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Foreword

The prevalence of neck pain is remarkably high,
amounting to between 12 and 34% amongst the so-
called normal population, depending on the age
group. The aging population displays a higher inci-
dence of neck pain, with or without radicular
symptoms and signs, presenting with a decreased
range of motion. One of the reasons for this might be
the ongoing transformation of the bony structures, as
observed by the German anatomist, Herbert von
Luschka (1858) and scientifically studied by the Swiss
anatomist, Gian Tondury (1947). Such a devel-
opmental transformation might be due to the upright
position of the human body as well as the use and
sometimes abuse of the cervical spine during daily
working, leisure and sporting activities, leading to
degenerative changes of the vertebral body and plates
and the intervertebral and zygapophysial joints.

An understanding of these developmental changes,
or - as pointed out by Tondury - this ‘ongoing
transformation’, is essential for the interpretation of
altered motion patterns in relation to patient symp-
toms, clinical signs and radiological findings. The
diagnosis will finally determine the appropriate
therapeutic approach, mainly in deciding whether
conservative or surgical treatment is indicated. Fur-
thermore, an understanding of the underlying pathol-
ogy will help the clinician to recognize the limits of
the therapeutic procedure, especially when aggres-
sive treatments might be counterproductive and
simple ‘wait and see’ advice might be most beneficial
for the patient in the long run.

Much too often we witness needlessly prolonged
treatments of neck disorders from medical practi-
tioners, chiropractors, osteopaths and other pro-
fessional groups dealing with cervical spine disorders
who do not always respect their limits and sometimes
delude themselves concerning their therapeutic
omnipotence.

The cervical spine is quite an unstable part of the
spinal column where the equilibrium can easily be
disturbed by minor trauma and sometimes even by
aggressive treatment procedures. The most notable
examples are the soft tissue injuries of the cervical
spine as a result of car collisions.

The management of neck problems, due either to
degenerative changes or trauma, is not an easy task,
and requires a profound knowledge of the functional
anatomy, the clinical biomechanics as well as the
radiology and neurology of the cervical spine. This
book impressively documents our current under-
standing of the above. The editors have invited world
renowned authors to contribute to this book. The
individual chapters are well balanced, reviewing the
past development of our knowledge, combined with
major new scientific advances.

The undersigned, in his own clinical life, regularly
deals with cervical spine disorders, ranging from the
easy-to-manage sprains to the more difficult problems
such as narrowing of the spinal canal leading to
severe cervical myelopathies which require extensive
surgery. Based upon my own clinical experience and
research work in the field of the cervical spine, [
would highly recommend this book, not only to
general practitioners, but also to specialists or to
anybody who wishes to deal competently with
cervical spine problems, bearing in mind that our
major task is not to harm the patient (primumn non
nocere of Hippocrates). This is definitely important to
recognize in the management of cervical spine
disorders.

Zurich, September 1997

Professor Jiri Dvorak, MD

Head of Department of Neurology, Spine Unit,
Schulthess Clinic, Zurich, Switzerland
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Preface

Our intention in compiling this new text series is to
provide an international perspective on the rational
approach to managing mechanical spinal pain. We
present a comprehensive review and analysis of
clinically relevant information on the basic sciences
leading to diagnosis and treatment of mechanical
neck disorders, with a chapter dedicated to contra-
indications to spinal manipulation.

This text highlights the value of a team approach in
appreciating the complexity of neck pain and a range
of treatment approaches. Contemporary contribu-
tions from anatomy, pathology, clinical medicine,
neurosurgery, chiropractic, osteopathy and physio-
therapy are presented in this volume. Each part,
written by experienced academic clinicians, provides
a summary of pertinent material which will lead to an
improved understanding of the causes of mechanical
neck pain. Management strategies, based on routine
assessment techniques, are proposed using clinical
reasoning sequences. This text does not attempt to
endorse a single therapy, rather to highlight the
common approach to mechanical treatment which
may be provided by chiropractic, osteopathy and
physiotherapy practitioners.

Our goal is to present this information in a manner
which will benefit both the undergraduate and
postgraduate student of mechanical therapy, as well
as all clinicians who seek a comprehensive review of
mechanical neck pain. In the belief that quality
illustrations facilitate the message, careful selection of
material and detailed captions have been prepared to
complement the text. A second objective is to

encourage greater communication between the clin-
ical schools interested in this important subject.
Through this, we hope to contribute to 2 stronger
scientific basis for cervical spine care.

The volume is organized so that it can be ap-
proached in several ways, according to the needs of
the reader. The clinician who wishes a quick over-
view of clinical assessment concepts and techniques
should consult Part 3: Diagnosis and management.
This includes: imaging procedures for mechanical
neck complaints, medical and surgical approaches to
neck pain and separate chapters on the assessment
and management strategies provided by chiroprac-
tors, osteopaths and physiotherapists.

Part 1 introduces the reasoning behind this text.
Part 2 presents the clinical anatomy, pathology and
biomechanics of the cervical spine.

Our general approach to both the clinical and
scientific aspects of mechanical neck pain is to
provide a contemporary review of the literaturc and
to present logical examples of clinical reasoning
behind three disciplines of mechanical therapy.
Despite the need to validate theories behind mechan-
ical intervention and to show the long-term efficacy
of these therapies, this text also sets out our
challenge, as clinician-scientists, to promote com-
munication between all interested parties. Neck pain
is multifaceted and it demands the sharing of ideas
and knowledge to improve the management offered
to our patients.

L. G. E Giles
K. P Singer
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4 Clinical Anatomy and Management of Cervical Spine Pain

L o]

Fig. 1.1 The motion (mobile) segment of Junghanns. A and
P = Anterior and posterior Jongitudinal ligament respec-
tively; H = hyaline articular cartilage; I = interspinous
ligaments; IVD = intervertebral disc with anulus fibrosus,
nucleus pulposus and cartilage end-plates; C = joint capsule
with associated synovial folds at the superior and inferior
recesses; L = ligamentum flavum; N = neural structures. In
addition, the space between the transverse processes and all
corresponding muscular parts must be included. (Compare
with histological section shown in Figure 1.10.)

The importance of this line lies in its relationship to
the transverse axes of rotation of the joints of the
vertebral column and the lower limbs since the body
tends to fall forwards or backwards due to gravity
according to whether the line of weight passes in
front of, or behind, these axes, respectively (Joseph,
1960). .

Posture and movement are related to the muscu-
lature of the back which has two functions: first, to
hold the central supporting organ of the body (the
spinal column) in its proper shape and position, and
second, to supply the force for its movement. The
muscles situated near the body’s surface and far from
the midline are highly effective motor agents,
whereas the muscles situated adjacent to the spinal
column are mainly concerned with maintenance of
posture (Rickenbacher et al, 1985).

Poor posture, in which the head is thrust forward
with excessive spinal curves in the sagittal plane,
sloping or hunched shoulders, protruding abdomen
and hyperextended knees (Garlick, 1990; Fig. 1.2B)
may be habitual or occupational (Mennell, 1960), and
can be related to poor muscle tone. This can cause
chronic postural strain which, in turn, can cause
myofascial pain (Keim and Kirkaldy-Willis, 1987).

Thus it is important that good erect posture be
maintained because poor posture can greatly increase
the biomechanical stresses on the cervical spine
(Chapter 7, Fig. 7.18).The human spine as a whole is
a very complicated structure and it is considered by
some to be a masterpiece of engineering (Keith,
1923; Farfan, 1978; Giles, 1991).

A B

Fig. 1.2 A = Good posturc due to proper muscle tone.
B = Bad posture which develops when poor muscle tone is
present. Note the hyperlordotic cervical and lumbar spines
with the kyphotic thoracic spine. The line of weight in the
neck, and the rest of the body, is no longer normal. From
Giles (1991) with permission.

Although motion of the spine is under the control of
active spinal musculature, further protective support
is achieved from the complex ligamentous system
(Farfan, 1978; Putz, 1992). Some ligaments have a dual
role, for example the ligamenta flava are not only
involved in resisting excess separation of adjacent
vertebral [aminae but also protect the neural elements
from associated osseous structures, such as the
laminae and zygapophysial joints, in parts of the spinal
and intervertebral (foraminal) canals. Furthermore,
under normal circumstances, the epidural and epir-
adicular adipose tissue affords an adequate reserve
cushion for protection of neural and vascular struc-
tures within the spinal and intervertebral canals.

Three main factors make the cervical spine,
including some of its neurovascular structures, vul-
nerable to abnormal mechanical stresses: first, appar-
ent disregard for maintaining good posture; second,
congenital or acquired anomalies of osseous and soft
tissues; and third, our frequent inability to protect the
spine from injuries, which may lead to joint dysfunc-
tion and degeneration.

Anomalies

Anomalies are varied and include first, osseous spinal
anomalies such as unilaterally or bilaterally enlarged
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L. G. E Giles and P G. Baker

Although many individuals (80-85%; Lewis et al,
1993; Lahad et al, 1994; Murtagh, 1994) will suffer
from low back pain at some time during their lives,
and only 35-40% will suffer from neck and arm pain
(Bovim et al., 1994; Day et al., 1994), the latter can be
a major source of mechanical spinal pain, and 30% of
such patients will develop chronic symptoms (Shelo-
kov, 1991). In addition, it has been known for many
years that neck pain can be associated with referred
pain to the head, the shoulders, upper extremities
and anterior or posterior portions of the chest,
between shoulders, and the mid and lower back
(Jackson, 1977). Neck pain with or without cervico-
genic headache uses an enormous volume of medical
services and yet no clinical studies have addressed
the validity of diagnostic or epidemiological factors
associated with muscle lesions and disc lesions, but
painful zygapophysial joints have been studied
(Bogduk, 1995).

Many individuals suffer from cervicogenic head-
aches due to neck injuries and this is a major health
problem in view of the increasing number of motor
vehicle accidents which can cause a varied constella-
tion of symptoms depending on which structures are
injured in flexion-extension-type injuries of the
cervical spine (Jackson, 1977; Chapter 5).

In order to appreciate the magnitude of suffering
due to cervical spine injuries and degenerative
changes, it is necessary to understand the anatomy
and pathology of the cervical spine, including that of
the cervicothoracic transitional junction (Bailey et al,
1995), as briefly outlined here and in Chapters 2 and
3. In addition, serious psychosocial issues which can
arise as a result of cervical spine injuries mustalso be
considered (Merskey, 1993), as well as fibromyalgia
syndrome (McCain, 1993) and myofascial pain syn-
drome (Fricton, 1993).

Motion (mobile) segment and its
parts

The cervical spine has typical cervical vertebrae below
the second spinal level (C2)-whereas the vertebrae
above the C3 vertebra are atypical (Chapter 2).

Lewin et al. (1961) and Hirsch et al. (1963) pointed
out that the basic anatomical and functional unit of
the vertebral column is the articular triad consisting
of the fibrocartilaginous intervertebral joint and the
two synovial zygapophysial joints. The motion
(mobile) segment of Junghanns (Schmorl and Jun-
ghanns, 1971) is conveniently subdivided into anter-
ior and posterior elements (Andersson, 1983) and
consists of all the space between two vertebrae
where movement occurs: the intervertebral disc with
its cartilaginous plates, the anterior and posterior
longitudinal ligaments, the zygapophysial joints with
their fibrous joint capsules and the ligamenta flava,
the contents of the spinal canal and the left and right
intervertebral canals, and the ligamentum nuchae
(Fig. 1.1).

The joints in the neck are responsible for first,
flexibility, allowing a variety of movements such as
flexion, extension, lateral bending and axijal rotation,
and second, load transmission and shock absorption
for axial and torsional strains primarily as a result of
the mechanical properties of the intervertebral disc
(Shelokov, 1991). Furthermore, posture plays an
important role in the cervical spine as it does in the
thoracic and lumbosacral spines.

Posture

In normal posture, the line of weight is the perpen-
dicular through the centre of gravity (Joseph, 1960).
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Introduction 5

Fig. 1.3 Two congenital anomalies of the spine are shown as an example: A = bilaterally enlarged transverse processes, i.e.
C7 rudimentary cervical ribs; B = blocked vertebrae.

C7 transverse processes or rudimentary cervical ribs
(Fig. 1.3A), blocked vertebrae (Fig. 1.3B), which
occur most commonly at C2-3 then at C5-6 (Brown
et al, 1964); and second, soft-tissue anomalies such
as conjoined nerve roots, or fibrous bands in con-
tinuation with rudimentary cervical ribs (Adams and
Hamblen, 1990). Enlarged transverse processes can
affect the subclavian artery and the lowest trunk of
the brachial plexus as they arch over this process due
to mechanical pressure against it (Sunderland, 1968;
Adams and Hamblen, 1990). In the case of congeni-
tally blocked vertebrae, the freely movable articula-
tions above and below the blocked segment are
placed under additional mechanical stress, and this
usually results in premature degenerative discogenic
spondylosis and arthrosis at the fully articulated levels
(Guebert et al, 1996).

Spinal injuries

Ourapparentinability to protect the neck from injury
in many circumstances is an enormously complex
issue which can be summarised as being due to
unexpected trauma, or a poor understanding of

spinal ergonomics and correct posture. The latter
issue is beyond the scope of this volume but trauma
is a serious problem in view of the ever-increasing
number of motor vehicle accidents. This important
issue will briefly be mentioned in this chapter but
considered in detail in Chapter 5.

Innervation

Asummary of the innervation of structures which may
be injured in cervical spine trauma is briefly discussed
here. In order to lay a foundation for understanding the
possible clinical syndromes which may result from
trauma to the cervical spine, reference should be made
to original publications (Jackson, 1977) for a complete
anatomical description.

The cervical zygapophysial joints are innervated by
articular branches derived from the medial branches
of the cervical dorsal rami; an ascending branch
innervates the zygapophysial joint above and a
descending branch innervates the joint below, result-
ing in a dual innervation for each zygapophysial joint
(Lord et al, 1993). Beyond the zygapophysial joint the
medial branches of the cervical dorsal rami supply the
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6 Clinical Anatomy and Management of Cervical Spine Pain

Fig. 1.4 A = Schematic drawing showing a mid cervical vertebra. Some of the adjacent peripheral nerve structures arising
from the spinal cord are shown on the left side. On the right, the neural structures passing over the pedicle have not been
illustrated but the spinal artery is shown arising from the vertebral artery. Note the anterior and posterior spinal arteries and
veins, respectively and the small epidural vessels supplied by the recurrent meningeal nerve.

B = A 100 um thick histological section cut in the horizontal plane through the right side of a cervical spine is shown
(enlarged) for comparison with the overall view shown in A. Note the proximity of the vertebral artery to both the
uncovertebral and zygapophysial joints. The sympathctic vertebral plexus located on the vertebral artery is not illustrated but
is shown schematically in Figure 1.7.

A = Articular process (superior); APR = anterior primary ramus; C = capsule (fibrous) of zygapophysial joint; D = dural tube;
E = epidural space; EP = end-plate on vertebral body; G = ganglion (spinal) on posterior nerve root; H = hyaline acticular
cartilage on the zygapophysial joint facets; L = ligamentum flavum; M = muscle; P = posterior longitudinal ligament;
PPR = posterior primary ramus; R = recurrent meningeal nerve; S = spinal artecy branch arising from the vertebral artery;
U = uncinate process (raised lip) of the vertebral body showing part of the synovial joint of von Luschka with its (1) capsule,

(2) synovial fold and (3) hyalinc articular cartilage; V = vertebral artery and its adjacent thin-walled vein (v) within the foramen
transversarium.
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semispinalis and multifidus muscles (Lord et ctl., 1993).
An outline of the anterior and posterior nerve roots,
the spinal ganglion, the spinal nerve dividing into
anterior and posterior primary rami, and the recurrent
meningeal nerve is shown in Figure 1.4A. In Figure
1.4B a histological section, cut in the horizontal plane
through a mid cervical vertebra, is shown to illustrate
some of the histological anatomy.

It should be remembered that Sunderland (1975)
showed that two anatomical features in particular
protect nerve roots from being overstretched: the
arrangement of the dura at the entrance to the
intervertebral canal (foramen), and the secure attach-
ment of the C4-7 cervical spinal nerves to the gutter
of the transverse processes (Fig. 1.5).

As each of the C4-7 spinal nerves leaves the inter-
vertebral canal, it is immediately lodged in the gutter of
the transverse process to which it is securely bound by

Fig. 1.5 Diagram showing the maaner in which nerve roots
are protected from being overstretched during lateral
traction on the spinal nerve under normal circumstances.
A = Attachment of the spinal nerve to the transverse
process; B = plugging action of the dural sleeve as it is drawn
into the foramen. Lateral displacement of the nerve complex
is limited becausc of the attachments of the spinal nerve to
the cervical transverse process and subsequently, and where
no such attachments exist, by the plugging action of the
dural funnel as it is drawn into the foramen. For simplifica-
tion only one dorsal rootlet is shown. Abnormal forces may
rupture the protective attachment at A and B. From
Sunderland (1975) with permission.

Introduction 7

Fig. 1.6 Diagram to illustrate the manner in which the
spinal nerve is forced against the posterior bony bar of the
transverse process by the vertebral artery (A). From
Sunderland (1975) with permission.

its epineurial sheath, by reflections of the prevertebral
fascia, by slips from the musculotendinous attach-
ments to the transverse processes and by fibrous slips
that descend from the transverse process above to
blend with the epineurium of the nerve below (Sun-
derland, 1975). The nerve is also held backwards
against the posterior bony bar of the transverse process
by the vertebral artery whose adventitial coat blends
with the sheath of the nerve (Sunderland, 1975). The
artery usually lies within the foramen transversarium
from C6 cephalad (Oh et al., 1996; Fig. 1.6).

The autonomic nervous system

The autonomic nervous system includes parts of the
central and peripheral nervous systems, the latter
being concerned with the innervation of viscera,
glands, blood vessels and non-striated muscle; it is the
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8 Clinical Anatomy and Management of Cervical Spine Pain

visceral (splanchnic) component of the nervous
system (Williams and Warwick, 1980; Chusid, 1985).
The autonomic nervous system is intimately respon-
sive to changes in the somatic activities of the body,
and while its connections with somatic elements are
not always clear in anatomical terms, the physiological
evidence of visceral reflex activities stimulated by
somatic events is abundant (Williams and Warwick,
1980). The anatomy and physiology of the autonomic
nervous system have been described over the years by
several authors, such as Sheehan (1936), White et al.
(1952), Kuntz (1953), Mitchell (1953, 1956), Pick
(1970), and illustrated in detail by Netter (1962).

Anatomically, the autonomic nervous system is
divided into two complementary divisions - the
sympatbetic and parasympatbetic nervous systems.
The preganglionic efferent fibres of the parasympa-
thetic nervous system emerge through certain cranial
and sacral spinal nerves and constitute the craniosa-
cral outflow. The cell bodies of the postganglionic
neurons in the parasympathetic system are situated
peripherally, either as discrete collections forming
ganglia nearer to the structures innervated than to
the central nervous system, or sometimes dispersed
in the walls of the viscera themselves (Williams and
Warwick, 1980). The cell bodies of the postganglionic
neurons in the sympathetic system are generally
situated in ganglia of the sympathetic trunk or as
ganglia in more peripheral plexuses, almost always
nearer to the spinal cord than to the effectors which
they innervate.

The sympathetic nervous system (thoracolumbar
outflow), which is the larger division of the auto-
nomic nervous system, includes the two ganglionated
sympathetic trunks, their branches, plexuses and
subsidiary ganglia, and innervates sweat glands and
arrector pili muscles of the skin, the muscular walls of
blood vessels everywhere, the heart, lungs and
abdominopelvic viscera (Williams and Warwick,
1980; Barr and Kiernan, 1983). The preganglionic
fibres, which are myelinated, are the axons of nerve
cells in the lateral column of the grey matter of all the
thoracic and upper two to three lumbar segments of
the spinal cord; they emerge from the spinal cord
through the ventral roots of the corresponding spinal
nerves and pass into the spinal nerve trunks and the
commencement of their ventral rami, which they
leave in the white rami communicantes, to join either
the corresponding ganglia on the sympathetic trunks
or their interganglionic parts (Williams and Warwick,
1980). The possibility of a limited outflow of pregan-
glionic fibres in other spinal nerves has been sug-
gested and it is certain that nerve cells of the same
type as those in the lateral grey column also exist at
levels above and below the thoracolumbar outflow
(Mitchell, 1953) and that small numbers of their
fibres issue in corresponding ventral roots.

The cervical portion of the sympathetic trunk lies in
the posterior wall of the carotid sheath and includes

the superior, middle and inferior sympathetic ganglia
(Fig. 1.7); the inferior cervical ganglion (located on the
anterior aspect of the first rib head) is frequently fused
with the first thoracic ganglion to form the stellate, or
cervicothoracic, ganglion and it is joined by the white
communicating ramus of the first thoracic nerve and is
sometimes connected with the C6, C7, C8 and T1
nerves by sympathetic roots (Kuntz, 1964). Figure 1.7
has been simplified from Jackson'’s (1977) textbook
and gives an overview of the extent of the cervical
sympathetics.

Jackson (1977) has documented possible sympa-
thetic responses to injury of the cervical sympathetics
and other authors have written on this topic (von Tor-
klus and Gehle, 1972; Chapters 2 and 5). According to
Shelokov (1991), bizarre vasomotor symptoms can be
explained when one considers that spondylosis (spe-
cifically involving the joints of Luschka) can irritate the
vertebral artery sympathetic nerves.

With respect to the sympathetic supply of struc-
tures in the head and thorax, the preganglionic fibres
terminate in ganglia of the sympathetic trunk: for
smooth muscles and glands in the head, the synapses
between pre- and postganglionic neurons are mainly
in the superior cervical ganglion of the sympathetic
trunk (Barr and Kiernan, 1983); for thoracic viscera,
the synapses are in the three cervical sympathetic gan-
glia (superior, middle and inferior) and in the upper
tive ganglia of the thoracic portion of the sympathetic
trunk (Barr and Kiernan, 1983).

Autonomic innervation includes the muscles of the
iris and ciliary body in the eye, smooth muscles in the
orbit, the lacrimal, salivary glands and sweat glands,
and all blood vessels (Barr and Kiernan, 1983; Fig.
1.7).

The superior cervical sympathetic ganglion is
located on the ventral aspect of the transverse
processes of the C2-4 vertebrae and receives pregan-
glionic fibres through the sympathetic trunk from the
first four or more thoracic nerves; sympathetic roots
arising from this ganglion join the Cl and C2 (and
sometimes C3 and C4) nerves and fibres derived from
this ganglion make up the major portion of the
internal and external carotid plexuses (Kuntz,
1964). The latter branches of the superior cervical
ganglion consist of grey rami communicantes to the
C1-4 nerves and to some of the cranial nerves
(Williams and Warwick, 1980). The vertebral artery
plexus arises from the middle, intermediate and
inferior sympathetic trunk ganglia (Kuntz, 1964) but
is derived mainly from a thick branch of the
cervicothoracic ganglion (Williams and Warwick,
1980). From the vertebral artery plexus, deep rami
communicantes pass to the anterior rami of the C1 to
C5-6 spinal nerves and the plexus continues into the
skull via the basilar arteries and their branches as far
as the posterior cerebral artery where it meets with
the plexus derived from that on the internal carotid
artery (Williams and Warwick, 1980). Lazorthes
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Fig. 1.7 The cervical sympathetic nerves. The preganglionic fibres are indicated by broken lines
and the postganglionic fibres by solid lines. C1 = First cervical nerve roots, spinal ganglion and
spinal nerve; APR = anterior primary ramus of the spinal nerve (its adjacent posterior primary
ramus is not marked). Irritation of postganglionic fibres at A1 may cause reflex stimulation of the
cervical sympachetic nerves. Interruption of preganglionic fibres at A2 will give paralysis of the
cervical sympathetic supply. Postganglionic connections with cranial nerves UI-VI, 1X, X and XII
are illustrated. | = Superior cervical sympathetic ganglion; 2 = middle cervical sympathetic
ganglion; 3 = inferior cervical sympathetic ganglion (stellate ganglion). SF = sympathetic fibres.

