken when extrapolating results from cadaveric

specimensto investigations of living subjects; as structure dimensionsmay be altered as a
result of the specimen condition. Ideally the best methodology to use for this experiment
horse,
in
this
be
follow
Berg
(2003)
the
was
case
a
to
same
subject,
where
at.,
et
would
I
death
but
for
from
living
this
to
not
possible
was
obvious
reasons
scannedat all stages

Experiment 4: Ultrasound anatomy of the neck in vivo
Background

The aim of this experiment was to obtain further reference material of anatomical structures
and their appearancewith ultrasoundtogether with an understandingof the potential changes
in anatomy due to variation of the population. A large samplewas needed to ensure findings
the
limitations
the
identify
technique
the
of
to
stature
such
as
of
any
and
were reliable
subject.
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Method
In the initial study, ten healthy adult volunteers (five female and five male) were recruited to
the study with an age range of 24-45 years (mean age 28.3 years). For this group, ultrasound
images of the neck region were acquired without considering grading the quality of the image.
The purpose of this study was to appreciate the feasibility of scanning the neck region. This
study is detailed in Appendix I. This study developed into the one described here, where
consideration was given to quantifying the quality of the images that could be acquired and
the effect of the subject's stature.

In this study, nine healthy adult volunteers (four female

and five male) were recruited with an age range of 24-43 years (mean age 31.4 years). Both
studies were performed with the permission of the subjects and in accordance with
requirements of the university ethics committee.

The ultrasound equipment used in this study was 'Diasus' (Dynamic Imaging Limited,
Livingston, UK) connected to an ultra wide-band 8-16MHz transducer (Dynamic Imaging
Limited, Livingston, UK). To assesshow subjects feet about the scanning technique, on
completing the assessmenteach subject was asked to grade the level of comfort they felt
during the scanningprocesson a scale of 0 (no discomfort) to 5 (intolerable).

Considerationof subjects' stature was made by recording neck circumference and calculating
the body massindex (BMI)of subjects as this could have impacted on the successof imaging
(see Chapter 3).

Ultrasound technique
The subject was askedto sit and position their head and cervical spine in a neutral anatomical
position, facing forwards with a straight spine. The C7 spinousprocesswas used as a palpable
reference point; and represented the inferior limit of the scannedarea. The superior limit
was represented by the palpable occipital process. The neck was then imaged systematically
basedon the anatomical triangles (see Chapter 2). When necessarythe subject was asked to
flex the neck to allow for imagesof the interspinousspaceto be acquired. Successiveimages
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were acquired of the posterior musculoskeletalarchitecture of the cervical spine by moving
the transducer laterally from the posterior nuchal line to the posterior triangle. Scanning
continued laterally from the posterior triangle over the sternocleidomastoidmuscle to the
anterior triangle to the posterior midline. Subjects were assessedand the visibility of the
structure gradedon the following scale:
0

Grade5: structure border well defined, goodstructure detail

0

Grade4: structure border well defined, poor structure detail

0

Grade3: structure border poorly defined, goodstructure detail

"

Grade2: structure border poorly defined, poor detail

0

Grade 1: somethingvisible

0

Grade0: not visible

Results

The following table (see Table 7) details what structures of the neck were visible with
ultrasound, the numberof subjects where a successfulimagewas achieved, and the grading of
the quality of the image.

Table 7: Structures of the neck identified using ultrasound
Structure

Is the
structure
visible?

In how
many
subjects?

Grade

9/9

Grade 5-6
Grade4 -1
Grade2-1
Grade0-1

Superficial and lateral cervical
muscles

platysma

Yes

trapezius

Yes

9/9

Grade5a7
Grade4=2

sternocleidomastoid

Yes

9/9

Grade 5-9
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Suprahyold muscles
Grade 5=3
digastric

Yes

9/9

Grade 4-5

Grade2=1
stylohyoid

No

0/9

Grade0=9

mylohyoid

Yes

9/9

Grade5=3
Grade4 =5
Gradel=1

geniohyoid

No

0/9

Grade0=9

Infrahyold muscles
Grade5-6
sternohyoid

Yes

10/9

Grade 4=I
Grade 2=2

Grade5=3
sternothyroid

Yes

9/9

Grade 4-3
Grade 2=2

Grade 1=1

thyrohyoid

Yes

8/9

Grade 5=1
Grade4=3
Grade2=3
Grade 1=1
Grade0=1
Grade 5=5

omohyoid

Yes

9/9

Grade4=2
Grade2 =2

Anterior vertebral muscles
tonguscolti

Yes

2/9

Grade2=1
Grade 1=1
Grade 0=7

longuscapitis

Yes

2/9

Grade2 =1
Grade I =1
Grade0=7

rectus capitis anterior

No

0/9

Grade0=9

rectus capitis lateralis

No

0/9

Grade0=9
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Lateral vertebral muscles
Grade5=2
scalenus anterior

scalenusmedius

Yes

Yes

9/9

9/9

Grade 4=2

Grade2=3
Grade 1=2
Grade5-1
Grade4=2
Grade 2=4

Grade 1 =2
scalenusposterior

No

0/9

Grade0=9

scalenus minimus (pleuralis)

No

0/9

Grade 0=9

Deep musclesof the back
sptenius capitis

spteniuscervicis

Yes

Yes

9/9

Grade 5=8
Grade 2=1

9/9

Grade5=3
Grade4=1
Grade 3=3
Grade2=2

9/9

Grade 3=I
Grade2=7
Grade 1=1

erector spinae (divides into 3):
"

"

itiocostalis cervicis

longissimus

Yes

Yes

9/9

Grade 3=1
Grade2=7
Grade 1-1

o

o

"

cervicis

capitis

spinatis

o

cervicis

Yes

Yes

Yes

Yes
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Grade 3=1
Grade2=7
Grade 1=1

9/9

Grade3=1
Grade2=7
Grade 1=1

9/9

Gradei=1
Grade2=7
Grade 1=1

9/9

Grade3=1
Grade2=7
Grade 1=1
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o

capitis

Yes

9/9

Grade3=1
Grade2=7
Grade 1=1

9/9

Grade5=1
Grade4=2
Grade2=4
Grade 1=2

transversospinalis(dividesinto 3):
"

semispinatis

o

cervicis

Yes

Grade5=1
o

"

"

capitis

muttifidus

rotatores

Yes

Yes

Yes

9/9

Grade 4=2

Grade2=4
Grade 1=2

8/9

Grade3=1
Grade2=5
Grade 1=2
Grade0=1

8/9

Grade3=1
Grade2=5
Grade 1=2
Grade0=1

2/9

Grade 1=2
Grade0=7

2/9

Grade 1=2
Grade0=7

9/9

Grade5=7
Grade4=2

9/9

Grade5=6
Grade4=2
Grade2=1

Minor deep layer

interspinales
intertransversarii

Yes
Yes

Musclesconnecting the upper
limb with the vertebral column
trapezius (seeabove)
rhomboideusmajor

rhomboideusminor

Yes

Yes
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levator scapulae

Yes

9/9

Grade5=9

No

0/9

Grade0=9

9/9

Grade 5=4
Grade4=3

Ligament

alar ligaments
ligamnetum nuchae

Yes

Grade 1=2

intervertebral disc

Yes

9/9

Grade5=4
Grade4-2
Gradel=1
Grade 1=2

supraspinousligament

No

0/9

Grade0=9

interspinousligaments

No

0/9

Grade0=9

thin loosecapsules

No

0/9

Grade0=9

tigamentum flava

No

0/9

Grade 0=9

1/9

Grade 1 =1
Grade0=8

1/9

Grade 1=1
Grade0=8

anterior longitudinal ligament
posterior longitudinal ligament

Yes
Yes

Bone
Grade5=6
thyroid cartilage

Yes

9/9

Grade 3 =1

Grade2=2

facet joint

Yes

8/9

Grade 5=1
Grade4=6
Grade2=1
Grade0=1
Grade 5=1

vertebrae

Yes

9/9

Grade 4=6

Grade2=2

spinousprocess

Yes
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Grade 5-1
Grade 4-3
transverse process

Yes

6/9

Grade 2-1
Grade I-I

Grade0=3

trachea

hyoid bone

8/9

Grade 5-3
Grade4=2
Grade2=3
Grade0=2

Yes

7/9

Grade4-2
Grade2=3
Grade 1=2
Grade0-2

Yes

9/9

Grade5=9

Yes

Blood Vesselsand Nerves
commoncarotid artery

Grade 5=3

external jugular vein

Yes

3/9

internal jugular vein

Yes

9/9

Grade 5=9

Yes

9/9

Grade 5=9

Grade 0-6

Glandsand nodes
thyroid gland
lymph nodes

Yes

8/9

Grades=7
Grade4=1
Grade0 =1

submandibulargland

Yes

9/9

Grade5-9

Comparable images were obtained from all subjects; normal anatomical variations were
observed. On completing the scan, all subjects graded the comfort of the scan as 0, no
discomfort.

Using the scanning technique developed as a result of this experiment, a review of the
structures of the neck follows. Figure41 providesorientation of the ultrasoundscans.
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posterior

vertebra

left

right

stemocleidomastoid
imon carotid artery

anterior
Figure 41: Transducer positions on the neck
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Anterior midline (fig. 42)
The thyroid cartilage was clearly displayed on the anterior midline scan and provided a
consistent landmark.

The strap muscles (sternohyoid, omohyoid) could be clearly seen

overlying the thyroid. The vocal folds may be identified and seen to move when the subject is
asked to speak.

Figure 42: Anterior

1- thyroid cartilage
2- platysma

midline

3- sternohyoid
4- omohyoid
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Anterior triangle (fig. 43)
Good anatomical landmarks of consistent position were identified to aid orientation of the
neck.

These included the carotid artery (pulsatile),

submandibular gland (acoustically

homogeneous in appearance), and thyroid cartilage of the neck (well delineated).
gland has a homogenous echo texture with a smooth and regular outline.

The thyroid
Transverse

positioning of the transducer revealed superficial tissue such as fat and platysma which were
seen as linear echoes. In the longitudinal view however, the fibres of platysma were seen as a
thin layer of linear echoes. With the transducer in a transverse position and using the thyroid
cartilage as a landmark, it was possible to better visualise the bellies of the strap muscles by
moving the transducer laterally, cranially and caudally.

The upper and lower limits of the

anteriorly scanned area were delineated by the submandibular gland (superiorly) and clavicle
(inferiorly).

Figure 43: Anterior triangle scan of neck
1- omohyoid
2- sternohyoid
3- sternothyroid

4- common carotid artery
5- thyroid gland
6- scalenus anterior

118
-

7- trachea
8- skin

Chapter 4: Ultrasound of the Neck

Sternocleidomastoid muscle (fig. 44)
The sternocleidomastoid muscle obliquely divides the anterior and posterior triangles of the
neck. The sternocleidomastoid muscle is less echogenic than the thyroid, with a welt defined
outline that varies from circular to ovoid in section.

Structural detail is exquisite in this

muscle and the separation of its two heads to the clavicle and sternum can be clearly seen.

Figure 44: Sternocleidomastoid scan of neck
1- sternocleidomastoid

2- common carotid artery
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Posterior

triangle

(fig. 45)

With the application of the transducer along the posterior border of sternocleidomastoid, it
was possible to demonstrate

clearly

the

appearance of trapezius,

levator scapulae,

semispinalis and splenius lying superficial to the erector spinae muscles. Differentiation of
erector spinae muscles is complex.
separation is poorly defined.

In some subjects muscle facia is depicted, in others

In all cases, the tissue architecture is poorly defined in the

erector spinae group and transversospinalis.

Figure 45: Posterior triangle scan of neck
1- trapezius
2- levator scapulae
3- splenius capitis

4- splenius cervicis
5- semispinalis
6- erector spinae
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Posterior midline

(fig. 46)

Direct placement of the transducer onto the spinous process of C7 demonstrated an area of
The transverse processes of the vertebrae were depicted by a bright

acoustic shadowing.

linear echo. As the transducer was moved laterally, the architectural details of the posterior
musculature could be clearly seen. Trapezius was located at the level of C4/5 and was seen
to insert into the spinous processes at this level. Its muscle fibres radiated laterally forming a
distinctive shape.

On ultrasound it appeared as two superficial triangular areas with the

apices meeting in the midline with the ligamentum nuchae.

A longitudinal scan clearly

depicted ligamentum nuchae as a superficial structure beneath the skin represented by
hyperechoic parallel lines. Immediately deep to trapezius, splenius could also be visualised.
The remainder of the erector spinae group of muscles were seen to lie superficial to the
laminae of the cervical vertebrae.

Figure 46: Posterior midline scan of neck
1- trapezius
2- splenius capitis

3- semispinalis
4- erector spinae
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Structural detail
Detailed structural

characteristics

of the neck musculature were obtained.

structures were demonstrated by their characteristic

fibrillar

pattern,

Muscular

highly echogenic

perimysium and where present, their pennate nature and fibre direction were discernible.

A

transverse scan of muscle tissue revealed a cross section of the muscle fibres (fig. 47); a
longitudinal view of the muscle revealed the longitudinal view of the fibres (fig. 48).

The

ligamentum nuchae appeared as regular tightly packed fibres arranged in a linear fashion.
Lymph nodes appeared as hypoechoic structures less than 1cm in diameter.

Figure 47: Transverse scan of porcine muscle in vitro
Cross-section of muscle fibres (yellow outline = fibre bundle)
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Figure 48: Longitudinal scan of porcine muscle in vitro
Longitudinal view of muscle fibres (yellow line = fibre)

Skeletal structures and intervertebral discs
Skeletal components of the cervical spine that were visible within this region included the
intervertebral

discs and facet joints

longitudinally,

commencing at the apex formed between sternocleidomastoid and levator

(see Chapter 7).

With the transducer positioned

scapulae, and moved in a cranial to caudal direction, it was possible to visualise consistently
the echogenic posterolaterat margins of the articular masses and the intervening facet joints.
The intervertebral discs could be seen using an anterolaterat approach.

Ligaments
The ligamentum nuchae could be identified;

other ligaments could not be imaged due to

artefact being produced from bony structures obscuring the view of ligaments combined with
the small size of these ligaments.

Blood vessels
The vascular bundle of the common carotid artery and internal jugular vein are situated deep

to the sternocleidomastoidmuscle and lateral to the thyroid gland. These vesselsare very
-123-
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accessible for uLtrasonography,and their characteristics make them ideal reference
structures. Visualisationof the carotid bifurcation was used to provide an anterior reference
point, as its position is consistent and readily identifiable due to its pulsatile nature. The
carotid artery appearsas a tubular structure with hyperechoicwalls and an echo-free centre;
the walls are smoothand difficult to compresswith the transducer; it can be seento bifurcate
into its internal and external branches. The internal jugular vein is lateral to the carotid
artery and the watts are more easily compressed. The internal jugular vein varies in diameter
during the different phasesof respiration and during the Valsalva's manoeuvre (where the
subject breathes against a closed glottis as occurs during coughing, defecation and heavy
lifting).

The external jugular vein is superficial to the sternocleidomastoidmuscle and is

easily compressedby the transducer.

Effect of stature
For subjects with a larger BMI,penetration was compromiseddue to attenuation causedby an
increase in depth either by muscle or subcutaneousfat. Subcutaneousfat also has the effect
of scattering the ultrasound beam and contributing to attenuation. The muscle boundariesof
athletic subjects were found to be more distinct compared to sedentary subjects. In these
athletic subjects, it was also observed that particular muscles relating to specific sporting
activities were more developedand also received a higher grading. An example of this is that
one of the subjects participated regularly in swimming and running activities and had a well
developed levator scapulae and scalenus anterior muscle.

Where muscles are more

developed, they are easier to identify due to their larger size accentuatingtheir appearance.

Discussion
This experiment confirms the findings of previous ultrasound studies in other regions of the
body, namely that ultrasound is able to demonstrate very clearly those features discussedby
utilising the acoustic properties of different tissue types. Ultrasound is extensively used for
examining the anterior structures of the neck (see Chapter 2) and this study demonstrates
that structures of the posterior aspect of the neck can be clearly visualised. The current
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investigation demonstrates the level of detail which can be appreciated using contemporary
high frequency linear array ultrasound transducers.

Detail of internal muscle structure is

readily appreciated and the underlying osseous elements, facet joints and intervertebral discs
can be seen. Future studies should consider grading the quality of the scan for each specific
structure.

For example, an assessment could be made of the structure on either side of the

neck as well as identifying individual structures such as each vertebra.

The stature of the subject affects the image quality and the visibility of structures. With
increasing body massindex, musculature and fat, the visibility of deep structures decreases.
With this frequency of transducer (8-16MHz),the depth of penetration was adequate to a
depth of 30mm. Increaseddistance between the transducer and structure of interest caused
by muscle or fat increasesthe path the wave must travel (penetration depth). Fat also has
the effect of scattering the ultrasound wave which results in de-focussingof the beam and a
subsequentdecreasein penetration. In subjects with a slender stature, deeper structures are
more easily depicted; however, musclesmay not be well developedand are therefore harder
to differentiate. In subjects of athletic build, muscle definition was clearer although bulkier
muscles led to an increase in distance and therefore deeper structures were less well
depicted. To overcomethe limitations of imaging people of a large stature, a machine with
harmonic imaging capabilities could be employed. Harmonic imaging is a signal processing
technique that minimisesnoiseand improvessignal to noise ratio having the effect of reducing
artefact.

With knowledgeof the normal ultrasound appearanceof neck musculature, an application for
its use in the clinical setting to determine pathologiesis possible. The scanningprocedure
was accepted by all subjects who found no discomfort with the scan. Subjects were asked
directly to grade the comfort of the scan; in future patients should have the opportunity to
answer this question in private, as it is possiblethat this responsedoes not reflect their true
opinion.
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The images acquired in this experiment represent a single moment in time for what is a
dynamic process. The ability to scan in real time, coupled with directed transducer
placement to attain specific views, should allow the technique to be usedto aid diagnosisand
help guide any physicalintervention. With knowledgeof the normal ultrasoundappearanceof
neck musculature,clinical applicationsto investigate pathologiesmay be developed.

Experiment 5: Extended field of view imaging
Background
Generating an image of a complete anatomical section enables a greater appreciation of the
arrangement of structures aiding orientation and understanding of the extent of any damage.
The size of the section the ultrasound equipment produces corresponds to the size of the
transducer scan head. The scan head of the `Diasus' acquires images with a width of 26mm.
If the region of interest is larger than that shown on the scan, context may then be lost and
ultimately when observing pathology, the full extent of injury may not be visualised and
contrast with surrounding structures to identify the injury boundary is not possible.

This

shortfall may be overcome by collating these images together in the form of an extended field
of view image. Some ultrasound equipment has the integral capacity to link images together,
while appreciating the contours of the scanning surface to create this extended field of view.
The 'Diasus' does not have this capacity and therefore an extended field of view was compiled
manually from individual images.

The `Philips ATL HDI 5000' has a panoramic imaging

function that enabled an extended field of view image to be constructed during scanning.
Extended field of view imaging allowed exceptional visualisation of anatomical structures and
relationships.

Generally, panoramic processing methods match pixels along the edge of an

image to generate a panoramic appearance, for the HDI 5000 system this relies on processing
tissue patterns captured from within

the whole image.

This unique real-time

pattern

recognition method makes it easier and faster to perform panoramic scanning. Although an
extended field of view is possible with ultrasound, a complete section is not possible as
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ultrasoundhas a limited depth of view which is dependenton the frequency used. Ultrasound
is unable to view structures beyondbone.

Method
Manualcompositionof a panoramic image
The 'Diasus' is unable to produce panoramic images.

Images taken sequentially can be

collated in an image editing computer package, in this instance Jasc Paintshop Pro (Jasc
Software, Version 6.00) was used.

Panoramic imaging function

The `PhilipsATL HDI5000' was able to producean extended field of view. A panoramicimage
over a large area is created by continuouslyscanningthe region of interest. As the transducer
is scannedover the region of interest, old echo information is retained and new echoesare
added to the image in the direction the scanplane is moving.