Simplified from Jackson (1977).

(1949) and Mitchell (1952) consider that the verteb-
ral artery plexus represents the main intracranial
extension of the sympathetic system.

Pain

Neck pain may be associated with anomalous cervical
vertebrae such as agenesis of the anterior and/or pos-
terior arches of the atlas vertebra, hemivertebra(e),
congenital block vertebrae or rudimentary or cervical
rib(s) (Sunderland, 1968; Jackson, 1977; Adams and
Hamblen, 1990). Agenesis of the anterior or posterior
arches of the atlas, and hemivertebra(e), are rare (Gue-
bert et al, 1996). The percentage of congenital block

vertebrae is 0.7 (Brown et al., 1964); the percentage of
rudimentary cervical ribs in the population is 0.5-1.00
(Haven, 1939; Steiner, 1943; Jones et al., 1984) and can
be clinically significant or asymptomatic. It appears
that precipitating factors such as injury, faulty posture
or unaccustomed hard labour are a few of the factors
which can convert a latent condition into one causing
trouble (Sunderland, 1968).

Joint injury often results from motor vehicle
accidents which can result in well-documented
lesions, such as illustrated in Figure 1.8.

The soft tissues of the cervical zygapophysial
vertebral joints are poorly seen with plain film
radiographs, computed tomography (CT) and mag-
netic resonance imaging (MRI). Nevertheless, joint
capsule tears have been shown at surgery (Jeffreys,
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10 Clinical Anatomy and Management of Cervical Spine Pain

Fig. 1.8 The more common lesions which may affect the
cervical spine following whiplash. 1 = Vertebral body
fracture; 2 = articular pillar fracture; 3 = fractures involving
the articular facet subchondral bone plate; 4 = tears of the
zygapophysial joint capsule; 5 = haemarthrosis in the
zygapophysial joint; 6 = synovial fold trauma with possible
nipping; 7 = tear of the anterior longitudinal ligament;
8 = tear of the anulus fibrosus of the intervertebral disc;
9 = end-plate avulsion; 10 = vertebral artery which has an
extensive sympathetic nerve plexus, both of which can be
traumatized.

1980) and other injuries have been found during
postmortem examination such as intervertebral disc
and soft-tissue injuries of the zygapophysial joints
(Taylor and Kakulas, 1991; Taylor and Twomey, 1993).
Other injuries from postmortem material have shown
injuries of the ligamentum flavum, uncovertebral
joints and cartilaginous end-plate avulsions (Jonsson
et al., 1991).

Cervical spine joint dysfunction due to injury can
often be shown by cervical spine flexion and
extension stress (functional) views. An example of a
cervical spine extension stress view in a 29-year-old
female, who sustained a neck injury in a rear-end
motor vehicle accident 16 months prior to radio-
graphy, highlights this issue (Fig. 1.9). There is joint
hypermobility and instability between vertebrae at
the C3-4 and C4-5 levels, as indicated by backward
displacement of the vertebral bodies upon each other
and ‘gapping’ between some paired zygapophysial
joint facet surfaces.

Because soft tissues which could be injured are not
visible on plain X-ray images such as shown in Figure
1.9, nor in any detail on CT or MR, Figures 1.10 and
1.11 show some of the soft tissues which could be
injured and which should be borne in mind when
examining a patient.

Most soft-tissue structures of the cervical spine
have a good nociceptive nerve supply so that pain

will warn of incorrect spinal movements and strains.
This pain is a main cause of disability and expense
from work-related injuries accounting for approx-
imately 4% of workers' compensation injuries, and is
the eighth most common cause of injuries (Workers’
Compensation Board of Queensland Annual Report,
1995). In spite of this, cervical spine basic science
studies received very little attention until relatively
recently with the studies of Giles (1986), Jonsson et
al. (1991), Taylor and Kakulas (1991) and the clinical
studies by Jackson (1977), Barnsley et al. (1993) and
Lord et al. (1993), in spite of the possibly serious
implications of cervical spine jnjury. Central cord
syndrome is now a well-established entity in spinal
cord injury which is most often seen in hyper-
extension injuries in patients with cervical spondy-
losis or narrow spinal canals (Chang, 1995). The
syndrome is characterized by greater involvement of

E

Fig. 1.9 A well-positioned lateral cervical spine extension
(stress) view. Note: (1) backward displacement of C3
vertebral body on C4 (as shown by the dotted line on the
posterior aspect of the vertebral bodies); (2) backward
displacement of C4 vertebral body on C5; (3) the facet joint
planes are parallel, except at the C3-4 and C4-5 levels
where the joints ’gap’ anteriorly (arrows). A = Anterior;
P = posterior.
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Fig. 1.10 Parasagittal section from a cervical spine showiog
part of the anterolateral aspect of the vertebral body (V) and
the superior (8) and inferior (1) articular processes of the
zygapophysial joint. Note the superior (a) and inferior (b)
highly vascular synovial folds which can be nipped berween
joint surfaces during injury. H = Hyaline articular cartilage
on the lower joint’s facet surfaces, which is essentially
normal. Note that the cartilage on the upper joint facets one
level above has almost worn away on the superior articular
process (S). N = Neural structures in the intervertebral
foramen which are surrounded by fatty tissue and many
blood vessels. P = Pedicle joining the vertebral body and the
posterior spinal elements, i.e. superior and inferior articular
processes, etc. The darkly stained muscle groups anteriorly
and posteriorly are illustrated. From Giles (1986) with
permission.

upper-extremity motor function compared with that
of the lower extremities, and sensory symptoms most
typically consisting of a burning sensation or hyper-
pathia in the upper extremities (Hopkins and Rudge,
1973; Maroon, 1977; Wilberger et al, 1986). The
pathophysiology of this syndrome is believed to be an
oedematous type of process in the central part of the
spinal cord (Chang, 1995).

Refractory neck and head pain is a serious problem
which is difficult to treat (Carpenter and Rauck,
1996). New surgical techniques have been estab-
lished in order to combat the problem of cervical disc
herniation with radiculopathy (Jho, 1996) as well as
for craniovertebral junction surgery (Al-Mefty et al.,
1996) and some cases requiring cervical spine
surgical intervention are illustrated in Chapter 8.

The clinical entity of cervical spondylotic myel-
opathy became well-recognized in the 1950s through
the work of Brain and associates (Brain et al., 1952;
Brain and Wilkinson, 1967) as well as that of Clarke
and Robinson (1956), who identified cervical spondy-
lotic myelopathy as resulting from the spondylotic
process, although the pathophysiology of cervical
myelopathy is probably multifactorial (Bohlman,
1995).

Law et al. (1995) schematically illustrated the
various structures that can contribute to the patho-
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Fig. 1.11 Further soft tissues which could be injured in the
mid cervical spine by trauma.

Partial horizontal section cut through the mid cervical
spine showing part of the vertebral body (V) and the
superior (SAP) and inferior articular processes with their
zygapophysial joint facet and a synovial fold (S) which can
be nipped between joint surfaces during injury. A = Verteb-
ral artery within the foramen transversarium with its
adjacent vein (V arrow); C = spinal cord; D = dural tube;
H = hyaline articular cartilage on the facet surfaces, which is
essentially normal; L = ligamentum flavum; N = neural
structures in the intervertebral foramen, including the
ganglion which are surrounded by fatty tissue and blood
vessels. The darkly stained muscle groups (M) anteriorly and
posteciorly are illustrated.

logical anatomy of cervical spondylotic myelopathy
and these can be summarised as protruding inter-
vertebral disc, ossification of the posterior longitudi-
nal ligament, hypertrophy of the ligamentum flavum,
osteoarthrosis of the zygapophysial or uncovertebral
joints, or any combination of these.

An example of some osseous degenerative changes
which can occur in the cervical spine is given in
Figure 1.12 which shows the superior and inferior
aspects of the sixth vertebra.

The medial margin of a normal uncovertebral
joint to the medial margin of the foramen trans-
versarium which contains the vertebral artery
ranges from approximately 4.0 to 6.3mm (Oh et
al, 1996). Therefore, relatively minor osteophytic
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12 Clinical Anatomy and Management of Cervical Spine Pain

Fig. 1.12 Superior (A) and inferior (B) views of the C6 vertebra showing spondylotic lipping of the vertebral body anteriorly
(1), posteriorly into the spinal canal (2), and at the lateral margins of the uncovertebral joint (3). Osteophytic encroachment
by the C6-7 uncovertebral joint (4) of particularly the left transverse foramen (5) through which the vertebsal artery passes
indicates how vulnerable the vertebral artery can be. The left superior articular facet slightly encroaches upon the adjacent
transverse foramen in this specimen.

development at the Jateral margins of the uncoverte-
bral joint can encroach upon the foramen trans-
versarium and its contents.

Despite the spine’s excellent design (Keith, 1923;
Farfan, 1978; Giles, 1991), with its normal cervical
and lumbar lordoses and its thoracic kyphosis being
well-adapted to the function of the vertebral col-
umn, any major aberrations in these spinal curves
are mechanically unsound (Rickenbacher et «l,
1985). It is well-known that radiologically normal
but painful spines (Benson, 1983; El-Khoury and
Renfrew, 1991) may have pathological changes
which cannot be demonstrated radiologically
(Dixon, 1980). It is suggested that pain in these
cases may be due to mechanical irritation of various
pain-sensitive soft-tissue structures which cannot be
visualized by imaging procedures but can be found
at postmortem, as shown by macroscopic studies
(Jonsson et al, 1991; Taylor and Kakulas, 1991;
Taylor and Twomey, 1993), although it is not pos-
sible to correlate pathological findings in cadavers
with pain. Many spinal structures probably play a
role in pain production, as all innervated structures
in the motion segment are possible sources of pain
(Haldeman, 1977; Nachemson, 1985).

Magnitude of the problem of neck
pain

Acute injury of the cervical spine presents the
treating clinician with. numerous diagnostic and
management issues, and successful long-term treat-
ment is contingent on early recognition of the injury
(Slucky and Eismont, 1994). Acute and chronic neck
pain, although sometimes due to frank pathological
causes, can result from alterations from the normal in
the vertebral column and constitutes a major health
problem (National Health and Medical Research
Council, 1988; Spitzer et al., 1995).

Two important factors compound the problem of
spinal pain mechanisms (Haldeman, 1977): pain may
have a multifactorial aetiology, and there may be
several types of pain which closely mimic each other.
Part of the problem relates to the fact that the neck
region is extremely complex, both anatomically and
functionally (Chapter 2). We await further elucidation
of the pathophysiology of spinal pain since the
pathologic aetiology of many varieties of spinal pain
remains undiscovered (Pearcy et al., 1985; Tajima and
Kawano, 1986).
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In spite of many attempts to provide a rationale for
clinicians to order diagnostic examinations properly
and prescribe treatments that maximize the quality
and efficiency of patient care (Spitzer et al., 1995),
the complex problem of neck pain continues un-
abated. Many psychological factors are believed to
contribute to the development, exacerbation and/or
maintenance of chronic spinal pain (Kinney et al,
1991) and, when evaluating patients with chronic
neck pain (Chapters 5-12), it is necessary to under-
stand clinical findings in relation to issues of everyday
functioning, such as employment, social adjustment
and activities of daily living (Millard and Jones, 1991,
James and McDonald, 1996; Chapter 7).

In general, the answer to the complex issue of
spinal pain may well depend upon multidisciplinary
cooperation and, as Frymoyer et al (1991) state,
centres for spinal care will emerge as part of larger
health care systems. This principle is as important in
cervical spine pain syndromes as it is in thoracic and
lumbosacral spine syndromes.

Degenerative processes

Degeneration of the intervertebral disc and associ-
ated osteoarthrosis of the synovial zygapophysial
joints and joints of von Luschka (uncovertebral
joints; Compere et al., 1959; Williams and Warwick,
1980) can cause neck pain resulting from a synovi-
tis, in all probability due to an increase of synovial
fluid causing pressure on the richly innervated
capsular structures and adjacent nerve root (Jack-
son, 1977). According to Butler et al. (1990), disc
degeneration occurs before zygapophysial joint
osteoarthrosis which may be secondary to mechan-
ical changes in the loading of the zygapophysial
joints. Tt has also been suggested that intervertebral
disc herniation is associated with vertebrogenic pain
and the autonomic syndrome (Jinkins ef al., 1989;
Giles, 1992). Jackson (1977) clearly illustrated the
possible role of the cervical sympathetics in the
cervical syndrome in the presence of irritation of
the vertebral arteries and the internal and external
carotid arteries and their sympathetic plexuses (Fig.
1.7), as well as injuries to the cervical nerve roots
and the spinal cord.

In addition, pain of vascular origin, due to deforma-
tion of blood vessels and venous stasis within blood
vessels of the lumbar spinal and intervertebral canals,
has been suggested by Giles (1973), Hoyland et al.
(1989), Giles and Kaveri (1990) and Jayson (1997).
Degenerative joint changes in the cervical spine
would most likely result in similar changes to cervical
spine blood vessels. Pain may be experienced in the
absence of radiologically obvious degenerative joint
disease, or other pathological changes, as a result of
traction on normal pain-sensitive structures, for
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example, the innervated joint capsules, or pinching
and tractioning of the highly vascular and innervated
intra-articular synovial folds within the zygapophysial
joints (Giles, 1989; Fig. 1.10). Because diagnostic
imaging procedures may well not provide a diagnosis
in cases where pain is due to mechanical dysfunction
of joints, some authors stress psychological factors
(Hoehler and Tobis, 1983).

Diagnostic problems

Neck pain may originate from many different inner-
vated spinal tissues making it difficult to evaluate a
patient with neck pain of mechanical origin, with or
without referred pain; the painful structure or
structures are not amenable to direct scrutiny, so a
tentative diagnosis is usually arrived at for an individ-
ual by taking a case history and employing a format
similar to the examination procedures indicated in
Chapters 7-12.

However, in spite of following routine examination
procedures, one often merely eliminates demon-
strable pathologies and the cause of spinal pain of
mechanical origin often remains obscure (Margo,
1994), especially when dysfunction and degenerative
pathology of spinal joints occur. In severe cases of
neck pain, injections of anaesthetic, with or without
steroid suspension, are sometimes used to augment
the clinical evaluation (Lord et al, 1993), for example
to determine whether pain originates in the zygapo-
physial joint(s). Imaging procedures such as plain
film radiography, CT, MRI, myelography, and bone
scans (Chapter 6) have diagnostic limitations, and
even three-dimensional MRI techniques (Ross, 1995)
have limitations. Specifically, diagnostic problems
relate first to, inadequacies in the precise knowledge
of the anatomy of the cervical spine and its related
soft-tissue structures; second, there are multifactorial
causes of pain at a given level of the spine in some
cases, and third, many diagnostic procedures have
limitations. Also, there is often disagreement on
which imaging procedures have diagnostic validity
for neck pain of mechanical origin. Certainly, the use
of flexion and extension plain film radiography, with
measurement of segmental motion in the sagittal
plane, is a valuable method for determining patho-
logical conditions such as hypo- and hypermobility
(Dvorak et al., 1988) and can demonstrate instability
secondary to ligamentous laxity (Gibson, 1991). As
shown in Figure 1.9, stress views of the cervical spine
can demonstrate regions of anatomical hypermobility
and instability. Such views can also demonstrate
hypomobility.

Furthermore, some diagnostic and therapeutic
chemical agents may be harmful, for example when
such agents injected into intervertebral discs extrava-
sate into the epidural space (Weitz, 1984; Adams et
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14 Clinical Anatomy and Management o f Cervical Spine Pain

al., 1986; MacMillan et al, 1991) during discography,
causing complications due to contact between these
chemical agents and neural structures (Eguro, 1983;
Dyck, 1985; Merz, 1986; Watts and Dickhaus, 1986).
Therefore, such diagnostic tests should only be
performed to provide reliable information about a
patient's condition and if the result is likely to
influence the patient’s management (Modic and
Herzog, 1994).

In many cases of neck pain with radiculopathy,
intervertebral disc prolapse has been described as
being the pathological cause (Mixter and Ayer, 1935),
although radiculararm pain can be duetoirritation or
compression of a cervical nerve root due to other
causes (Chapter 8). Herniated nucleus pulposus does
not necessarily produce radiculopathy and may only
cause vague referred pain. Therefore, caution must
always be exercised prior to manipulation of the
cervical spine as radiculopathy may not necessarily
be the first symptom of cervical disc prolapse. An
example to highlight such a case is that of a 52-year-
old man who only experienced mild paraesthesiae in
the lateral border of the left little finger, even though
he had significant right-sided C5 -6 intervertebral disc
prolapse on CT (Fig. 1.13).

Based on lumbar spine studies, many authorities
believe that disc herniation has been overemphasized
as the principal source of spinal pain and that
advocating early surgery, even for patients with
appropriate pathology such as herniated nucleus
pulposus, is not recommended given the favourable
history of natural recovery for the majority of these
patients (Lehmann et al., 1993). Spontaneous recov-
ery from pain thought to be associated with lumbar
intervertebral disc herniation is well-known and it is
reasonable to suspect that such neck pain may also
have a favourable history of natural recovery.

It is likely that cervical zygapophysial joint pain is a
common condition which is frequently overlooked
(Wedel and Wilson, 1985; Lord et al, 1993) and the
alleviation of the pain by injection of local anaes-
thetic, with or without steroid suspension, into the
joints, under fluoroscopic control, supports this
diagnosis (Lord et al., 1993).

Limitations of investigative
methods

Ali imaging procedures only provide a shadow of the
truth (Giles and Crawford, 1997) as detailed anatomy
and early histopathology cannot be perceived (Fig.
1.10). CT, MRI and bone scans, although able to give
additional and different types of information to that
provided by plain film radiographs, still have limita-
tions. For example, although MRI has proved to be a
valuable diagnostic tool in the initial evaluation of the
patient with discogenic pain, Schellhas et al. (1996)

Fig. 1.13 (A) The C5-6 intervertebral disc has thinned by
approximately 40% asseen on the cervical spine flexion view.
(B) The computed tomographic scan view shows the right-
sided C5-6 intervertebral disc herniation, but the left
intervertebral canal is stenotic.

showed that significant cervical disc anular tears
often escape MRI detection when compared with
discography. It should be noted that, although MRI is
useful for nuclear anatomy, it is not helpful for
symptomatology (Buirski and Silberstein, 1993). The
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anatomical basis of primary cervical discogenic pain
provoked with discography has been described by
Bogduk et al. (1988).

MRI is useful for assessing spinal cord anatomy and
pathology, ligamentous integrity (Brightman et al,
1992), particularly the integrity of the anterior and
posterior longitudinal ligaments (McArdle et al,

Table 1.1 Some possible causes of mechanical neck pain
with or without arm pain

Nerve root conditions

Adhesions between dural sleeves and (a) the joint capsule
with nerve root fibrosis (Wilkinson, 1967; Sunderland,
1968; Jackson, 1977) and (b) intervertebral disc herniation
(Wilkinson, 1967)

[ntervertebral disc degeneration and fragmentation
(Schiotz and Cyriax, 1975), or nucleus pulposus extrusion
(Mixter and Ayer, 1935) causing nerve root compression
or nerve root chemical radiculitis (Marshall and Trethewie,
1973)

Zygapophysial joint conditions

Joint derangement (subluxation) due to ligamentous and
capsular instability (Hadley, 1964; Cailliet, 1968; Jackson,
1977, Macnab, 1977; van Norel and Verhagen, 1996)

Joint capsule tension, encroachment of the intervertebral
foramen lumen (Jackson, 1977)

Joint degenerative changes, e.g. meniscal incarceration
(Schmorl and Junghanns, 1971), traumatic synovitis due to
pinching of synovial tolds (Giles, 1986), synovial fold
tractioning against the pain-sensitive joint capsule (Hadley,
1964) and osteoarthrosis (Jackson, 1977)

Joint effusion with capsular distension which may (a)
exert pressure on a nerve root (Jackson, 1977); (b) cause
capsular pain (Jackson, 1966) or (¢) cause nerve root pain
by direct diffusion (Haldeman, 1977)

Joint capsule adhesions (Jackson, 1977; Farfan, 1980;
Giles, 1989)

[ntervertebral disc conditions
Significant disc herniation into the spinal and
intervertebral canals

Spondylosis (Young, 1967; Jackson, 1977)
Miscellaneous conditions
Spinal and intervertebral canal (foramen) stenosis (Young,

1967; Jackson, 1977, Epstein and Epstein, 1987,
Rauschning, 1992)

Intervertebral canal (foramen) venous stasis (Sunderland,
1975)

Myofascial genesis of pain (trigger areas); Travell and
Rinzler, 1952; Bonica, 1957; Simons and Travell, 1983)

Baastrup's syndrome (Bland, 1987)

Osseous spinal anomalies, e.g. bilateral cervical ribs, block
vertebra (Jackson, 1977)
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1986), epidural fat, cerebrospinal fluid and marrow
space (Lauterbur, 1973) and, used in conjunction
with CT and plain film radiography, it can also aid in
the evaluation of bony injuries (Brightman ef al,
1992). Therefore, although spinal imaging can be
informative (Chapter 6) it has limitations (Carroll,
1987), and there is often a discrepancy between the
degree of pain and the severity of radiographic
changes (Stockwell, 1985). For example, disabling
zygapophysial joint syndromes can be associated
with normal or nearly normal plain film radiographs
(Eisenstein and Parry, 1987).

Possible causes of mechanical neck
pain with or without upper limb
pain

Table 1.1 briefly summarizes some possible causes of
neck pain of mechanical origin, with or without arm
pain, and provides a summary of some literature
references over the years in order to provide a
historical background to this complex issue.

Many other causes of neck pain, with or without
progressive radiculopathy, should be considered, and
Table 1.2 summarizes some well-established disorders
of the neck and cervical spine.

Table 1.2 Classification of disorders of the neck and
cervical spine

Deformities

Infantile torticollis
Congenital short neck
Congenital high scapula

Arthritis of the spinal joints

Rheumatoid arthritis

Ankylosing spondylitis

Osteoarthritis of the cervical spine (cervical sponclylosis)

Infections of bone
Tuberculosis of the cervical spine
Pyogenic infection of the cervical spine

Mechanical derangements
Prolapsed intervertebral disc
Cervical rib

Cervical spondylolisthesis
Joint dysfunction

Tumours
Benign and malignant cumours in relation to the cervical
spine, spinal cord and nerve roots

Modified from Adams and Hamblco (1990).
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16 Clinical Anatomy and Management of Cervical Spine Pain

Summary

It is not our intention to list all the possible causes of
neck pain in this chapter summarising some anatomy
and pathology which may have a bearing on cervical
spine pain of mechanical origin but rather to provide
an overview of this complex issue as an introduction
to following chapters. In order to appreciate a neck
pain sufferer’s signs and symptoms, it is necessary to
understand normal erect posture and the complex
anatomy and possible subtle or overt pathology of the
cervical spine and the cervicothoracic junction (see
Chapters 2 and 3). The following chapters review the
basic anatomy and pathology of the cervical spine,
followed by kinematics, the clinical picture of
whiplash-type injuries, radiology and clinical
management.
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Anatomy and pathology of the cervical spine

J. H. Bland

Introduction

The cervical spine is surely the most complicated
articular system in the body: there arc 37 separate
joints whose function it is to carry out the myriad
movements of the head and neck in relation to the
trunk, and subserve all special sense organs, e.g. eyes,
ears, nose, taste, touch and proprioception. The
seven small cervical vertebrae with their ligamen-
tous, capsular, tendinous and muscle attachments
appear poorly designed to protect their contents,
compared to the skull above and the thorax below.
The contents of this anatomical cylinder interposed
between skull and thorax include carotid and verte-
bral arteries, the spinal cord, and all anterior and
posterior nerve roots and, in its uppermost portion,
the brainstem. The extremely flexible cervical spine
balances a 4.5-5.5kg (10-121b) ‘ball’, the head, on
the lateral masscs (zygapophysial joints) of the atlas.
The head acts as a cantilever on top of the highly
mobile neck.

Normally the neck moves over 600 times an hour,
awake or asleep; no other part of the musculoskcletal
system is in such constant motion. The cervical spine
is subject to stress and strain in ordinary everyday
activities - speaking, gesturing, rising, sitting, walk-
ing, turning about, even at rest lying down (Kapandji,
1977>. The position of the cervical spine discloses
mood, attitude, how you feel about yourself and the
world about you. The cervical spine in flexion
suggests depression, withdrawal, sadness, mourning
- sometimes prayer, as in bowing the head in prayer
and supplication, while chin-up extension of the
cervical spine reflects optimism, confidence, savoir
[faire, ‘all’s right with the world’. This section of the
spine is constantly communicating, with a myriad of
subliminal gcstures, poses, questions and answers. A

‘pain in the neck’ is such an unpleasant experience
that it is used as an invective for any annoying event
or person. How about the verb ‘to neck; i.e. kissing
and caressing - a terminology currently out of style!
Normal function requires that all movement be made
without damage to the spinal cord, the entire vascular
supply to the head and neck, many millions - or
perhaps billions - of receptors and nerve fibres,
passing through it and the intervertebral foramina.

Anatomy and physiology of the
cervical spine

Clinical symptoms and signs, subjective and/or objec-
tive, generally reflect discomfort or disease and result
from abnormal function of a tissuc or an organ system
which, as Rudolph Virchow taught over 130 years
ago, must originate in cellular disturbances. Discase
in most instances has a visible component and the
study of morbid anatomy has been the classic
approach to its understanding. The scientific fashion
today is for molecular and cell biology; gross anatom-
ical studies are thought by many to be outmoded, old-
fashioned, even irrelevant. On the other hand, as
William Blake has written, one need not be limited to
the ‘Vegetated Mortal Eye’s perverted and single, flat
vision' (Blake, 1925).

Enormous advances have been made in the last 100
years, mainly from intensive study of biochemistry and
immunology which, along with evolution and matura-
tion of cell biology, have illuminated morbid anatomy
- but only because morbid anatomy had been studied
in great detail for it to be illuminated! For example,
immunofluorescent studics in  renal pathology
allowed us to see, disclosing the detailed cellular and
molecular understanding of these complex discases.
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24 Clinical Anatomy and Management of Cervical Spine Pain

Too seldom perceived in medical research is that
morbid anatomy remains, and always will be, key to
our understanding of clinical disease.

Once something has been observed, what was
previously invisible is obvious. The discovery of
perspective in painting is an example, and so
seemingly simple now! Anatomical abnormality, or
normality for that matter, once well-comprehended,
becomes a diagnostic tool in the hands of the
radiologist, the clinician, the surgical pathologist and
at the autopsy table (Bullough, 1987).

In the case of the cervical spine, relatively little
morbid and microscopic anatomy has been done
compared to the lumbar spine, presumably because
of difficulty in obtaining whole specimens of human
cervical spines to study. Major works describing the
pathology of the cervical spine have been reported
by Payne and Spillane (1957), Schmorl and Junghanns
(1971), Ten Have and Eulderink (1980), Penning
(1988) and Bland (1994). This chapter reflects a deep
enduring interest in cervical spine anatomy and
pathology dating back to a single clinical experience
in 1955. During this period, a total of over 191 whole
human cervical spines have been removed at post-
mortem or obtained from anatomical laboratories and
the coroner’s office (Bland, 1991, 1994).

Phylogenetic anatomy of clinical
importance

1. The nerve supply to thisarea is from C1, C2 and C3,
and clinical disease is reflected in referral patterns
of those roots; the myotomal and sclerotomal
derived structures, when abnormal, are perceived
in the forehead and retro-orbital areas.

2. The intervertebral foramina carry the anterior and
posterior nerve roots, the respective posterior root
ganglia and the recurrent meningeal nerve (see Fig.
1.4). The nerves occupy about 25% of the available
space. The remainder of the space is taken up by
lymphatics, blood vessels, areolar and fatty tissue,
which constitute a compressible safety cushion
space, allowing physiological encroachment with-
out damage to nerve roots. The bony prominence,
the uncus or uncinate process on the lateral and
posterolateral aspect of the cervical vertebrae from
C3 through C7 (see Fig. 1.4), constitutes the
phylogenetic remainder of the costovertebral joint.
The clinical significance is that this bony elevation
enlarges from age 9 to 14 years such that, beyond
the age of 40 years, it constitutes a bony bulwark
acting to prevent herniation laterally or postero-
laterally (Bland, 1994).

3. The free rotary movement of the head became
possible with the eccentrically located axle of the
axis, the odontoid, allowing relatively enormous
mobility at that level, particularly in rotation.

4. The neural traffic from the extremities requires an
increase in the diameter of the spinal cord and the
nerve roots, particularly the sensory roots, are
larger in the cervical spine than in the thoracic and
lumbar spines.

5. The nucleus pulposus, present at birth and up until
9-14 years, is made up of remnants of the primitive
notochord, that is, collagen and proteoglycan
material. However, in the cervical spine, in contrast
to events in the lumbar spine, this nucleus pulposus
gradually disappears. In 191 whole human cervical
spines we have found no evidence of a gellike
nucleus pulposus in adults. The intervertebral disc
in the cervical spine is dry and is very much more
like a ligament than a disc. Tt was found to be
fibrous and gradually breaking up in various-sized
pieces, seemingly a universal, probably physio-
logical, development. This is consistent with the
early observations of Tondury (1959).

Clinical surface anatomy

Famijliarity with surface anatomy is important to the
clinician since the main structures of the neck can be
seen and felt easily in the thin patient; they are more
difficult to see and feel in the obese, pyknic body
type with a short neck. The sternocleidomastoid
muscle runs from one corner to the other of a
quadrilateral area formed by the anterior midline, the
clavicle and the leading edge of the trapezius muscle;
the mastoid-mandibular line divides the side of the
neck into anterior and posterior triangles (Fig. 2.1).

There is little to be seen in the posterior triangle,
which is really a pyramid (Fig. 2.2). The first rib is
palpable at the base of the triangle where it is crossed
by the subclavian artery and the lower trunks of the
brachial plexus. A cervical rib (see Fig. 1.3), or its
fibrous extension, may be felt here. The spinal
accessory nerve runs forward to the sternomastoid
muscle, dividing the triangle into an upper ‘safe’ and
lower ‘dangerous’ area. The upper area of the
transverse processes of cervical vertebrae can be felt,
though they are deep. The external jugular vein and
the platysma muscle cross the sternomastoid muscle
in the anterior triangles; both are prominent in
breath-holding. The pulsation of the carotid artery is
easily seen.

The hyoid bone, a horseshoe-shaped structure, is
felt at the level of C3 on a horizontal plane just above
the thyroid cartilage (Fig. 2.3). The anterior body of
the bone and its two stems are readily felt by a pincer-
like action of the finger and thumb. With swallowing,
the movement of the hyoid bone is easily palpable.

Moving down with the fingers, the upper edge of
the thyroid cartilage is felt at the level of C4-5; the
lower border of the thyroid cartilage is at the level of
C5-6.The thyroid cartilage also moves with swallow-
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Fig. 2.1 Anterior and right/left triangles are bounded by the
anterior edge of the sternocleidomastoid muscle, the
midline, the lower border of the mandible. Some anatomists
describe a large upside-down triangle bounded by the two
anterior borders of the sternocleidomastoid muscle and the
two lower borders of the mandible, with its apex at the
sternal notch and its base ar the mandible.

ing and is, of course, the Adam’s apple. The first bite
of the forbidden apple was said to have stuck in
Adam’s throat, hence the name.

Progressing downward, the first tracheal ring is felt
immediately betow the sharp lower border of the

Fig. 2.2 The posterior triangle bounded by the posterior
border of the sternocleidomastoid muscle, the clavicle, and
the leading edge of the trapezius muscle.
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e
Fig. 2.3 Lateral view of the four main landmacks to cervical
spine level: the hyoid bone (C3-4), the upper (C4-5) and
lower (C5-6) margins of the thyroid cartilage (T), the
cricoid ring (C6), the first of the tracheal rings (C6-7). The
examiner’s finger is at the lower margin of the thyroid
cartilage.

thyroid cartilage and at the level of the CG6 vertebra. It
is the only complete ring of the cricoid series and is
an integral part of the trachea. The first ring is
immediately above the site for emergency trache-
ostomy. Applying gentle pressure upon palpation
prevents initiating the gag reflex. With swallowing,
the cricoid ring moves, but does so less obviously
than the thyroid cartilage.

Moving laterally 2.5 cm from the first cricoid ring,
one palpates the carotid tubercle, the anterior
tubercle of the CG6 transverse process. Although the
carotid tubercle is small, located about 2.5cm from
the midline and deep beneath overlying muscles, it is
still clearly palpable. It is especially well-detected by
pressing posteriorly from the lateral position.

Carotid tubercles should be palpated separately
because simultaneous palpation of these tubercles
and other structures of the neck may occlude flow in
both carotid arteries, resulting in the carotid reflex, a
drop in blood pressure and fainting. The carotid
tubercle is the anatomical landmark for an anterior
surgical approach to C5-6 and the site for injection
of the cervical stellate ganglion (see Fig. 1.7). The
neurovascular bundle can be compressed against the
carotid tubercle (level of CG vertebra). At the apex of
the triangle, the transverse process of the atlas can be
telt as a small hard lump, just posterior to the internal
carotid artery. It lies between the angle of the jaw and
the mastoid process of the skull just behind the ear.
The examining fingertip rolls over the tip of the
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26 Clinical Anatomy and Management of Cervical Spine Pain

styloid process and the stylohyoid ligament.

The transverse processes of the atlas are the
broadest in the cervical spine and are readily palpable
- an easily identifiable anatomical point of orienta-
tion. The anterior arch of the hyoid bone, the notch of
the thyroid cartilage, the cricoid and the upper rings
of the trachea are readily felt in the anterior mid-
line.

The vertebra prominens, the spinous process of
the seventh cervical vertebra, just above the first
thoracic vertebra, marks the lower end of the midline
sulcus formed by the ligamentum nuchae, which
extends from the spinous process to the occiput.

The splenius capitis muscle forms a rounded ridge
on either side of the sulcus; the trapezius muscle
origin is tendinous without muscle and extends from
the inion to the T12 spinous process (Fig. 2.4). The
‘dowager hump’ is the upper part of the vertebra
prominens, always more obvious in obese people or
in those with cervical osteoarthritis.

The posterior landmarks of the cervical spine
include the occiput, the inion, the superior nuchal
line and the mastoid process. The occiput is the
posterior portion of the skull including the floor. The
inion (bump of knowledge) is a dome-shaped bump
in the middle of the occipital region and is the centre
of the nuchal line. The superior nuchal line is felt by
moving laterally from the inion and is a small
transverse bony ridge extending out on both sides of
the inion. Palpating laterally from the lateral edge of

superiar
nuchal
line

Fig. 2.4 Posterior aspect of the head and neck with
landmarks drawn in. The trapezius muscle originates from
the inion, extends through all the thoracic vertebral
processes to T12, is inserted into the clavicle and scapula,
and overlies all superficial structures in the posterior
cervical spine.

the superior nuchal line is found the rounded mastoid
process of the skull (Fig. 2.4).

The spinous processes of the cervical vertebrae are
in the posterior midline of the cervical spine. No
muscle crosses the midline, so there is an indentation
there. The lateral soft tissue bulges outlining the
indentation are made up of the deep paraspinal
muscles and the superficial trapezius.

The C1 posterior arch of the atlas lies deep and has
a small tubercle. The C2 spinous process, the axis, is
large and easy to feel. The neck normally is in
lordosis, but each spinous process can be felt. The
cervical spinous processes are often bifid, having two
small excrescences of bone. The C7 and T1 spinous
processes are larger than those above them. Nor-
mally, the spinous processes are in line with each
other unless they have developed asymmetrically.
Misalignment can result from unilateral dislocation of
a zygapophysial joint or fracture of a spinous process
due to trauma (Fig. 2.5).

The zygapophysial joints are palpable about 25 mm
lateral to the respective spinous processes (Fig. 2.6).
They are often tender if abnormal and they feel like
little domes lying deep below the trapezius muscle.
The patient should be completely relaxed for palpa-
ble perception of these joints. The vertebral level of
any one of the posterior joints can be ascertained by
lining up the joint level with the anterior structures of
the neck: hyoid bone, thyroid cartilage and the first
cricoid ring at C6 (Fig. 2.3).

The cervical spine is a superb example of the
biological principle of adaptation of structure to
function. It supplies support for the head, a flexible
and buffered tube for the transmission and protection

Odontoid process
9 “Occipital bone

Fig. 2.5 A drawing of a whole cervical spine specimen
illustrating the large C2 spinous process, the vertebra
prominens (C7), the atlas-axis relationship, the zygapophy-
sial joints and rhe exiting intervertebral foramina.
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Fig. 2.6 Posterior vicw of the whole cervical spine. Note
the bilateral zygapophysial joints and the bifid spinous
processes.

ons
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Cerebellum

Foramen magnum

Posterior longitudinal
ligament

Dura

Vertebra prominens
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of the upper spinal cord, provision for the entry and
exit of spinal nerves, and extremely serviceable
mobility. Viewed from the front it appears as a
truncated pyramid, widening from the axis down-
wards; laterally in the neutral position, there is a mild
lordosis with an anterior convexity (Fig. 2.7). Slight
scoliosis to the left is normal at the cervicothoracic
junction in 80% of people and to the right in 20%.

Head and neck mobility

Erect posture, binocular vision and cervical spine
mobility allow human beings to look quickly behind
themselves, over their shoulders, to gaze up at the
stars or peer down at their feet, far more efficiently
than most animals. Many head and neck movements
are social signals; non-verbal communication is indic-
ative of mood, attitude of the moment and emotion.
We are not even aware of many of these signals. The
cervical spine moves in flexion, extension, lateral
flexion and rotation (Penning and Wilmink, 1987,
Dvorak, 1988; Dvorak et al, 1991). The latter two
movements are always combined to some extent.
Nodding occurs primarily at the atlanto-occipital joint
with the atlantoaxial joints participating to some
degree. Rotation mainly occurs at the atlantoaxial
joints, particularly the atlanto-odontoid rotation. The
atlanto-occipital joints allow movement only in flex-
ion and extension, not in rotation. Thus, the atlas and
skull move in rotation as a unit and the position of the

Anterior longitudinal
ligament

Fig. 2.7 Drawing of a sagittal view of the cervical spine showing the relationships of the brainstem, the medulla oblongata,
the foramen magnum and the spinal canal. The lower portion of the medulla is really outside and below the foramen. Thus,
with subluxation of the atlas on the axis, compression of the brainstem can occur by pressure of the odontoid against the
upper spinal cord and the medulla. Note that the anterior arch of the atlas is only millimetres from the pharynx.
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28 Clinical Anatomy and Management of Cervical Spine Pain

skull is a clear indication of the position of the atlas in
rotation. The limiting factor in extension is the
trapping of the posterior arch of the atlas between
the occiput and the spinous process of the axis;
lateral flexion is likewise limited. Further extension is
allowed by participation of the lower elements. Bony
impingement limits further extension at the atlanto-
occipital joint. Flexion is arrested when the posterior
ligaments are taut and when the tip of the odontoid
process abuts against the bony anterior lip of the
foramen magnum (the atlas is tightly bound to it by
the transverse ligament). In these movements the
atlas does not move appreciably on the axis. With
fusion of the atlas and axis, flexion and extension are
unchanged. All three atlantoaxial joints constitute the
most complex joints in the body. Four distinct
movements occur here: rotation, flexion, extension
and vertical approximation/lateral glide of the atlas
on the axis.

The normal cervical spine can rotate as much as
160° and, rarely, up to 180°. Approximately 50% of
the rotation occurs at the atlantoaxial articulation;
the remainder occurs in joints below that level, with
joints rotating in decreasing magnitude from above
down. The atlas, like a wheel with an eccentrically
placed axle, pivots around the laterally central, but

Tectorial
membrane

Superior band
of cruciate lig.

Occipital
bone

Atlas

Tectorial
membrane

Posterior
longitudinal lig.

anteriorly eccentric, odontoid process. The odontoid
process is tightly bound to the occiput by the apical
and alar ligaments

of the atlantoaxial zygapophysial joints, limit rotation
each way to 45° (Figs 2.8 and 2.9).

Figure 2.10 illustrates a lateral view of the cervical
spine’s atlas and axis. In rotation, the wall of the
spinal canal at the atlas level swings laterally across
the spinal canal at the axis level, narrowing the area
of the canal at this level by about one-third. For-
tunately, the canal is at its most capacious here and
accommodates such rotation. The diameter of the
canal at C1 level is equally occupied by the odontoid
process, free space and the cord (Figs 2.11 and 2.12).
The free space allows for safe rotation and an
accommodation to the spinal cord. Ligamentous
structures, remarkably enough, are sufficiently lax to
allow this wide range, but are inelastic with high
tensile strength and can limit further motion without
impingement on vital structures. Lateral flexion of
the head produces as much, or more, associated
rotation of the axis than does simple rotation of the
head. With head tilt, the spinous process of the axis,
and of those vertebrae below, rotates to the opposite
side to a greater degree in the upper than in the lower
portion of the cervical spine. Lateral glide occurs in

Apical lig. of
odontoid process

1 Odontoid process

Alar lig.

Transverse lig.
of atlas

Inferior band
of cruciate lig.

Fig. 2.8 Coronal view of the upper cervical spine showing the critical transverse/cruciate ligaments and the apical

and alar (checkrein) ligaments of the odontoid.
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Fig. 2.9 Sagittal view of the upper cervical spine showing the atlanto-odontoid joint with synovial joint
cavities located anteriorly and posteriorly to the odontoid process. The cervical spinal canal is at its widest

at the level of the foramen magnum.

Fig. 2.10 The atlas and axis are shown as the vertebral
artery winds its way through the foramina transversaria of
the two vertebrae. The odontoid process and the anterior
arch of the atlas are visible just below the two arteries. Note
the sharp deviation outwards and upwards that the artery
must make from axis to atlas, followed by a complete retucn
about the posterior aspect of the lateral mass of the atlas
before proceeding to the clivus to join the other vertebral
artery as the basilar artery. This is a normal specimen;
consider the implications of this situation with athero-
sclerotic plaques, narrow joint spaces, loss of intervertebral
disc height and extensive osteophytosis.

normal people, with the atlas shifting to the side of
the tilt. It is observable on radiographic film as a
narrowing of the space between the odontoid
process and the lateral mass of the atlas on the side of
the tilt, and a widening of the other side.

The vertebral artery normally enters the trans-
verse foramen at the transverse process of the sixth
cervical vertebra and ascends through the foramina
transversaria to enter the skull (see Figs 1.4, 1.11
and 1.12). It is protected in the foramen except
between the axis and the atlas, where there is about
1.5-2.0cm of artery lying outside the canal. In
addition, the artery is normally subject to the stress
and stretch between atlas and axis, since it is
sitvated at the periphery of the marked rotation.
The artery is pulled forwards and backwards by the
rotary action. The clinical consequences must be
considered in any rotary dislocation, fracture or
malalignment of the atlas and axis (Fig. 2.10; see
Chapter 12).

Below the axis, rotation, flexion-extension and
lateral flexion occur in decreasing magnitude from
the top down. Normally, the cervical spine is in slight
lordosis but a linear pattern is not necessarily
abnormal. There is even reversal of the standard
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30 Clinical Anatomy and Management of Cervical Spine Pain

Fig. 2.11 Specimen of a whole human cervical spine,
vertically positioned and viewed from the posterior aspect.
The upper third of the picture shows the spinal cord in the
capacious spinal canal at the foramen magnum level; the
occipital condyles were cut off the skull with a sharp chisel
(laterally situated) and the edges of the atlanto-occipital joint
are visible; the anterior and posterior arches of the atlas can
be identified.

Fig. 2.12 A close-up view of Figure 2.11 showing the
odontoid 'peeking’ through.

lordosis in a few normal people. During flexion, the
cervical spine appears to lengthen. This seems to be
attributable to straightening of the lordosis rather
than to actual lengthening of the cervical spine
(Fineman, 1963; Ball and Meijers, 1964).

Specific structural anatomical
characteristics correlated with age

Nucleus pulposus

The nucleus pulposus of the cervical intervertebral
discs, present at birth, is less and less evident in
adolescence and above age 40 it mainly disappears.
The adult disc is ligamentous, dry, composed of
fibrocartilage, islands of hyaline cartilage, even some
tendon-like material, and certainly with very little
proteoglycan. Thus, after age 40 years, it is generally
impossible to herniate the nucleus pulposus clini-
cally, since there is none there! Figure 2.13 is a
coronal section of the cervical spine of a 4-year-old
boy, which shows that the nucleus pulposus is clearly
present in the mid-disc region.

By ages 9-14 years, the nucleus pulposus is far less
evident and bilateral clefts have developed in the
posterolateral anulus fibrosus; medial to the growing
uncinate processes of the vertebra, and postero-
laterally situated. This cleft is the site of the joints of
Luschka (uncovertebral or neurocentral joints; Fig.
2.14; Cave et al., 1955; Boreadis and Gershon-Cohen,
1956; Hadley, 1964; Hall, 1965; Tondury, 1974; Bland
and Boushey, 1987; Bland, 1994). At age 20-35, the
clefts have gradually enlarged and are dissecting
tissue planes toward the midline, where each finally
meets its counterpart from the opposite side (Figs
2.15 and 2.16). This phenomenon proved to be
universal in our spine studies, therefore it is believed
to be a physiological event, peculiar to the human
cervical spine’s biomechanics. Meanwhile, the disc is
changing overall tissue characteristics with gradual
disappearance of the nucleus pulposus and acquisi-
tion of ligamentous, fibrocartilage-like gross charac-
teristics (Figs 2.15 and 2.16). An example of the
uncinate processes is shown in Figure 2.17.

In cervical spines of people aged 60 and above, the
anular dissection has reached the midline, suggesting
a bisected disc from uncinate process to uncinate
process. The overall material in the disc has become
dry with little proteoglycan, acquiring dense liga-
mentous character and marked loss of volume of disc
tissue. It is formulated that these events are a
physiological consequence of shearing planes of
tissue - a biophysical, biomechanical consequence of
the relatively extreme repetitions of motion that the
cervical spine enjoys, especially rotation (Milne,
1991)
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Fig. 2.13 This specimen is a close-up of a coronal section of the cervical spine of a 4-year-old
boy. The nucleus pulposus is obvious in the centre of the disc (arrow). The uncinate processes
are well-developed. From Hall (1965) with permission.
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Fig. 2.14 Coronal section of a cervical spine from a 3-year- Fig. 2.15 Whole cervical spine specimen (cut coronally)
old child. Note VA (vertebral artery) and U (uncinate from an 80-year-old woman. Note the striking decrease in
process). Arrows point to developing clefts in the postero- overall disc substance, marked narrowing of all discs and
lateral anulus fibrosus. From Hall (1965) with permission. completely bisected disc surfaces facing one another.
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32 dlinical Anatomy and Management of Cervical Spine Pain

Fig. 2.16 A coronal section of a lower cervical spine taken
from a 92-year-old man. Note the spaces between all of the
intervertebral discs with most of the material gone, except
in the lowest intervertebral disc. In life this is clearly only a
potential space and has a pressure below that of the
atmosphere, the two surfaces are normally in close and well-
moulded apposition.