Result
Both the manual composition (fig. 49) and panoramic function (fig. 50 and 51) enable an
appraisalof the cervical region. In the manualcomposition, the contours of the neck have not
been taken into consideration. To enable complete visualisation of the neck to include this
detail; would require manipulation of the images to account for contour and the final
composition would be subjective and time consuming. Both methods of producing an
extended field of view image give a complete image of the neck, and therefore provide
greater information and give an idea of perspective.
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Figure 49:

Manual composite

image of lateral

neck

Left side of neck, transverse scans (left = posterior, right = anterior).
1- spinous process of C4
2- erector spinae
3- semispinalis

4- trapezius
5- sternocleidomastoid
6- common carotid artery

7- skin

Figure 50: Extended field of view - anterior neck
6- common carotid artery
7- skin
5- sternocleidomastoid
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Figure 51: Extended field of view - posterior neck
7- skin
3- semispinalis
1- spinous process of C4
2- erector spinae
4- trapezius

Discussion
Initially, the manually constructed composite image was used as a reference.

For the manual

construction of an extended field of view image of the neck, this is a 'best fit' situation and
the contour of the neck is not taken into account.

This manual construction produced a

representation that although it did not follow the neck contours; enabled an appreciation of
the complete neck structure.
user.

Manual image construction is time consuming and biased by the

Manufacturers of ultrasound machines should consider the option of a function that

allows this method of image composition.

Although this type of composition avoids

anatomical correctness, it still enables an understanding of the region outside the range of the
scan head. During the study, temporary use of another ultrasound system, a 'Philips ATL HDI
5000', was made available.
field of view.

This machine had the inherent capability to image an extended

The extended field of view provided by the 'Philips ATL HDI 5000' produced

images of the neck that appreciated

contours.

This greatly enhanced the ability

to

understand the arrangement of the anatomical area scanned; and the acceptability of such
images for review is enhanced considerably.
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4.4 Chapter Discussion
The anatomyof the neck has been visualisedwith ultrasound and imagesproduced, panoramic
images have been constructed and extended field of view images have been obtained.
Structures identified from imagesproducedusing ultrasound in vivo have correlated well with
cadaveric dissection and magnetic resonanceimaging. A technique has been established to
allow a thorough investigation of the neck that enables visualisation of many important
structures. Those structures ultrasound is capable of identifying have been noted and the
ease of seeing them highlighted. A comprehensivepicture of the cervical spine has been
painted and provides a good grounding for later experiments where pathological changesof
this region will be investigated.
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Chapter 5: Soft Tissue Damage
5.1 Chapter Summary
In this chapter, imageswere collected from a variety of injuries and have been presented as
casestudies. Thesecasestudies enabled the author to gain a practical understandingof how
soft tissue injury appearsand how the repair processmay be monitored with ultrasound. This
activity also provided an opportunity to understand patient issues and to develop patient
interaction skills.

Project objectives fulfilled in this chapter:
"

study the ultrasoundappearanceof soft tissue damagein vivo

5.2 Background
The structure of soft tissue and its appearancewith ultrasound in health and following injury
has been discussed(see Chapter 2). The author was familiar with the ultrasound appearance
of tissue in health but not with pathology. Colleaguespresenting with soft tissue injuries
imaging
to
musculoskeletal pathology.
the
of
experience
valuable
gain
author
enabled
Through assessmentof injuries the author hoped to perfect their technique and operation of
the ultrasound equipment, improve dexterity, to be able to consider the best orientation to
scan the region of interest and further their knowledge of injury pathology. These case
for
determine
the quantification,
to
a
suitable
method
an
opportunity
studies would provide
and how to recognise those changes that take place and how they may be monitored.
Assessingsubjects' injuries would provide an opportunity to perfect patient communication
skills and understandthe best approachto ensure subjects remain comfortable throughout the
scan. Considerationwas given to the differentiation of pathology from artefact. As well as
this opportunity for handson experience, additional preparation took the form of background
reading, studying medical caseswhere ultrasound has been used for assessment. The author
was also able to sit in on musculoskeletalclinics with consultant radiologistsfrom the Queen's
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Medical Centre (see Chapter 3). This preparation gave an appreciation of what to expect
when ultimately assessingwhiplashinjuries.

5.3 Experimental
Method

Work

To aid assessment,a criterion was established to identify the presence of a lesion. This
criterion was that a lesion could be identified as: the presenceof an area demonstrating an
abnormal pattern or intensity of echoesrelative to the appearanceof the surroundingsection
of tissue or contralateral region. Contralateral images were acquired to demonstrate the
normal versus the injured side, being mindful that compensatorychangesmay occur. The
ideal situation would be to have before and after injury imagesfor comparisonbut this was
not possible. Asymptomaticpatients do not find the scanningprocedure uncomfortable (see
Chapter 4); however, it was important to find out how subjects suffering from painful injury
responded to the scan. Subjects were asked to grade the comfort of scale from 0 (no
discomfort) to 5 (intolerable). Subject's details and history of the accident were obtained.

Results
For subjects presentingwith soft tissue injuries, case studies and their ultrasoundfindings are
presented.
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Case study 1: Subcutaneous haematoma from fall
Patient details:

22 year old female

Cause of injury:

The subject fell up a metal stairs and landed onto their left shin.

Injury mechanism: Impact
Time elapsed between injury and scan: The subject was scanned immediately after injury
and the next day.
External observation:
Observation

10cm below the patella bruising was observed.

with ultrasound:

haematoma formation

(see fig. 52) Ultrasound detected a region indicating a

that correlated with the surface bruising.

Resolution of surface

bruising was also observed as resolution of haematoma.
Other radiography:

None

Grading given for comfort of the scan: 0 (no discomfort)

Figure 52: Haematoma in the leg
Transverse scan, left leg injured (left), right leg normal (right).
(H = haematoma, M= muscle, F= fascia, S= skin)
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Case study 2: Subcutaneous haematoma from fall
Patient details:

23 year old female

Cause of injury:

Fell over playing football

Injury mechanism: Impact
Time elapsed between injury and scan: Scanned one day after injury
External observation:
Observation

Multiple bruising on thigh

with ultrasound:

(see fig. 53)

Ultrasound detected multiple

haematoma

formation in a region that correlated with the surface bruising. Resolution of surface bruising
was also observed as resolution of haematoma.
Other radiography:

None

Grading given for comfort of the scan: 0 (no discomfort)

Figure 53: Multiple

haematomas

in the thigh

Transverse scan

(H = haematoma, S= skin)
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Casestudy 3: Subcutaneoushaematomafrom gun recoil
Patient details: 25 year old male
Causeof injury: Repeatedimpact from recoil of gun butt on right arm.
Injury mechanism: Impact
Time elapsed between injury and scan: the following day
External observation: Bruisingand swelling measuredover an area of 19 x 10cm (fig. 54)
Observation with ultrasound:

(see fig. 55) Swelling and haematomaextending over the

bruised region correlated well. The region beneath the bruise was hyperechoiccompared to
surroundingtissue and the same area of the contralateral limb. Swelling is indicated by the
hyperechoicappearanceof the region and by compressionof a blood vessel in this area. The
artery on the injured side (left image) appearscompressedwhen compared to the artery of
the normal arm (right image). This compressionof the artery occurs becauseof swelling
which appearsas an area of increasedechogenicity.
Other radiography: None
Grading given for comfort of the scan: 0 (no discomfort)
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Figure 54: External bruising on arm
Anterior view of upper arm.

Figure 55: Haematomaand swelling in the arm
Anterior view, transverse scan, left arm injured (left), right arm normal (right).
(M = muscle, A= artery, S= skin)
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Case study 4: Knee injury
Patient details:

40 year old male

Cause of injury:

Car accident, leg injured on steering column.

Injury mechanism: Impact
Time elapsed between injury and scan: 3 months
External observation:

Swelling

Observation with ultrasound:

(see fig. 56) A fluid mass, possibly a haematoma, is indicated

by an anechoic region that deforms under the pressure of the transducer.
strands are present within this mass and suggest organisation of the injury.

Hyperechoic

This organisation

would be expected as a function of a repair process and this corresponds with the age of the
injury.

Increased echogenicity beneath the haematoma represents swelling.

Swelling and

haematoma have resulted in an increase in diameter of the region which is also apparent
when comparing the injured knee to the contralateral side.
Other radiography:

None

Grading given for comfort of the scan: 0 (no discomfort)

Figure 56: Damaged knee
Transverse scan, left knee damaged (left), right knee normal (right).
(D = area of damage, B= bone, S= skin)
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Case study 5: Sebaceous cyst
Patient details:

45 year old male

Cause of injury:

Progressive development of a cyst on the midline of the neck at C3

Injury mechanism: Unknown
Time elapsed between injury and scan: a few weeks
External observation:
Observation
collection

Circular lump

with ultrasound:

(see fig. 57) A sebaceous cyst appearing as a fluid filled

that appeared anechoic on ultrasound.

Enhancement artefact

has occurred.

Internal appearance of cyst correlated with the raised region measured externally.
Other radiography:

None

Grading given for comfort of the scan: 0 (no discomfort)

Figure 57: Sebaceous cyst
Transverse scan
(C = cyst, S= skin)
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Case study 6: Fall on shoulder
Patient details:

35 year old male

Cause of injury:

Fell off during a bike race on a grass surface.

Injury mechanism: Impact/strain
Time elapsed between injury and scan: Two days. The subject was examined by a clinician
of the accident and emergency department of the Queen's Medical Centre and was diagnosed
as having torn a muscle.
External

observation:

There were no external signs and therefore a region could not be

defined. The subject felt general discomfort over the scapular region.
Observation with ultrasound:

(see fig. 58) Muscle structure detail was lacking in the region

where discomfort was felt with an increased diameter and structures appearing hyperechoic
with respect to the contralateral image. Loss of structural detail and the subsequent swelling,
indicated by the hyperechoic region and anechoic region signified possible haematoma and/or
swelling indicative of a muscle tear. These findings correlate well to the clinician's diagnosis
of a muscle tear.

Other radiography: None
Grading given for comfort of the scan: 0 (no discomfort)

Figure 58: Shoulder injury showing swelling and tear
Transverse scan, left shoulder damaged (left), right shoulder normal (right).
(F = swelling, D= tear, S= skin, T= trapezius)
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Case study 7: Triceps tendon damage
Patient details:

23 year old female

Cause of injury:

Fall onto right elbow, hyperextension

Injury

mechanism:

of joint

Impact

Time elapsed between injury and scan: Next day
External observation:

Swelling of elbow joint, reduced mobility and range of motion in the

elbow joint, the arm was unable to extend.
Observation

(see fig. 59)

with ultrasound:

Contralateral imaging of the tricep tendon

revealed the injured side to appear disorganised with respect to the normal side. The regular
linear arrangement of tendon fibres is replaced by an anechoic region bordered by an irregular
fibre arrangement. The humerus is represented by the hyperechoic region, and on the injured
side this appears deeper with respect to the contralatrel

image indicating swelling and

increased diameter of the region.
Other radiography:

Subsequently imaged by a consultant musculoskeletal radiologist who

confirmed the above findings.

Grading given for comfort of the scan: 0 (no discomfort)

Figure 59: Tricep tendon injury
Longitudinal scan, right arm injured (right), left arm normal (left).
(T = tricep tendon, M= muscle, D= damaged region, B= bone, S= skin)
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Casestudies summary
For all casestudies, the symptomswere found to correlate well with ultrasound observations.
Bruisingresults in underlying swelling or haematomaformation. Swelling appearsas regions
of increased echogenicity and loss of structural arrangement with an increase in structure
diameter where blood vessels may be compressed. Swelling results in a loss of tissue
boundary definition. Haematomaappears as well defined anechoic regions within regularly
arranged structures.

Tears or tendon damage result in disruption to the normal fibre

arrangementand can appear as anechoicregionsif the damageis extensive. Fluid collections
as in the caseof cysts results in an anechoicappearanceoften with enhancementartefact.

5.4 Chapter Discussion
Various case studies have been presented which provided the author with a variety of
found
to correlate well with symptoms.
In
to
pathology
was
cases
assess.
all
pathologies
Ideally, these case studies would have been followed up on a regular basis to monitor the
pathology and observe any changesin their ultrasound appearance;unfortunately it was not
possiblefor these subjects to commit to a follow-up program. All subjects graded the scan
for
is
important
the
is
that
0
discomfort);
(no
this
procedure
comfortable
scanning
with
injured subjects as this could have been a limitation to using the technique. Discomfort can
be avoided by using coupling gel which makesit possibleto scan without direct contact with
the subject; this therefore avoidsdirect provocationof the injury. Provocationis also a useful
for
it
is
When
the
for
determining
injury
the
scanning
not
essential
a
subject,
site.
means
patient to remain still in an awkward position if it is uncomfortable to do so. However,
changesin posture will alter the orientation of structures and this must be considered at
follow-up if the subject is scannedin a different position. It was not possibleto monitor the
recovery processin all casesas not all subjects had the time to commit to the study. The
opportunity to shadowa consultant radiologist gave the author an opportunity to appreciate
how ultrasound diagnosis is carried out in a professional and clinical environment.
Compilationof the casestudies presentedin this chapter hasenabled the author to hone their
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technique and develop patient communicationskills. The author has a greater understanding
of the appearanceof pathologyand the examinationprocedure.
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Chapter 6: Quantification of Pathology Using Ultrasound
6.1 Chapter Summary
This chapter discusses the approach taken to define a quantitative

technique for the

assessment of soft tissue pathology. A quantitative technique was developed through a series
of experimental work.

An initial simulation of soft tissue injury was carried out in vitro to

confirm in vivo findings from case studies and form a basis for an experimental model.
investigation of quantification

of these injuries follows.

An

These experiments provided an

indication of how realistic it would be to assesswhiplash injuries and what would be the best
approach to documenting any pathological change. An assessment of using the ultrasound
equipment to quantify injury damage; as well as the effects of the operator on the results,
was also considered.

Project objectives fulfilled in this chapter:
0

study the ultrasoundappearanceof soft tissue damagein vitro

9

quantification of soft tissue injury usingultrasound

6.2 Background
One of the main objectives of this study was to quantify pathological trauma of the cervical
spine. Quantification of pathology allows an understanding of the extent of damage and
assistsin the monitoring of recovery. Quantitative analysisis far less susceptible to bias and
should provide more reliable and consistent results; it also allows statistical tests to be
performed that can ensure confidence in the results. Quantification may also facilitate
detection of subtle changes,which might escapedetection by visual assessmentalone. To be
able to quantify an injury enablesa value to be assignedto the pathologiesidentified. This
value can be used as a reference value, which is essential to describe the extent of damage
and for monitoring the recovery process.
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The series of experiments conducted to establish a method that may be used for injury
identification,

documentation and quantification is described.

Initially, an injury model was

established that simulated the appearance and behaviour of injuries In vivo, once this was
identified, quantification could be considered. Quantification was of simulated injuries where
the extent of damage could be predetermined.

This enabled an assessment of the ability to

use the ultrasound equipment to depict and quantify the injury and assessthe ability of the
operator to accurately measure the injury.

Finally, methods of analysis were considered.

6.3 Series of Experiments
The following series of experiments were conducted to study the ultrasound appearanceof
soft tissue damage and to establish a quantification technique of the soft tissue injuries
suspectedof occurring as a result of a whiplash injury:

Experiment1: Soft tissuepathology simulation experiments
Experiment 2: Quantification of a synthetic simulation of a soft tissue injury

Experiment3: Quantification of an organic simulation of a soft tissue injury
Experiment 4: The effect of inter/intra

observer variability on quantification

Experiment5: The effect of magnification on assessment
Experiment6: Echogenicityand histogram analysis

Method
Ultrasoundequipment
The ultrasound equipment

used in this study was 'Diasus' (Dynamic Imaging Limited,

Livingston, UK) connected to an ultra wide-band 8-16MHz transducer (Dynamic Imaging
Limited, Livingston, UK).

Biological tissue
The preparation of biological material hasbeen consideredpreviously (seeChapter 3).
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Calculatingabsolute values
A consideration before carrying out this quantification study was how the positioning of the
on-screen callipers would affect the measurement. Accurate absolute values are difficult to
obtain as defining the region of interest using callipers can introduce error.

Measurement

values will vary depending on whether the calliper is positioned within, on, or outside the
boundary.

Consistency of calliper placement can help to minimise these errors and for the

purposes of this study, callipers were placed on the boundary of the region of interest.

Experiment 1: Soft tissue pathology simulation experiments
Background
The characteristic appearanceof a typical in vivo soft tissue injury with ultrasound has been
well defined (see Chapter 2) and the aim of this experiment was to produce a model that
could replicate this. This model would also be usedto verify the ultrasoundimagespreviously
obtained in vivo (seeChapter 5); for example, it may be assumedthat in vivo the appearance
of an anechoic area within a muscle represents a haematoma, by creating a haematoma in
vitro using blood, a comparisonof the two imagescan be made to confirm expectation. This
model also provides a meansfor developinga quantitative technique. For those experiments
conducted in vitro, it was possible to control the extent of the injury; and to observe the
essential before and after injury image; images not readily available in vivo. Models are
useful as they enable a readily available controlled environment where values are
predetermined. A model also providesa useful commodity as volunteers with musculoskeletal
injuries were not readily available. Simulation of typical musculoskeletalinjuries including
swelling, haematomaand tear were carried out on animal tissue.

Method

The following methodology describes how those soft tissue injuries typically observed in
muscutoskeletalinjuries were simulated in vitro.
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Haematoma simulation
A haematoma is a collection of blood within tissue.
within a structure.

In essence, it is a collection of fluid

The haematoma was simulated by injecting tissue samples with different

solutions including ultrasound gel and blood, into muscle and tendon tissue.

All of the

solutions were fluid in nature, and muscle and tendon tissue as well as representing those
tissues suspected of damage, also provided an ideal contrast medium. The muscle was divided
into individual

samples; only one sample was used per injection

contamination of solutions.

of solution to avoid

Using a 19G x 2" sterile needle (BD MicrolanceTM, BD Medical

Pharmaceutical Systems, Le Pont-De-Claix, France) and a 2ml sterile syringe (BD PlastipackTM,
BD Medical Pharmaceutical Systems, Le Pont-De-Claix, France) the solution was injected into
the tissue at a depth sufficient for the solution to be completely surrounded by the tissue; this
ensured clear visibility of any changes in the tissue. To clearly visualise the needle position in
the tissue, the transducer was held perpendicular to the length of the needle.

After

injection, the tissue was dissected to observe the distribution of the solution.

Swellingsimulation
Swellingis the result of a collection of interstitial fluid. To replicate this, water was injected
and a 2ml sterile syringe (BD PlastipackTM)
using a 19Gx 2" sterile needle (BDMicrolanceTM)
into muscleand tendon tissue.

Soft tissue tear simulation
A tear results in disorganisationof the tissue architecture. Fibre disruption was achieved by
pushinga plastic cable tie into the tendon. The cable tie was made of denseplastic and was
clearly visible on ultrasound. The cable tie was used as a marker that could identify the
position of the lesion in the tendon when it was removed. Fibre disruption was also achieved
by inserting a size 22 non sterile, carbon steel, surgical blade (Swann-MortonLtd., Sheffield,
UK) into the muscle tissue. The position of the scalpel could be appreciated on ultrasound
and usedto identify the site of the lesion.

146
-

Chapter6: Quantification of PathologyUsingUltrasound
Results
Haematoma simulation

In muscle and tendon, both injection of ultrasound get and blood was clearly visible on
ultrasound (fig. 60-63). Both solutions created a clearly discernable anechoic region. Gel
contains air bubbleswhich were visualisedwith ultrasound as hyperechoic bubbles in a more
hypoechoic medium surrounded by organised soft tissue. As the volume of blood or get
injected was increased, there was a visible increase in the anechoic region within the tissue
architecture (fig. 60). On dissection, a pool of gel was observedwhich correlated well with
the position of the lesion viewed with ultrasound.
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Figure 61: Gel haematoma model in tendon (Part 1)
Longitudinal scan of tendon before (left) and after (right) injection of gel.
(T = tendon, G= get)

Figure 62: Gel haematoma model in tendon (Part 2)
Longitudinal scan of tendon after injection of get.