Fig. 2.17 An anterior view of the C4 vertebra illustrating a
sharp remodelled uncinate process on the viewer’s left and
blunt remodelling uncinate process on the right.

Pieces of disc tissue are frequently found as
separate hard marginally elastic fragments free within
the disc which conceivably could herniate.

Uncinate processes

The uncinate processes (uncus = a small hook) are
normal bony developments of cervical vertebrae,

laterally and posterolaterally from C3 to C7 (Figs 2.16
and 2.17)

With increasing age the uncinate processes
enlarge and often flatten, losing their sharp boiy
edge. This osteogenic phenomenon forms a bulwark
of bone laterally, and to some degree posterolat-
erally which, it is believed, prevents disc herniation
in this area. Figure 2.15 is an anterior view of an
articulated cervical spine from an 80-year-old
woman which illustrates this principle. Figure 2.18
shows a coronal section of the uncinate process
from a 28-year-old man, while Figure 2.19 is an
illustration of the same uncinate process viewed
from within the disc.

The normal physiological sequence of events and
anatomical structures here constitutes an accurate
description of normal cervical intervertebral disc
physiology and pathology. These findings are virtually
universal.

At age 9-14 years a cleft appears in the lateral and
posterolateral anulus fibrosus, a function of the
unusual ability in obligate bipeds to rotate the
cervical spine. This cleft, or fissure, gradually dissects
toward the midline to meet its counterpart coming

Fig. 2.18 Coronal section of the uncinate process from a
28-year-old man. The cleft or fissure medial to the uncinate
process shows disc fibrocartilage fibrillation.
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Fig. 2.19 On the viewer's right is a parasagittal section
seen on X-ray. Arrows point to the uncinate process as
seen from within the disc, looking from inside out. On
the left is a parasagittal scction of the same anatomical
specimen showing C5 vertebra in the middle and the
lower half of C4 above. Note the through-and-through
clefts above and below C5. From Ball (1964) with per-
mission.

from the other direction. In this space there are
patches of synovium. With increasing age, the disc is
finally bisected in a transverse plane and the two
surfaces are made up of a peculiar mix of connective
tissues, anulus-like tissue, fibrocartilage, hyaline carti-
lage, even some tendon-like tissues as well as bony
islands. Thus, there are caudal and cephalad portions
of the normal transected cervical intervertebral discs.
The disc overall becomes narrower with the passage
of time, sometimes nearly disappearing. We dubbed
this ‘the grin of Luschka’ when the process is
complete, as per the smile of the Cheshire cat (Fig.
2.15).

Nerve root exit sites

At the C3-C4 level the anterior and posterior nerve
root exit sites through the dural root sleeves are
below the level of the intervertebral discs by
approximately 4 mm. This is as a consequence of the
formation of the nervous system, being followed
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later by rapid growth of the spine. With growth and
extension of the cervical spine, physiological trac-
tion is exerted on the cord and nerve roots and the
dural root sleeve exit sites are at the level of
vertebral bodies rather than at the disc level; the
root exit zone is gencrally below the level of the
disc (Bland, 1994; Fig. 2.20). Incidentally, virtually
all dural root sleeves become fibrotic, rigid and stiff
after the age of 45-50 years.

Anatomy of the anterior (motor)
nerve root

The anterior nerve root is normally situated low in
the intervertebral foramen and hence is very
unlikely to be compressed (Fig. 2.21). The posterior
nerve root is well-protected from the point of any
disc herniation. However, the zygapophysial joints
could become enlarged due to osteophytosis, and
the posterior root could become compressed, result-
ing in radiculopathy (though radiculopathy itself is
unusual in the author’s experience).

Spinal cord volume vs the measured
transverse diameter of spinal cords
and the bony spinal canal

There is normally a considerable individual disparity
between the spinal cord volume and space available
in the bony canal. This seems a constitutional, or
genetic, characteristic. Thus, clinically, if one inher-
ited a wide spinal cord and a relatively small bony
canal, the development of osteoarthritis compromise
cord function. The ideal is clearly a narrow cord and
a capacious spinal canal - the luck of the draw
(Fig. 2.22)!

Anatomy of anterior and posterior
spinal canal

In people over age 45 -50, the anterior spinal canal is
characterized by bars of osteophytes at the level of
the intervertebral discs (Fig. 2.23). These osteophytes
commonly compress the cord to varying degrees (Fig.
2.24), not always resulting in symptoms. The liga-
mentum flavum (Fig. 2.25) is hypertrophied and
hyperplastic, projecting into the spinal canal, and
may compress the spinal cord posteriorly, with
varying symptomatic consequences.

The posterior longitudinal ligament in the cervical
spine is three- to fivefold thicker and more devel-
oped than in either the thoracic or lumbar spines,
where it tends strongly towards attenuation. Since
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Fig. 2.20 A sagittal section of a whole cervical spine
showing nerve exit sites (dural root sleeves) and that they
are at the upper level of the vertebrae rather than at the level
of the discs.

Fig. 2.21 Coronal section through the intervertebral foramen at C7-T1. The upper arrow
points to the posterior (sensory) root and the arrowhead to the anterior (motor) root. The lcvel
in the foramen is proximal to the posterior root ganglion. The motor root is anatomically
situated low in the foramen, well-protected from any osteophytic compression throughout its
course from the spinal cord.
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Fig. 2.22 A transverse view of C6 vertebra illustrating the
very spacious spinal canal and the relatively small spinal
cord - there is a great tolerance for extensive osteoarthritis
without cord compression and myelopathy.

the posterior longitudinal ligament is in a position
to prevent herniation posterolaterally and posteri-
orly, this may be a partial explanation for the
unusual occurrence of disc herniation in the cer-
vical spine.

Fig. 2.23 On the left the specimen illustrates the posterior
surface of cervical vertebrae seen from inside the spinal
canal, showing massive posterior vertebral body osteo-
phytes at the margins of the intervertebral discs, protrud-
ing into the anterior cervical spine canal (arrow). The
posterior longitudinal ligament is greatly thickened. On the
right is a section illustrating the posterior surface of the
spinal canal with immensely thickened and protruding
ligamenta flava (arrow).
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Fig. 2.24 This specimen is a gross midline section of a
cervical spine. Note anterior arch of the atlas at the top;
the odontoid is eroded and the anterior atlanto-occipital
joint is filled with granulomatous tissue; the spinal cord is
cut in the sagittal plane and compressed by intensive
intervertebral disc granuloma and osteophytes at the
C5-6 level; the C2-3 and C3-4 discs are of normal
height.

The anterior longitudinal Jigament is attached
firmly to the vertebral bodies, but only loosely at the
disc area. Conversely, posterior longitudinal liga-
ment is firmly attached to the disc but loosely to the
vertebral body surface. This anatomical fact may
explain why osteophytes (following the path of least
resistance) are larger and more common anteriorly
than posteriorly. In the cervical region only, the
posterior longitudinal ligament is very broad
throughout, while in the thoracic and Ilumbar
regions it narrows strikingly behind each vertebral
body.

A strange and poorly understood cervical spine
characteristic is that of marked remodelling hyper-
trophy and hyperplasia of cervical vertebrae with
increasing chronological age.
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Fig. 2.25 A whole cervical spine cut sagittally down the
midline, dividing the spine and spinal cord into two facing
halves. The white spinal cord is in mid-section. The left and
right bisected specimens show a greatly hypertrophied and
hyperplastic anterior longitudinal ligament (arrowhead) and
a very narrow disc and an extremely thickened posterior
longitudinal ligament and large osteophytes compress the
spinal cord anteriorly (white arrow). A severely thickened
ligamentum flavum compressing the spinal cord posteriorly
(curved arrow).

Synovial folds (menisci) of
zygapophysial joints

All zygapophysial joints have synovial folds (menisci)
in a circular arrangement about the periphery of the
joint with varying degrees of projection into the joint
(Fig. 2.26; see Fig. 1.10). These have a propensity to
proliferate in a fibrous-like pannus in disease of the
zygapophysial joints (Bland, 1994). There is evidence
that if the hyaline cartilage surface is damaged,
fibrillation of the surface and chondrocyte clone
formation occur. The proliferation may be related to
immobilization, relative or absolute. There is no
secure knowledge of physiological function of the
menisci other than that of lubrication.

The autonomic nervous system
and the cervical spine

Pertinent to the cervical spine is the fact that a very
large part of our nervous system (and that of all other
animals) is concerned with activities and vital func-
tions of which we are totally unaware and over which
we have no voluntary control. Claude Bernard (1957)
proposed that a divine providence considered these
autonomic activities far too important to entrust to a
capricious will.

We are thrust into this world by smooth
muscle, which is under the control of the
autonomic nervous system. From moment to
moment we are dependent for our conscious
existence on the moderate contraction of
blood vessels, routinely kept in this state by
autonomic impulses. Most of the complicated
processes of digestion, from the initial out-
pouring to the final riddance of waste, require
the participation of autonomic nerves. Any
vigorous exercise in which we may engage
depends on cooperation of autonomic govern-
ment of appropriate effectors, thus throughout
eons of past time the physical struggle for
existence has been made possible by that
‘government’ which preserves the stable states
of the fluid matrix that are required for steady
response to every call to action.

Once the great importance of the involuntary or
vegetative nervous system was established and
proven to be absolutely requisite to efficient func-
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Fig. 2.26 Sagittal section through four of the zygapophysial
joints. Note the menisci which are reasonably normal (black
arrows). The menisci are capable of proliferation and may
result in a fibrouslike pannus proliferating over the hyaline
cartilage surface.
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tioning of the human organism, physiologists the
world over, led by Walter B. Cannon, have worked
long and hard to clucidate the functions of the
autonomic nervous system in maintenance of Je
milien interne, necessary to health, the continua-
tion of the race, and the myriad natural reflex
mechanisms of controlling glands and smooth mus-
cles. However, only in the last rwo decades has
research attention been paid to the manner in
which the autonomic nervous system participates
in neurological diseases, or how the sympathetic-
parasympathetic nervous system may be selectively
deranged by pathological processes. Only recently
have clinical investigators made significant advances
in the neurology of the autonomic nervous system.
The pathology of the sympathetic nervous system
has been, for the first time, surveyed in many
important medical and neurological diseases. Neu-
ropathological experiments are today, with the use
of modern neuroimmunological methods, done on
the autonomic nervous system in the hope of
clarifying human diseases.

Pertinent to the human cervical spine and its
clinical syndromes is the fact that there are no
preganglionic sympathetic fibres in the neck, all
coming from T1, T2 and T3 levels, having their first
synapse in one of the three cervical sympathetic
ganglia, stellate, middle and superior. Variations of
this have been demonstrated in preganglionic fibres
from the C7 and as low as the L4 cord segments
(Appenzeller, 1994). The postganglionic fibres then
go in three directions: first, out into the upper
extremities, providing all autonomic functions, cir-
culatory vasomotion, sweating, proprioception, €tc.;
second, re-entering the spinal cord through the
intervertebral foramen and having synaptic connec-
tions in the vestibular apparatus, the cerebellum,
the thalamus and the hypothalamus; third, large
segments of postganglionic fibres accompany the
vertebral and carotid arteries following their dis-
tribution in the brain (see Fig. 1.7).

The earliest description of sympathetic nervous
system syndromes was by Barre in 1926 and further
described by his student Lieou in 1928. So diverse,
bizarre and widespread were the symptoms and
signs that some authors did not regard it as a
disorder associated with the cervical spine (Lieou,
1928; Rotes-Queral et al., 1949; Kovaks, 1955).

My current view is that the apparently nebulous,
bizarre and atypical complaints are well-within clin-
ical experience and are explicable on the basis of
known autonomic neurological and pathophysio-
logical events (Hines ef al., 1981; deJong and Bles,
1986; see Chapter 1). Clinical appreciation recog-
nizes the interplay between the cervical sympa-
thetic system, the vertebral arteries, the brain and
spinal cord, the zygapophysial joints, the scalene
muscle system, a pre-existing degree of arterio-
sclerosis and collateral circulation - all related to
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mechanical derangements of the cervical spine
(Rotes-Queral et al, 1949; Stewart, 1980; Bland and
Boushey, 1987; Bland, 1994). In addition, subluxa-
tions and deformations of the zygapophysial joint
importantly contribute to the aetiology of headache
(Kovaks, 1955).

Though it was already known by the ancient
Egyptians by the 16th and possibly the 30th cen-
tury sc that spinal cord injury involved more than
just motor and sensory loss (Breasted, 1930), we
still don’t have a full grasp of the physical and
physiological complexities of autonomic functional
alteration in general, and of cervical spine gen-
erated clinical syndromes in particular. Our under-
standing of the physiology and pathophysiology of
autonomic function is limited (Stewart, 1980).
Nevertheless, we do have valid clinical, physio-
logical explanations for such common cervical
spine occurrences as cervical dizziness and ataxia,
nystagmus, various puzzling syndromes such as loss

Table 2.1 Symptoms and signs of dysfunction arising
Srom pathopbysiological changes in the cervical spine

Symptoms Signs

Pain Falling
Headache Tender scalp
Dizziness Tender bones
Vertigo Anaesthesia
Paraesthesia Hyperaesthesia
Fatigue Dysaesthesia
[nsomnia Atrophy
Restless arms and legs  Hypertrophy

Cough Hyperplasia

Sneeze Weakness in the upper extremity
Diarrhoea Sweating, or lack of

Syncope Nystagmus

Visual disturbances Tender muscle

Auditory disturbance Fasciculation

Drop attack

Arm and leg ache/pain
Stiff neck
Torticollis

Gait abnormality
Balance poor
Proprioceptive loss
Speech disturbance
Muscle twitch
Mood depression
Tinnitus

Diplopia

Pathological gait

Transient hearing loss

Fainting

Spastic gait

Reflex changes (deep tendon
superficial and autonomic
reflexes)

Carotid sinus sensitivity

Benign paroxysmal positional
nystagmus

Vertebrobasilac insufficiency

Sensory ataxia -

Physiological head extension
vertigo

Cervicocollic reflex

Cervico-ocular reflex

Vestibulo-ocular reflex

Adapted from Bland (1994).
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of proprioception, and reproducible reflexes such
as the cervical ocular reflex, vestibulo-ocular reflex,
pupillary dilation on extension of the neck, postural
and pathological gaits induced by cervical spine
disease and ataxia during the Romberg test (Hines
et al., 1981; deJong and Bles, 1986).

The goal of this part is simply to call attention to,
and broadly review, the subject of the cervical spine’s
specific and peculiar relationship to the autonomic
nervous system. Table 2.1 Jists symptoms and signs
arising from pathophysiological changes in the cer-
vical spine.

In summary, from a postmortem examination of
191 cervical spines, the following observations are
made:

1. Although present at birth, the nucleus pulposus is
absent in the adult. '

2. The uncinate processes, present from early life,
gradually enlarge superiorly, forming a lateral and
posterolateral bulwark of bone which constrains
the cervical disc.

3. The posterior longitudinal ligament is four to five
times thicker in the cervical spine than in the
thoracic and lumbar regions, probably preventing
posterior disc herniation.

4. From C3 to C4, the nerve root exit sites are below
the disc level. Together with the uncovertebral
joints, these nerve roots are protected from the
disc.

5. Normally, anterior nerve roots are too low in the
intervertebral foramen to be subject to compres-
sion. Except for zygapophysial joint osteoarthritis,
the posterior roots are also normally well-pro-
tected.

6. A cleft appears in the lateral anulus fibrosus from
an early age and progressively disects medially
from both sides, eventually bisecting the disc.

7. There are no preganglionic autonomic fibres in
the cervical spine; all arise fromT1-3 levels before
synapsing in the cervical ganglia.
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Clinical anatomy of the cervicotboracic junction

J. J. W. Boyle, K. P. Singer and N. Milne

Introduction

The head balances precariously on the slender chain of
seven cervical vertebrae. By means of their zygapophy-
sial and uncovertebral joints, intervertebral discs and a
complex system of ligaments and muscles, this
configuration allows considerable motioninall planes.
The mobile cervical spine in turn rests upon the
relatively rigid thorax which consists of the thoracic
vertebrae and ribcage. The intersection of these two
regions defines the human cervicothoracic transition.
This chapter reviews the anatomy, mechanics, injuries
and pathologies of this transitional region which,
according to Kazarian (1981), remains one of the least
described junctions within the human spine.

Normal anatomy

In contrast to typical cervical segments, the thoracic
vertebrae are distinguished by the presence of the ribs
and their articulations. The rib tubercles articulate
with the transverse processes (costotransverse joint)
and the rib heads typically articulate with the
vertebrae at the intervertebral disc and the adjacent
demifacets above and below the disc (costovertebral
joint). The exception to this rule in the upper thoracic
spine is the first rib, which frequently articulates with
a single costal facet on the lateral aspect of the first
thoracic vertebra. The rigidity of the thoracic spine is
increased markedly by the presence of the ribcage and
this plays a significant role in regulating thoracic spine
motion (Stokes, 1997).

The transition from the thoracic to the cervical
spine in humans is unusual compared to other
mammals (Milne, 1990; Bland 1994). With respect to

the orientation of the articular facets as seen in the
transverse plane, there is a well-described transition
between the lurnbar and thoracic regions (Singert,
1996), but the cervicothoracic transition is not as
clear. In non-human mammals there is a distinct
transition at the second thoracic vertebra from the
thoracic-type (or tangentially oriented articular
facets) to the lumbar type (or radially oriented facets)
found in the cervical spine (Milne, 1990). Measure-
ments of the interfacet angles (posterior angle
between the left and right superior articular facets) in
humans show that the thoracic pattern (interfacet
angles greater than 180°) continues into the cervical
spine. There is a more subtle transition at C4 to
interfacet angles slightly less than 180° in the upper
two typical cervical motion segments (Milne, 1990).
Med (1973) reported a similar change from his
subjective study of the orientation of these joints.
Others have observed this change in the upper
cervical spine and attributed it to a transition
between the typical cervical vertebrae and the
suboccipital segments (Overton and Grossman, 1952;
Mestdagh, 1976). Interfacet angles less than 180°
provide a much more stable configuration and it is
possible that this provides a more stable platform for
the highly mobile atlantoaxial and atlanto-occipital
motion segments.

Considering the orientation of the articular facets
of the zygapophysial joints, as seen in the sagittal
plane, there is a gradual transition in humans
between the vertically oriented facets in the fumbar
and thoracic regions to the obliquely oriented facets
in the cervical spine (Milne, 1990, 1991). This
transition occurs between about the C5-6 and T2-3
segments.

There are other morphological features which help
to define this transitional zone (Fig. 3.1). Panjabi et al.
(1991a) stated that the transition from the cervical to
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Fig. 3.1 Parasagittal 150 um histological section
through the cervicothoracic junction, immediately medial to
the uncovertebral joints. Note the biplanar pattern for the
zygapophysial joint of the T1-2 level; the tip of the inferior
articular process forming an articulation with the lamina of
T2. Uncovertebral joints are apparent at C7-T1 and T1-2.
The larger sensory branch of the spinal nerve is clearly
shown compared to the motor branch. The intervertebral
discs show the greatest vertical height anteriorly.

the thoracic region is readily apparent from the
vertebral body dimensions. In the cervical spine the
upper end-plate dimensions at C6 and C7 are
significantly greater than those of the more superior
cervical vertebrae. There is a trend towards increasing
values from C3 to T1 for the transverse dimensions of
both the vertebral body and the superior articular
facets (Milne, 1991). Uncinate processes are best
developed at C3-6, but they are still evident down to
T2 or T3 (Fig. 3.1). This would infer that the upper
boundary of the cervicothoracic transition probably
begins at the level of the sixth cervical vertebra.

As for the lower boundary of this transitional zone,
Panjabi et al. (1991b) state that the thoracic spine can
be divided into three distinct regions. The upper
region is characterized by a narrowing of the end-
plate and spinal canal width from T1 to T4, while the
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depths remained relatively constant. As a result, the
width to depth radio decreases from T1 to T4,
suggesting that the fourth thoracic vertebra repre-
sents the lower boundary of the cervicothoracic
transition.

The transitional zones of the human spinal column
frequently show variations in their morphology as the
vertebrae and zygapophysial joints assume the fea-
tures of the adjacent region (Schmorl and Junghanns,
1971; Fig. 3.2). In the cervicothoracic region this was
thought to involve more commonly the vertebral
arch. There are, however, additional variations in the
anatomy of this transition which will be discussed in
this chapter.

Of all the spinal literature the thoracic region has
not received the same attention as the other regions.
There are numerous studies describing the cervical
morphology using cadaveric (Veleanu, 1971; Med,
1973; Panjabi et al., 1991a), dry specimens (Francis,
1955a, 1995b, 1956, Milne, 1991; Stanescu et al.,
1994) or radiological techniques (Gilad and Nissan,
1986; Liguoro et al., 1994) as a basis for measure-
ment. Logically these studies include the cervical
vertebrae to the level of the seventh cervical and on
rare occasions have included the first thoracic verte-
bra. There is a smaller body of literature describing
the morphological characteristics of the thoracic
vertebrae (Med, 1972; Veleanu et al., 1972; Taylor and
Twomey, 1984; Scoles et al., 1988; An et al., 1991;
Panjabi et al., 1991b). However within these studies
a strong bias exists towards describing the Jower
thoracic region and its interrelationship with the
lumbar spine. In addition, recent literature on the
upper thoracic region has focused predominantly on
pedicular anatomy relative to surgical stabilization
techniques (An et al., 1991; Stanescu et al., 1994).
Both of these studies report very small margins for
error in inserting pedicle screws due to the high
degree of variability in the angle of attachment of the
pedicle to the vertebral body. Stanescu et al. (1994)
reported a 7° difference in pedicle angulation
between C7 and T1 and a total of 38° variation from
C5 to TS5. The angle between the pedicle and the
lamina in the sagittal plane was more consistent, with
only a 10° change between C5 andT5. However, 7° of
change occurred at the C7-T1 junction.

There are very few data available on the upper
thoracic vertebrae, focusing specifically on vertebral
body and zygapophysial joint morphology. Panjabi et
al. (1991b) provided a three-dimensional anatomical
description of all thoracic segments, and lower
cervical segments (Panjabi et al.,, 1991a), from only
12 cases. This metric analysis provides linear and
angular measures on the anatomical morphology of
this transition. In recent work, we have disclosed
gender differences from analysing cervicothoracic
vertebral morphology. Using mean data, female verte-
brae were consistently smaller than in males for the
C6-T4 vertebral levels based on all vertebral body
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Fig. 3.2 Morphological changes through the cervicothor-
acic transitional region (C6-T4 vertebrae). Note the change
in width of the vertebral body, widest at T1, and the
progressive increase caudally in depth of the thoracic
vertebral bodies. The transverse process is widest at T1 with
a progressive posterior change in direction from T1 to T4 as
the rib angle increases.

heights and end-plate surface area measures (Boyle et
al., 1966).

Taylor and Twomey (1984), in their morphological
study of the thoracolumbar spine, reported that
gender differences in spinal growth produce a more
slender thoracolumbar spine in females than in males,
as seen in the coronal plane. They postulated that the
relatively thinner and taller vertebrae of females were
potentially more unstable and may be related to the
greater prevalence of progressive scoliosis in adoles-
cent females. A vertebral index (the superior end-
plate surface area divided by the posterior vertebral
body height) was calculated (Boyle et al., 1996) and
indicated a non-significant trend for a smaller index in
females. However, for both sexes, the upper thoracic
vertebrae are narrower and more slender than their
lower cervical counterparts.

In the transitional zone at the thoracolumbar
junction, differences in the pattern of transition from
coronal to sagittal joint orientation have been well-
described. Singer ef al. (1989), in a prospective study
of 630 routine thoracolumbar CT scans (T10-L2),
confirmed previous reports of a higher incidence of
asymmetry between zygapophysial joints at these
transitional segments and indicated the variability in
the level at which the transition occurred. The
morphology of the cervicothoracic transition was
examined by Boyle et al. (1996), with particular
reference to the orientation of the zygapophysial
joint pairs relative to the plane of the superior end-
plate (disc-facet angle) and the sagittal midline (facet
angle; Fig. 3.3). Mecasures were recorded from 51
disarticulated skeletons, totalling 306 vertebrae.
There was a marked change in the disc-facet angle
from CG6 to T1 with a significantly larger disc-facet
transition in females (16° variation) than in males (14°
variation). The incidence of asymmetry (>10°)
between the left and right disc-facet angles was
highest at the T1 level (8%). Similarly, there was a high
freqency of right versus left facet angle asymmetry
(>10°) through the lower cervical (24% at C6 and
18% at C7) and first thoracic (16%) vertebrae;
however, no gender differences were evident.

Motion characteristics at the
cervicothoracic junction

There have been many studies on the motion
characteristics of the cervical spine (Lysell, 1969;
Penning and Wilmink, 1987), but motion in the
thoracic region is less well-studied (White, 1969).
Recent studies performed by Milne (1993a,b) exam-
ined the motion characteristics between the second
cervical and the third thoracic vertebra. The cervical
spine was highly mobile compared with the thoracic
spine and this is reflected in the results where a
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Fig. 3.3 Changes in orientation of the superior articular processes (zygapophysial joints) through
the cervicothoracic junction (C6-T4) using mean data from 51 cases (Boyle et al., 1996). Data for
the disc-facet angle is given for males (M) and females (F) separately, while both male and female
data are combined for the mean facet angle results. A schematic representation of the angies is

included (d = disc-facet angle, #ii = right and left facet angles).

steady decline from the C5-6 motion segment to the
upper thoracic segments was found, as depicted in
Figure 3.4.

Due to the oblique orientation of the cervical
articular facets, motion in the sagittal plane incorpor-
ates some sliding as well as tilting within the cervical
discs during flexion and extension. The centre of
rotation in the cervical region is situated well below
the disc, within the subjacent vertebral body. As you
move into the lower cervical and the thoracic motion
segments the position of this centre of motion moves
close to the intervertebral disc, indicating that the

motion has relatively more tilting and less sliding
within the disc (Lysell, 1969; Penning, 1988; Milne,
1993b).

Again, due to the oblique orientation of the
cervical articular facets, the movements of rotation
and lateral flexion are coupled within the cervical
spine so that rotation is accompanied by ipsilateral
lateral flexion. This motion can be considered to
occur about a single axis which is perpendicular to
the plane of the zygapophysial joints, as seen in the
lateral projection (Penning and Wilmink, 1987;
Milne, 1993b). As the lower cervical and thoracic

Segmental ranges of motion and trauma patterns
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Fig. 3.4 Comparison of segmental composite rotation (Milne, 1993b) and combined
flexion - extension range of motion (White and Panjabi, 1990) for the vertebral segments
of the cervicothoracic transition. The reduction in mobility from C5 to T3 corresponds
with representative data for cervical trauma (Jefferson, 1927).
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articular facets become more vertical (Fig. 3.3), the
axis of coupled motion could be expected to
become more horizontal (involving more lateral
flexion). However, the interfacet angles have been
shown to have a bearing on the axis of coupled
motion (Milne, 1993b; Fig. 3.5). At C3 and C4 the
interfacet angles are less than 180° and the orienta-
tion of the axis of coupled motion is constrained to
a narrow band perpendicular to the facets. In the
lower cervical and thoracic regions where the
interfacet angles are greater than 180° (Fig. 3.3) the
orientation of the axis of coupled motion can vary
greatly depending on whether the applied force was
axial rotation or lateral flexion.

Axes of motion in the
cervicothoracic spine

Fig. 3.5 The axes of coupled lateral flexion and axial
rotation in the cervicothoracic spine (C2-T2). The solid
lines indicate the axes of coupled motion when the applied
force was rotary, and the interrupted lines indicate the axes
when the applied force was lateral bending. The shaded
sectors indicate the range of possible orientations that the
axes can take. The axes in the upper two motion segments
are constrained to a very narrow band. The axes in the lower
three segments shown can take on a wide range of
orientation, but the range of motion here is quite limited.
However in the middle three motion segments where disc
degeneration is most frequent there is the greatest range of
motion and the axes have an intermediate range of possible
orientations. The small circles represent the centres of
rofation for sagittal motion in the cervicothoracic spine.
Adapted from Milne (1993b).

Spinal curvature and weight
transmission

The thoracic kyphosis has been shown to be highly
variable in normal individuals (Fon et al., 1980,
Bernhardt and Bridwell, 1984; Singer et al., 1990b).
Bernhardt and Bridwell (1984) state that the kyphosis
in the thoracic spine usually starts at T1-2 (averaging
about 1° at that segment) and incrementally increases
at each segment caudally until the apex of the
kyphosis, centred around the T6-7 disc, is reached.
Fon et al. (1980) reported that females have a slightly
greater kyphosis and that the kyphosis, in both sexes,
tended to increase slightly with age, with the upper
limits of normal in elderly adults being as high as 56°.
In addition to soft-tissue ageing, Fon et al (1980)
speculated that the increased kyphosis in females was
due to relative physical inactivity, probably related to
occupation, and that dependent breasts may further
accentuate the kyphotic curvature.

The articular surfaces of the cervical vertebrae not
only regulate the direction and type of movement
but, because of their oblique inclination, in a
ventrodorsal direction, they also transmit the weight
of the head (Med, 1973). In investigating weight
transmission in the cervical and upper thoracic
regions of the vertebral column, compressive forces
are thought to be transmitted through three parallel
columns in the cervical spine and through two
columns in the thoracic spine (Pal and Routal, 1986).
Their study proposed that the transfer of load from
the cervical to the upper thoracic spine occurs at the
transition of the cervical and thoracic curvatures.
They postulate three reasons for this: first, that there
is a sharp decline in the zygapophysial joint surface
area in the upper thoracic region as compared to the
cervical region; second, that the pedicles at T1 and
T2 are large compared to those above and are
inclined downwards and forwards from the lamina to
the bodies, and finally, that the posterior column
becomes more closely placed to the anterior column.
Thus, putatively there is a transfer of weight transmis-
sion from the posterior column in the cervical region
to the anterior column in the thoracic region.

However, to facilitate weight transmission in this
region a proportionate increase in the surface area of
the vertebral bodies in the upper thoracic spine
would be expected, yet this is not the case (Boyle et
al., 1996). This may indicate why this could be an
area where stress is concentrated. Similarly, one
would postulate that there should be an increase in
bone mineral density at the cervicothoracic junction.
However, the bone mineral density of the seventh
cervical vertebra (approximately 0.6g/cm?) is sig-
nificantly lower than the levels above (Curylo et al.,
1996). The bone mineral density further decreases at
the first thoracic vertebra, approximately 0.45 g/cm?,
and approximately 0.35 g/cm? were recorded for the
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second and third thoracic vertebrae (Singer ef al.,
1995).

Based on these findings any added stress, due to the
putative transfer of weight to the anterior thoracic
column, would be applied to a narrower and more
slender thoracic vertebra with a lower bone mineral
density. It is proposed that, in combination, these
findings may, in part, contribute to the higher
incidence of degenerative changes in the zygapophy-
sial joints reported at C7-T1, and to the continuing
high incidence of discal degenerative changes repor-
ted in the upper thoracic region (Boyle et al., 1997).

Transitional anomalies

The incidence of cervical ribs is thought to be about
1% of the population (Jones et al., 1984), with
approximately one-half of these cases being bilateral.
Jones et al. (1984) report that these ribs vary from
remnants emanating from the seventh cervical verte-
bra to complete ribs articulating with the manubrium
or first rib. Gladstone and Wakeley (1932) described
10 cases of cervical ribs and rudimentary first
thoracic ribs. Coupled with a review of the literature,
they indicated that these anomalies were devel-
opmental defects probably occurring in the early
stage of embryonic life. Anomalies in the nervous and
vascular systems were frequently associated.

Variations in the morphology of the first rib may
have a causative role in thoracic outlet syndrome. A
thick or abnormally curved first rib may compromise
the neurovascular bundle in its passage about this
region and is often associated with changes in the
muscular attachments to the first rib, scalenus
anterior and medius. Similarly, an anomaly of the
clavicle can lead to a pincerlike action between it and
the first rib Jones et al., 1984).

Vertebral degenerative changes

There is limited literature on degenerative changes of
the vertebrae of the cervicothoracic junctional
region. Shore (1935) considered osteoarthritis (OA)
of the zygapophysial joints of the vertebral column
and reported an increased incidence of disease in the-
cervicothoracic junction - a finding he termed the
cervicodorsal peak. Shore speculated that the
explanation for this finding may lie in the alteration of
the column in order to maintain the position of the
head in the upright posture on a changing thoracic
kyphosis. The change in direction (inflexion) of curve
coupled with different functional demands might
tend to localize stress on the cervicothoracic zygapo-
physial joints. Certainly there has been support for an
increasing thoracic kyphosis in the aged female
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population (Fon et al., 1980; Dalton, 1989; Singer et
al., 1990b). Griegel-Morris et al. (1992) also studied
altered head position, suggesting that there is a
relationship between the presence of some postural
variations and the incidence of pain. They investi-
gated 88 healthy subjects, aged 20-50 years, and
reported that subjects with increased kyphosis and
rounded shoulders had an increased incidence of
interscapular pain. Additionally those subjects with a
forward head posture had an increased incidence of
cervical and intrascapular pains and headache. There
was no relationship, however, between the severity
of the postural abnormality and the severity and
frequency of pain.

Oegema and Bradford (1991) posed the hypothesis
that a decrease in disc space may lead to altered
mechanics of the zygapophysial joints and that the
changes in motion and/or pressure on these joints
may lead to degenerative change. However, Malmi-
vaara et al. (1987), in investigating the thoracolumbar
region, reported that anular disruption of the disc
was not related to zygapophysial joint asymmetry, nor
was there an increase in zygapophysial joint osteoar-
throsis, although, at T11-12, facet joint asymmetry
was associated with more OA on the side with the
more sagitally oriented facet. This finding was con-
sistent with a report by Giles (1987), who noted
anecdotal histological evidence of zygapophysial
joint degeneration affecting the more sagitally ori-
ented joint as compared to the joint oriented to the
coronal plane, from an examination of the lumbo-
sacral transition. Similarly, Farfan and Sullivan (1967)
reported a high correlation between asymmetrical
orientation of the zygapophysial joints and the level
of disc pathology, and between the side of disc
prolapse and the side of the more oblique oriented
joint in patients with low back pain with sciatica. By
comparison, Higg and Wallner (1990), in a study of
47 cases of lumbar disc protrusion, were of the
opinion that there was no relationship between facet
asymmetry and intervertebral disc protrusion. At the
thoracolumbar junction, the variability in zygapophy-
sial joint orientation was not shown to influence the
degenerative patterns, recorded histologically, of
these joints (Singer et al., 1990a). With no data as yet
recorded for the cervicothoracic junction the debate
on the relationship between zygopophysial joint
orientation and vertebral degenerative patterns
remains inconclusive.

In addition, the analysis of association between
zygapophysial joint degeneration and zygapophysial
joint asymmetry must be approached with some
degree of caution. There appear to be limited
normative data on aged zygapophysial joint appear-
ance and in particular what constitutes degenerated
joint appearance. Fletcher et al (1990), in a small
series of 20 cadavers, demonstrated that the majority
of cervical zygapophysial joints do not have a
normal appearance. They reported that, in cadaveric
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specimens, 37 years of age or older, articular cartilage
is reduced to a thin, discoloured or microscopic layer
and that menisci are non-existent. In contrast, Bland
(1994) showed synovial folds (menisci) with cervicat
facet joints to be a common occurrence across the
age span. Fletcher et al. (1990) indicated that about
half of the cervical joints in adults have thickening of
subchondral bone or osteophytes, as well as cartilage
loss. In particular, the lower and mid cervical levels
were usually more severely affected. These data are
supported by Friedenberg and Miller (1963), who
reported that 25% of their asymptomatic patients
demonstrated degenerative changes on radiographic
examination by their fifth decade and by the seventh
decade, 75% showed roentgenographic degenerative
changes.

Similarly, analysis of degenerative changes of the
intervertebral discs must be approached with some
caution. Ten Have and Eulderink (1980) rated cervical
discs on the presence or absence of discal splits. The

limitation with the Ten Have and Eulderink (1980)
disc analysis is that clefts may be found in the middle
of healthy cervical discs on coronal inspection
(Tondury, 1959, 1972; Bland, 1994). These clefts may
start to appear in the uncovertebral joint region as
early as 9 years of age. Tondury (1959) and Ecklin
(1960) both deny that the formation of uncovertebral
fissures in the cervical intervertebral discs should be
regarded as a degenerative process.

Of particular interest, given the proposed effects of
the uncovertebral joints in the development of discal
clefts, is the influence of the ribs in their articulation
with the thoracic discs. Luschka (1858) suggested that
the uncinate processes are homologous with the rib
heads. This postulation has gained some support in the
literature (Bull,
been speculated that the contact of the rib head with
the fibrocartilage of the anulus may produce the same
kind of changes as seen in uncovertebral joints (Milne,
1993). Figure 3.6 demonstrates the similarity between

Fig. 3.6 Coronal sections through the (A) cervical and (B) upper thoracic human spine
demonstrating carbon particles in the uncovertebral joints and the costovertebral joint of the
second rib (arrows) following injection of suspended carbon into the centre of the intervertebral
discs. The migration of carbon within these joints demonstrates fissures within the disc tissue and
communication with the costovertebral and uncovertebral joints.
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the uncovertebral and costovertebral joints with
leakage of radiopaque dye from upper thoracic
discograms into the costovertebral joints.

Given the scarcity of literature on degenerative
patterns of the intervertebral disc through the
cervicothoracic transition, 96 vertebral columns from
the sixth cervical to the fourth thoracic vertebra were
studied (Boyle et al., 1997). The disc-grading scale of
Ten Have and Eulderink (1980) was used, com-
plemented by the categories of discal changes of
Nachemson (1960) which has previously been used
to rate lumbar discs. Comparison with other studies
was limited to previous cervical investigations. How-
ever, data from this study compared favourably with
the findings of Ten Have and Eulderink (1980).
Analysis of these cases revealed that there was a
decline in the incidence of degenerative changes in
the intervertebral discs from the C6-7 to the T1-2
segments. However, there was increased incidence
recorded at the T2-3 segment and comparable results
at the segment below, which was more consistent
with the lower cervical findings (Fig. 3.7). This
increasing incidence is surprising given the presumed
stabilizing effect of the thoracic cage and increased
stiffness of the thoracic spine (Panjabi et al., 1976).

The high frequency of degenerative findings in the
mid cervical spine is well-documented (Fletcher et
al., 1990; Milne, 1991). This finding relates to the
combination of disc-facet and interfacet angles seen
in the mid cervical vertebrae which allows for larger
anteroposterior translation during sagittal motion and
a greater freedom in combined lateral flexion and
axial rotation (Milne, 1991; Milne, 1993a,b; Fig. 3.5).
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This pattern of movement is thought to result in
greater shearing forces in the intervertebral discs
(Tondury, 1959). The variations in orientation of the
zygapophysial joints through the cervicothoracic
transition may in part account for the discal degenera-
tion in the upper thoracic spine. Unfortunately a
causal link between the angular asymmetries and the
pattern of discal degeneration in the cervicothoracic
junctional region could not be measured in our study
(Boyle et al., 1997) due to prior autopsy procedures
rendering measurement of zygapophysial configura-
tion impossible.

In inspecting degenerative changes in the cervico-
thoracic transition, significant trends with respect to
age were identified (Boyle et al., 1997), consistent
with the view that there is an increasing frequency of
degenerative lesions with ageing of the human spine.
In the youngest age group (11-29 years), 75% of all
discs were graded normal, with the majority of the
remainder demonstrating minor lesions. Ratings of
normal declined steadily through the age categories,
with the 30-49-year group recording 62% of all discs
as having no degenerative lesions and the 50-G69-year
group scoring 57%. In the oldest age group (greater
than 70 years), only 42% of all discs were graded
normal and, of the remainder, over half were moder-
ately to severely degenerated.

The frequency of osteophytic lipping decreased
dramatically from the C6-7 vertebral segment and
thereafter remained constant in frequency into the
upper thoracic region (Boyle et al., 1997). The lowest
incidence of marginal vertebral osteophyte formation
occurred at the C7-T1 vertebral segment. The report

Segmental patterns of degenerative changes
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Fig. 3.7 Graphical summary of the incidence of degenerative changes for the
vertebral segments of the transition from sagittal midline inspection of 96 vertebral
columns, based on two reported scales of discal degeneration (Nachemson, 1960; Ten
Have and Eulderink, 1980). Patterns of end-plate lesions and marginal osteophyte
formation are also presented. In general, the last cervical (mobile) segment tends to
be affected most. Modified from Boyle et al. (1997).
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by Nathan (1962) showed a similar trend, suggesting
that T1 and T2 were least likely to develop anterior
vertebral body osteophytes in the whole vertebral
column. In contrast, Nathan added that C6 had the
highest frequency of osteophyte formation in the
cervical spine. The comparison of discal degenerative
changes, as defined by Nachemson'’s grading, with the
incidence of osteophyte presence, indicates that if the
disc is normal then osteophyte formation is not
common. However, in this series of 96 cases, one-third
of the degenerated intervertebral discs were not
associated with evidence of osteophyte formation on
sagittal midline inspection.

The relationship between the presence of cervical
degenerative lesions and patients’ complaints of
symptoms was studied by Friedenberg and Miller
(1963) in 160 asymptomatic patients and compared 92
of them to age- and gender-matched patients with
cervical pain. Using radiographic examination they
reported no difference between these two groups in
the incidence of changes at the posterolateral margins
of the vertebral bodies, the intervertebral foramina or
the zygapophysial joints. The association, by these
authors, between postmortem observations and clin-
ical pain syndromes was considered tenuous.

Spinal trauma

Transitional regions of the human spinal column are
considered to be vulnerable to injury due to the
abrupt changes in vertebral morphology which alter
spinal mechanics and load transmission (Kazarian,
1981). The biomechanics of the cervicothoracic
junction are considered somewhat unique due to the

transition from a very mobile cervical spine to the
relatively rigid thoracic spine. Rogers et al. (1980),
reviewing 35 cases of upper thoracic spinal trauma,
searched for patterns of resultant bony lesions. They
reported a basic pattern of injury occurring in 22
cases with a fracture involving two contiguous
vertebrae with the superior vertebrae dislocated
anteriorly. Additionally, associated secondary spinal
injuries were common (17% incidence) and usually
represented a hyperextension injury of the upper
cervical spine.

Dislocation or fracture dislocation at the C7-TI
levels is a rare injury. Evans (1983) reported 14 cases
from 27 years of spinal injury management at his
centre, out of a series of 587 cervical traumas. A similar
incidence rate is reported by Allen et al. (1982), who
recorded 10 cases from 165 lower cervical injuries
over 15 years. In an ongoing review of spinal injury
cases from the Sir George Bedbrook Spinal Unit at the
Royal Perth Rehabilitation Hospital, Western Australia
(Boyle, unpublished), 6 cases have been identified.
This series represents an 11-year review (1985-1995)
out of a total of 865 spinal injury cases. Five of the 6
cases reflect the basic pattern described by Rogers et
al. (1980), and would be classified under the dis-
tractive-flexion category (Allen et al., 1982; Fig. 3.8),
although a rotary component appears to be an
additional features in two cases. The final case is
consistent with the vertical compression category
using this classification (represented in Fig. 3.9).

There appears to be general consensus in the
literature that, although these lesions are uncommon,
they are easily missed and closer scrutiny is required
when examining trauma in this region. Evans (1983)
reported that nearly two-thirds of all cases reviewed
were not properly diagnosed on admission and that

Mechanisms of cervicothoracic junction trauma

Fig. 3.8 The typical mechanisms of injury resulting in fracture-dislocations at the
cervicothoracic junction is extreme flexion (A). B shows axial compression with or
without rotation. Hyperextension (C) can result in posterior joint complex compression

fractures.

Copyrighted Material



Fig. 3.9 Transverse plane computed tomographic scan of
the cervicothoracic junction from an 18-year-old male
involved in a rollover motor vehicle accident. Scan A
demonstrates a comminuted burst fracture of C7 with
almost complete ablation of the spinal canal and involve-
ment of the articular processes. Scan B demonstrates a
cleaved fracture of the body of T1 with associated fractures
of the left lamina and central spinous process. The neuro-
Jogical lesion resulted in an incomplete quadriplegia below
C6 and complete quadriplegia below T1. This case illustrates
the violent nature of cervicothoracic junction injury.

dislocations at the cervicothoracic junction require
careful scrutiny. The difficulty lies in the inability of
routine lateral radiographs to ideatify lesions unless a
‘swimmer’s projection’ technique is used (Fig. 3.10).
The lateral X-ray is taken with the patient’s arm
clevated above the head with the other arm perpen-
dicular to the body. Despite better visualization of the
upper thoracic spine with this technique, tomo-
graphy is considered essential to reflect the true
status of the vertebral body and the posterior
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elements. In the large patient, magnetic resonance
imaging of the cervicothoracic junction provides a
more detailed investigation and is considered the
examination of choice if fracture or fracture -disloca-
tion is suspected (Kerslake et al., 1991). An added
advantage is that magnetic resonance imaging is also
capable of demonstrating oedema and haemorrhage
within the spinal cord.

Complications following trauma to the cervicothor-
acic region are common, with An et al (1994)
reporting 28 out of 35 cases presenting with neuro-
logical deficits. In the 14 cases reported by Evans
(1983), 11 were associated with a complete lesion of
the spinal cord, and all remained complete. These
findings may, in part, be reflective of the decrease in
canal size in the thoracic spine.

Fracture of the vertebral body of the first thoracic
vertebra is very rare and usually involves great force.
This is thought to reflect the stabilizing effect of the
first rib Jones et al., 1984). Fractures of the spinous
processes of either C7 orT1, more commonly known
as shoveller's fractures are thought to be stress
fractures due to repetitive muscular action. First rib
fractures can be either anterior or posterior, with the
latter often involving the costotransverse articulation
and the transverse processes of C7 and T1 (Jones et
al., 1984).

The question arises as to whether the morpho-
logical variations evident in the transitional regions of
the spine influence the patterns of trauma and
degenerative changes. In the thoracolumbar transi-
tional region Singer et al. (1989) compared a series of
630 normal patient computed tomographic scans
with scans of 44 patients with thoracolumbar
injuries. They concluded that individuals with an
abrupt transition had a greater predisposition to
torsional injuries at this junction. A higher incidence
of thoracolumbar junction mortice joints was demon-
strated in the injury group. There has not been a
similar investigation of the cervicothoracic junction
reported.