(T = tendon, N= needle, G= get)
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Figure 63: Blood haematoma model in muscle
Transversescanof muscle before (left) and after (right) blood injection.
(N = needle, B= blood, M= muscle)

Swellingsimulation
In muscle and tendon tissue, injection

of water causes a noticeable

change in fibre

architecture appearance with the water appearing to distribute between the fibres (fig. 64
and 65).

As the amount of water injected increased, there was a visible increase in fibre

disruption in both tendon and muscle, an increase in the diameter of muscle but not tendon
was also observed. This increase in diameter may have gone unnoticed had observation of the
injection not been made. The needle is seen to be displaced with the injection of water.
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Figure 64: Swelling model in muscle
Transverse scan of muscle before (left) and after (right) injection of water.
(N = needle, S= swelling, M= muscle)

Figure 65: Swelling model in tendon
Longitudinal scan of tendon before (left) and after (right) injection of water.
(S = swelling, T= tendon)
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Soft tissue tear simulation
In the equine tendon, the insertion of a plastic cable tie was clearly visible on ultrasound as a
cable tie shaped hyperechoic region (fig. 66). The subsequent removal of the cable tie left an
anechoic region with hyperechoic regions depicting fibre disruption.

Figure 66: Tendon tear model
Longitudinal scan of tendon with plastic rod inserted (left) and after rod removed (right).
(T = tendon, R= rod, D= tear)

In muscle tissue, the insertion of a blade appearedas a hyperechoicregion with reverberation
clearly representing the shape of the blade (fig. 67).

When the blade was removed, the

region of the scalpel revealed fibre disruption.

Figure 67: Muscle tear model
Transverse scan of muscle with scalpel inserted (left) and after scalpel removed (right).
(S = scalpel, T= tear)
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Discussion

Soft tissue injuries simulated in vitro comparedfavourably to their in vivo counterparts. The
success of this replication has been possible as tissue and injury characteristics were
identified prior to creating these models. Ultrasound relies on the characteristics of the
tissue to produce an image and these characteristics were employed when designing the
models. For example, a pooling of blood creates a haematoma which is essentially a
collection of fluid surroundedby a denser medium. The fluid consistencyof a haematomawas
simulated using water and ultrasound get as both have a more fluid consistency than the
surroundingtissue. As ultrasound utilises these different characteristicsto produce an image,
water and gel were ideal candidates. Water was found to spreadthrough the fibres producing
a visible change in tissue architecture as well as an overall expansionof the muscle tissue;
thus it was decided that water would be a more suitable model for observingswelling. Unlike
muscle, tendon did not increasein size with the introduction of water; this is likely to be due
to it being less pliable than muscle and a greater force being needed to overcome the
resistance. Ultrasound get and blood provided a more comparable representation of the
haematomaseen In vivo. Both blood and gel are more viscous than water and hence this
property would not only affect how ultrasound interacts with these fluids but also will affect
how the solution distributes between the soft tissue fibres. Water distributed between the
soft tissue fibres, whereas blood and gel were more inclined to pool. Equine digital flexor
tendon is larger than any tendon found in the human neck and is therefore not truly
representativeof these structures. However, this information may be extrapolated to smaller
structures of a similar compositionand tendon tissue also providesa good contrast and further
illustrates observations of soft tissue disruption that can be used to assessquantification
techniques. Where solution has been injected, it is possible that the injection process has
damagedthe fibres as the fluid is forced in. When injecting the solutions, resistance had to
be overcome to get the solution into the tissue. In a real injury, damagewould occur and
these fluids would then appear whereas for this experiment the reverse effect could have
been induced which may not give a true representation of the injury.
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The replication of a tissue tear by incision using a scalpel is not truly representative of a tear.
The scalpel gives a clean cut when in reality, a tear is unlikely to be as organised. For all the
models described here, injury comprises of a multitude of events (see Chapter 2).

When

injury occurs, there is an initial inflammatory response and depending on the stage of healing,
there are changes in tissue structure.

In the case of a tear, it is likely that bleeding and even

haematoma formation would accompany it and thus aid identification of the pathology. In the
long term, such consequences as scar tissue or myositis ossificans (where muscle tissue is
replaced by bone) can occur which cause areas of greater density within the tissue and hence
increased echogenicity in contrast to the surrounding tissue. These injury indicators may be
easier to identify than the initial injury.

It has not been possible to simulate the progressive

effects of injury and repair and therefore the aim to replicate the in vivo injury could not be
completely fulfilled in this instance. However, true replication is not required as one of the
purposes of creating these models is to assess the feasibility of making measurements of
tissues displaying an area of abnormal pattern

or intensity

appearance of the surrounding section of tissue.

As long as abnormalities within a tissue

indicative of injury can be identified,

of echoes relative

to the

then an attempt to measure these changes can be

made.

Future observations should consider monitoring changes over time to see how the injury
changes. For example, a haematomamay be observedin its fresh state where it will be of a
liquid consistencyand imaged progressivelyas it forms a more solid gelatinous mass, thus
giving an appreciation of how changes in tissue property affect the appearance with
ultrasound. Another factor would be to consider the massagingeffect of movement and how
this may alter the distribution of an injury. Tissuewas observedin a constant position and it
may be that movement will extenuate any fibre disruption and make injuries more visible or
equally, less visible. Another approachto creating injury modelsis to replicate the whiplash
injury mechanism. Injury could be induced using a materials test machine to replicate the
forces of injury which could result in a rupture.
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mechanicsof a whiplash event may provide a more realistic model of how the tissue fibres
behavewhen stressed.

Experiment 2: Quantification of a synthetic simulation of a soft tissue injury
Background
The first experiment of this chapter has shown that it is possible to create models that
simulate the ultrasound appearance of soft tissue injuries.

To identify a method to quantify

soft tissue injuries, a model is the ideal starting place as the dimensions and volume of the
injury may be controlled.

The 'Diasus' equipment used in this study is unable to formulate

three-dimensional images and therefore volume must be calculated from two-dimensional
information.

Volume is a parameter that is simplest to calculate when dimensions are

consistent; for example, it is easier to calculate the volume of a regular shape than an
irregular shape. This experiment aimed to identify a methodology to quantify the dimensions
of an injury as in the clinical situation, a technique is needed that can record and monitor the
pathology identified during a scan.

Method
Lesionswere first simulated in synthetic materials prior to biological tissue; as the synthetic
material chosenwas more inert than a biological tissue that could be deformed. The premise
being that simulation in the synthetic environmentcan be achievedwith much more precision.
To simplify quantification, a regular lesion was chosen. Although it is very unlikely that a real
injury would be regular, this experiment aims to test a methodologythat could be used for
quantification purposes. Theseinjury simulationsdid not aim to produce accurately an injury
that would be found in vivo but to provide a region of irregularity in an otherwise homogenous
structure that could then be quantified and possiblybe of a likenessto a real injury. A cube
and sphericalshapedlesion were considered.
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Quantification of a cube
The synthetic material chosen to represent soft tissue was dense sponge. Although ultrasound
was unable to penetrate beyond 5mm, when a region of sponge is removed, this area appears
as an identifiable anechoic region and the sponge beyond the hole is visualised again to a
depth not beyond 5mm. A region approximating a 1cm cube was removed to replicate the
presence of a lesion (fig. 68). This size lesion was chosen as it was within the viewing window
of the transducer thus facilitating measurement. It was not possible to precisely remove this
volume due to the nature of the material; however, this approximation of volume gave an
idea of the extent of the lesion. The hole was filled with gel to couple the transducer to the
sponge. The lesion was scanned in both longitudinal and transverse orientations to capture
images of all dimensions. These dimensions were measured with the line measurement onscreen tool. To assessthe volume, the equation to calculate the volume of a cube (length x
width x height) was calculated for each of the ultrasound measurements to give the volume
and comparisons were made between these volumes to identify the consistency of quantifying
the lesion.

The cube was imaged in both transverse and longitudinal scans. Five image

captures were made for both transverse and longitudinal.
the dimensions were made three times.

For each capture, measurements of

The cube volume was calculated for each set of

measurements and the average volume calculated to minimise errors introduced at image
capture and during measurement.
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Figure 68: Synthetic lesion simulation (Part 1)
Cube approximating 1cm3 removed from sponge.

Quantification of a sphere
The diameter of a table tennis ball was measured using digital callipers and was found to
measure 38mm.

Using the equations for a sphere, the circumference was calculated as

119.4mm with a volume of 28730.9mm3. The table tennis ball was embedded into gelatine to
provide a contrast medium (fig. 69). A scan was taken in transverse orientation; and the point
at which the circumference appears greatest was taken as the actual circumference and then
used to calculate the volume.

Five image captures were made of the table tennis ball, and

for each three measurements of the circumference were made. The average circumference
was calculated from these measurements and compared to the gold standard measurement
taken of the actual table tennis ball to determine

the accuracy of this measurement

technique.

As an alternative method to calculate the volume, when scanning in transverse orientation,

the point at which the ball first appears and then disappearscan be measuredand this will
give a value of the diameter.

Fifteen measurements were made of this and compared for
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consistency.

This method also assessesthe approach for accurately measuring lesions that

extend beyond the field of view.

Figure 69: Synthetic lesion simulation (Part 2)
Table tennis ball embedded in gelatine.

Results
The outline of a cube lesion was clearly visualised using ultrasound (fig. 70). The average
volume of the cube from dimensions measured on screen was 1085mm3 (SEM = 19.8).

This

result shows that the volume of the lesion was consistently measured the described technique.
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Figure 70: Ultrasound of synthetic lesion in sponge
Transverse (left) and longitudinal scan (right)
(S = sponge, G= gel)

For measurement of a sphere, the field of view was not large enough to accommodate the
circumference of the ball; this information had to be extrapolated by positioning the ellipse
measuring device on the available image and assuming its dimension by visual extrapolation
(fig. 71). Should the field of view be large enough to accommodate the table tennis ball, the
acoustic properties of the ball do not permit the ultrasound waves to pass through the ball
and therefore a complete circle could not have been imaged, although the extent of the
diameter would be apparent.
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Figure 71: Ultrasound of spherical synthetic lesion
Transverse scan

(T = table tennis ball, G= gelatine)

The table tennis ball replicated a spherical lesion with unclear margins.

The acoustic
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ultrasound the following equations were performed:

Equations for a sphere:
Volume = 4/3 7t r3
Circumference = 21r radius
Diameter = circumference
it
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The circumference of the ball measured with digital callipers was 119.4mm with a diameter of
38mm and a calculated

volume of 28730.9mm3.

Using ultrasound to calculate

the

circumference of the table tennis ball, the average circumference measured was 116.9mm
with a calculated volume of 26976.9 ± 0.81 mm3 (mean ± SEM- 0.81). Measurements made of
the sphere using ultrasound following the extent the sphere, measured the diameter to be
43mm ± 0.92mm (mean ± SEM).

Discussion
Synthetic simulation of soft tissue injuries provides a phantom of known size that can be used
to assessthe method of a quantitative technique.

A drawback to this experiment is that it is

not possible to remove precisely a volume that represents the lesion and errors will be
introduced.
calculated.

Errors made on linear measurements will

be multiplied

when volume is

Other approaches considered to calculate the actual volume of the phantom

lesion included displacement of water measurements however, the materials used in this
study are permeable to water and this approach would not work.

Although the volume

calculated using ultrasound measurements was not precisely indicative of the simulated lesion
volume, measurements were close to the expected measurement and there was a high level of
consistency between measurements. The results obtained show this to be a viable technique.
If the extent of the region of interest in transverse and longitudinal scans can be identified
and subsequently measured, then the volume can be calculated for these regular structures.
If the region of interest exceeds the scan head then external measurements need to be made.
For regular shapes such as a cube or a sphere, equations can be used to calculate the volume
and thus quantify the injury.

For irregular objects, assessment is open to errors in calculation

due to complications collecting lesion dimension information.

In the case of the sphere where

diameter measurement was taken to be the distance between the point where the sphere
appeared and disappeared, elevational resolution may have caused an incorrect measurement
to be made.

Elevational resolution is the ability to distinguish between reflectors and

structures separated along a line that is perpendicular to the ultrasound image plane, and this
could be a contributing factor to error.

Ultimately the lesions the author is interested in
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quantifying are found in biological tissue where the injury could be any irregular shape. In
addition, in the biological environment the tissue is not homogenous and subject to dynamic
changes which will influence the appearance of the lesion.

Therefore, quantification

of

lesions in biological tissue using this measurement technique must be separately assessed.

Measurementof the sphereshowsthat for lesionsthat exceed the scan head size, the starting
point and end of the lesion can be determined. Thesepoints are determined when the lesion
comes into view, which is evidenced by the change of appearance of the lesion when
comparedwith the surroundingmaterial. Measurementscan be made externally at the points
of visible changeto acquire dimensions.

Experiment 3: Quantification of an organic simulation of a soft tissue injury
Background

This experiment followed on from the synthetic injury model by repeating the premise of the
previousexperiment but this time the spongewas replaced with animal tissue; thus providing
a more realistic simulation.

Soft tissue is a dynamic structure; it changes shape with

movement and tension in the tissue. Other structures may push on one another and disturb
shape, orientation and position. Unlike the synthetic materials used in previous models, the
architecture of soft tissue is not homogenous. All of these factors influence the ultrasound
appearance. It was therefore necessaryto repeat quantification of simulated injuries on
biological tissue to assessthe feasibility of quantification.

Method
See method for 'Experiment 2: Quantification of a cube'.

For the reasons explained in

Experiment2, removal of an exact 1cmcube of tissue is not possible(fig. 72).
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Figure 72: Organic lesion simulation
Cube approximating 1cm3 removed from muscle.

Results
A cube shaped lesion was clearly visualised in biological tissue using ultrasound (fig. 73).
Measurements of lesion dimensions using transverse and longitudinal scans; enables the lesion
volume to be calculated.

The average volume of the cube was calculated to be 1183.2 ±

22.1 mm3 (mean ± SEM)which represented well the 1cm cube of tissue that had been removed
with a repeatability of better than 2%.
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Figure 73: Simulated cube lesion in muscle tissue
Transverse (left) and longitudinal scan (right).
(M = muscle, G= gel)

Discussion
As for the previous experiment,

exact introduction

of a 1cm cube was not possible and

therefore quantification results could only be compared for repeatability of the measurement.
The measurements on ultrasound represented well the character of the lesion. The results
from this study demonstrate that the volume of an organic lesion can be calculated with
reasonable reproducibility if dimensions are known. The tissue was in a constant state which
simplified the task of quantification.

It is likely that movement will affect the appearance of

this structure and therefore a consideration for diagnosis is that subjects should be imaged in
the same position from one assessment to the next. For a future study, a method to consider
for quantifying the size of the simulated lesion would be to fill the lesion with fluid and
measure this volume.

This volume of fluid could then be compared to the ultrasound

measurements.
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Experiment 4: The effect of Inter/Intra

observer variability

on quantification

Background

The effects of the operator's experience and interobserver and intraobserver variability have
been discussed (see Chapter 2).

This experiment assessedthe different measurement

facilities of the 'Diasus' and the operator's ability to use them. The integral measurement
options of the 'Diasus' were investigated and these included line measurement,a freehand
trace, and a predefined ellipse. How these deviceswork has been discussedpreviously (see
Chapter 2). The successof these measurementswas assessedby comparing to the gold
standard of an external measurementof the cross-sectionarea of the tendon which was
obtained usingdigital callipers.

Method
Operatorswere divided into groupsbasedon their experienceof usingultrasoundequipment.
"

Expert group: this group consistedof two consultant radiologists

"

Advancedgroup: this group consistedof two researchersexperienced in using diagnostic
ultrasoundfor researchof the musculoskeletalsystem

0

Novicegroup: two engineeringtechnicianswith no experienceof usingultrasound

Sample tissue

The tissue sampleused in this study was a porcine deep digital flexor tendon of the foot (fig.
74). Tendon provides a biological tissue with a structure consistent in shape at rest and
clearly discernable from the surroundingtissue. To aid identification of the tendon on the
image display, ultrasound get was applied to surround the tendon as this enabled greater
contrast between the tendon and surroundingtissue to be seen.
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Figure 74: Porcine tendon
Posterior view
(T =tendon)

Procedure
One of the advanced operators made ten blind digital calliper measurements of the tendon
cross-section area before and after testing to ensure the cross-section was consistent and had
not been affected by dehydration or deformation.

The average of the calliper measurements

was taken to be the gold standard for the tendon cross-section area (CSA). To prevent
dehydration of the tendon and subsequent changes in diameter, the tendon was kept moist.
The tendon was marked with a tissue pen where images were to be taken. This ensured that
all measurements taken with the digital calliper and by the operators using ultrasound were
made at the same point.

All measurements were made on the same day using the same

familiarised
The
with the equipment.
operators
were
sample.

The experiment was explained

to all operators and included; where the transducer was to be placed in a transverse
orientation and how the tendon could be identified on ultrasound and then how to capture the
image.
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Following image acquisition on the ultrasound equipment, each operator made three types of
on-screen measurements which were:

"

ellipse (fig. 75)

0

line measurementof height and width (these values will be used to calculate the
tendon CSA) (fig. 76)

"

trace (fig. 77)

To avoid any influences on the results, the operator was blind to the measurementstaken
during the test, as the information displayedon the monitor was covered over.

Data capture procedure
The operators performed the routine outlined below.

The results from each type of

measurement were averaged to minimise errors introduced at image capture and during
measurement.

Capture image and make:
1x ellipse measurement
1x line measurement
1x trace measurement

Repeatmeasurementstwice more.

Recaptureimage:
1x ellipse measurement
1x line measurement

1x trace measurement
Repeatmeasurementstwice more.
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Recapture image:
1x ellipse measurement
1x line measurement
1x trace measurement
Repeat measurements twice more.

Results
Using the digital callipers, the tendon cross section area was determined to be 13.3mm2. This
value was used as the gold standard and was compared with the results of the measurements
made by the operators using ultrasound.

Figure 75: Ellipse measurement
Transverse scan
(T = tendon, G= get, F= foot)
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Figure 76: Line measurement
Transverse scan
(T = tendon, G= gel, F= foot)

Figure 77: Trace measurement
Transverse scan
(T = tendon, G= get, F= foot)
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The statistical test used with the operators' results was a balanced ANOVA(ANalysisOf
VAriance)which assessedthe factors of operator, method and capture (where SE- standard
error, ASD= absolutesquareddiscrepancy):

Summarystatistics for operator:
Mean discrepancy (SE Mean)

Mean ASD (SE Mean)

Expert 1

2.094 (0.164)

5.081 (0.737)

Expert 2

1.019 (0.217)

2.264 (0.382)

Advanced1

(0.209)
-0.288

1.214 (0.339)

Advanced2

0.415 (0.142)

0.693 (0.193)

Beginner 1

0.072 (0.141)

0.525 (0.141)

Beginner 2

0.719 (0.257)

2.240 (0.322)

Operator

Assumingthat the gold standard measurementof 13.3cm2is correct, Beginner1 and Advanced
2 are getting the closest mean discrepancy. AdvancedI on averageunderestimatesthe cross
section area whilst Expert 1 greatly overestimatesthe cross section area. When the mean
absolute discrepancyis observed,BeginnerI and Advanced2 do best with Expert 1 being least
accurate.

Summarystatistics for method:
Mean discrepancy (SEMean)

Mean ASD(SEMean)

Ellipse

0.719 (0.170)

2.041 (0.381)

Line

0.236 (0.184)

1.859 (0.362)

Free

1.061 (0.136)

2.109 (0.366)

Method

The line method appearsto be best in terms of both statistics.
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Summary statistics for capture:
Mean discrepancy (SE Mean)

Mean ASD (SE Mean)

First

0.379 (0.163)

1.558 (0.228)

Second

1.138 (0.192)

3.239 (0.519)

Third

0.499 (0.135)

1.211 (0.213)

Capture

The capture statistics suggest that operators do better on their first and third go than on their
second.