Clinical anatomy

The cervicothoracic transition appears consistent
with the other junctional regions of the spine.
Marked changes in vertebral morphology occur at
the transition as the cervical spine assumes the
features of the thoracic region. Changes occur in
the orientation of the zygapophysial joints through
the transition and the incidence of facet tropism is
such that care when interpreting passive manual
testing of individual segments is necessary. Addition-
ally, accessory gliding of these segments may test
with variations in range and quality of movement
irrespective of the presence of pathology. Grieve
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Fig. 3.10 Swimmer’s view X-ray (A), with associated outline (B), to illustrate a bilateral dislocation and fracture of C7 on T1

in a 26-year-old male following a motor vehicle accident.

(1994) recommends caution, both in interpreting
apparent abnormal motion, and in the nature of
treatment using manual therapy at the thoraco-
lumbar transition. The same advice is suggested for
the cervicothoracic junction.

Despite the transitional variations in vertebral
morphology, it would be spurious to associate the
variations described here with increased likelihood of
degenerative changes in either the zygapophysial
joints or intervertebral disc. Given the relatively high
incidence of degenerative disc changes and zygapo-
physial joint degeneration reported, the cervicothor-
acic junction should not be overlooked as a possible
cause of patients’ symptoms. Based on upper tho-
racic vertebral body morphology, and the postulated
weight transmission, this region is potentially an area
of localized spinal stress. The upper thoracic spine
and the ribs assist with this increased loading.
Deterioration in posture with an increasing thoracic
kyphosis could be looked upon as further accentuat-
ing the stress in this transitional region.
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4

Normal kinematics of the cervical spine

L. Penning

This chapter deals with a radiological analysis of
normal motion of the cervical spine followed by a
functional anatomical correlation.

Functional radiographic studies

Kinematics is the study of motion without taking into
account the influences of force and mass (as opposed
to kinetics). Spinal kinematics have been profoundly
studied by radiological methods. This chapter deals
with the radiological analysis of normal motion of the
cervical spine, followed by a comparative review
which relates the anatomy with function.

Motion takes place in the separate motion seg-
ments of the craniovertebral junction, occiput to C2
(occipitoatiantal segment occiput-Cl, atlantoaxial
segment C1-2), and of the cervical spine proper
C2-T1, including the cervicothoracic junction
C7-T1.

Only movements in the three main planes are
described: flexion-extension in the sagittal plane;
lateral bending to the right and left in the frontal
plane; and rotation to the right and left in the
transverse (or axial) plane. The head may also move
parallel to itself, which is called translation (White
and Panjabi, 1978; Penning 1992a). Such translatory
head motion is virtually limited to the sagittal plane.

The range of flexion-extension motion is deter-
mined by superimposition of radiographs of the
cervical spine in both end-positions (Penning, 1968,
1978). Details are given in Figure 4.1. In super-
imposition, both the outlines of the vertebral bodies
and the spinous processes should match. Only these
midline structures may be used as landmarks, not, for

Fig. 4.1 Determination of ranges of motion between
vertebrae. Flexion film is taped (shaded area) to the
viewing box (occipital and vertebral outlines occiput to C7
in solid lines). Part of the outline of the film edges is
shown. To determine flexion-extension range of motion
of, e.g. C4-5, an extension view film (vertebral outlines
and film edges shown in interrupted lines) is super-
imposed on a flexion film with the images of C5 matching.
Then a line is drawn along one edge of the extension film
on the underlying flexion film and viewing box. Next,
images of C4 are made to match and a new line is drawn
along the corresponding edge of the extension film. The
angle between both lines is the range of flexion-extension
motion at C4-5.
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54 Clinical Anatomy and Management of Cervical Spine Pain

example, the articular processes. Both images should
have the same radiological enlargement factor. Differ-
ences in lateral projection (due to concomitant
rotation and/or lateral bending) interfere with reliable
superimposition and enhance measurement error. If
radiographs are too dark to allow reliable super-
imposition, the contours of vertebral bodies and
spinous processes on one film are redrawn on a
transparent paper, which is subsequently super-
imposed on the other film; this likewise enhances
measurement error.

Ranges of flexion-extension motion are listed in
Tables 4.1-4.3. Range of motion in children is larger
than in adults (Markuske, 1971). In adults ranges
decrease with increasing age, except at C6-7 (Vort-
man, 1992). Average range of motion is larger in
passive motion (brought about by investigator) than
in active motion (Dvorak et al, 1988). According to

Vortman (1992), the average difference in each
segment is 1.5°. Ranges show wide variations (Buetti-
Bduml, 1954; Dvorak et al, 1988; Penning, 1968).

When only end-positions are taken into considera-
tion, sequence of contribution of different regions of
the cervical spine to total flexion-extension motion
remains unknown. Such sequence can be studied by
cineradiography, but small size and poor definition of
individual frames interfere with detailed analysis.
Using larger frames (100 X 100 mm) and lower speed
(4 images/s), Van Mameren et al. (1990) were able to
show that motion commences and ends in the lower
part of the cervical spine (and never in the mid
cervical part), and that sequences of contribution in
normal subjects are rather constant.

During motion of the cervical spine as a whole,
individual segments may temporarily move in oppo-
site direction (so-called paradox motion, or inver-

Table 4.1 Ranges of flexion-extension motion (in degrees) according to several authors

A B D r F
Occiput-Cl1 -10-30 3-31
Cl1-2 12 (5-20) 15 (8-22) 7-26 8-27
C2-3 5-18 5-16 10 (5-15) 12 (6-17) 9-16 10-16
C3-4 13-23 13-26 15 (7-23) 17 (10-24) 11-23 12-22
C4-5 16-28 15-29 19 (13-26) 21 (14-28) 15-26 14-25
C5-6 18-28 16-29 20 (13-28) 23 (16-31) 17-27 18-26
C6-7 13-25 6-25 19 (11-26) 21 (13-29) 9-23 7-23
C7-Tl 4-12
A = Buetti-Biuml (1954): n = 30; 13-42 years, spread of ranges.
B = Penning (1960): n = 20; 15-30 years, sprcad of ranges.
C = Dvorak et al. (1988): n = 28; 22-47 years, active motion, average range (+ 2 X s.d.).
D = Same group as C, passive motion, average range (+ 2 Xs.d.).
E = Van Mameren et al. (1990): n = 10; 19-22 years, spread of ranges, extension — flexion: negative values occiput-Cl indicate paradox

motion.
Same group as E, flexion — extension.

-
1

Table 4.2 Ranges of flexion-extension motion (average value + 2s.d., in degrees) according to Vortman (1992)

A B C D E F G«
C2-3 7-15 8-17 6-19 6-16 6-15 4-14 5-15
C3-4 11-23 15-24 13-20 12-22 8-23 8-19 8-21
C4-5 15-25 15-29 12-27 14-26 8-25 12-20 12-21
C5-6 16-24 17-25 15-29 15-26 13-24 13-26 13-25
C6-7 12-23 15-23 13-22 13-22 12-20 10-24 11-22

9 males 18-28 years, average age 22 years, active motion.
Same males as in A, passive motion.

8 females 18- 28 years, average age 22 years, active motion.
Groups A and C together.

10 males 29-55 years, average age 41 years, active motion.
10 females 29-55 years, average age 41 years, active motion.
Groups E and F together.

QTmQo O >

Passive motion increases the range of motion by an average 1.5° per segment. There is no difference berween men and women, except for C2-3
(Jarger range in women). Smaller range of motion in elderly group, significant at C2-5, less significant at C5-6 and not significant at C6-7.
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Table 4.3 Average ranges of flexion-extension motion
according to Markuske (1971)

A B & D E F G
c2-3 169 160 17.7 181 179 158 105
C3-4 21.0 217 223 225 225 217 166
C4-5 213 217 224 228 228 26.1 207
C5-6 21.6 226 228 246 246 264 222
C6-7 214 200 21.1 229 229 228 185

A = 20 boys 3-6 ycars; B = 20 girls 3-6 years; C = 20 boys 7-10
years; D = 20 girls 7-10 years; E = 20 boys 11-14 years; F = 20
girls 11-14 years; G = comparison with average values of
Buetti-Baumi (1954) (25 adults 20-38 years).

sion). Paradox motion was first described by Gut-
mann (1960) as an extension motion, occiput to C1,
during the end-phase of flexion of the cervical spine.
It occurs only in flexion of the whole cervical spine,
not in flexion of the upper part alone (such as in
nodding yes). Arlen (1977) noted paradox, occiput to
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C1, motion in 90% of people under the age of 40, and
in 40% of people over 40 years of age. With a dynamic
method, Van Mameren et al. (1990) were able to
show that paradox motion is a physiological phenom-
enon, not only occurring at occiput to C1, but
occasionally also at C1-2, and in the lower cervical
spine at C6-7 and occasionally at C5-6 (Van Mame-
ren et al., 1990).

Flexion-extension of separate segments can also be
studied by comparing lateral radiographs of the
cervical spine in maximal backward translation (chin-
in position) and in maximal forward translation (chin-
out position) of the head (Fig. 4.2). During this chin-
in/chin-out manoeuvre the upper and lower cervical
spine move in opposite directions (Table 4.4). In the
chin-in position the upper part is flexed and the lower
part extended, and vice versa. Reversal of direction of
motion takes place anywhere between C2 and C5;
range of motion in and around the region of reversal is
reduced (Penning, 1992a). As flexion-extension occi-
put to C2 is maximal, without paradox motion occiput
to C1, mobility of the craniovertebral junction is

Fig. 4.2 Motion during chin-out/chin-in manoeuvres. Left: Lateral view of cervical spine
occiput toT1 in chin-out position. Right: chin-in position. Line AC = translation distance
of head (basiocciput). Because of co-motion of the upper thoracic spine (the centre of
vertebral body T1 moves over distance DE), actual head translation with respect to the
centre of the T1 body is over the distance BC (AB = DE). Corrected for radiological
enlargement of 15%, this distance is 75 mm (upper normal limit).

(left), the upper cervical spine occiput to C3 is in extension (small distance FG) and the
lower cervical spine C5 toT1 is in flexion (large distance HI). In chin-in position (right),
the reverse is true: large distance KL and small distance MN.
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Table 4.4 Cervical spine motion during bead
translation

Occiput-Cl -29.0 -19 - -40
Cl1-2 -16.0 -6 --30
C2-3 -4.8 -12 - +5

C3-4 -1.9 -10 - +10
C4-5 +5.6 0-+15
C5-6 +13.1 +5 - +19
C6-71 +13.2 +2 - +19

Mean ranges (in degrees) and spread of ranges of flexion (+) or
extension (-) motion dudng chin-in — chin-out manoeuvres in 11
normal adults (5 women, 6 men, mean age 36 years, range 25-45
years; Patijn and Penning, unpublished data, 1994).

preferably studied by the chin-in/chin-out manoeuvre.
Flexion-extension C5-T1 is not maximal, motion
being more equally distributed over several segments,
including the upper thoracic segments.

Practically  performed, the chin-in/chin-out
manoeuvre seems to allow a considerable degree of
head translation, but for a large part this is due to co-
motion of the upper thoracic spine (Fig. 4.2). With
the centre of vertebral body T1 remaining in place,
the range of head translation proves to be limited to
an average of 45mm with a spread of 2-75mm
(Penning, 1992a). This implies that already relatively
small but sudden translatory movements of the head,
as in backward acceleration in rear-end collisions,
may theoretically result in damaging hyperflexion of
the craniovertebral region (Penning, 1992b).

The pattern of motion between two vertebrae is
represented by a movement diagram, demonstrating
vertebral relationship in both end-positions of move-
ment, range of motion and location of the instanta-
neous centre of motion. A flexion-extension move-
ment diagram type I is shown in Figure 4.3 left, and
type II in Figure 4.3 right.

The movement diagram serves as a starting point
for further elaboration of vertebral kinematics (Pen-
ning, 1960, 1968). Motion is described as rotation
about an axis perpendicular to the plane of motion;
this axis is represented on the film or movement
diagram as a point, and called the instantaneous
centre of motion. The designation instantaneous
indicates that the centre relates the end-positions of
flexion and extension only, and does not suggest that
motion in between is a circular motion about this
centre. Centres tend to shift during motion along a
certain
Vortman (1992) has shown that centres of the
cervical spine proper for motion from maximal
extension to mid-position differ in place from those
for motion from mid-position to maximal flexion.
However, in radiographically normal spines, these
differences in position prove to be negligibly small.

Figure 4.4 demonstrates how the instantaneous
centre of motion can be constructed from the
movement diagram. Another method to construct the
instantaneous centre of motion from flexion-exten-
sion radiographs is elucidated in Figure 4.5. This
method, used by different authors (Pennal et al,
1972, Vortman, 1992), has less measurement error
(Vortman, 1992).

Fig. 4.3 Movement diagrams with instantaneous centre of motion. Left: Movement
diagram C5-6 type 1, with lower vertebra C6 in fixed position and upper vertebra C5
in end-positions of flexion (solid lines) and extension (broken lines). Dotted circle,
with the instantaneous centre of flexion-extension motion (small circle in lower
vertebral body) as centre point, passes through the intervertebral joint spaces (shaded).
Right: Movement diagram C5-6 type 1l, with the upper vertebra C5 in a fixed position
and the lower vertebra C6 in end-positions of flexion (solid lines) and extension
(broken lines). The dotted circle, with the instantaneous centre of flexion-extension
motion (small circle in lower vertebral body) as centre point, passes through the

intervertebral joint spaces (shaded).
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Fig. 4.4 Construction of instantaneous centre of motion (I).
Left: Identical landmarks (small circles) of the upper
vertebral body and arch in flexion (solid lines) and in
extension (interrupted lines) are connected; perpendicular
lines constructed from their midpoints converge on the
instantaneous centre of motion (star). As inherent measure-
ment ecror is considerable, the result should be checked by
superimposing images of the lower vertebra, marking the
constructed centre of motion on both films. Pierce a needle
through the superimposed centres of motion, and rotate the
upper film upon the lower film (Penning, 1978). If the
centre of motion has been correctly determined, rotation
out of the superimposed position of the lower vertebra will
result in exact superimposition of the outlines of the upper
vertebra.

The anatomist Fick (1904, 1911), described the
centres of cervical flexion-extension motion C2-7
as located in the caudal vertebral bodies, not in the
intervertebral discs. In 1931, Dittmar concluded from
functional radiological studies that the centres were
located in the nuclei pulposi of the intervertebral
discs. Exner (1954) confirmed this and added that the
centres moved with the nuclei, backwards in flexion
and forwards in extension. The author of this chapter
proved radiologically that the instantaneous centres
of flexion-extension motion are located in the caudal
vertebral bodies (Penning, 1960), with a typical
segmental difference: at C2-3 in the lower posterior
half of the body of C3; and at C6-7 at the midpoint of
the upper end-plate of the body of C7. The results in
20 cervical spines of young adults are shown in
Figure 4.6 left. By optimization of technical errors,
Amevo et al. (1991a,b,c) were able to locate the
instantaneous
Van Mameren et al. (1990) and Vortman (1992)
achieved comparable results.

The instantaneous axis of flexion-extension
motion occiput-Cl1 traverses both anterior condyloid
foramina (Spalteholz, 1953; Werne, 1959). The dis-
tance of this axis from the occipitoatlantal joints is
about 15mm. On lateral radiographs the centre of
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motion is projected about the centre of a circle
encompassing the outline of the occipital condyles
(Fig. 4.7 bottom). The instantaneous centre of
[lexion-extension motion CI1-2 is projected in the
dorsal half of the dens, or immediately dorsal to the
dens (Van Mameren et al, 1990; Fig. 4.8).

As shown by paradox occiput-C1 motion, flex-
ion-extension in the occiput-C1 and C1-2 segments
are not obligatory coupled motions. Consequently,
the posterior arch of the atlas may be found
somewhere between the occiput and spinous pro-
cess of the axis, and not necessarily halfway between
(Penning, 1978).

By systematically comparing lateral radiographs of
the cervical spine in the neutral position and in

Fig. 4.5 Construction of instantaneous centres of motion
(D). Flexion film (occipital and vertebral outlines shown) is
taped onto the viewing box. Part of the upper and left film
edges is shown. To determine instantaneous flexion-
extension centre of motion of, for example, C4-5, the
extension film (vertebral outlines not shown) is super-
imposed with outlines of C5 vertebra exactly matching, after
which edges of the extension film are drawn on the
underlying flexion film and the viewing box (solid lines).
Next, outlines of C4 are made to match and the edges of the
extension film again are drawn (interrupted lines). After the
extension film has been removed, a line is drawn from the
intersection (small circle) of both drawn upper edges of the
extension film to the intersection of both drawn lower
edges of the extension film. Another line is drawn from the
intersection of the left drawn edges of the extension film to
the intersection of the right drawn edges. Intersection of
both lines (star) is the centre of flexion-extension motion at
C4-5. The angle berween the drawn edges of both
extension films is the range of flexion-extension motion at
C4-5.
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Fig. 4.6 Instantaneous centres of flexion -extension motion
C2-7. Left: Instantaneous centres of flexion-extension
motion C2-7 (dots), with estimated mean instantaneous
centres (small circles), as determined by the author in 20
healthy subjects (Penning, 1960). Right: Instantaneous
centres as determined by Amevo et al. (1991a,b,c) in 40
normal subjects (dots = mean centres, shaded areas =
two s.d. distribution of centres; solid lines = superimposed
range of technical errors).

flexion, occasionally parallel motion (translation)
of the axis with respect to the occiput may be
observed (Penning, 1995). As Figure 4.8 top shows,
backward translation of the axis vertebra (with
respect to the occiput) is accompanied by upward
motion of the posterior atlantal arch (extension
occiput-C1, flexion C1-2); forward translation (Fig.
4.8 bottom) moves the posterior atlantal arch down-
wards (flexion occiput-C1, extension C1-2). Parallel
occiput to C2 motijon is limited by unequal distribu-
tion of elastic tension over the posterior occipito-
atlantal - axial ligaments.

As rotation takes place in the transverse (axial)
plane, computed tomography (CT) is an appropriate
modality to study it. Ranges of rotation occiput to T1
may be determined by scanning the cervical spine in
the supine position of the body with the head actively
maximally rotated to the right or the left, and
subsequently measuring on the obtained radiographs
the difference in rotation of each of the vertebrae C1
up to T1 with respect to the occiput (Penning and
Wilmink, 1987). From these measurements rotation
of each of the segments can be calculated. The results
in young adults are presented in Table 4.5.

Fig. 4.7 [nstantaneous centres of occiput-Cl motion. Top:
Anteroposterior projection (frontal plane) of basiocciput
(presumed to be fixed) with outlines of occipital condyles,
and of lateral masses of atlas in lateral bending to right (solid
lines) and lateral bending to left (interrupted lines). Con-
struction of the instantaneous centre of motion (star) is as in
Figure 4.4. Instantaneous centre is projected in the mid
sagittal plane high above the foramen magnum. A circle
drawn from the centre of motion passes through the
outlines of the occipital condyles. Bottom: Lateral projection
(parasagirtal plane) of the basiocciput (presumed to be
fixed) with an outline of superimposed occipital condyles,
and of atlas in flexion (solid lines) and extension (inter-
rupted lines). Construction of the instantaneous centre of
motion (star) is as in Figure 4.4. The instantaneous centre
corresponds more or less with the axis through both
anterior condyloid foramina (canales nevvi. hypoglossi). A
circle drawn from the centre of motion passes through the
outline of the occipital condyles (outline more curved than
outline in frontal plane, typical of ovoid-shaped joint). Note
that instantaneous centres of motion for flexion-extension
and lateral bending are on the same side of the occipi-
toatlantal joint.

In this study, tull rotation (i.e. both sides together)
between occiput and upper thoracic vertebra T1
averages 144.4°. Occiput-Cl rotation is negligibly
small. In accordance with the literature (White and
Panjabi, 1978), 55% of total rotation of the cervical
spine occurs at C1-2 (in our measurements 81°, or
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Fig. 4.8 Parallel motion occiput to C2. Parallel motion
occiput to C2 is occasionally observed when radiographs in
the neutral position and flexion are systematically compared.
Top: Occiput to C2 region of flexed cervical spine. Occiput-
Cl segment is in extension (due to paradox motion); C1-2 is
in normal flexion. Bottom: Occiput to C2 region of the
cervical spine in the neutral position. Compared with the
flexion radiograph (top), the axis vertebra has translated
anteriorly with respect to the head (follow vertical lines
drawn along anterior and posterior rims of the foramen
magnum). This example shows forwards translation of the
axis vertebra, to be accompanied by downwards motion of
the posterior atlantal arch, and vice versa. A: instantaneous
centre of flexion-extension motion; occiput to Cl. B:
instantaneous centre of flexion-extension motion; C1-2.

56%). Rotation C2-T1 (both sides together) averages
61.4°. Rotation here proves to be largest in the C3-7
region, and smallest at C2-3 and C7-T1. Figure 4.9
presents a drawing of the superimposed vertebral
images as obtained during CT scanning of the cervical
spine in head rotation to the right.

The pattern of rotation occiput to C2 is best
depicted as shown in Figure 4.10, with the rotated
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Table 4.5 Ranges of rotation in 26 bealthy adults 21-26
years (Penning and Wilmink, 1987)

A B C

Occiput-C1 1 -2-5

Cl-2 40.5 29-46

C2-3 3.0 0-10 6.0
C3-4 65 3-10 9.8
C4-5 6.8 1-12 103
C5-6 69 2-12 8.0
C6-7 5.4 2-10 5.7
C7-Tl 2.1 -2-7 4.7
Occiput-T1 72.2 61-84

C2-T1 30 7 22-38 44.5

A = Mean ranges (in degrees) of rotation to left or right; B = same
group as A, upper and lower limits rotation to left or right;

C = Lysell (1969), in vitro study, mean values of rotation to left
and right together.

head in fixed anteroposterior (AP) position, and the
atlas and axis vertebra in both end-positions of rotation
to the right and left. However, for better under-
standing of kinematics, motion of the head with
respect to the atlas and axis vertebrae should be

Fig. 4.9 Computed tomographic reconstruction of the
rotated cervical spine. Top-view of vertebrae C1-T1 (with
adjoining parts of the first rib). The head is rotated to the
right side (star). The head is represented by the foramen
magnum and a line corresponding with the mid sagittal
plane of the head. With respect to the atlas, the head has
shifted to the right but it is virtually not rotated. The total
range of rotation occiput-T1 in this example, is 70°.
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Fig. 4.10 Pattern of rotation occiput to C2 (I). Left: Drawings from anteroposterior
(AP) radiographs of the head rotated on the cervical spine (with only the foramen
magnum and the lateral condyles depicted). The right side is indicated by a star. Right:
Views from above, showing film plane, direction of X-ray beam and the position of the
head and shoulders. The right shoulder is indicated by a star. Note the strict (AP)
projection of the head. Top left: Head rotation to the right. Head and atlas in AP
projection with no occiput to C1 rotation. With respect to the head and atlas, the axis
vertebra has rotated to left (shift of spinous process to the right). Occiput to C2 region
is laterally bent to the left: the vertical line berween the inner border of the occipital
condyle (small circle) and the lateral mass of the axis vertebra (black dot) is shorter on
the left side, with shift of the atlas to the left side with respect to the head. Bottom left:
Head rotation to the left. With respect to the head and atlas, the axis vertebra has
rotated to the right (shift of spinous process to the left). Occiput to C2 region is
laterally bent to the right (the vertical line is shorter on the right side), with a shift of

the atlas to the right side with respect to the head.

considered. Head rotation to the right (Fig. 4.10 top
left) then proves to be attended by occiput to C2
rotation to the right (which is the same as C2 rotation
to the left); by occiput to C2 lateral bending to the left;
and by lateral sliding of the head upon the atlas to the
right. Head rotation to the left (Fig. 4.10 bottom left) is
attended by occiput to C2 rotation to the left; by
occiput to C2 lateral bending to the right; and by
lateral sliding of the head upon the atlas to the left.
Head rotation is thus attended by occiput to C2
rotation in the same direction (which has to be
expected as the whole cervical spine is rotated in the
same direction); and by occiput to C2 lateral bending
in the opposite direction (which will be explained).
The head always slides laterally upon the atlas away
from the direction of lateral bending; this is related to

the triangular lateral masses of the atlas being wedged
laterally during approximation of the corresponding
occipital condyle and lateral mass of the axis ver-
tebra. During rotation, the head thus slides in the
direction of the rotation.