The ANOVA test suggested that all three factors are highly significant.

Both the advanced

operators and one of the novice operators were found to measure the ultrasound image
closest to the gold standard with one of the expert operators being least accurate (fig. 78).
The measurement method that proved most successful was the line measurement.

Statistics

for capture suggested that the operators performed better on their first and third attempt

than on their second.
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Figure 78: Measurement method
Broken tine indicates the gold standard of 13.3mm2 (SEMshown)
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Discussion
The different image measurement tools offered by the `Diasus' were used by a range of
ultrasound operators with different experience and abilities of using ultrasound to measure a
cross-sectional area of a tendon of known size. The success of the particular measurement
tool, as well as the ability of the operator to perform the task was assessed. It is interesting
to note that the measurements made by the novice group were closer to the gold standard
than the measurements made by the experts.

The occupation of the novice group was

technicians in an engineering workshop, and therefore their attention to detail and their
ability to make accurate measurements is probably inherent in their normal place of work.
This demonstrates clearly that with suitable training, it is possible for a novice to identify
correctly the region of interest to be measured, and to make accurate measurements. In this
case, the region of interest, the tendon, was clearly defined and presented to the operator.
In the real situation of examining a patient with a musculoskeletal injury, the challenge is first
to locate and identify the lesion and then to make a subsequent diagnosis. For diagnosis to be
effective and accurate requires the operator to have a high degree of knowledge and skill.

Of the measurementdevices used, the line measurement was the most successful. The
operator need only identify the longest and highest diameter of the boundariesof the tendon
and correctly position four points. This technique was successfulfor this particular region of
interest as a tendon has a uniform shape and a mathematical equation exists that can
calculate the elliptical cross-sectionof the tendon from those dimensionsmeasured. For an
irregular object, this technique may be open to errors where determination of boundariesand
the cross-sectionarea are ambiguousand not straight forward to determine.

A disadvantage to the line measurement technique is that an area calculation is not an
automatic function of this procedure and the operator must carry out a calculation using the
line measurements;which is both time consumingand subject to error. The other measuring
devices are automated and perform the calculation which is displayedon-screen. The ellipse
measurement has the advantage that it performs measurement calculations which are
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displayed on screen, however; it can be awkward to position the tool accurately around the
boundary of the tendon and this is where errors may be introduced.

The trace measurement

would appear to be ideal for calculating the area and displays the measurement on-screen,
however; great dexterity is needed to be able to use the trackerball device to trace the region
of interest making this time consuming and from experience virtually impossible to achieve an
accurate depiction of the boundary.

It is interesting to note that the first and third data capture by the operatorsyielded a result
closer to the gold standardthan the secondattempt. It is unclear why this would happen, and
it may be simply a case of the operators attention spanwhere they may be more cautious at
the beginning,over confident for the secondcapture and take more care for the final capture.

It is feasible that the gold standard is inaccurate. It is possiblethat the digital callipers will
have deformed the tendon during measurementwhich would account for differences between
the gold standard measurement and the ultrasound assessment of cross-section area
calculations.

The statistical test of the ANOVAsuggeststhat it matters who takes the measurement,what
method they use and what capture attempt they are making. When it came to assessing
patients with whiplash, the author made all the measurements. Usingthis approach, images
were assessedat all stages based on the author's criteria which will provide a more
reproducible assessment.

Experiment 5: The effect of magnification on assessment
Background

This experiment investigated how changing the zoom options on the display affected the
operator's ability to position correctly the different measurementdevices.
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Method
Methodology for this experiment was as for Experiment 4; however for this experiment, only
one operator, an advance skilled investigator (the author), participated.

Measurements were

made as before but this time each measurement was taken with the display zoom set at
maximum and minimum.

It is possible that in an attempt to capture the same image to be

viewed on maximum and minimum zoom, that the resulting images will in fact differ.

This

difference could be caused when the operator alternates between maximum and minimum
zoom, as the image is live and slight positioning alterations of the transducer may occur. To
minimise this effect, both images were displayed simultaneously on a split screen display to
ensure they appeared identical (fig. 79).

Figure 79: Magnification effect on tendon measurement
Transverse scan, maximum magnification (left), minimum magnification (right)
(T = tendon, G= gel, F= foot)

Results
The average digital calliper measurement of the cross-sectional area of the tendon was
13.9mm2. The results for cross-section measurement using different measurement methods
on maximum and minimum zoom are displayed in figure 80.
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Figure 80: Maximum and minimum zoom

Brokentine indicates gold standardof 13.9mm2(SEMshown)

Percentage difference
between max and min

Average measurement
on maximum zoom

Average measurement
on minimum zoom

Line

13.9

13.2

5.0%

Ellipse

14.8

14.9

0.7%

Trace

14.6

14.3

2.1%

zoom

An F-test for variance between using maximum and minimum zoom showed there was no
significant difference in the ability of either of these functions to measure the cross-section
area. Using the line measurement and calculating the cross-sectional area yielded the closest

result to the measurementmadewith the digital calliper.

Discussion
The differences in the calculated area using the maximum and minimum zoom functions are
not significant with differences between the two being less than 5% (fig. 80).
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important because working on maximum zoom can result in the operator losing sight of the
complete picture; where on a larger display contrast of pathology from healthy tissue may be
more easily identified.

Dependent on the injury

magnifications may be required for clarification,

investigation,

a range of differing

but it is important that the measurements

remain consistent.

Experiment 6: Echoeenicity and histogram analysis
Background

The concept of using echogenicity for diagnostic purposeshas been discussedpreviously (see
Chapter 2). Assigningvalues to the ultrasound appearancebasedon echogenicity provides an
opportunity for a quantitative measurementand may also assist assessment. As echogenicity
is the product of many factors, assessmentusing this technique is susceptible to flaws. The
setting of the ultrasound system will affect the echogenicity. Changingthese settings within
the samearea will alter the echogenicityand therefore the image produced. For example, an
increase in gain will produce a brighter image and thus change the proportion or range of
intensities of the pixels in the grey scale. The following experiments assessedthe feasibility
of diagnosisusing echogenicity by identifying how the systemsettings affect the echogenicity
of the sample and consequently image analysis.

Echogenicity to assess damage was

consideredas an alternative to measuringdimensionsof pathology.

Method
When scanning, it is important to keep the transducer perpendicular to the structure of
interest to minimise the effect of anisotropy (see Chapter 2).

To assessechogenicity and provide an objective method to analyse grey level statistics,
histograms were formulated. The histogram profiles were compared. Histogramscan be
assessedon parameters such as mean grey level, standard deviation, grey sum, minimum and
maximum grey level value, and skewnessand kurtosis of the histogram. Minimum and
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maximum grey values indicate the range of grey levels in the image. Standard deviation
provides an indication of the spread of the grey level values around the mean; skewnessand
kurtosis are parametersthat describethe shapeof the histogram.

Experiment 6a: The effect of ultrasound settings on echoeenicity
Method

The sternocleidomastoid muscle was imaged with low and high overall gain (fig. 81).
Histograms were produced for each setting.

Analysis of the image echogenicity using

histogramswas performed usingthe imageanalysissoftware packageImageJ.

Results
The histograms produced for the same image viewed with low and high overall gain
compensation are markedly different (fig. 82). This emphasisesthe fact that equipment
settings must be noted if echogenicity is to be used to assessor quantify the presence of
pathology. The histogramsdisplay a similar distribution shapebut it can be seen that there is
a shift to the right as the intensity is increased. This indicates that the profile of the injury
will be maintained irrespective of the settings.
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Figure 81: Scan taken with low and high overall gain compensation
Transverse scan

(SCM= sternocleidomastoid,C= commoncarotid artery)
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Figure 82: Histogram of low and high set overall gain

Discussion
The histograms produced from this image clearly demonstrate the effect of setting on the
echogenic appearance of the image.

If images are to be compared, it is important to be

aware of this. Factors such as gamma correction, patients build, interference from electrical
devices will affect the echogenicity.

-178-

Chapter 6: Quantification of Pathology Using Ultrasound

Experiment 6b: Using echogenicity to assess pathology
Method
The change in echogenicity of a normal versus injured scan was assessed. The ultrasound
settings were not altered,

and histogram analysis of the tendon haematoma model (as

described in Experiment 1) (fig. 83) was made comparing the region containing the lesion to
the normal region.

Results
The histograms clearly show a different result for the histogram of the normal region versus
the histogram of the injured region (fig. 84).

Figure 83: Haematoma model in tendon
Transverse scan
(N = needle, G= gel)
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Figure 84: Histogram of healthy tissue and a haematoma
Healthy tissue (left), haematoma (right)
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Discussion
Haematoma causes an anechoic region visibly noticeable as an increase in the number of black
pixels in relation to the surrounding tissue. The normal tissue has a more even distribution in
comparison to the injured region which produces a skewed histogram towards the dark region
pixels.

It is possible that as healing occurs and the region begins to take on its former

characteristics, the histogram will replicate that of the normal histogram. Further research is
required to establish the normal histogram profile and this can be used for comparison.

6.4 Discussionfor the Series of Experiments
Injury models were created and verified from observationsof pathology in vivo. Although
these injury models representedthe findings in vivo, however, they do not replicate the true
injury mechanism. For example, in the case of haematomaand swelling models, a viscous
fluid is injected which leads to noticeable fibre disruption. It is possible that the force
neededto overcomethe resistancecausesthis disruption. In the real injury event, a different
mechanismresulting in fluid production will be occurring. Replication of tears does not take
into account how a haematomais a key indicator that a muscle tear is present. Therefore, if
a muscleis torn and the tear is not visible a haematomamay be evident.

It should be noted that scanningwas carried out directly onto the tissue surface and therefore
ignores the effect of structures such as skin and fat. This does not invalidate the findings as
comparisonof the tissue compared to In vivo finds the soft tissue well replicated; as stated
before, it is the ability to recogniseand measurean area of irregularity that is being assessed.

A method to quantify pathology using these injury models was assessedand found to be
successful. The ability to define a technique that can quantify lesions is important but the
next stage would be to identify at what point a lesion becomesrelevant. It is possible that
asymptomatic individuals have soft tissue damage that may appear with ultrasound but it
needsto be determined at what point this damagecan be classified as a problem. Assuming
lesions are not present in asymptomatic people and that the soft tissue damageobservedin
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whiplash victims is specific to their injury, the benefits of lesion identification are manifold.
Diagnosisof a soft tissue injury provides organic evidence of the pain. Being able to monitor
the injury over time would be useful in determining the pathoanatomy of whiplash and
identify if a different healing processor disturbance occurs in those that suffer long term.
Monitoring may help recognisea healing processand equally, deterioration; thus allowing the
necessarycourse of corrective action to be implemented. Ultrasoundmay prove useful as a
means for assessingthe healing processand the problems associatedwith heating such as
fibrosis, haematomas,or myositisossificansas well as the successof treatment strategies.

An alternative method for recording observationsof lesionsin whiplash patients is to make a
qualitative assessment. It is common practise in the field of radiography not to make
quantitative measurementsas there are many pitfalls with this process (Mark Batt personal
communication 2003, Robert Kerslake personal communication 2004, Paul Morgan personal
communication 2004). The consensusof radiologists is that it is not necessaryto quantify
lesionsas precise measurementsare impossibleto obtain; also, lesion characteristics have not
been correlated with the severity of the problem. The standard practise is to make a rough
measurementof the lesion that providesa reference for future assessmentsand gives an idea
of size. Another practise for analysingimagesis to usevisual scales;suchas an assessmentfor
a region would be defined as either small, medium or large. The image may also be graded by
the severity of damageand how confident the radiographeris of the existenceof pathology.

Currently, techniques are being developed that enable the quantification of the mechanical
behaviour of tissue using speckle tracking and elastographytechniques (Revell et al., 2003,
Revell et at., 2004). (see Chapter 2).

These measurementsof changes in mechanical

deformation have the potential to provide an indication of pathology. Future studies could
assessif a characteristic changein deformation is observedin symptomaticsubjects compared
to asymptomaticsubjects.
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An important factor for consideration is the effect that the operator has on the diagnosis
outcome. The operator is relied upon to capture the image that clearly represents the injury
and then to carry out the correct analysis. Errors will be multiplied at every stage of the
image acquisition and assessment; and it is therefore important for the methodology for
assessment to be consistent so that at least a like for like assessment may be made.

Accuracyof the Diasusultrasound equipment
A consideration of quantification is the capabilities of the ultrasound equipment. The onscreen distance measurement function displays measurementsto a precision of 0.1mm.
'Diasus' manufacturersrecommendedthat the accuracyof positioning the cursor is dependent
on the displayed scale of the ultrasound data.

The capability of the transducer to

discriminate between closely positioned points is dependent on the transducer frequency and
hence resolution but is not consideredto be the limiting factor when taking measurements.
Area measurementsare displayed to 0.1mm2. The ellipse and trace measurementsare
dependenton the distance measurementaccuracy. In all cases,the error with an experienced
operator is less than plus or minus 5%. The manufacturers state that the measurable
resolution of the 'Diasus' is 0.05mm.

Basedon the results of this series of experiments to assesswhiplash patient injuries, if it is
not possible to calculate the volume of a lesion; an assessmentof the area the injury spans
may be taken and recorded. A visual assessmentand description of the ultrasound image of
the injury will be included with all assessments. It is important to identify if those regions
indicative of a soft tissue injury correlate with the patient's symptoms.

6.5 Chapter Discussion
It was necessaryto develop a method that would enable a quantitative evaluation of any
pathology identified using ultrasound on patients presenting with a whiplash injury.

The

experimental work conducted in this chapter has identified a method to achieve this. Injury
models were initially created and used as a basis for investigating quantification techniques
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for soft tissue injury.

Application of this technique to biological tissue has been considered

and although not an error proof technique, it will be used when assessingpatients presenting
with whiplash.

This technique enables collection of quantitative information regarding the

extent of pathology, which may be used as a reference when the injury is reviewed later. The
effect of equipment and operator on diagnostic assessment have been considered and found to
be consistent and limitations have been identified.
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Chapter 7: Facet Joint and Intervertebral

Disc

7.1 Chapter Summary
This chapter discussesthe ultrasound appearanceof the bony structures of the cervical spine
and a technique to view them. In addition, it assessesthe use of ultrasound as an imaging
modality for needle guidancein interventional proceduresof the cervical spine.

Project objectives fulfilled in this chapter:
0

study the ultrasoundappearanceof bony structures

7.2 Background
In addition to soft tissue damage, several structures of the bony cervical spine have been
postulated as a sourceof injury as a result of whiplash. Thosestructures being consideredare
cervical facet joints and discs (see Chapter 2). Ultrasoundinvestigation of the bony cervical
spine has been limited and imaging of the cervical facet joints and intervertebral discs for
clinical assessmentis traditionally achieved using plain radiography, computed tomography
and magnetic resonance imaging (Kendall 1998). Ultrasound has been used to identify
vertebrae and disc in the lumbar region (McNally et ol., 2000; Naish et al., 2003) and
measurementshave been made in the changesin distances between the lumbar vertebrae
(Ledsomeet al., 1996). It is possiblethat similar measurementscould be carried out on the
cervical region; and assessmentsmade on the structure quality and measurementsmade to
see if they could be usedto indicate pathology.

Cervical facet joints (Goldthwait 1911; Steindler and Luck 1938)and intervertebral discs have
been highlighted as a potential source of pain (Cloward 1959). Interventional procedures
associated with these structures include steroid injections into these joints which have
offered relief to some symptomatic patients (Barnsleyand Bogduk 1995) (fig. 85) and pain
provocation tests such as cervical discographyhave been used to confirm pain of discogenic
origin and enable radiographic visualisation by the injection of an opaque solution (Cloward
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1959) (fig. 86).

Both procedures require radiographic imaging to locate the injection site.

Ultrasound imaging is not routinely used for these procedures although, ultrasound imaging is
utilised for a variety of needle guidance procedures including tissue biopsies (Lindequist et
at., 1990; Schwartz and Feig 2002) and fluid aspiration (Schwartz and Feig 2002). Ultrasound
guided facet joint injections were found to be successful in equine cadavers (Nielsen et at.,
2003; Mattoon et al., 2004).

lb,

Figure 85: Facet joint injection guided by computed tomography
(N = needle, F= facet joint)
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Figure 86: Discographyguided by fluoroscopy
(N = needle, D= disc, C4 - C6 = cervical vertebrae)
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7.3 Series of Experiments
The anatomy of these structures has been discussed previously (see Chapter 2).

Both a

transducer position to visualise these structures and the feasibility of using ultrasound in
conjunction with interventional needle guidance were considered.
the injection

of these techniques exist and therefore

Standard procedures for

it was essential to assess if the

transducer could visualise the needle in these positions.

The following seriesof experimentswere conductedto illustrate the ultrasoundappearanceof
the bony spine and to assessthe feasibility of using ultrasoundfor needle guidancetechniques
of these structures:
Experiment1: In vitro imagingof the facet joint
Experiment2: In vivo imagingof the facet joint and Intervertebral disc
Experiment3: Ultrasoundfor needle guidanceof facet joint injections and discography

Equipment
The ultrasound equipment used throughout these experiments was a 'Diasus' (Dynamic
Imaging Limited, Livingston, UK) connected to an 8-16MHz transducer (Dynamic Imaging
Limited, Livingston,UK).

Experiment 1: In vitro imaging of the facet Joint
Background
The anatomy of the bony cervical spine has been discussed (see Chapter 2).

In this

experiment, the objective was to identify the appearanceof facet joints. The spinousprocess
of a vertebra is an easily identifiable palpable structure and can be readily correlated to an
ultrasound image; however; facet joints lie deep within the neck, surrounded by layers of
tissue and are therefore not palpable. To confirm the in vivo ultrasound appearanceof a
facet joint, an image may be acquired from visualising the facet joint on a section of bony
spine In vitro and scanningthe region of interest directly. This image may then be used to
identify the facet joint In vivo.
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Method
Two techniques were utilised to provide a medium in which to suspend the spine for imaging.
Initially,

a water bath was used as a coupling medium.

In later experiments where the

introduction of a needle would be required, it was important to simulate the support offered
by the soft tissue the needle must pass through; this was achieved by encapsulating the spine
in gelatine.

A complete human skeleton of the cervical section, C1-C7, was used as a model

(fig. 87).

Figure 87: Cervical spine
Anterior view
(Cl -C7 = cervical vertebrae)

Water bath
The cervical spine was scanned in vitro in a water bath (see Chapter 3).

Facet joints were

identified and scanned.

Spine encapsulated in gelatine
To encapsulate the spine in gelatine, a solution of gelatine (Supercook, Leeds, UK) was made
firm
instructions
to
following
that
the
was
manufacturer's
create
a
of
gelatine
consistency
up
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and opaque; this allowed a view of the structures and the relative position of the needle could
be clearly visible. A mould was created by suspending the spine in a2 litre plastic bottle into
which the gelatine solution was poured and left to set; the encapsulated spine was removed
from the bottle for scanning.

Results
Confirmation of the in vivo ultrasound appearance of facet joints was achieved by imaging a
section of bony cervical spine in a water bath and at a later stage from encapsulation of the
spine in gelatine. Good reference images were obtained that could be used to compare to the
in vivo appearance of facet joints.

Facet joints appear as a characteristic 'V' shape caused by

hyperechoic reflections from the closely spaced lateral massesof adjacent vertebra (fig. 88).

Figure 88: Scan of spine in water bath
Transverse scan
(Yellow dashed line illustrates the characteristic `V shape' appearance of facet joints, V=
vertebrae, W= water bath)

Discussion
The facet joint is a synovial joint and has all the characteristics inherent to such (see Chapter

2). In this in vitro situation, visualisation was only possibleof the bony structures as the joint
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capsule, disc and other soft tissue had been removed from the specimen. A complete
specimenwas not available for observation. For this experiment, a complete specimenwas
not mandatory as in vivo ultrasound passes freely through these soft tissue structures.
Although soft tissue would have altered the clarity of the image, soft tissue would not have
impeded visualisation of the bone structure, so long as the bone is within the scanningdepth
that the ultrasoundfrequency is able to penetrate.