According to the CT study of rotational motion
(Penning and Wilmink, 1987), average occiput to C2
rotation to the right or left of 40° produces an average
lateral sliding of the occipital condyles upon the atlas
of 4.5 mm (spread 3-6 mm), both sides together total
9mm. Lateral shift with respect to the odontoid
process is slightly less: both sides together total
7.8 mm. Consequently, average lateral shift of the
odontoid process during rotation within the atlas is
negligibly small, averaging 1.2 mm. Thus, in agree-
ment with classical anatomical textbooks (Fick, 1904,
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1911; Spalteholz, 1953), the centre of atlantoaxial
rotation may be located about the centre of the
odontoid process.

The range of lateral bending occiput to C2 (both
sides together) in the study of Werne (1959) averaged
5.5° (spread 1-14°), and in the study of Lewit et al.
(1964) 8° (a spread of 4-13.5°).

The pattern of lateral bending occiput to C2 is best
depicted in the way shown in Figure 4.11, with the
laterally bent head in the fixed AP position, and the
atlas and axis vertebrae in both end-positions of
lateral bending to the right and left. However, for
better understanding, the kinematics of motion ot the
head with respect to the atlas and axis vertebrae
should also be considered. Lateral head bending to
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the right (Fig. 4.11 top left) then proves to be
attended by occiput to C2 rotation to the left (which
is the same as axis vertebra rotation to the right); by
occiput to C2 lateral bending to the right; and by
lateral sliding of the head upon the atlas to the left.
Lateral head bending to the left (Fig. 4.11 bottom left)
is attended by occiput to C2 rotation to the right,
occiput to C2 lateral bending to the left, and lateral
sliding of the head upon the atlas to the right.

Thus lateral head bending is attended by lateral
occiput to C2 bending in the same direction (which
has to be expected as the whole cervical spine is
laterally bent in the same direction), and by occiput
to C2 rotation in the opposite direction (which will
be explained). As has been explained in the previous

Fig. 4.11 Pattern of lateral bending motion occiput to C2. Left: drawings from
radiographs of lateral bending of the head and cervical spine (only the foramen
magnum and lateral condyles are depicted). The right side is indicated by a star.
Right: Bird’s-eye views showing film plane, shoulders and the laterally bent head
and neck. The right shoulder is indicated by a star. Strict upright and
anteroposterior position of the head with respect to film (non-rotated). Top left:
Lateral head and neck bending to the right. The vertical line between the inner
border of the occipital condyle (small circle) and the lateral mass of the axis
vertebra (black dot) is shorter on the right side. With respect to the head, the atlas
has shifted to the right. With respect to the head and atlas, the axis vertebra has
rotated to the right (shift of spinous process to the left). This situation is
comparable to that of head rotation to the left (Fig. 4.10 bottom). Bottom left:
Laceral head and neck bending to the left. The vertical line is shorter on the left
side. With respect to the head, the atlas has shifted to the [eft. With respect to the
head and atlas, the axis vertebra has rotated to the left (shift of spinous process to
the right). This situation is comparable to that of head rotation to the right (Fig.

4.10 top).
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section, the head always slides laterally upon the atlas
away from the direction of lateral bending.

It is tempting to attribute the coupling of rotation
and contralateral bending occiput to C2 (and vice
versa) to the functional anatomy of the cranioverteb-
ral region itself (Reich and Dvorak, 1986). However,
the explanation of the coupling has to be found in the
biomechanical behaviour of the cervical spine proper
C2-T1, which is described below.

Rotation and lateral bending C2-T1 are coupled
motions. In 28 autopsy specimens C2-T3 of ages
ranging between 11 and 67 years, Lysell (1969) found
an average full rotation C2-T1 of 45° to be associated
with 24° lateral bending to the same side. Full lateral
bending C2-T1 of 49° proved to be coupled with 28°
rotation to the same side (Table 4.6). If the thoracic
spine with T1 js supposed to be fixed, the coupled
rotation-lateral bending is gradually built up from C7
upwards, to reach a maximal value at C2. Lateral
bending and rotation C2-T1 thus are obligatorily
coupled, although in full lateral bending full rotation
is not achieved, in full rotation, full lateral bending is
not achieved.

The study of Lysell (1969) proves that C2 motion is
the result of the behaviour of the cervical spine
proper, C2-T1, as the craniovertebral segments
occiput-Cl and C1-2 did not form part of the
specimens. This is further substantiated by studies in
the dog (Penning and Badoux, 1987). In this quad-
rupedal mammal, C2 does (virtually) not rotate
during lateral bending of the craniovertebral junc-
tion, despite the fact that craniovertebral anatomy is
comparable to that in humans. The explanation is the
virtual inability of the canine cervical spine proper
(C2-T1) to rotate: lateral bending C2-7 does not
produce an appreciable amount of C2 rotatjon.

As opposed to C2 motion, head motion is relatively
independent of motion of the cervical spine proper,
due to the possibility of compensatory counter-
movements in the occipitoatiantoaxial segments. In

Table 4.6 Coupled ranges of rotation/lateral bending,
and lateral bending/rotation

A B C D
C2-3 6.0 5.4 7.9 6.1
C3-4 9.8 6.8 9.8 6.8
C4-5 10.3 5.7 9.1 6.1
C5-6 8.0 4.5 9.0 4.7
C6-7 5.7 37 8.4 3.4
C7-Tl 4.7 2.0 63 2.0

Values (in degrees) determined by Lysell (1969), in an in vitro
study of 28 cervical spine specimens C2-T3 (11-67 years).

A = Mean values of rotation to left and right together; B = coupled
lateral bending during rotation in A; C = mean values of lateral
bending to left and right together; D = coupled rotation during
lateral bending in C.

occiput to T1 rotation, the axis vertebra is laterally
bent (with respect to T1) in the direction of rotation,
but the head is kept in an erect position by
contralateral bending in the occiput to C2 segment.
As has been shown in Figure 4.10, rotation occiput to
C2 is attended by lateral bending occiput to C2 in the
opposite direction.

In occiput toT1 lateral bending, the axis vertebra is
rotated in the direction of lateral bending, but the
head is kept in the non-rotated position by counter-
rotation in the C1-2 segment. As has been demon-
strated in Figure 4.11, lateral bending occiput to C2 is
attended by occiput to C2 rotation in the opposite
direction. Thus, the seemingly coupled motions of
contralateral bending occiput to C2 in rotation C1-2,
and of counter-rotation C1-2 in lateral bending
occiput to C2, are compensatory movements needed
to keep the head in the imposed erect or non-rotated
position (Figs 4.10 and 4.11 right).

Functional anatomy

Functional anatomy is the study of form and properties
of the anatomical structures in the light of their
kinematics. Having gained insight into the normal
kinematics of the cervical spine, itis of interest to have
a retrospective look at the form and orientation of
bones and joints, at properties of discs and ligaments,
and at the course and function of muscles.

The alar ligaments, connecting the (odontoid
process of) the second vertebra with the (inner sides
of the) occipital condyles, allow movements between
the head and axis vertebra in all directions. Ranges
and patterns of these movements are regulated by the
interposed atlas, which articulates with the occipital
condyles and the axis vertebra in the occipitoatlantal
and atlantoaxial joints, respectively. Tightness of the
alar ligaments ensures firm contact between the joint
surfaces. Further stability is ensured by the tectorial
membrane (Oda et al., 1992).

The occipitoatlantal joints, occiput to Cl, are
relatively stable joints, guiding their own movements
due to the markedly rounded and congruent anatomy
of the ovoid joint surfaces. They allow flexion-
extension and, to a far lesser degree, lateral bending,
but rotation is hardly possible. If, in an anatomical
specimen, the head is forcibly rotated with respect to
the atlas (or vice versa), the occipital condyles are
lifted out of the superior atlantal joint sockets. Such
occipitoatlantal lifting (and hence rotation) is nor-
mally prevented by the tightness of the alar ligaments
and the tectorial membrane. Experimental transec-
tion of these ligaments results in significant increase
of occiput-C1 rotation (Dvorak et al, 1987).

The lateral atlantoaxial joints CI1-2 have
opposed convexity of their joint surfaces, the gaps
between the anterior and posterior margins being
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filled by large triangular meniscoid structures (Schon-
strom et al., 1993). Due to their opposed convexity,
the joints lack inner stability, but this enables them to
perform movements in all directions: flexion-exten-
sion, lateral bending and, above all, rotation.

During flexion-extension the joint surfaces make
tilting movements and during lateral bending they
slide laterally over small distances (average 2.4 mm,
both sides together; Lewit et al, 1964). Rotation is
characterized by sliding movements over larger dis-
tances (20 mm or more), where the joint surfaces on
each side are moving in opposite directions. Chang-
ing incongruities between the joint surfaces may be
compensated for by the triangular meniscoid struc-
tures which, due to their contents (venous blood,
fluid, fat) are easily remodelled and/or distended or
compressed.

Stability of the atlantoaxial relationship is
ensured by the nave formed by atlas and transverse
ligament, keeping the odontoid process of the axis
vertebra #n sifu during rotational movements. The
freedom of movement of the odontoid process in
lateral or anteroposterior directions is limited to
1-2mm. In children, the freedom of anteroposterior
motion of the odontoid process is larger (2-5 mm,;
Paul and Moir, 1949).

As may be derived from Figure 4.10, C2 rotation is
attended by lateral shift of the odontoid process in
the direction of C2 rotation. Figure 4.12 makes clear
that this shift with respect to the occiput has a
‘wheeling’ character (Penning, 1978). This can be
attributed to the more posteriorly placed insertion of
the alar ligaments on the odontoid (Spalteholz, 1953),
keeping the posterior portion of the odontoid in situw;
the centre of motion is found here.

The possibility of parallel motion (translation)
occiput to C2 (Fig. 4.8) provides, it seems, the
craniovertebral junction with elastic resistance
against sudden head acceleration. As shown in Fig.
4.13, sudden backward translation of the head with
respect to Cl and C2 is absorbed by passive flexion
occiput-Cl, and does not immediately result in
posterior occipitoatlantal dislocation. The same
seems to be valid for sudden forwards translation of
the head with respect to Cl and C2 (Fig. 4.14).

While in the spine proper, attaching muscles
bridge several segments, part of the attaching mus-
cles in the craniovertebral junction are restricted to
one segment (occiput-Cl or Cl1-2), or to two
segments (occiput-C2; Table 4.7). The function of
these muscles can be understood from their course
with respect to the centres of motion. A muscle
cannot be effective if its course is radial (in the
direction of the centre of motion): a wheel cannot be
turned by pulling at the centre of its axle. A muscle
will be maximally effective if its course is tangential
with respect to the centre of motion.

Figure 4.15 shows the mentioned craniovertebral
muscles projected in the three main planes, defining

Normal kinematics of the cervical spine 63

Fig. 4.12 Pattern of rotation occiput to C2 (I). Top:
Superimposition of drawings of Figure 4.10 with outlines of
foramen magnum with condyles, and axis vertebra in
rotation to the right (solid lines) and rotation to the left
(interrupted lines). The lateral borders of the dens are
marked by small circles. The right side is indicated by a star.
Central drawings: Axis vertebra shown in the transverse
plane, with the position of the dens correlating with the
position of the dens in the top drawing (vertical lines).
Upper central drawing: axis vertebra rotation to the right
(solid lines); lower central drawing: rotation to the left
(interrupted lines). Bottom: superimposition of both central
drawings with outlines of the dens and spinal canal only. The
dens is seen to rotate (wheel) about a centre at its posterior
wall (small circle).

their course with respect to the corresponding
centres of motion. Table 4.7 shows that the predicted
function of each of the muscles, as derived from its
course with respect to the corresponding centre of
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Fig. 4.13 Elastic absorption of sudden backward transla-
tion of the head. Top: Lateral view of the craniovertebral
region in the neutral position. The black dot indicates the
anterior rim of the foramen magnum (basion). The occipi-
toatlantal joint is shaded. Centre: In (sudden) backwards
acceleration of the head (long arrow), inertia keeps the
axis vertebra in place (compare along vertical lines);
without motion of the atlas, posterior occipitoatlantal
dislocation would occur (large shaded area). Bottom: Due
to the downwards movement of the posterior atlantal arch
(i.e. flexion of occiput to Cl and extension of C1-2; short
arrow), sudden backwards acceleration of the head (over
the same distance as in the central drawing) is elastically
absorbed by stretching of the posterior occipitoatlantal
ligamentous and muscular structures; there is no occipi-
toatlantal dislocation.

Fig. 4.14 Elastic absorption of sudden forwards translation
of the head. Top: Lateral view of the craniovertebral region
in the neutral position. The black dot indicates the poste-
rior rim of foramen magnum (opisthion). The occipi-
toatlantal joint is shaded. Centre: In (sudden) forwards
acceleration of the head (long arrow), inertia keeps the
axis vertebra in place; without motion of the atlas, anterior
occipitoatlantal dislocation would occur (large shaded
area). Bottom: Due to upward movement of the posterior
atlantal arch (i.e. extension occiput to C1 and flexion
C1-2; short arrow), sudden backwards acceleration of the
head (over the same distance as in the central drawing) is
elastically absorbed by stretching of the posterior atlan-
toaxial ligamentous and muscular structures; there is no
occipitoatlantal dislocation.
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motion in Figure 4.15, is in good agreement with the
data provided by anatomists (Spalteholz, 1953).

Due to the more or less parallel orientation of their
joint surfaces, the zygapopbysial joints C2-T1 lack
inner stability. Stability is ensured by the inter-
vertebral disc and flaval ligaments. The joints perform
only sliding movements, not tilting movements. Like
the atlantoaxial joints, they contain easily deformable
meniscoid structures which are presumed to
compensate for changing incongruences between
the articular surfaces during motion (Penning and
Toéndury, 1963).

Figure 4.16 demonstrates that the superior articu-
lar processes C2-T1 from Tl upwards decrease in
height with respect to the superior end-plates of the
vertebral bodies, but the distances between these
tops and the instantaneous centres of flexion-
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extension motion remain about the same. We there-
fore suspected the difference in location of the
centres of motion at C2-3 and C7-T1 (with gradual
transitions in between) to be related to differences in
height of the superior articular processes (Penning,
1960, 1968). Nowitzke et al. (1994) proved that this
conjecture was correct, and also established that
there was no relationship between the location of the
centres and the slope of the superior articular facets
(Table 4.8).

The difference in location of centres of motion is
related to a different pattern of motion in the
intervertebral disc: at C2-3 a more sliding type, at
C7-T1 a more tilting type (Fig. 4.17; Penning, 1988).
The tilting type of motion is typical of the prototype
disc, resembling the classical (Greek) disc shape.
Such prototype-like discs are found in the human

Fig. 4.15 Function of the craniovertebral muscles. Geo-
metric representation of six muscles of the upper cervical
region in the sagittal plane (top left), with instantaneous
centres of flexion-extension motion of occiput to C1 and
C1-2 (indicated by small circles); in the frontal plane (top
right), with instantaneous centre of lateral bending motion
at occiput to C2; and in the transverse plane (bottom right),
with instantaneous centre of rotational motion at C1-2 (axis
vertebra is shown in interrupted lines; atlas vertebra, only
partly drawn, hatched). Names of the muscles are listed in
Table 4.8. A muscle causes motion if its course in a
corresponding plane is tangential with respect to the centre
of motion: muscles 3 and 4 cause extension, muscles 2 and
3 lateral bending to the same side, and muscles 5 and 6
rotate to the same side (Table 4.8). A muscle is not effective
if its course is radial with respect to the centre: muscle 6 is
unable to flex or extend and muscle 4 to bend laterally. A
more radial course with respect to the centre of rotation
makes muscle 5 less effective in rotation than muscle 6.
Bilateral action of muscles differs from unilateral action; for
instance, bilateral contraction of muscle 6 will stabilize the
CI-2 segment (with no flexion or extension, and no lateral
bending or rotation); unilateral contraction will cause
rotation of C1-2.
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Table 4.7 Function of muscles of the craniovertebral junction

No. Muscle name Segment F E Lr Ll Rr RI
1 Rectus capitis anterior Occiput-Cl1 + - - - = -
2 Rectus capitis lateralis Occiput-Cl - - - + . =
3 Obliquus capitis superior Occiput-ClI - + = + - =
4 Rectus capitis posterior minor Occiput-C1 - + - - . "
5 Rectus capitis posterior major Occiput-C2 - + - - - +
6 Obliquus capitis inferiot Cl-2 - = = - +

This table lists muscles of the craniovertebral junction serving segments occiput-Cl (numbers 1-4), occiput to C2 (number 5) and C1-2

(number 6). + indicates that corresponding left-sided muscle causes flexi

on (F), extension (E), lateral bendiog to right (Lr) or left (LI)

and/or rotation (of head with respect to C2) to right (Rr) or left (R)); - indicates no effect (data extracted from the anatomical textbook of

Spalteholz, 1953).

lumbar spine, and the cervical and lumbar spine of
quadrupedal mammals (Fig. 4.18 left; Penning, 1989).
The slightly bulging anulus fibrosus of such a disc
allows only tilting movements of the adjoining
vertebral end-plates, attended by stretching of the
anular fibres on one side and increased bulging of the
anular fibres on the opposite side. In the sagittal
plane the tilting movements correspond with flex-
ion-extension, and in the frontal plane with lateral

Fig. 4.16 Articular and uncinate processes C2-7. Drawing
from a lateral radiograph of the cervical spine. Tops of the
superior articular processes (smaller circles) rise higher above
the corresponding cranial vertebral end-plates at C7 than at
C3. Instantaneous centres of motion (Jarger circles) are nearer
to the corresponding intervertebral disc at C6-7 than at
C2-3. Distances between the tops of the articular processes
and the instantaneous centres of motion at all levels are about
equal. Uncinate processes (shaded) are smaller at C7 than at
C3 (with intermediate sizes in between).

Table 4.8 Height of articular processes and slope of
intervertebral joints

Vertebra A B

C3 6.2 (0-14) 36.4 (24-51)
C4 8.7 (4-15) 40.3 (28-53)
C5 10.2 (7-15) 41.7 (22-59)
C6 11.7 (7-18 39.7 (26-64)
Cc7 13.6 (8-18) 31.4 (17-46)

Results of measurements of Nowitzke et al. (1994) of:

A = Mean height (and spread, in mm) of superior articular facets
C3-7 with respect to cranial end-plates of vertebral bodies;

B = mean orientation (and spread, in degrees) of superior articular
facets C3-7 with respect to posterior borders of the vertebral
bodies.

bending. The cross-wise arrangement of the anular
fibres makes parallel (sliding) movements and rota-
tion virtually impossible (not more than 2 mm and 2°,
respectively; Rolander, 1966).

The cervical disc has a quite different shape. The
typical uncinate processes have given the cervical
disc marked upwards concavity in the frontal plane
(Fig. 4.18 right). This combination with slight
upwards convexity in the sagittal plane grants the
cervical disc a saddle shape. Saddle-shaped joints
have two axes of motion, perpendicular to each other
and located on opposite sides of the joint. The
flexion -extension axis of the cervical disc is in the
lower vertebral body, and the lateral bending-
rotation axis is in the upper vertebral body. In
contradiction, the two axes of ovoid joints (like the
occiput-Cl joints) are located on the same (concave)
side of the joint (Fig. 4.7).

The oblique orientation of the upper axis is in
accordance with the coupling of rotation and lateral
bending. If the orientation were parallel to the
transverse plane, motion would be pure rotation;. if
the orientation were parallel to the frontal plane,
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Fig. 4.17 Sliding and tilting types of motion. Left: Flexion-extension at C2-3
(range of motion 20°). Instantaneous centre of motion (indicated by small
circle) is far from the intervertebral disc C2- 3. Sliding of the C2 body upon the
C3 body with marked step-off in end-positions of flexion (solid lines) and
extension (interrupted lines). Right: Flexion-extension at C6-7 (range of
motion 20°). Instantaneous centre of motion (indicated by small circle) is near
the intervertebral disc of C6-7. Tilting of the C6 body upon the C7 body
without step-off in end-positions of flexion (solid lines) and extension
(interrupted lines).

motion would be pure lateral bending. Since the and to be oriented more or less perpendicular to the
orientation is in between, motion is a combination of plane of the intervertebral joints (Penning and
rotation and lateral bending in the same direction. Wilmink, 1987; Penning, 1989). Precise localization

On anatomical grounds, the rotation-lateral bend- and orientation of the axis were determined by Milne
ing axis is expected to lie in the mid sagittal plane, (1993). The steepness of the axis proves to be
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Fig. 4.18 Instantancous axes of motion in prototype disc and cervical disc. Left:
Prototype disc (resembling classic disc) between two vertebral bodies. 1 =
Posterior aspect of vertebral body; 2 = anulus fibrosus with cross-wise arrangement
of anular fibres, allowing tilting movements only; 3 = instantaneous axis for
flexion-extension; 4 = instantaneous axis for lateral bending to right and left. The
lumbar disc compares functionally with the prototype disc. Right: Saddle-shaped
cervical disc and uncovertebral joints between two cervical vertebral bodies. 1 =
Site of uncovertebral joints indicated by uncinate processes; 2 = anterior part of
anulus fibrosus; 3 = instantaneous axis for flexion-extension; 4 = instantaneous
axis for coupled lateral bending and rotation. Steepness of the latter axis varies,
depending on the primary movement - steeper in rotation, less steep in lateral
bending (Milne, 1993). Note that axes for flexion-extension, and lateral bending-
rotation, are on opposite sides of the disc.
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Fig. 4.19 Uncovertebral joints and disc ageing. Left: Frontal
section of adult cervical spine with uncinate processes (1)
and uncovertebral joint spaces (2). The C2-3 disc (3) has
relatively large uncovertebral joints while the C6-7 disc has
relatively small uncovertebral joints (4). Right: frontal section
of elderly spine. C2-3 disc has been fissured by medial
extension of uncovertebral joint spaces (5); C6-7 has been
crumbled by ircegular fissuring, starting at the centre (6).

dependent on the primary movement: less steep in
primary lateral bending, more steep in primary
rotation. The variation in steepness is small at C2-3
and large at C7-T1 (Lysell, 1969; Milne, 1993).

An essential part of the saddle-shaped cervical discs
are the uncovertebral joints, first described by von
Luschka in 1858 (Hall, 1965). In childhood, these
joints start as fissures in the posterolateral anular
fibres of the cervical discs, between the developing
uncinate processes and the corresponding excava-
tions in the cranial vertebral bodies (Fig. 4.19), and
evolve into diarthrotic joints in adult life (Tondury,
1958). They allow the typical cervical sliding and
rotation movements, virtually impossible in proto-
type-like discs. Uncovertebral joints are best devel-
oped at C2-3 and C3-4, and least, or not at all, at
C5-6 and C6-7 (Tondury, 1958; Ecklin, 1960). This is
in accordance with the extent of sliding movements
between cervical vertebrae which are maximal at
C2-3 and minimal at C6-T1. The size of the

uncovertebral joints is reflected by the size of the
uncinate processes, at C3 covering the whole lateral
aspect of the vertebral body, while at T1 only
covering its posterior part (Fig. 4.19).