Experiment 2: In vivo imaging of the facet Joint and intervertebral disc
Background
An assessment of the feasibility of imaging facet joints and intervertebral

discs In vivo was

made. Needle guidance procedures approach facet joints with a posterior approach (fig. 85)
and discography is carried out with an anterior approach (fig. 86).

The position of the

transducer for each approach was considered.

Method
Subjects were scanned in a prone, lateral position which is the typical position for these
injection procedures. Various transducer positions were attempted to provide a clear view of
the required structure.
identification

Reference images obtained in Experiment 1 were used to assist the

of facet joints.

The subjects' stature was considered by calculating the body

mass index (BMI) (see Chapter 3) as this could have affected the success of imaging.

Equipment
The 8-16MHz transducer was found to give the best representation of facet joints and discs.
As well as imaging with the 8-16MHz transducer, a 3-5MHz was also used to compare imaging
capabilities.

The 3-5MHz transducer obtained images of facet joints that were the same as

those acquired using the 8-16MHz transducer.

The 3-5MHz transducer was on loan from the

Queen's Medical Centre Sports Medicine Department and therefore, as the 8-16MHz transducer
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was readily accessible,and as this was comparableto the 3-5MHztransducer, this was used
throughout the study.

Results
Methodfor viewing facet joints and discs
Structures of interest were most accessible and clearly seen with the subject in a prone,
lateral position with head facing the contralateral side to that being examined. For the facet
injection

approach,

the

transducer

was placed in the

posterior

triangle

orientated

longitudinally, initially along the posterior border of sternocleidomastoid and then moved in a
cranial-caudal direction.

For the discography injection approach, the transducer was placed

in the anterior triangle orientated

longitudinally,

initially

along the anterior border of

sternocleidomastoid and then moved in a cranial-caudal direction.

By adjusting the angle of

the transducer about a fixed position, the facet joints and discs were located.

Successive

images of the facet joints and intervertebral discs were taken. For the posterior approach, it
was found that an optimal position for transducer angle for visualisation of facet joints is 20300 posteriorly from the coronal plane and on the coronal plane for discs.

Ultrasoundappearanceof facet joints and intervertebral discs
For all subjects examined, facet joints and discs were clearly visible to a depth of 30mm at
intervertebral levels C3 to C6. The facet joint surface was clearly visible and appeared as a
closely
'V'
by
hyperechoic
from
the
shape caused
characteristic
reflections
spaced lateral
massesof adjacent vertebra (fig. 88 and fig. 89). Recognitionof facet joints in vivo was
achieved using the in vitro reference images from Experiment 1. The facet joint capsule
could not be visualised. Disc regions appear as areas of high signal from the anulus fibrosus
and areas of low signal from the nucleus pulposus (fig. 90). Paravertebral musculature was
clearly demonstrated with individual muscle groups and fibre direction being discernible.
However, vessels such as vertebral arteries could not be clearly delineated due to the
surroundingartefacts causedby bone.
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Figure 89: In vivo facet joint
Longitudinal scan
(F = facet joint, V= vertebra, M= muscle)

Figure 90: In vivo intervertebral

disc

Longitudinal scan
(V = vertebra, D= disc, M= muscle)
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Structure visibility
Facet joints and discswere not visible in all subjects. The stature of the subject affects the
appearance of facet joints and intervertebral discs. With increasing body mass index,
musculatureand fat; visibility of deep structures decreases.

Discussion
The ultrasound appearance of facet joints and intervertebral

discs has been described

together with a technique to view these structures. In subjects of suitable stature, ultrasound
is a valuable toot for the imaging of facet joints and discs. With the transducer orientated in
the longitudinal plane, facet joints and discs were visible on both anterior and posterior
examination. The stature of the subject being scanned affects the ability to image structures.
With this frequency of transducer (8-16MHz), the depth of penetration is possible up to a
maximum depth of 30mm.

Increased distance between the transducer and structure of

interest caused by muscle or fat increases the path the wave must travel (penetration depth).
Fat also has the effect of scattering the ultrasound wave which results in de-focussing of the
beam and a subsequent decrease in penetration and resolution.

In subjects with a slender

stature, facet joint and disc structure visibility was improved.

Experiment 3: Ultrasound for needle guidance of facet ioint injections and discography
Background

Injection proceduresoften make use of imaging modality guidance such as fluoroscopy and
plain radiography to image the position of the needle to ensure the target injection site is
identified and avoid the penetration of nearby structures. Ultrasound allows a real-time
evaluation of the situation and could therefore shorten the investigation time and procedure;
improving the patients comfort and avoiding the inherent risks of other imagingmodalities.
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Method
A 22 gauge x 3" sterile spine needle (Steriseal, Worcester, UK) was used to illustrate a typical
needle used for these procedures. The needle guidance technique was carried out with the
spine embedded in gelatine and in a water bath.

Results
Facet joints and their relationship with the needle are clearly depicted (fig. 91). With the
transducer held in a transverse plane in relation to the needle, an echogenic dot brighter than
the surrounding structures indicates the position of the needle (fig. 92). With the transducer
positioned in a longitudinal orientation, the length of the needle may be appreciated (fig. 93).
The needle is prone to cause reverberation of the ultrasound wave which appears as multiple
linear echoes, equally spaced apart.

Reverberation does not inhibit the view of the needle

placement, as the full length of the needle was visible.

Figure 91: Facet joint injection
Longitudinal scan of vertebrae showing needle contrast.

(W = water, N= needle, F= facet joint)
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Figure 92: Simulated discography (Part 1)
Longitudinal scan of human disc between vertebrae in vitro, needle viewed in cross-section.
(V = vertebra, D= disc, N= needle)

Figure 93: Simulated discography (Part 2)
Transverse scan of human disc in vitro, needle length viewed.
(D = disc, N= needle, G= gel)

194
-

Chapter 7: Facet Joint and Intervertebral Disc

Discussion
Needles contrast well with the surroundingtissue providing good visibility of their position
within both the facet joint and disc complex. Facet joints and discscan be identified with the
transducer in a longitudinal orientation with both a posterior and anterior approach.
However, facet joint blocks and discographyrequire a set approachwith the needle position
which results in the needle being imaged in its transverse plane. The cross-sectionof the
needle is displayed making identification of the needle tip ambiguous. For the needle to
appear clearly on ultrasound, it must be scannedin the longitudinal plane perpendicular to
the transducer to appreciate the length of the needle. An approachto assessingthe success
of these ultrasound guided procedureswould be to carry out a mock injection where dye is
used as a marker. After completing the needle guidance procedure, dissection would allow
verification of the accuracy of positioning the needle using this modality; the accuracybeing
determined by assessingthe depositionof the dye.

7.4 Experimental Series Discussion
The experiments described in this chapter have demonstrated that facet joints and
intervertebral discs can be clearly visualised with the contemporary ultrasound equipment
that is currently available. Such is the clarity of bony structures and the surrounding soft
tissue that potential pathologiesmay be identified. Degeneratefacet joints may manifest as
fluid within the joint capsule or facet joint hypertrophy (joint dimensional changes) both
features of which have the potential to be seen with ultrasound. The spacevisible between
adjoining facets could render ultrasound as a suitable technique to assist steroid injection, a
technique already establishedusing fluoroscopy (Murphyand Lieponis1989). Changesin bone
structure such as osteophytic changeswithin the vertebral bodies or calcification of discs may
also be apparent. Prevertebral musclesare well delineated which in a trauma situation may
exhibit features of a haematomaor tear. Given that it is possible to see the anulus with
ultrasound within the cervical spine region, this has the potential that tears within the anutus
may also be seen. The componentsof the disc, nucleus pulposusand anulus fibrosus, can be
identified and therefore could provide a route for needle guided interventions.
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The imagesacquired from this study represent a single moment in time for what is a dynamic
process. The ability to scan in real-time, coupled with directed transducer placement to
attain specific views, should allow the technique to be used to aid diagnosisand help guide
any physicalintervention.

7.5 Chapter Discussion
Ultrasoundis an imaging modality that has not been exploited to view these structures, and
may provide the clinician with another mode of investigation. With further expansionof the
applications of ultrasound, quantification of anatomical parameters including disc and facet
dimensions may be possible. This could ultimately be used as a diagnostic tool for
quantification of pathology such as degenerative disordersof the spine. With the increasing
trend towards minimally invasive investigations, ultrasound provides a useful adjunct to the
present imagingarmamentarium.
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8.1 Chapter Summary
This final experimental chapter brings together the studies outlined in previous chapters. The
groundwork for the study has been described in these chapters where the ultrasound anatomy
of the neck and how it varies between individuals has been assessed, a scanning technique for
the neck has been identified, soft tissue injury signs are understood and methods to quantify
these changes have been addressed. This information provides the basis for collecting images
and performing diagnosis on whiplash patients.

This chapter describes how a culmination of

the experience gained in previous experimental chapters was used in an investigation of
whiplash patients.

This investigation assessed those injuries associated with whiplash that

may be identified and monitored using ultrasound.

Project objectives fulfilled in this chapter:
0

investigate the ultrasoundappearanceof the neck in whiplash patients

8.2 Background
A diagnostic procedure has not been recognised for the assessmentof whiplash.

The

implementation of a variety of imaging modalities has been investigated but a suitable modus
operandi has not yet been found (see Chapter 2). One of the main reasonsfor this is that the
pathoanatomy of whiplash has yet to be identified and a multitude of injuries has been
attributed for the causeof pain. This study hasfocussedon the premise of soft tissue damage
occurring. Some investigators in the field of whiplash aetiology believe soft tissue is not
damaged,in particular, they believe this is evidenced by those long-term sufferers where any
soft tissue damage should have healed and therefore another factor must be the source of
pain. If a soft tissue injury is part of the syndrome, perhapsthis study will help to determine
the aetiology of whiplash. Although it is not envisagedthat a conclusivediagnostictechnique
will be the outcome of this project, it is hoped that the use of ultrasound will be accepted as
a device for identifying the pathoanatomyof whiplash.
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8.3 Whiplash Clinic Pilot Study
During the completion of the background experiments, the author had developed both their
knowledge and skills.

In addition,

a number of techniques were established for using

ultrasound, and the next step was to conduct a pilot study. The aim of this pilot study was to
assess the applicability of ultrasound as an imaging modality for the diagnosis of whiplash
injury. This pilot study would be used to fine tune the experimental protocol for a large study
on whiplash patients.

The following procedures were assessed and modified in order to

improve the running of the planned large study:

"

accident and emergencydepartment awarenessof the study

"

patient recruitment

"

patient personalinformation

"

details of the accident

0

physical examination

.

ultrasoundassessment

Method
The accident and emergency department of the Queen's Medical Centre, Nottingham, UK;
provided an ideal setting to conduct this study; being one of the busiest departments in the
country.

Collaboration with the Queen's Medical Centre, Centre for Spinal Studies and

Surgeryenabled qualified spinal researchfellows to assistwith this research. The experiences
of the spinal researchfellows (AndrewClarke and Clare Morgan-Hough)was important for this
study including their clinical expertise, patient communication skills, the ability to conduct
patient history collection and make a physical assessment;made them invaluable resources
for the project. As well as the spinal research fellows input, the hospital ethics committee
required lead investigators for the project, and a spine consultant (Brian Freeman) and an
accident and emergencyconsultant (FrankCoffey) were recruited to overseethe project.

Initially, a two week pilot study was conducted (October 2003) to assessthe study protocol,
which was developed during this time, and to produce a method that would be implemented
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for a large scale clinic. The methodologyfor both studies follows and the adjustments made
to this are highlighted in the relevant experimental account.

Patients and staff were made aware of the study by postersdisplayedthroughout the accident
and emergency department and waiting rooms. The poster gave the investigators contact
details and advised patients of an information pack (seeAppendix G) that could be collected
from the accident and emergencydepartment reception. Accident and emergencyreception
staff were also asked to distribute these information packs to patients reporting with a
suspected whiplash injury.

The author periodically visited the accident and emergency

department to see if patients suspectedwith whiplash were being recruited, and to review
with the nursing staff the number of whiplash patients that had visited the department and
been discharged. To ensure the accident and emergencydepartment staff awarenessof the
project, and enhance recruitment, the author gave a presentation at the department's
monthly research meeting. The only commitment required from staff was to contact the
author should a suitable patient be available.

The criterion for patients eligible for invitation to the study was that:
"

the patient had been involved in a whiplash accident

"

there were no time scale restrictions between accident and scan

"

the treatment given by the hospital must be complete and the patient discharged

Patients presenting with whiplash injuries were first examined with the hospital's own
protocol and if cleared of any major injuries such as fracture; they were then invited by nurse
practitioners to take part in the pilot study.

If the patient was interested, the author

explained the study to them, including their involvement rights. The patient was then given
an information pack to read stating what the author had already verbally explained. After the
patient had read this information, they were asked if they had any questionsabout the study
and if they would still like to participate. If the patient agreed to take part in the study, they
were askedto complete and sign a consent form (seeAppendix G). The patient was also told
- 199 -

Chapter 8: Whiplash
they could leave the study at any point and did not have to give a reason for doing so.
Assessmentforms for patient history and physical assessmentwere created based on
suggestionsfrom the QuebecTask Force (Spitzer et at. 1995) (see Appendix G). The patient
was either assessedthat day or given the opportunity to return later at a time convenient to
the patient.

Initially the clinical research fellow assessedthe patient including taking a

history of the patient and details of the accident, timescale and perceived state of injury.
This was followed by a physical examination comprising an assessmentof range of cervical
motion and neurology. After this, the author took an ultrasound scan of the neck region. A
systematic examination of the neck was carried out as previously described (see Chapter 4).
The neck was examined for signs of injury, such as haematoma, muscle tear and swelling.
Imageswere captured if a musculoskeletalpathology was identified otherwise images were
taken from the site of pain determined by the patient. Contralateral imageswere acquired to
facilitate comparisonof the injury with an allegedly injury free side. If ultrasound is to be a
viable diagnostic tool for assessingwhiplash injury, it is important that patients are able to
tolerate the examination. Therefore, on completing the scaneach patient was askedto grade
the level of comfort they felt during the scanningprocesson a scale from 0 (no discomfort) to
5 (intolerable). It was also noted if any radiographyhad been conductedon the patient during
the Queen's Medical Centre assessment,which could be used to obtain further information
about the injury and compared to ultrasound scans. The time commitment needed by
patients for the pilot study was twenty to thirty minutes.

This study protocol was reviewed and approved by the hospital ethics committee and all
persons gave their informed consent prior to their inclusion in the study. The model of
ultrasound equipment used in this study was a 'Diasus' (DynamicImagingLimited, Livingston,
UK) connectedto an ultra-wide band 8-16 MHztransducer (DynamicImagingLimited).

Over a period of two weeks, nine patients (five mate and four female) with an age range of
27-45 years (mean age 31.8 years) participated in the study. Patients were scannedon the
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same day (5), the next day (1), after three days (1), after eight days (1) and after three
months (1) of the initial accident.

Results
All subjects reported neck and shoulder pain. Of the nine subjects, ultrasound examination
revealed: swelling characterisedby asymmetricaldifferences in the size of muscle blocks and
echogenicity (5), differences in fibre texture appearance (3), intrafascial haematoma
visualised as anechoic regions with irregular boundaries (3) and no findings (2). In all cases,

the observedlesionswere consistentwith symptoms(seeTable 8).

Table 8: Summaryof whiplash patients
Gender

Passenger
Impact
position

Clinical Assessment:
Palpation

Movement

us
findings

Scan
grade

Rear

All painful,
Bilateral pain on
extension pain
palpation
free

No

0

Female

Front right
(driver)

Rear

Painin left
trapezius on
palpation

All painful

Fibre
changes

0

Female

Front right
(driver)

Driver
side

Right trapezius

All painful

Swelling

0

Female

Driver
Front left
(passenger) side

Left paraspinal
and traps

All painful

No

0

Mate

Front right
(driver)

Left trap

All painful

Fibre
changes

0

Bilateral pain

Extensionand
flexion and right
rotation painful,
the rest pain free

Swelling
/fibre
changes

0

All painful

Swelling
/haematoms

1

All painful

Swelling
/haematoma

2

All painful

Swelling
/haematoma

0

Mate

Male

Female

Male

Male

Front right
(driver)

Front right
(driver)

Rear

Driver
side

Front left
Rear
(passenger)

Left paraspinal
and left traps

Front right
(driver)

Rear

Left paraspinal
and left traps,
lumbar spine

Front right
(driver)

Rear,
driver
side

Paraspinaland
left traps
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Ultrasound assessment of whiplash patients
During the ultrasound assessment of whiplash patients, typical observations of pathology
included the appearance of swelling (fig. 94), haematoma (fig. 95) and fibre changes (fig. 96).

Swelling
Swelling was identified in five of the nine patients as an increase in echogenicity, a loss of
clarity in tissue architecture (fig. 94) or by a change in tissue diameter (fig. 95)

Figure 94: Swelling (Part 1)
Transverse scan of swelling depicted by an increase in echogenicity on right side and loss of
clarity of muscle tissue architecture (right) compared to unaffected side (left).
(T = trapezius, L= levator scapulae, S= swelling)
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Figure 95: Swelling (Part 2)
Transverse scan, note increase depth between muscle and skin surface indicative of swelling
(left) and increased depth of penetration in unaffected side (right).
(M = muscle, arrows = indicate depth)
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Fibre texture changes
Fibre texture changes were identified

in three of the nine patients as a change in the

architecture of the tissue (fig. 96).

Figure 96: Fibre texture changes
Contralateral comparison of both sides of the neck reveal that the usual symmetry is disturbed
and changes in muscle fibre appearance are evident.
(T = trapezius, S= skin)
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Hoematomo
Haematoma formation was identified in three of the nine patients as an irregular anechoic
region with respect to the surrounding tissue (fig. 97).

Figure 97: Haematoma
Transverse scan of neck region damaged side (left) and unaffected side (right).
(T = trapezius, R= rhomboideus minor, H= haematoma, S= skin)

Case Study
The following is a case study describing the findings for one of the patients of the pilot study

sample.

History:
A 33 year old male reported to the accident and emergency department following a rear
impact automobile collision that rendered the car undrivable.
vehicle (right hand drive).
sustained no fractures.

The occupant was driving the

He did not lose consciousness; he did not hit his head and

He was in excellent health before the incident and had not had a

similar injury previously.
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Clinical examination:
The patient had moderate neck and shoulder pain, reduced and painful neck movements, and
moderate low back pain.

When the cervical spine was palpated, tenderness and pain were

experienced in the left paraspinal muscles and trapezius.
when palpated.

Cervical movement was limited.

right but painful on the left.

No pain was felt in the shoulder

Shoulder movements were normal on the

Neurological examination proved normal.

Scanning:
Scanning took place on the day of injury.

A pathological lesion was identified on the left at

the C4/C5 level. An irregular anechoic region in the intrafascial space between the trapezius
and levator scapulae muscle was identified,

representative of a haematoma formation (fig.

98). Such anechoic regions were found in three of the nine patients. Ultrasound images taken
in
C5
the trapezius.
level
the
swelling
of
revealed
around

Swelling was characterised by

increased echogenicity, increase in diameter and loss of tissue architecture clarity (fig. 99).
The patient graded the scanning procedure as 0, no discomfort.

Figure 98: Whiplash injury: haematoma
Transverse scan of posterior midline at C4/C5 level. Anechoic irregular region between
trapezius and levator scapulae indicating haematoma.
(T = trapezius, H= haematoma, L= levator scapulae)
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Figure 99: Whiplash injury: swelling
Transverse scan of posterior midline at C5 level. Increased echogenicity indicative of swelling
on the left side that was painful on palpation (left) compared to less affected side (right).
(T = trapezius, L= levator scapulae)

Discussion
The sample of patients entering into this pilot study represents a group of whiplash patients
department.
hospital
local
have
to
their
accident
and
emergency
reported
who

It has been

noted from other studies that women have a greater tendency to present with whiplash.

In

the pilot study, both genders were equally represented; however, the sample size was small.
Of this sample, two patients had experienced whiplash in the past but had made complete
recovery from these previous injuries.

It is interesting to consider how seating position in the car affects whiplash injury.

The driver,

being in control of the vehicle, should in theory be more aware of the outside situation.

This

means that they may be able to prepare themselves for the impending impact which may alter
the injury mechanism.

The driver may or may not benefit from the action of holding the

drivers,
In
the
this
two were passengers and all
patients
study,
seven
of
were
wheel.
steering
It
is
interesting
to note that six of the nine patients reported
from
accidents.
separate
were
is
is
It
that
this
left
possible
the
related to the seatbelt.
side.
pain on
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hand drive cars crossesover the driver's right shoulder and is fastened around waist level on
the driver's left side. It is possible that the right shoulder is restrained by the seatbelt,
whereas the left shoulder continues in a forward trajectory. From this information it would
be interesting to see a larger sample and see if drivers suffered on the left and passengers
suffered with right injuries. This theory does not appear to hold in this study, as two patients
left.
both
front
left
in
the
these
the
experienced
and
pain
on
seated
passengers
were
However,the sampleis small; a further study would require a samplesize of at least thirty six
subjects to detect an effect of seatbelt position with a power of 0.8. These results do not
provide a conclusiveresult, but highlight an important factor to consider.

Ultrasoundimagesacquired following whiplash injury revealed soft tissue damage. A number
of these soft tissue lesionswere identified and they correlated well with observedsigns and
symptoms.

For example, in the case study described, the region where the patient

experienced pain, resulting in impaired movement on the left paraspinal and trapezius
muscles;correlated well with the ultrasoundfindings.

In simulated crashtest studies, haemorrhageshave been identified between the intermuscular
fascial planes of the neck and have been associatedwith damageto the cervical sympathetic
in
finding
the casestudy.
It
is
interesting
1990).
(LaBan
to
that
occurred
a
similar
note
plexus

Sevenpatients found the scanningprocedure to be of no discomfort, and only two patients
graded the scan as being mildly uncomfortable. No reasonsare accountable as to why these
two patients should experiencediscomfort. A few patients even found the scanningprocedure
to be relaxing and likened it to a massage. It is pleasing to find that for all patients
expressingpain during neck movementsand on palpation that they graded the scan as 0 (no
discomfort); thus illustrating the scanningprocedure to be patient friendly and that it does
not causethe patient further discomfort.
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The results of this study show promise for the application of ultrasound as an imaging toot for
patients presentingwith whiplash associatedinjuries. Future study will follow the progression
of observed pathologiesover time to provide information on the healing process. This will
facilitate testing of the feasibility of usingultrasound as a diagnosticand prognostictool. The
quality of ultrasound images depends upon both the path length and the composition of
overlying tissues to the region of interest.

In common with the majority of ultrasound

procedures, the success of imaging whiplash injury will depend upon the thickness of
subcutaneousfat in the patient. Such effects require specific study as part of any future
feasibility study. It was recognisedthat the patient's height and weight should be recorded to
enable a body massindex (BMI)to be calculated.

This is the first reported hospital based study where ultrasound has been used in the early
assessmentof patients with whiplash. Ultrasoundappearsuseful in defining the pathological
lesion associatedwith whiplash. A larger study is required with longer term follow-up and
correlation with clinical outcome. Repeat scanning may document the injury resolution of
someof these lesionsover time.

8.4 Chapter Discussion
Considerationshould be given to the sample available to the study. Following a whiplash
injury, the onset of pain typically occurs twenty four hours after the accident, therefore
people will be more likely to report the injury to their general practitioner. It could be that
this study is missinga very important group, such as those reporting to general practitioners,
chiropractors, physiotherapists etc...

Perhaps recruiting patients attending accident and

emergency departments does not allow sufficient time for signs to develop, for example, a
haematomatypically takes twenty four hours to appear and therefore the scan may be too
soon. Another reason is that maybe a different injury mechanism is occurring in those
patients who experience an early onset of pain compared to those that have a delayed
response. It is necessaryto investigate whiplash patients from a variety of backgroundsand to
carry out these follow-up assessments.
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The ideal situation to enable identification of a whiplash injury would be to have a before and
after picture of a patient. With only information post accident, defining what pathology has
been causedby the accident or was a pre-existing condition is not possible. Examinationof a
large sample may allow identification of similar whiplash injury indicators. Once these have
been identified, regular assessmentof these pathologiesmay be made. If resolution of the
pathology is found to correlate with resolution of symptoms,(e.g. pain decreaseand mobility
increase)these findings may provide an indication of the aetiology of whiplash.
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9.1 Chapter Summary
This chapter describeshow the researchpresented in this thesis has fulfilled the aims of the
researchproject.

9.2 Were the Aims of the Study Fulfilled?
The aim of this thesis was to evaluate traumatic failure and pathological lesions in the
musculoskeletal structures of the cervical spine.

Information was used to establish

methodology/guidelinesthat can be used to define the presence and extent of a whiplash
injury and monitor the recovery process. The specific objectives that were stated to achieve
this aim were as follows:

1. understandthe current researchrelating to this study
2. establishinga techniquefor scanningthe neck - particularly of the posterior structures
3. assessthe normal ultrasound appearanceof the neck
4. study the ultrasound appearanceof soft tissue damageboth in vitro and in vivo
5. study the ultrasound appearanceof bony structures
6. Investigate the ultrasound appearanceof the neck in whiplash patients
7. quantification of injury using ultrasound

Theseobjectives have been fulfilled by the undertaking of the experiments carried out in the
following chapters:
Chapter 2: Literature Review
Objective 1: understandthe current researchrelating to this study

Chapter 4: Ultrasound of the Neck
Objective 2: establishing a technique for scanning the neck - particularly of the posterior

structures
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Objective 3: assessthe normal ultrasound appearance of the neck

Chapter 5: Soft Tissue Damage
Objective 4: study the ultrasoundappearanceof soft tissue damagein vivo

Chapter 6: Quantification of Pathology Using Ultrasound
Objective 4: study the ultrasound appearance of soft tissue damage in vitro
Objective 7: quantification of soft tissue injury using ultrasound

Chapter 7: Facet Joint and Intervertebral Disc
Objective 5: study the ultrasoundappearanceof bony structures

Chapter 8. Whiplash
Objective 6: investigate the ultrasoundappearanceof the neck in whiplash patients

Although quantification of whiplash injury and monitoring of pathology was not achieved,
protocols have been investigatedand suggestedto achieve this in future studies.

9.3 Conclusion
Although the author was the main operator in the study and they lacked the expertise of a
qualified radiologist, findings in this report were discussedwith consultant radiologists who
were in support of the research conducted and the subsequentfindings. Those pathologies
identified in case studies of various musculoskeletalpathologies were replicated In vitro to
provide models that were used to identify a quantification technique. The pilot study
conducted in the accident and emergencydepartment of the Queen'sMedical Centre enabled
recruitment of patients presenting with whiplash injuries.

Using the neck examination

technique that was developed in primary studies, and knowledge of the ultrasound
appearanceof the structures of the neck; it was possibleto conduct a thorough investigation
of the neck.

Patient's symptoms corresponded well with ultrasound findings and these
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findings suggestthat soft tissue injury is a component although not necessarilyan exclusive
factor in the pathoanatomyof whiplash. Further studies are required of patients presenting
from a variety of whiplash injury mechanisms. Follow-up assessmentof these patients is
needed to identify if resolution of injury occurs.

If correlation is found between the

pathologies identified with ultrasound and whiplash injury; this will support the hypothesis
that soft tissue injury doesoccur in a whiplash event. This study has identified a technique to
enable the quantification of soft tissue lesions. Quantification is essential for the assessment
and monitoring of those pathologiesidentified in whiplash patients. The concluding chapter
of this thesis discussesan approachto conductinga large scale study basedon the experience
and knowledgeof the author gained from carrying out this study.

It is felt that the work presented in this thesis has yielded some useful information regarding
the use of ultrasound as a diagnostic tool for whiplash. Many sites of pathology have been
postulated over the years, but all have thus far been unsubstantiatedby objective research
evidence or have been found in controlled studies to be no more prevalent in injured than in
uninjured subjects. As can be seen from the images included in this thesis; ultrasound
captures in detail the soft tissue architectural properties. In structures that lend themselves
to ultrasound diagnosis,the advantagesof ultrasound are that it is faster, more comfortable
to the patient, readily available, economical and muscles and tendons can be studied in
motion and in many different orientations; which makes ultrasound an attractive imaging
modality for the evaluation of soft tissue damage. Ultrasoundcould have a role as an initial
screening tool, offering the advantagesof economy, speed, patient comfort, and interaction
between patient and radiologist. There is need for an objective diagnostic procedure for the
assessmentof whiplash injuries and ultrasound looks promising. Future developmentsof the
ideas formulated in this thesis are discussedin the concludingchapter.
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10.1 Chapter Summary
This chapter considers the continuation of the research presented in this thesis. A discussion
follows on the opportunity of establishing a whiplash clinic, the purpose of which is to recruit
a large sample of whiplash patients for the assessment of their injury using diagnostic
ultrasound.

Results from this further study would be used to determine if ultrasound is a

viable diagnostic tool for whiplash injury.

Based on the author's experience; suggestions are

made as to how this clinic could be implemented.

10.2 Setting Up a Whiplash Clinic
Towards the final months of this project, the author issued a press release detailing the
preliminary findings of this study revealing that ultrasound showed promise as a diagnostic
toot for whiplash injury. This press release sparked great interest from the media which led
to newspaper,magazineand radio coverageas well as a television appearance(seeAppendix
J). Following this, the author has been approachedby leading insurance agencies keen to
been
by
has
The
the
this
contacted
author
also
a number of
continuation
of
work.
sponsor
have
for
for
future
have
and
asked
advice on their
studies
sufferers
who
volunteered
whiplash
condition.

There is still much work to be carried out before confirmation can be given that soft tissue
injury is a component of the pathoanatomyof whiplash. Future work should concentrate on
be
before
it
by
the
the
clinic
can
setting
up
a
whiplash
study
work
of
pilot
continuing
concluded that ultrasound is a suitable means for assessingthis type of injury.

The

establishment of a suitably located whiplash clinic would ensure that resourcesare available
to review a large number of casesand particular to monitor the recovery of patients. The
author has considered how the whiplash clinic could be devised based on their experience
gained from the work presentedin this thesis; and have included suggestions.This proposalis
basedon a full-time student undertaking this work as three years of researchtowards a PhD.
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Organisation
The study would be based at the Queen's Medical Centre, Accident and Emergency
department.

Providing the project with a permanent location will facilitate

the smooth

operation of the study. With a permanent location, project organisers are easily contactable,
clinic times of operation can be defined; all of which avoids the ambiguity which could detract
people from supporting and participating in this venture.
project such as this requires a dedicated specialised team.

The management of a large scale
Suggestions of positions and the

individual duties are detailed:

Co-ordinator - this is the role of the PhDstudent. They wilt be responsiblefor the general
organisation of the clinic: recruitment of patients, organisingdocumentation, patient recall
for follow-up, provide a first point of contact for patients and medical professionals. To
ensure a large scale awarenessof the project, the co-ordinator will actively advertise the
study via bulletins, telephone conversation,e-mail and visiting the parties involved as well as
planning conference attendance in the relevant fields and encouragingmedia representation.
To assist with patient recruitment and to gather a representative sample of whiplash
sufferers, the co-ordinator will also source out whiplash patients from other hospitals, local
surgeries,physiotherapists,chiropractors etc... A large volume of paperworkwill be generated
from this study and it is important that this is kept in goodorder.

Clinical staff - clinical staff with a researchposition will have this rote. The experience of a
clinical member of the hospital staff is an asset to the project; it is also a requirement of the
ethical committee that they are present when the patient is examined. Clinicianswill assess
the patient and may undertake the ultrasound assessmentunder the initial guidance of a
radiologist.

Radiologist - the project would benefit from the assistance of a team member with
considerableexperienceof ultrasoundimaging and imaging in general. It is possiblethat more
subtle changesin ultrasound pathology have gone undetected in the pilot study that a more
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experienced ultrasound user would recognise. The assistance and advice of a radiologist will
be sought at the start of the project, in order to train clinicians and the PhD student on how
to take an ultrasound examination and analyse results.

The radiologist will give input

throughout the study to ensure image quality and analysis is of a high standard.

Researcher- this is another role of the PhDstudent. The assessmentof the patient by one
examiner is not an easytask. An assistantaids the efficiency of the assessmentprocess. The
researcher may undertake the ultrasound assessmentunder the initial guidance of a
radiologist. The researcherwill also be responsiblefor the analysisof results.

Sample selection
At present, the study has accessto patients attending the Queen's Medical Centre accident
and emergencydepartment, Nottingham, UK. Considerationshould be given to the sample
size available to the study. The onset of pain following a whiplash injury typically occurs
twenty fours hours after the accident, therefore people are more likely to report this type of
injury to their general practitioner than to an accident and emergencydepartment. It could
be that the pilot study missed a very important group, such as those reporting to general
practitioners, chiropractors, physiotherapistsetc... It is possible that by recruiting hospital
patients who have recently been injured, there has not been enoughtime elapsedfor injury
signs to develop; for example, a haematomatypically takes twenty four hours to appear and
therefore patients may be assessedtoo soonand give negative results.

Patients reporting to accident and emergencywith an early onset of pain may be subjected to
a different injury mechanismthan those patients who develop pain later on. It is necessaryto
investigate whiplash patients from a variety of backgroundsand the co-ordinator will be
responsiblefor actively involving other groups into the study. Collaboration with insurance
companiesmay mean the project will have accessto claimants for whiplash injuries.
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The ideal situation is to have a before and after picture of a patient in order to define what is
pathology causedby the accident and what was pre-existing; this investigation is clearly not
possible; the exception being to subject volunteers to crash tests. A slightly less drastic
measure may be to assessvolunteers both pre and post participation of banger racing or
bumper cars as these activities are said to produce similar forces and may provide further
insight.

Without creating injury simulation, examination of a large sample may allow

identification of similar whiplash injury indicators; or give a normal range of injury
dimensions,and once these have been identified; regular assessmentof these pathologiesmay
be made. If resolution of the pathology is found to correlate with resolution of symptoms
(e.g. pain decrease and mobility increase) these findings may provide an indication of the
pathoanatomyof whiplash.

A recommendedsamplesize can not be suggested,as in the whiplash clinic a variety of injury
mechanismsare being considered; these should be grouped accordingly and power analysis
equationscalculated on these pilot groupsto ascertain the samplesize needed.

When recruiting patients to the study, the injury mechanism should be considered.

For the

purpose of the thesis, only patients subjected to a rear-end impact were included due to the
different effects of accident impact (see Chapter 2). The mechanism of the whiplash injury
causes different muscle responses, it is possible that an impact from a specific direction could
be more injurious or result in different

injuries.

A consideration for future studies is to

include victims of a variety of injury mechanisms but define these in groups and compare
outcomes.

The criterion for patients eligible for the whiplash clinic is that:
"

the patient has been involved in a whiplash accident

"

there are no time scale restrictions between accident and scan

"

if the patient is recruited from a hospital visit, the treatment given by the hospital must
be complete and the patient dischargedbefore they may participate in the whiplash clinic
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Equipment
The assessmentof different models of ultrasound equipment should be considered, the one
used in this study was a basic unit and technologyhas moved on since the start of this study.
The capabilities of different models of ultrasound equipment vary and it would be useful to
see how they compare to enable verification of the universal application of this technique.
Advanced systemshave improved image quality but come at a higher cost. Although the
newest systems are compact, many of the advanced systems are bulky and not readily
portable.

Running the new clinic
A successfulstudy needsgood patient recruitment and commitment and the continued support
and interest of all parties involved. The first instance is to hold a meeting with all the
relevant staff; porters, receptionists, nurses, doctors and consultants making them aware of
the study, the proceduresand the commitment required of them. Postersshould be clearly
displayed and contact details made clear. For many members of staff, participation in a
researchproject of this type is additional work beyondtheir job description; and it is essential
to make them aware how valuable their help and assistanceis and that it is very much
appreciated. New governmentguidelineshave been implemented for patient turnaround time
(Frank Coffey personal communication 2004) and this means that the study needs to take
place efficiently. The time commitment required from patients in the pilot study was twenty
to thirty minutes, however with the addition of questionnairesthis time could take nearer
fifty minutes; and it could be that a longer period could detract patients from participating.
It must be remembered that often the patient has already been waiting in accident and
emergency for two to four hours (Frank Coffey personal communication 2004). It may be
possible to create incentives by offering monetary rewards to patients, although from
experiencemost patients are uncomfortableand want to go home.

The requirement for patients to return for follow-up assessmentrelies on the patients 'good
will'.

In the pilot study, the patient was not compensatedfor their time or expendituresand
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maybe this is somethingthat should be revised. It could be expected that patients who feel
they have recoveredare less likely to return than those still suffering with discomfort and are
seeking treatment; and this may skew the results of the study. It is important that a large
sample of patients are recruited to the study and that they return for follow-up as this gives
the study validity and allows the documentationof the effect of recovery time.

Consideration of the existing pilot study protocol
The protocol used in the pilot study proved successfulin terms of the information acquired
and time management. Modifications that could further improve the operation have been
considered. Ethical approval has already been applied for and granted for the extension of
the pilot study. Patients may now participate in follow-up assessments. When patients
volunteer to participate in the study, it should be explained that they will be invited to return
at three and six months for a follow-up visit and a letter will be sent arrangingthis time. The
follow-up visits would comprise of repeating the initial assessment. It should be made clear
that participation in the initial assessmentwould put them under no obligation to return for
the follow-up assessments.The patient should also be made aware that they may leave the
assessmentat any point and do not have to give a reasonfor leaving.

Additional history and assessmentquestions
For the purpose of the whiplash clinic, additional questions should be included.

It is

important to find out if the patient is litigating, as there is a possibility that litigation is linked
to a patient's perception of injury. Patients should be askedto identify their dominant hand,
which allow any correlation between this and the injury site to be established. A whiplash
grading scale as advised by the Quebec Task Force group (Spitzer et at., 1995) should be
included for the clinician to assessthe patients' injury accordingto this scale.

Functional outcome measures
A collection of questionnairesis already included in the assessmentof patients submitted to
the spine ward. These questionnairesascertain the patient's mental health, the patient's
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perception of their injury and their ability to carry out everyday functions.

These

questionnaires should be introduced to the study as a means of assessingthe patients
perceived state of health; this information can be assessedalong with recovery.

It is

important that these questionnairesdo not take up too much of the study time, and to
complete all of these questionnairesis a lengthy task, therefore it may be possibleto shortlist
the questionnairesdescribed. Patients may need assistancefilling in questionnairesdue to
discomfort or for the explanationof questions.

Questionnaires to include (see Appendix H):

Neck Assessment Form - Queen's Medical Centre Spinal Unit Department in house
questionnaire; used to collect patient history. Includesa diagram of the body so the patient
may record where they are experiencingdiscomfort and to what extent.

Neck Disability Index Questionnaire - This ten item scaled questionnaire is used to assess
disability causedby musculoskeletalpain by the assessmentof the effect the condition hason
the activities of daily living (Vernonand Moir 1991).

Modified Somatic Perception Qpestionnaire (MSPQ)- This questionnaire provides a scale to
measuresomatic and autonomic perception (Main 1983). It is a twenty two item four-point
self-reporting scale, that when used in conjunction with measuresfor depressivesymptoms
would seem to be of considerablepromise in the understandingof the sequelaeof backache
and is much more sensitivethan traditional measuresof personalitystructure (Main 1983).

Modified Zung Index - This test assessesclinical depression (Zung 1965). It is a self-rating
depressionscale consisting of twenty three items; covering positive and negative symptoms.
When using the scale, the patients are askedto rate each of the twenty three items as to how
it applied to them at the time of testing, In four quantitative terms: a little of the time, some
of the time, a large part of the time, and most of the time. In scoring the test, a value of
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between one and four is assignedto a response,dependingon whether the item was worded
positively or negatively. The total score providesan indication of depression.

Health Status Profile SF-36- This health survey questionnaire measureshealth perception.
This questionnaireis used to measurethe effect of the `problem' (in this casewhiplash injury)
on the health related quality of life (HRQOL)(Wareand Sherbourne1992). The SF-36contains
thirty six items covering eight dimensions or subscates of perceived health: physical
functioning, role limitations because of physical problems, bodily pain, general health
perceptions, vitality, social functioning, role limitations becauseof emotional problems, and
mental health. On all dimensionsand scores, the possible range is 0-100, and higher scores
reflect a higher HRQOL.

Scanning technique
A systematic examination of the neck should be carried out. The subject should be seated
with their head and cervical spine in a neutral anatomical position, facing forwards with a
straight spine. The C7 spinous process can be used as a palpable reference point.

The

superior limit is represented by the palpable occipital process. The neck is then imaged
systematically basedon the anatomical triangles. The neck should be examined for signs of
injury, such as haematoma, muscle tear and swelling.

Images should be captured if a

musculoskeletalpathologyis identified otherwise imagesshould be taken from the site of pain
determined by the patient. Contralateral imagesshould be acquired to facilitate comparison
of the injury with an allegedly injury free side. On completing the scan, patient's should
grade the level of comfort they felt during the scanning process on a scale from 0 (no
discomfort) to 5 (intolerable). Gradingshould be carried out in private, as askingthe patient
directly may not reflect their true opinion. It must be noted if any radiography has been
conducted on the patient, this information could be used to obtain further information about
the injury and comparedto ultrasoundscans.
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Assessmentof subject stature
The impact of stature on the quality of ultrasound images is significant.

Measurements should

be made of the patient's height and weight to assess the effect of Body Mass Index (BMI) on
scanning feasibility,

image quality,

structure

identification,

measurement and clinical

outcomes. A consideration to assessing BMI is it provides an average calculation, it does not
account for muscle or fat bulk in specific areas. Measurements of muscle and fat thickness
should be made using the ultrasound machines callipers and this approach may yield results
that are more representative.

Method to record injury site: quantification and documentation
It is important to be able to document the extent of injury so this may be monitored at followup. Ideassuggestinghow injury can be recorded and quantified have been put forward in the
quantification section (see Chapter 2). These ideas should now be put into practise and if
they prove suitable, they should be used as a standard. When put into practice in the study,
it may be found that a different approach is needed to record and monitor pathological
changesin patients, and that a different method of quantification needsto be developed. It
is recommendedthat a reference system be used to record the site scannedat the initial
assessment,dimension measurementsare taken and recorded so that objective reviews at
subsequentassessmentscan be made. The external acoustic meatus (ear hole) provides a
readily identifiable consistent landmark that may be used as a reference point.

A grid

reference measurementof where the transducer was positioned in relation to the external
acoustic meatus can be recorded, e.g. 12cm below the ear, 3cm to the left edge of the
transducer.

Investigationshould be conducted into how the skill of the operator affects assessmentand if
the assessmentcan be simplified to a level where only basic skills are required. If it is
establishedthat it is a simple assessment,perhapsnursescould do this as a first line approach
and thus save time and the cost of using techniques that are more expensive. The minimal
time neededfor this initial assessmentcould help meet governmentturn around times.
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Funding
Collaborationwith insurancecompaniescould provide a sourceof funding for this project and
interest from major insurance providers has been shown since the publication of the pilot

study results. Insurancecompaniesparticipating in the study may provide another source of
subjects for the study.

Time considerations
On average five patients a day report to accident and emergencywith injuries relating to
whiplash. This figure is based on an audit of the accident and emergency department's
database of reasonsfor patients attending. The time scale for assessmentof patients has
been considered (see Table 9). It is feasible that seven patients could be assessedeach day
basedon a sevenhour day.

Table 9: Assessmenttime scale
Time

Task
Introduction to the project

10 min

History and physicalassessment

10 min

Ultrasoundassessment

10 min

Questionnaires

15 min

Debrief

5 min
TOTAL

50 min

Equipment consideration
Advancesin technology
The ultrasound machine used for this study represented a basic ultrasound device. Other
ultrasound deviceshave greater technologiesand their implementation to this study should be
considered. Advanced devices have the ability to perform spatial compounding. Spatial
compoundingaveragesthe frames that view anatomy from different angles. An electronic
beam steers the transducer array to acquire rapidly several (e.g. three to nine) overlapping
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scans of an object from different view angles (Entrekin et al., 2001). These single-angle scans
are averaged to form a multi-angle compound image that is updated in real time with each
subsequent scan. Real-time spatial compound imaging reinforces real structural information
and reduces inherent ultrasound artefacts e. g. speckle and acoustic drop out from anisotropic
specular structures. This leads to improved visualisation of pathology such as partial thickness
tears, small fluid collections and inflammation that may otherwise appear ambiguous with
conventional ultrasound.

This would enhance the operator's ability to view any soft tissue

injuries produced from a whiplash injury.

To overcome the limitations of imaging people of a

large stature, a machine with harmonic imaging capabilities could be employed.

Harmonic

imaging is a signal processing technique that minimises noise and improves signal to noise
ratio having the effect of reducing artefact.

Equipment calibration
It is important that ultrasound equipment is calibrated to ensure reliable and accurate
focuses
in
important
that
is
diagnosis.
This
a
study
on
especially
and
quantification
quantification.

Regular calibration checks of the equipment should be made using an

ultrasound phantom.

10.3 Chapter Discussion
The work completed in the thesis to date has been of major interest to the public. This thesis
has laid the foundation for the protocol for a diagnostic technique for whiplash using
ultrasound; and it is important that this work is continued by assessingthis technique on a
larger sample. A suggestionhas been made as to how a whiplash clinic may be organised
based on the information from this thesis and experience of the author. The author has
thoroughly enjoyed working on this project and they are excited by the promising results of
this thesis. The author sincerely hopes that this research is continued and challenges
researchersto develop a means to investigate further the pathoanatomy of whiplash and
identify a diagnostictechnique. It would be fantastic if this work goessomeway to benefiting
many of those individuals who are affected by whiplash injury.
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Appendix A- Glossary
abduction -a movement of a body part away from the midline of the body.
adduction -a movement of a body part towards the midline of the body.
aetiology - the cause of a disease.

anechoic- echo-free.
anterior - the front of the body.
atrophic - wasting away of tissue.
bifurcation - dividing of a structure.
cadaver- dead body.
contralateral - the opposite side.
echogenicity- characteristicsof echoes.
extravascular- outside the blood vessels.
haemorrhage- bleeding.
histology - study of the structure of tissues.
hyperechoic- high echogenicity.
hypoechoic- low echogenicity.
interobserver - between observers.
intraobserver- within observers.
In vitro - outside the living body.
In vivo - inside the living body.
musculoskeletal- relating to the muscle and skeletal system.
musculotendinousjunction - the point where muscleand tendon join.
myositis ossificans- where muscletissue is replaced by bone.
oedema- fluid collection in the body.
palpable - able to be touched or felt.
paraspinat- near the spine.
pathoanatomy- diseaseof the anatomy.
pathology- study of diseases.
247
-

phantoms - systems that simulate biological situations.
posterior - to the back.

pulsatile - havinga pulse.

248
-

Appendix B- Muscle and ligament tables
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Appendix C- Properties of ultrasound tables
Propagation speed of ultrasound in tissue
Tissue

Propagation speed (mm/s)

Fat

1.44

Brain

1.51

Liver

1.56

Kidney

1.56

Muscle

1.57

Soft-tissueaverage

1.54

Adapted from Kremkau FW: Diagnostic Ultrasound: Principles and Instruments, 4`h edition.
Philadelphia, WB Saunders, 1993.

Acoustic impedance of tissue
Tissue

Acoustic impedance*

Air

0.0004

Fat

1.38

Water (50°C)

1.54

Brain

1.58

Blood

1.61

Kidney

1.62

Liver

1.65

Muscle

1.70

Lens

1.84

Bone

7.8

" Acoustic impedance (Z) -x 106kg/m2 sec

Adapted from Curry TS, Dowdey JE, Murray RC Jr: Christensen's Physics of Diagnostic
Radiology,4`hedition. Philadelphia, Lea and Febiger, 1990.
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Reflection of ultrasound at tissue interfaces
Interface

Reflection (%)

Blood-brain

0.3

Kidney-liver

0.6

Blood-kidney

0.7

Liver-muscle

1.8

Blood-fat

7.9

Liver-fat

10.0

Muscle-fat

10.0

Muscle-bone

64.6

Brain-bone

66.1

Water-bone

68.4

Soft tissue-gas

99.0

Adapted from Hagen-AnsertSL: Textbook of Diagnostic Ultrasonography, 3r° edition.
Louis, CVMosby, 1989.

St.

Typical imaging depth and axial resolution (two-cycle pulse) in tissue
Frequency
(MHz)

imaging depth
(cm)

Axial resolution
(mm)

2.0

30

0.77

3.5

17

0.44

5.0

12

0.31

7.5

8

0.20

10.0

6

0.15

15.0

4

0.10

Adapted from Kremkau FW: Diagnostic Ultrasound: Principles and Instruments, 6th edition.
Philadelphia, WBSaunders,2002.

258
-

Appendix D- Anticoagulants
Anti-coagulantDextrose(ACD)
1.3 litre pot of blood needs150mlACD
2.5%tri-sodium citrate
1.5%citric acid
2%glucose

For a glasstest tube of 20ml capacity:
5g sodiumcitrate
3g citric acid
4g glucoseD(+) (dextrose)

SodiumCitrate
294.1g to I litre makesa1 mot solution
0.109Ma 32.06g
1.603gsodiumcitrate to 50ml

EDTA(disodiumsatt)
1.5 (±25) mg/ml
For a 10ml sampleof blood, add 0.5ml solution to the blood
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Appendix E- Diasus technical specification
Diasustechnical specification supplied by DynamicImaging.
DiasusTechnical Specification
Transducertypes

Ultra WidebandElectronic Linear Array

Transducer
frequencies

5-10MHz,40mm active length
8-16MHz,26mm active length
10-22MHz,26mm active length

Scanmodes

B-Mode

Screenformat

Single/DualImage

Resolution

640 x 440 pixels, 8 bits

External
Interface

Sevenslide potentiometer gain controls
2 rotary potentiometers controlling Transmit Powerand Overall Gain
keyboardand 29 dedicated function keys
86 key QWERTY
Trackerball for measurementsand text positioning
15" Digital AutoscanColourMonitor, high resolution, flicker free, low
800x600
MPR-II
resolution
screen
compliance,
emission
StandardPCcommunicationsports
Depth of view

100mmmax

Framerate

30fpsmax

Magnification

6 step zoom

Inversion

black-white/white-black, left-right/right-left

B-Modefeatures

4.0-26.0MHzbandwidth, swept frequency, 4 post processingcurves
Signalprocessing (gammacorrection), 2D filtering, frame averaging,selectable multiple
transmit focus positions

Display
information

Patient ID, Hospital ID, Clinician ID, measurementmode, post
processingstatus, current scale, frame averagingstatus, transpose
status, frozen status, time and date, transmit focus indicators, body
mark, text annotation

Software package Distance(4) traced or ellipse area (2) curved line length (2)
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1

1

Input

115V AC/6OHz, 230V AC/50Hz, rated power 300VA max

Output

1
230VAC, 50/60Hz, 230VAmax for additional accessories

Power

Temperature +10°Cto +40°C
Operating
conditions

Relative
humidity

30%to 80%

Temperature -10°C to +60°C
Storage/transport
Relative
humidity

30%to 90%(non condensing)

Weight

65kgapprox

Dimensions

537 x 1285x 765mm (WxHxD)

Physical

safetycal

EN60601-1-1,UL2601-1,Class1, Type BF

EMC

EN60601.1.2

Acoustic

EN61157, on screen indication in accordance with

power

AcousticOutput DisplayStandard

Quality

DynamicImagingis committed to a Total Quality
Culture and hasbeen assessedand registered as
meeting the requirementsof BSEN46001,the
application of BSENISo9001to the manufacture of
medical devices, under Annex II of ECCouncil Directive
93/42/EEC,the Medical DeviceDirective

CE0120

Diasusis identified with this CEMark in compliancewith
ECDirective 93/42/EEC(MedicalDevicesDirective)
DynamicImagingis registered as complyingwith
EN46001,the internationally recognisedquality system
standard for medical devices.

Standards

Accessories

Video printers, needle guide attachments

Consumables

Get, video printer paper, needle guides
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Appendix F- Cadaver preparation
UNIVERSITYOF NOTTINGHAM
SCHOOLOF BIOMEDICALSCIENCES
EMBALMINGMETHOD

(March2004)

The method of embalming used in the School of Biomedical Sciencesat the University of
Nottingham Medical School has been applied successfullyfor over 25 years, and has been
adopted for use in Australia, Egyptand Malaysia,amongstother places.

The fluid itself is a traditional mixture of: 800 ml Methanal(formalin, 40%)
700 ml Liquid phenol
1.5L Glycerol - made up to 20 litres with industrial alcohol 17L (ethanol)

A small quantity of eosin may be added to colour the fluid if desired.

For the infusion, the femoral artery is found by dissection, the incision being made about a
third of the way down the thigh, medial to the sartorius. The artery is cut transverselyin two
lumen;
for
larger
the
1cm
to
take
one
cannula,
of
suitable
size
cannutae
about
apart,
places,
if possible, is positioned up towards the aorta, and a smaller cannula is positioned down the
limb. Theseare clamped in place.

An initial per-embalmingfluid of approximately 1 molar saline is pumpedvia the cannulae into
the arterial system - 500 ml is usually sufficient - which washesblood away for the perfusion
site. Without this initial stage, the embalmingfluid will coagulate blood in the artery close to
the cannulae, thus blocking them. It may be that due to arterial diseaseor thrombi, the prewash will enter the arteries only slowly, or not at all. It may be decided at this point to use a
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secondcannulation site - perhaps the upper brachial artery or the common carotid - rather
than continue with the femoral site.

The embalming fluid is pumped up to an aspirator some 2.5 metres above floor level. This
should provide sufficient pressurefor a thorough perfusion. The fluid is run into the arterial
system via a flexible tube, preferably of silicone rubber as this best resists the hardening
effect of the fluid. This is allowed to continue over night. It then remains to 'top-up' any
poorly perfusedareaswith a repeating syringeusinga long wide-bore needle.

It has been found useful to ensure fixation of the brain within the skull by passingthis needle
into the cranial cavity, going medial to the eye to pass through the superior orbital fissure.
Some20 ml of 40%methanal (formalin) may be pumpedinto each cerebral hemisphere.

The cadaver is then left to drain of surplusfluid. After 2-3 days, the cadaver is placed inside a
1000 gauge polythene bag to be stored at room temperature/or at 40°F in the summer
months.

OF EMBALMINGFLUID: "NOTTINGHAMFORMULATION"
COMPOSITION

(ready prepared and obtained from VickersLaboratories)

Each 20 Litres comprises:
"

7.5% - 1.5L Glycerol

"

3.5%- 700ml Methanal (Formaldehyde40%)- [we have increasedthis to 800 ml]

"

3.5%- 700ml Phenol

"

84.5%- 16.9LMethanol

"

"Pinch" (few grains) Eosin Colourant
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STANDARDOPERATINGPROCEDURES
IN THE ANATOMY DISSECTINGROOM
PROCEDUREFOR EMBALMINGCADAVERICMATERIAL

0

Place cadaver in recumbent position on embalming table. Inform Secretariat of receipt
and number codes.

"

Removeall clothing, needles,catheters and tags and place them in a yellow clinical waste
bag.

"

Washdown and sterilise cadaverwith a solution of 1%Trigene disinfectant in water.

0

Shavehead hair with electric razor - into clinical waste bag.

0

Position (and fix if necessary)head, upper and lower limbs in anatomical position before
embalming.

0

Locate femoral triangle of one limb and femoral artery (halfway between thumb and
middle finger of embalmer's hand placed upon pubic symphysisand anterior superior iliac
spine, respectively.

"

Approximately4cm from thigh crease, incise skin inferomedially for 5 cm with scalpel.

0

Deepen incision carefully, layer by layer, until deep fascia overlying adductor longus
muscleexposed.

0

Employ retractors to keep tissue flaps apart while digitally palpating between exposed
musclesfor firm femoral sheath.

0

Gently incise sheath to expose femoral artery and mobilise away with forceps or other
blunt instrument from femoral vein.

0

With scalpel carefully incise 2 transverse cuts, 1 cm apart and 3 mm in length,
transverselyon the anterior arterial wall.

0

Carefully insert two angled metal catheters into the artery through the cuts, in superior
and inferior directions and clamp firmly into position with metal clamps.

0

Infuse 500 mt of a1N warm saline solution with electric pump into artery via the
catheters.

0

Gravity feed 20L of embalmingfluid into the artery via the two catheters overnight.
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"

Washaway any fluid which has leaked from the cadaver.

"

Check cadaver for areas of non-fixation and inject local embalming fluid with electric
pump and needle.

"

Pumpadditional embalmingfluid into cavities - chest, abdomen, hands, fingers, feet, toes
etc (directly through body wall), cranial cavity (through upper eyelid and superior orbital
fissure) with pump and needle. (For cranial cavity, increase formaldehyde concentration
in embalmingfluid from 4%to 7.5%.

"

Rinsecadaver down with water and place in transparent plastic cadaver bag and evacuate
air by suction for storageat room temperature/or 40°Fin summermonths.

"

Checkcadaverperiodically (3 months, 6 months)for fixation.

"

Minimal time for satisfactory fixation is 6 months.
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Appendix G- Whiplash pilot study documents
Form 1: Patient information sheet

The Use of Ultrasound Scanning of the Tissues of the Neck
in Assessment of Whiplash Associated Disorders
Researchers:
Andrew Clarke, Clinical ResearchFellow, Spinal Unit, QMC
Amanda Roshicr, PhD Student.Institute of Biomechanics.University of Nottingham
You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will
involve. Pleasetake time to read the following information carefully and discuss it
with friends and relatives if you wish. Ask us if there is anything that is not clear or if
you would like more information. Take time to decide whether or not you wish to
take part.
Pu se of Study
Whiplash was first described in 1928 at a ResearchMeeting. Ever since, controversy
has reigned as to the physical basis for the condition. The actual mechanism of a
whiplash injury has been well documented, but the resultant 'damage' to body
structures which causethe pain has yet to be agreed upon. Therefore, by performing
ultrasonic assessmentsof the tissuesof the neck in people who have suffered an acute
whiplash, we aim to identify the site(s) of injury.
Why I lave I Been Chosen?
You are attending the Accident and Emergency Department becauseof a whiplash
injury.
Do II lave To Take Part ?
It is up to you to decide whether or not to take part. If you do decide to take part you
will be given this information sheet to keep and be asked to sign a consent form. If
you decide to take part you are still free to withdraw at any time and without giving a
reason. This will not affect the standardof care you receive.
What Do I Have To Do ?
" Contact Mr Andrew Clarke / Ms A Roshier
"
"

"A
"A

Arrange a time that is convenient for you (ideally during your visit to A&E)
Attend QMC for Assessment, which includes:

Clinical I listory of the Injury
Clinical Examination

" An UltrasoundExamination
of theNeck
"

The assessmentwill take approximately 20-30mins

What Is The ProcedureThat Is Beine Testcd ?
The ability of Ultrasound to identify tissue injuries in the neck following a whiplash
injury.

What Are The Sidc Effects Of Taking Part ?
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You may experiencemild discomfort during the ultrasound scan.
What Arc The Possible DisadvantagesAnd Risks Of Taking Part ?
There are no disadvantagesto taking part
What If Something Goes Wrote ?
It is very unlikely that any adverseeffects will occur. If you are harmed by taking part
in this researchproject, there are no special compensation arrangements. If you are
harmed due to someone's negligence, then you may have grounds for a legal action
but you may have to pay for it. Regardlessof this, if you wish to complain about any
aspectof the way you have beenapproachedor treatedduring the course of this study,
the normal National I Icalth Service complaints mechanismswill be available to you.
Trust complaints officer. Naomi Broughton 0115 924 9924 (x36098).
What Will l tappen To The ResultsOf The ResearchStudy ?
All information which is collected about you during the courseof the researchwill be
kept strictly confidential.
Any information about you which leaves the
hospital/surgery will have your name and address removed so that you cannot be
recognised from it. This study is being carried out for researchpurposesand will not
directly benefit your treatment.
Wo Is O anising And Funding The Research?
" Institute of ßiomcchanics (University of Nottingham)
" Centre for Spinal Studies and Surgery (Queen's Medical Centre)
Who I las Reviewed The Study ?
" Mr MP Grevitt Consultant Spinal Surgeon Queen's Medical Centre
" Mr L Neumann Consultant Orthopaedic SurgeonCity Hospital. Nottingham
Contact For Further Information
" Mr Andrew Clarke / Ms Amanda Roshier
" Ask the A&E staff to help or you can contact us
" Via Queen's Medical Centre Switchboard (0115 924 9924) ask for Bleep 1702
(between 0800-1700 firs)

i hotmail.com(pleasesendyournameandcontactdetails)
" On e-mail,whiplashstudy

Thank you for your participation
Andrew Clarke, ResearchFellow, Centre for Spinal Studiesand Surgery. QMC
Amanda Roshier, PhD Student, Institute of Biomechanics.University of Nottingham
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Form 2: Patient consentform

RWI
Queen's Medical Centre Nottingham
University Hospital NHSTrust
CONSENT

FORM

Studytitle
The Useof Ultrasound Scanningof the Tissuesof the Neck in Assessmentof Whiplash AssociatedDisorders

Pleaseask the patient to complete the following:

Pleasecross out
as necessary

I laveyou readandunderstood
thepatientinformationsheet?

YES/NO

I lave you had an opportunity to ask questionsand discussthis study?

YES/NO

I lave you received satisfactory answersto all your questions?

YES/NO

I lave you received enough information about the study?

YES/NO

Do you understandthat you are free to withdraw from the study
"
"w

-

YES/NO

at any time?
ithout giving a reasonfor withdrawing?

YES/NO

andwithoutaffectingyour futuremedicalcare?

Who explained the details of this study to you?

YES/NO

Mr A Clarke / Ms A Roshicr

I agree to take part in this study.

YES/NO

Name of patient
................................................................
Signed

.............................................................

Date

.............

Name of researcher Mr A Clarke ! Ms A Roshier
...........................................................
Signed

............................................................

Date

03/04/2003

Af EF C@
Ch m. n M' JA UacOa, W, Chs/ Ex. cub»
.
Cunn's MedicalCentro.NoIbn
ham" UmwNty Yioapota1
NHS Trust NoI gham NG7 2UH
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..............

Form 3: Patient assessmentform

The tu of t'knwond
DiwMen

Seanniag of the Tisoes of the Neck I. Asuwaeni

of %'kiplnk Associated

History Sheet
TODAY'S DATE
NAME
D.O.B.
ADDRESS

7cl. IPIIONENo.
UA1 E OF INJURY
DATE SI.I: N AT QMC

DETAILS OF INJURY
WERE YOU ? OCCUPANT
OFCARJVAN
(x"CUPANT OF A BUN
ON A BICYCLE
ON A N«OTORCYCI.E
PI DESTRIAN
OTTU:R (pkaao sa c)

IF OCCUPANT OF CAR/VANBUS PLEASE ANSWER THE FOLLOWING:
((t cf

. e, pkre skip to die genem1health quNkwb)

A. FROM WHICH DIRECTION WAS THE MAIN IMPACT

FRONT
REAR
DRIVER'S SIDE
PASSTNGER'S SIDE
DO NOT KNOW

IL DID YOUR VEHICLE ROLL OVER

YIIS/NO

C. WAS YOUR VEHICLE DRIVABLE AFTER THE INCIDENT

YES/NO

D. CIRCLE WHERE YOU WERE SEATED DURING TIIE COLLISION
I RONT 1.1FT
(PASSEN(if. Rº

1'RONT RIGI11'
(ORIVI'R)

REAR I. I. FT

REAR (7: NTRE

REAR RI(iil1

E. WERE YOU WEARING A SEAT BELT

YES/NO

F. WAS THERE A HEADREST ON YOUR SEAT

YES/NO
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GENERAL IIEALTH

QUESTIONS

HOW WAS YOUR HEALTH BEFORE THE INJURY

EXCELLENT
VERY (MD
FAIR
POOR

BEFORE THE COLLISION DID YOU SUFFER WITH

IIEADACIII:
/PAIN IN LOK' BACK
ACI It:
ACI II: TAIN IN NECK REGION

HAVE YOU HAD A SIMILAR INJURY IN THE PAST

YESI NO (pleawgiro datt)

IF YES, WHAT DID YOU INJURE (pk c ter)

DURING THIS INJURY
DID YOU LOSE CONCIOUSNESS

YES/NO

DID YOU HIT YOUR HEAD

YES I NO

DID YOU BREAK ANY BONES

YES/NO

CURRENT SYMPTO%IS
SYMI'I(NNS

NO

1'ES

DAY 1

DAY 1-4

DAY S+

NEI A/ SINMýLIM N
PAIN
N1 IRAI I))
PAINFUI. NICK

NTS
11"WI 1411
NUMIINI

S%/

TIN(d ING IN
ARMß11AVFX
NUMIINI SS/
TIN(d. IN(i IN I. F(, S /
FIT T
DI//IM"
UNSTEADY
NALISI A/
VOMITING
KIN(, IM IN EARS
MI. MNM(Y /
CYM 1 NTRATI(NI
PROM 1 .4%
VISUAL
1)I%T1'RBAN(7
LOA HA( k PAIN
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UNS(rRE

MILD

M1N I RAIE

SEYERk

CLINICAL

EXAMINATION

CERVICAL SPINE
ANY TENDERNESS ON PALPATION

YES! NO

PLEASE DOCUMENT LOCATION

SHOULDER
ANY TENDERNESS

YES/NO

ON PALPATION

PLEASE DOCUMENT LOCATION

CERVICAL SPINE MOVEMENTS
%10%L\It%T
%11N
I. 14II %T
III
III\HIS
IoS

PUS FH!
PU\
FR! F.

PU\F11. 1.
PU\Ft

I I%IIT111Uý
ISIIT111US

%
ISIIS,
I IIS, w5
wS

RI611( ROMION
KO I. IIU\
I IIINOr11RN IHN
111INOr.
RII. 11f
F1 I%
111I.1AF
\I F11
IAT IFIll I\
I..
I%
IIIftIrr

SHOULDE R MOVEMENTS
RIGHT

MOVEMENT

LEFT

FORWARD FLEXION
ABDUCTION
INTERNAL ROTATION

EXTERNAL ROTATION

NEUROLOGIC AL EXAMINATION
YES/NO

NORMAL

(IF NO, PLEASECOMPLETETABLE)
111M
1.1.
E I I.
.

M. \u/R%
\µ1R1
RIGA I'
RIGIIr

M. ASON%
I FurT
1F

NOIOR
MOIOR
RIGHT
RIC11T

SIOIOR
NOIOR
I. tH
ili

c6
cr,
ce
11

DIAGNOSTIC TESTS
PLAIN RADIOGRAPHS

YES/NO

(PLEASE DOCUMENT FINDINGS)
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N4411%
RI.
ILLA
RK 11T
RN:
IIT

RF.N. EX
RI-lI
I IFT
IIFT

ULTRASOUND
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FINDINGS

Study Poster

WEI? LAIEI

STUDY

If you are attending Queen's Medical Centre due to a whiplash/neck injury, please read on:
We wish to recruit any persons who have sustained a whiplash type injury
Our study aims to identify the anatomical basis of this injury using ultrasound
If you are interested:
" Please ask the receptionist for an information pack
" Please contact us
We anticipate that the assessment will take about twenty minutes of your time

Thankyou for your help
Andrew Clarke. Clinical Research Fellow, Centre for Spinal Studies and Surgery
Amanda Roshier, PhD Student, Institute of Biomechanics, University of Nottingham
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Appendix H- Questionnaires

For of
to via*

Pt"

3/12

6/12

12112

16/12

QQQQQQQQ

24/12 otlmt_........_ »....
....

__._ .....

..

»....

us" a, w
»... ».

..

_ _..... __ __. __ _.. - _-. ý.

Neck Assessment Form
Today's
DateQQ / QQ / QQ
Please fill to the following details If Identity label Is missing
Surname
................................
».»»..........».................»........
First Name............

Please
where

Patient Identify Label

».. »»...... »........ »............. »................. »».

/
/
QQ
QQ
QQ
Date
Birth
of
This assessment form will help us to create a wider picture of your particular back problem.
Your doctor will use the assessment form together with your clinical examination on your first
and further visits. During your care within the QMC Spinal Unit Departments these assessments
will be used to monitor your progress during your therapy and treatment follow-up. If you would
like assistance in filling in this form please ask.
Please complete each question. Peas tickOnebox for eachquestktnunlessaskedotherwlsa.
1. Have you had a back operation before?

YES Q How Many?
..............»..

NO Q

2. Do you smoke?

NO Q Go to question 3
YES Q How many a day? 0.10 Q

3. Are you currently working?

11-20Q

21-30 Q

30+ Q

NO E] Goto question4
YES Q

What is your occupation?
........... ».. »...... ....... ». »...... » .. ».
(
to question 0
..... » ..................... ».... ».. »............. »... »»»»..

4. If you are not currently working. Are you?.... Tickall thatapply.
a) In full-time education

Q

b) Housewifelhusband

Q

d) On DisabilityAllowance

Q

e) On income Support

QQ

g) Retired (ill health)

Q

c) Unemployed
Retired

Q
Q

5. How long Is It since you last worked? Not applicable at school/fulltime educationQ
7.12 months Q
1-1'7syears Q
4-6 monthsQ
1'/a-2years Q2
0-3 months Q
years +Q

& Do you have any litigation (court cases) outstanding, related to your back problem?
YES Q
NO Q
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6. What caused your back problem(s)?
a) Accidentat work
b) Accident elsewhere

Tick all that apply.

Q
Q

c) Road VehicleAccident
d) Lifting

Q

e) Fall

Q

1 Other

Q please specify
»...»...».............. .... »............. _.»

C)

»»

».....»............».» _...

The following diagram will help us to measure the level and whereabouts of your pain. Each of the three
lines relates to the main areas of your body where you may be experiencing pain. Please draw a cross
(X) on the relevant lines to the level of pain you have today.
'0' " no pain and '10'n the most severe pain Imaginable.

No pain

Most Severe Pain

Nock

0123456789

in

Arms

01294s67e9

10

Lege

0123456789

10
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THE NECK DISABILITY INDEX
Pies"

sn. w« SU 10 Nations.

In each oatpory,

tick only on. that bist &ppllp

CONCENTRATION
Q1 can concw*ab fully when I want to. with no
dNf4ulty.
Q$ can concentrau fully when I want to. with o"
d.
QI
have a fair degree of difficulty in concentrating when
I want to,
Q1 have a lot of difficulty In concentrating when 1wa *
to.
QI
have a groat deal of difficulty in concentrating when I
want to.
13 1cannot concentrate at at

1. PAINNNTEN8RY
pI he" no pain at Owmoment
Q
Q
p
Q
Q

L

The
Tb.
The
The
The

p. ln Is very mid at th. moment
p. m Is moderate at a,. moment
pain r fairly severe at ft moment
pain M very sewn at go moment.
pain Is 00 wont Imagmnads at the moment

PERSONAL CARE
(Washing, Dr. uing. Na)
QI
an look iNer roysN nanny.
Palm

without causing extra

can look after myselfnormally,but Ncases extra
pain.
QN Is painfulto look ihr mytuN and I am slaw and
carom
QI needsomehelp.but managemostd my personal
cars.

to your currant eondldon,

Q1

QI
QI

7.

WORK
QI
con do as much work as I want to.
QI
can do my usual work. but no more.
QI
can do most of my uIual work. twt no more.
Q1 Bannot do my wual work.
Q1 can hardy do any work at al.
Q 1can't doanywokataN.

e

DRIVING
Q1 can drive my car without any reck pain.
Q1 can drle my oar as loop as 1want, with sight pain
in my neck.
Q1 an drive my oar as bap as I w, N. wüh moderaN
pain in my neck.
Q1 cant drhra my car as long as I want, because cf
moderate pain in my neck.
Q1 an hardly drive at &I, because of severe pain In my
neck.
p1 cant drive my ou at aY.

9.

BLEEPING
pI
have no trouble sleeping.
Q My sleep to slightly disturbed (leas than 1 hr
sleepless).
Q My sloop is mildly disturbed (1-2 hn sleepless).
Q My sleep N moderately disturbed (2-3 hrs sleepless).
Q My sloop is greatly disturbed (3-5 hre sleepless).

need help wary day in most aspects of sei can.
do not get dressed; I wash with difficulty and stay In
bad.

LIFTING
Q1 can YRheavy weights wWv&A extra pun.
Q1 can till heavy wegh s. but Ig Kw extra pain.
Q Pain pr vents no from lilting heavy w*Vft
oft aha
floor, but I can manage I they we conveniently
positioned, for example, on a table.
Q Pain prevents me from tilting heavy weights off dw
floor. tPA I can manage light to mad urn weights Mthey
era conveniently positioned.
Q Ian NRvery out" wevits.

Qi

cannotNitor carry anythingat al.

READING
Q1 can nW u much as I want lo, with no pain in my
node.
Ql
can and as nwoh aI want kh weh Wight pain in my
neck.
QI
can n ad as nrbch as I wwd to, with mode at. pain
In my neck.
Q1 can't re" as much as I want. because of moderate
pain in my rock.
QI
sewn pain in my
can hardly read at sN, bec "of
neck.
Q1 cannot read at all.
L

HEADACHES

Q Ihave nohead. chaetal.

tligM h. adadres that come IMroquendy.
modeide headache. that corns MnqusMly.
awdwNI headaches that coves frequently.
some headaches that a mm hequsMty.

Q1
QI
Q1
QI

have
have
how
ho"

QI

haveheadaohe$almostd the tlme.

Q

My sleep Is completelydisturbed(5-7 hrs sleepless).

10. RECREATION
QI

am able to engage in all my recreation wuvN es,
with no neck pain at all.
Q1 am able to engage in all my recreation activfti
.
with some neck pain.
pI
am able to engage in most. but not an, of my usual
recreation activities, because of pain in my neck.

Q1 am able to engageIn few d my recreationactlvkks,
becaused pain in my neck.

Qi

can hardly do any recreation aeövitks, because d
pain In my rrsdrQI
can't do any recreation activities at &N.

0 Vernon and Mbo.Nick D ub4ny Index

Onkid u.. ony..».» » ..» .» »»

(Queetiau
answered)- _»_
._...............
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_

(score)
»» .

Health Status Profile SF-36
This survey asks for your views about your health. This information will help keep track of how you feel and how
well you are able to do your usual activities.
Answer every question by marking in the appropriate boxes with Z.
question, please give the best answer you can.

01

In general, would you say your health is:
Excellent

02

if you are unsure about how to answer a

Compared

JGood

Very good

'l

Fair

Poor

with one year ago, how would you rate your health in general now?

Much better now than one year ago
Somewhat better now than one year ago
About the same as one year ago
Somewhat worse now than one year ago
Much worse now than one year ago

(Mark one box on each line)

Theseacüvibes? If so, how much?
Yq,

limited a lot
03

Yes,

No,

limited a little

not limited at all

Vigorous

activities, such as running
lifting heavy objects, participating in
strenuous sports

04

Moderate activities, such as moving
a table, pushing a vacuum cleaner,
bowling, or playing golf

05

Lifting or carrying groceries

06

Climbing several flights of stairs

ý_ý

Q

Q

Q7

Climbing one flight of stairs

08

Bending, kneeling or stooping

09

Walking more than a mile

ri
i
rý

Q
Q
Q

Q
Q
Q
F-I

Q10 Walking half a mile

011 Walking one hundred yards

!7

Q

Q

012 Bathing or dressing yourself

ý_ý

ý_.

Q
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During the past 4 weeks, have you had any of the following problems with your work or other regular daily acti%
(Mark one box on each
as a result of your physical health?
013 Cut down on the amount

of time you spent on work or other activities

Yes L)[;

No

Yes [j

Li No

015 Were limited in the kind of work or other activities

Yes [)

';H No

016 Had difficulty

Yes [j

' ]No

014 Accomplished

less than you would like

in performing work or other activities (for example, it took extra effort)

During the past 4 weeks, have you had any of the following problems with your work or other regular daily activities
(Mark one box on each line)
as a result of any emotional problems (such as feeling depressed or anxious)?
017 Cut down on the amount
018 Accomplished

Yes ,;

of time you spent on work or other activities

less than you would like

11

Yes.,

019 Didn't do work or other activities as carefully

No

Yes [1

as usual

No
_J No

020 During the past 4 weeks, to what extent has your physical health or emotional problems interfered with your
(Mark one box)
normal social activities with family, friends, neighbours or groups?
Not at all
Quite a bit

[ )Slightly
I

Moderately

Extremely

021 How much bodily pain have you had during the past 4 weeks?
None
Moderate

(Mark one box)

! Very mild
] Severe

LA'Mild
jI

Very severe

022 During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the
home and housework)?
Not at all
Quite a but

(

A little bit

Moderately

Extremely

These questions are about how you feel and about how things have been with you during the past 4 weeks. For
each question, please give the one answer that comes closest to the way you have been feeling. (Mark one box on
each line).
A good bit
ANof
Most of
Some of
A little of
None of

How much time during the past 4 weeks...
023 Did you feel full of life?

LI

L;

024 Have you been a very nervous person?

(-1

Q

Q

Q

[j

l

[1

[,,

J

LI

11

025 Have you felt so down in the dumps that
nothing could cheer you up?

I

1

J

026 Have you felt calm and peaceful?

[]

LI

Q

`J

Q

Q

027 Did you have a lot of energy?

L,

Q

Q

Q

Q

Q

Q

Q

Q

[1

Q

028 Have you felt downhearted and low?
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Continued... These questions are about how you feel and about how things have been with you
For each question, please give the one answer that comes closest to the way you have
wem.
one box on each line).
Most or
A good we some of
the time
the time
of the tins

during

the p
been feeling.
A Alas of
the time

Na
the

How much time during the past 4 weeks...
Q

i

029 Did you feel worn out?
030 Have you been a happy person?

_D
QQQQQQ

031 Did you feel tired?

QQQQQ

11

032 During the past 4 weeks, how much of the time has your physical
with your social activities (like visiting friends, relatives, etc)?
All of the time
A little of the time

health or emotional

[J Most of the time
I None of the time

problems interfered
(Mark one box)

Some of the time

How TRUE or FALSE Is each of the folk wing statements for you?
Definitey
aw
Q33 I seem to get ill more often than other people

QQQ

(Mark one box on each line)
Moetly
true

Dom
know

Mostly
fob*

Definitely
false

L

,

Q34 I am as healthy as anybody I know

Q

Q

QQ

Q

Q35 I expect my health to get worse

Q

[J

QQ

Q

Q

F1

Q36 My health is excellent
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Q

Q

MODIFIED

SOMATIC

PERCEPTION

QUESTIONNAIRE

Please describe how you have felt during the PAST WEEK by marking a cross (X) in the appropriate box. In
each row place only one cross. Please answer all questions. Do not think too long before answering.

officsajuse o1hScore -
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MODIFIED

ZUNG INDEX

Please indicate for each of these questions which answer best describes how you have been feeling recently
by marking a cross (X) in the appropriate box. In each row place only one cross. Please answer all
questions. Do not think too long before answering.

Oth & us.

"Score

.. _

........................

Thank You for taking the time to fill in this form
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