According to Tondury (1958) and Ecklin (1960),
natural ageing of the cervical disc is related to the
uncovertebral joints. At the C2-3 and C3-4 levels
advancing age tends to extend the relatively large joint
spaces medially and split the cartilaginous disc into
cranial and caudal halves of about equal thickness (Fig.
4.19 right). As this leaves the cartilage intact, disc
height remains preserved without development of
spondylosis. At the lower levels, notably C5-6 and
CG6-7, the small or absent joint spaces do not serve as a
starting point for regular splitting of the disc. Fissuring
here tends to start at the centre of the disc, radiating
into all directions (Fig. 4.19 right). When fissures
become confluent, sequestra are formed, followed by
disappearance of cartilage, decrease of clisc height and

Fig. 4.20 Looking backwards in bipeds and quadrupeds.
Top: Biped looking backwards by rotating the cervical spine.
Bottom: Quadruped looking backwards by lateral bending of
the cervical spine.
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development of sclerosis and osteophytosis of the
adjoining vertebral bodies. Seen in the light of
kinematics, disc degeneration thus seems to be
promoted by a tilting type of flexion-extension
motion, and retarded by a sliding type.

Although the canine cervical spine proper, C2-T1,
as opposed to the human cervical spine proper, is
virtually unable to rotate (rotation C1-2 having about
the same range as in humans; Penning and Badoux,
1987), its range of lateral bending C2-T1 largely
exceeds that of humans: about 30° per segment (both
sides together; Penning and Badoux, 1987), as
opposed to 12° per segment in the human spine
(Penning, 1968). The human cervical spine proper
thus has acquired its ability of rotation, it seems, at
the cost of lateral bending.

In a comparative anatomical study of dried cervical
vertebrae, Hall (1965) established that wuncinate
processes (and bence also uncovertebral joints) are
absent in quadrupedal animals, like the dog, but
present in obligatory or facultative bipeds, like
primates, rodents and marsupials. All these bipedal
animals have to rotate their neck to look about them
in the upright position, whereas quadrupeds do this
by bending their necks laterally (Fig. 4.20).

According to Milne (1992), all species with un-
cinate processes have a hand capable of manipula-
tion, prehension and bringing food to the mouth, the
upper limb being supported by an ossified clavicle
(species without uncinate processes lack a clavicle).
He suggests that uncinate processes function to
stabilize the neck against the turning effects of
laterally directed muscles supporting the upper limbs
(scalenus, levator scapulae, trapezius and sterno-
mastoiceus).
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Whiplash injuries

R. W. Teasell and A. P. Shapiro

Whiplash injuries are a controversial clinical entity and
represent a perplexing problem for both patient and
treating clinician. In 1990, the Société d’Assurance
Automobile du Québec, a provincial government no-
fault insurance carricr in Canada’s second largest prov-
ince, commissioned a group of clinicians, scientists
and epidemiologists to review the scientific literature
exhaustively and make public policy recommenda-
tions regarding the prevention and treatment of whip-
lash and its associated disorders. The stated reasons for
commissioning this study reflected a grievous concern
with both the magnitude of the problem and the pau-
city of strategies to address it effectively:

The frequency of the clinical entity labelled as
whiplash is high; the residual disability of
victims appears significant in magnitude, and
the costs of care and indemnity are high and
rising. There is considerable inconsistency
about diagnostic criteria, indications for ther-
apeutic intervention, rehabilitation and the
appropriate role of clinicians at all phases of
the syndrome. Little is known about primary
prevention of the condition, and virtually
nothing is known about tertiary prevention of
serious disability (Quebec Task Force, 1995).

Moreover, in their conclusion, the Quebec Task Force
on Whiplash Associated Disorders noted that the
scientific evidence regarding whiplash was ‘sparse
and generally of unacceptable quality’ and they were
forced to rely on consensus opinion for treatment
recommendations.

Patients suftering whiplash injuries often present
with symptoms that appear out of proportion to
objective signs, numerous psychological and behav-
ioural sequelae of chronic pain, and a poor response
to conventional therapeutic interventions. Patients

are often misclassified as hysterical or malingerers
and many clinicians fail to regard whiplash as a
legitimate injury. This is further complicated by
pending litigation which engenders doubt regarding
the veracity of patients’ complaints or the degree of
associated disability. Nevertheless, experimental and
clinical evidence continues to provide compelling
support for the concept that whiplash injuries have a
physiological basis (Bogduk, 19806; Barnsley et al,
19932, 1995; Lord, 1996). At the same time there is a
growing appreciation among medical practitioners
that illness, as it presents to the clinician in the form
of the sick or injured person, is a complex bio-
psychosocial phenomenon that cannot be truly
understood as simply a physiological entity (Engel,
1977; Casscll, 1991; Shapiro and Roth, 1993).

Definition and scope of the
problem

The Quebec Task Force (1995) adopted the following
definition of whiplash: ‘“Whiplash is an acceleration -
deceleration mechanism of energy transfer to the
neck. [t may result from rear end or side-impact
motor vehicle collisions, but can also occur during
diving or other mishaps. The impact may result in
bony or soft tissue injuries (whiplash injuries), which
in turn may lead to a variety of clinical manifestations
(Whiplash-Associated Disorders)’.

In the last few decades there has been a growing
appreciation of the magnitude of whiplash injuries
secondary to motor vehicle collisions. In 1971, the
National Safety Council estimated that there were
approximately 4 million rear-end collisions in the USA,
resulting in as many as 1 million reported injuries per
year (National Safety Council, 1971, Croft, 1988). In
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that same year the Insurance Institute for Highway
Safety reported a 24% incidence of these injuries
following rear-end collisions. Similarly, Macnab (1964,
1969, 1971, 1982) estimated that neck injuries
occurred in one-fifth of all accidents involving rear-end
collisions. Schutt and Dohan (1968) calculated the
number of neck injuries sustained in automobile
accidents to be 14.5 per 1000 industrial employees.
The cost of whiplash injuries is high. In British
Columbia and Saskatchewan, two Canadian prov-
inces with single-payer motor vehicle insurance
programmes, 68% and 85% respectively of all claims
paid out were for whiplash injuries (Sobeco et al,
1989; Giroux, 1991; Quebec Task Force, 1995). The
Quebec Task Force (1995) estimated that the annual
incidence of compensated whiplash in the province
of Quebec in 1987 was 70 per 100000 inhabitants.

Biomechanics and pathophysiology
of whiplash injuries

Typically the injured individual is the occupant of a
stationary vehicle which is struck from behind
(Commack, 1957; Macnab, 1964, 1969, 1971, 1973,
1982; Hohl, 1974; Frankel, 1976; LaRocca, 1978;
Bogduk, 1986; Deans, 1986) although injury fre-
quently occurs following side and head-on collisions
(Deans, 19806). Injury results when neck musculature
is unable to compensate for the rapidity of head and
torso movement resulting from the acceleration
forces generated at the time of impact (Hohl, 1989).
When the physiological limits of cervical structures
are exceeded, anatomical disruption of the soft
tissues of the neck (including muscles, ligaments and
joint capsules) results.

While the mechanism of injury is relatively well-
understood and generally agreed upon, the actual
Dpathological lesions accounting for chronically symp-
tomatic whiplash injuries are by no means certain.
Possible pathological lesions following whiplash in-
juries are listed in Table 5.1. Injuries occurring to the

Table 5.1 Possible pathological lesions in whiplash
injuries

Muscle strain

Zygapophysial joint sprain or fracture
Anterior and/or posterior longitudinal ligament strain or tear
Intervertebral ligament sprain or tear
Intervertebral disc herniation
Retropharyngeal haematoma

Sympathetic trunk injury

Vertebral artery ischaemia

Concussion or mild traumatic brain injury
Thoracic outlet syndrome
Temporomandibular joint dysfunction

muscles of the neck, including stretching, tearing and
haemorrhaging of the longus colli, longus capitis,
scalenes and sternocleidomastoids, have long been
thought to be the primary reason for pain (Lieber-
man, 1986). Recent work utilizing surface electro-
myography has demonstrated, within the limitations
of this technology, that neck muscles following injury
are abnormal in terms of their functioning (Donald-
son, 1995). A critical element of the debate about
persistent pain revolves around the normal antici-
pated time for musculoligamentous healing to occur.
The Quebec Task Force (1995) notes:

Apart from anatomic studies, much of the
scientific understanding of soft tissue injury
and healing is derived from animal models, and
there is little information on the normal recu-
peration period. In the animal model of soft
tissue healing, there is a brief period (less than
72 hours) of acute inflammation and reaction,
followed by a period of repair and regeneration
(approximately 72 hours to up to 6 weeks),
and finally by a period of remodeling and
rematuration that can last up to 1 year.

Supporting structures around facet joints may also be
sprained or suffer cartilaginous damage or fracture
(Lord et al., 1993; Barnsley et al., 1994). This was cle-
gantly demonstrated in a carefully controlled trial with
diagnostic local anaesthetic blocks. In this double-
blind study, over half of consecutively referred whip-
lash patients experienced temporary relief from injec-
tions and the expected temporal difference in
symptom relief was observed between injections of
long-acting or short-acting local anaesthetics (Barnsley
et al, 1993b, 1995; Lord et al., 1993). The anterior and
posterior longitudinal spinal ligaments can theoreti-
cally undergo stretching and possible tearing (Macnab,
1964, 1969, 1971, 1973, 1982; Clemens and Burrow,
1972; Bogduk, 1986) although the recent introduction
of magnetic resonance imaging (MRI) scanning has
failed to reveal major injuries to these structures. Eso-
phageal and laryngeal damage as well as injury to the
cervical sympathetic chain have also been reported
(Macnab, 1964, 1969, 1971, 1973, 1982), although evi-
dence that these injuries are common oy significant is
lacking. Finally, injury to the brain (discussed later),
temporomandibular joints and low back following
whiplash has been reported but remains controversial.
The pathophysiology of whiplash injuries is discussed
in more detail elsewhere (Bogduk, 1986; Barnsley et
al., 1993a; Lord et al, 1993).

The clinical picture of whiplash
injuries

The clinical picture of whiplash is dominated by
head, neck, and upper thoracic pain and is often
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associated with a variety of poorly explained symp-
toms such as dizziness, tinnitus and blurred vision.
The symptom complex is remarkably consistent from
patient to patient and frequently is complicated by
psychological sequelae such as anger, anxiety, depres-
sion and concerns over litigation or compensation. In
their cohort study, the Quebec Task Force (1995)
found the highest incidence of whiplash claims
among the 20-24-year age group. The potential array
of physical and psychosocial complaints is listed in
Table 5.2.

Females appear to experience whiplash injuries
more often than men (Balla, 1980; Quebec Task
Force, 1995). Women generally have slimmer, less
muscular necks which, theoretically, are less able to
resist damaging acceleration forces generated at the
time of impact. Other possible reasons for the sex
difference are that women may be more likely to seek
medical attention; be sent to medical specialists for
complaints of pain; respond to their injuries in a way
that aggravates their condition; or be subjected to
more external stressors making it more difficult for
them to cope. At present, the sex difference with
respect to those presenting with whiplash symptoms
remains unexplained.

A delay in onset of symptoms of several hours
following impact is characteristic of whiplash injuries
(Dunsker, 1982: Deans et al, 1987; Evans, 1992).
Most patients feel little or no pain for the first few
minutes following injury, after which symptoms
gradually intensify over the next few days. In the first
few hours findings on examination are generally
minimal (Hohl, 1975). After several hours, limitation
of neck motion, tightness, muscle spasm and/or
swelling and tenderness of both anterior and pos-
terior cervical structures become apparent (Hohl,
1975; Wickstrom and LaRocca, 1975). This delay is
likely due to the time required for traumatic oedema
and haemorrhage to occur in injured soft tissues
(Jeffreys, 1980; Lieberman, 1986).

Table 5.2 Potential presenting problems in whiplash

Neck and shoulder pain
Headache

Arm pain/paraesthesiae/weakness
Dysphasia

Visual symptoms
Dizziness/vertigo

Tinnitus

Low back pain
Temporomandibular joint symptoms
Depression

Anxiety (including panic attacks)
Anger and frustration

Loss of job and income

Marital and family disruption
Drug dependence
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Radiological findings

Radiological studies of the cervical spine taken at the
time of the accident are generally unremarkable or
reveal evidence of pre-existing degenerative changes.
The most commonly reported abnormal X-ray finding
is straightening of the normal cervical lordotic curve
(Hohl, 1974). However, Hohl (1989) noted that
straightening of the cervical spine was not necessarily
indicative of a pathological condition (Borden et al,
1960; Rachtman et al,, 1961; Hohl, 1974) and can be
regarded as a normal variant (Hohl, 1989). Rarely,
X-rays may reveal evidence of bony injury such as
posterior joint crush fractures or minimal subluxation
(Macnab, 1971). Radiological investigations are of
limited value in diagnosis and prognosis and their
main use is in ruling out surgically correctable
anatomical injuries. Computed tomographic (CT)
scanning and MRI should be reserved for cases where
cervical disc protrusion or spinal cord injury is
suspected. Radionucleotide bone scanning is war-
ranted if there is significant clinical suspicion of an
undiagnosed fracture (Hohl, 1989).

Clinical features of whiplash injuries
Local tenderness and referred pain

Local tenderness and pain referred to areas distal to
the original injury are two hallmark features of the
whiplash syndrome. The aetiology of these two
clinical features remains enigmatic. Myofascial pain,
although a poorly understood clinical entity, is felt by
many (arguably most) clinicians to account for the
majority of persistent neck, head and upper thoracic
pain following whiplash injury (Fricton, 1993). The
trigger point is regarded as the characteristic feature
of myofascial pain (Travell and Simons, 1983). Myofas-
cial trigger points are circumscribed, 2-5mm in
diameter, self-sustaining, hyperirritable foci of tender-
ness reported to be located within a taut band of
skeletal muscle ‘or its associated fascia. Compressing
this trigger point is locally painful and may give rise to
characteristic referred pain, tenderness and auto-
nomic phenomena. The area of pain referral, which is
often surprisingly consistent across patients, is
termed the zone of reference.

Myofascial pain is thought to result from an acute
muscle strain or overload which occurs at the time of
impact. One hypothesis is that a small area of
neuromuscular irritability develops and becomes self-
sustaining, resulting in a trigger point (Travell and
Simons, 1983). Aggravating factors are usually related
to activities or postures which lead to contraction or
tension of involved muscles while alleviating factors
often contribute to relaxation of the involved mus-
cles. Myofascial trigger points throughout the cer-
vical and upper thoracic musculature often send
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referred pain and paraesthesiae down the ipsilateral
arm when pressed on during palpation. Nerve
conduction studies, F-wave and needle electromyo-
graphic studies are invariably normal.

Although the diagnosis of myofascial pain requires
the presence of these palpable trigger points, it often
proves difficult to establish reliably the presence or
absence of trigger points on physical examination.
This diagnostic unreliability, when combined with
the psychological sequelae typically associated with
chronic pain, has contributed to the confusion and
controversy over myofascial pain syndrome. Empiri-
cal support for myofascial pain derives primarily from
experimental studies involving mechanical irritation
of deep tissues, i.e. muscles, deep fascia, etc.; such
studies resulted in poorly localized aching or burning,
often associated with muscle soreness and tenderness
over bony prominences (Inman and Saunders, 1944;
Feinstein ef al, 1954; Feinstein, 1977; Croft and
Foreman, 1988). This referred pain, although often
delayed in onset, was reproducible and often accom-
panied by autonomic phenomena. Mense (1994) has
noted in animal experiments that persistent noci-
ceptive input from muscle (in the form of an
experimental myositis) results in an expansion of
those rat dorsal horn neurons responding to electro-
stimulation of peripheral nerves. This is scen as
indicative that the population of neurons which can
be activated by nociceptive afferent input from a
muscle increases in size over time. The spread of
excitability or central sensitization to adjacent neuron
populations in the dorsal horn may result in a
subjective sensation of spreading or radiating pain
and account for referral or spread of pain beyond the
original injury.

Neck pain

Patients with whiplash injuries invariably complain of
an achy discomfort in the posterior cervical region
radiating out over the trapezius muscle and shoul-
ders, down to the interscapular region, up to the
occiput, and/or down the arms. This deep aching
discomfort is often associated with burning and
stiffness, with the latter typically being most apparent
in the morning. Tenderness is often present over the
posterior spinous prominence of the sixth cervical
vertebra and the posterior paracervical musculature.
Initially, there is marked restricted range of motion of
the cervical spine which may be associated with
muscle spasm.

Headaches

Headache is a common symptom following whiplash
injury. Within 24h of the accident, many patients
complain of diffuse neck and head pain. The head-
ache may be limited to the occipital area or may

spread to the vertex, temporal frontal and retro-
orbital areas (Speed, 1987). The pain may be a dull
pressure or a squeezing sensation and include pound-
ing and throbbing (migrainous) components (Balla
and Moraitis, 1970; Speed, 1987). Muscle contraction
and vascular headaches are often present simultane-
ously (post-traumatic mixed headache). Patients may
experience concomitant nausea, vomiting and photo-
phobia. The frequency of these various forms of
headache in whiplash is not known. However, the
incidence of unspecified headache in a retrospective
analysis of 320 cases referred for medicolegal assess-
ment was 55% (Wiley et al, 1986). In our experience,
vascular-like headaches are common following whip-
lash injuries and often occur in individuals with no
previous history of migraines. They often respond,
albeit incompletely, to pharmacological treatments
directed at migrainous symptoms.

Visual disturbances

Whiplash patients may complain of intermittent
blurring of vision (Horwich and Kasner, 1962; Mac-
nab, 1971, 1982; LaRocca, 1978). Blurring of vision
by itself is not believed to have diagnostic sig-
nificance unless associated with damage to the
cervical sympathetic trunk. Such damage, if severe,
may lead to a Horner’s syndrome (Macnab, 1971).

Dizziness

Complaints of dizzincss or vertigo-like symptoms are
common following whiplash injuries (Oosterveld ef
al, 1991). Many patients complain of suddenly
veering to one side or feeling dizzy if they turn the
head or change posture quickly. Several theories
have been postulated to explain these features,
including vertebral artery insufficiency, inner ear
damage, injury to the cervical sympathetic chain
and an impaired neck-righting reflex (Toglia, 1976;
Bogduk, 1986). The reflex or neuromuscular theory
proposes that interference with normal signals com-
ing from the upper cervical joints, muscles or
nerves to the inner ear produces a feeling of ataxia
(Macnab, 1971; Dejong ef al., 1977). Posture-related
vertigo generally disappears once painless neck
range of motion is restored. The entire concept of
chronic vertigo arising from the cervical region has
been questioned because of the relatively small
cervical afferent input to the vestibular nuclet and
the capacity of the system for making adjustments
(Balch, 1984; Evans, 1992).

Tinnitus

Tinnitus or problems with auditory acuity are fre-
quently reported in association with whiplash in-
juries (Chrisman and Gervais, 1962; Macnab, 1971;
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Lieberman, 1986). Tinnitus may be due to vertebral
artery insufficiency, injury to the cervical sym-
pathetic chain or inner ear damage (Medical News,
1965, Bogduk, 1986). Tinnitus alone does not appear
to have prognostic significance (Macnab, 1971)
although anecdotally we have noted it to be common
with more severe injuries. Additional auditory com-
plaints include decreased hearing and loudness
recruitment (Gibson, 1974; Lieberman, 1986). Elec-
tronystagmographic abnormalities have been repor-
ted in a number of whiplash victims in uncontrolled
studies (Compere, 1968; Pang, 1971).

Arm pain and thoracic outlet syndrome

Arm pain and paraesthesiae are frequently reported
following whiplash injury. Historically, rthese symp-
toms were attributed to cervical disc herniation and
nerve root compression following whiplash trauma
(Gay and Abbott, 1953). However, modern imaging
techniques have shown that disc herniations occur-
ring in association with whiplash injuries are dis-
tinctly uncommon. Even when present, their sig-
nificance is uncertain given the significant number of
asymptomatic individuals who exhibit disc hernia-
tions or foraminal stenosis on MRI (Boden et «al,
1990). Arm symptoms also have been attributed to
thoracic outlet syndrome (TOS) secondary to inter-
mittent or transient compression of the brachial
plexus (Capistrant, 1977). However, objective evi-
dence for TOS as a pathophysiological entity is
lacking causing some authors to dispute its existence
(Nelson, 1990; Wilbourn, 1990). Attributing symp-
toms to TOS may lead to surgery to decompress the
brachial plexus, which is of dubious efficacy (Cher-
ington et al, 1986).

A frequent extracervical complaint of whiplash
victims is numbness or a ‘pins and needles’ sensation
down the arm, most commonly noted along the ulnar
aspect of the forearm and hand. Macnab (1971)
speculated that these symptoms may be the result of
a form of TOS with spasm of the scalene muscles
compressing the trunks of the brachial plexus. No
data supporting this hypothesis have emerged.
Trauma to the zygapophysial or facet joint which may
have been fractured or had its capsule injured at the
time of the accident has also been suggested as a
cause (Bogduk, 1986). This hypothesis proposes that
during the acute stage, oedema of this joint, or
surrounding haemorrhage, may compromise the adja-
cent nerve roots posteriorly. In the chronic stage,
nerve root fibrosis may ensue from pericapsular
exudates. Objective evidence for this proposed
pathophysiology is also lacking.

Low back pain

During motor vehicle accidents the lumbar and
thoracolumbar spine may be suddenly forced into
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extension or flexed forwards as the torso moves in an
arc over a fixed pelvis. In selected groups of whiplash
patients the incidence of low back pain ranges from
25 to 60% (Braaf and Rosner, 1955; Hohl, 1974; Witey
et al., 1986; Hildingsson and Toolanen, 1990). Factors
which have been reported to increase the risk of low
back pain include side-on collisions, a soft seat back
and a lap belt with no shoulder strap (McKenzie and
Williams, 1971; Croft and Foreman, 1988). Low back
pain usually resolves before the neck symptoms but
in some cases may persist indefinitely and in some
patients may become the prominent complaint. A
particularly confusing group of patients are those
with onset of low back pain some time after the initial
development of neck pain following motor vehicle
accident.

Psychosocial problems

Psychosocial problems frequently develop as a reac-
tion to chronic pain and disability. Depression,
anxiety, anger, frustration, precccupation with
somatic complaints, marital stress, financial pres-
sures and difficulty maintaining employment are
common.

Pain attributed to a psychological aetiology

Unfortunately, the psychosocial sequelae of chronic
pain are often misinterpreted as the cause of pain.
This belief has enjoyed significant, albeit declining,
popularity and has resulted in patients with chronic
pain and disability secondary to whiplash injuries
being labelled as hysterical, somatizers, hypochon-
driacs, psychogenic pain sufferers, and malingerers.
Attribution of whiplash symptoms to a psychological
aetiology persists for many reasons, including: a high
selection bias with the poorest copers over-repre-
sented in tertiary specialty clinics; excessively strict
adherence to the medical model of disease; a lack of
appreciation for psychological sequelae; and frequent
involvement with adversarial legal or insurance sys-
tems which is not only stressful but tends to
encourage more extreme viewpoints among health
care professionals. It is of note that the only study to
follow prospectively a representative sample of whip-
lash patients from injury onset did not find that
personality (neuroticism) or premorbid psychiatric
history predicted non-resolution of symptoms (Rada-
nov et al, 1991). Although we regard whiplash as a
physiologically based pain problem, it is inappropri-
ate to disregard the potential impact of psychosocial
factors or to forget that we diagnose and treat people
with whiplash injuries. The constellation and inter-
play of physical symptoms, disability and emotional
concomitants can only be truly understood if one
understands the personality, lifestyle and social
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setting of the individual patient. This is illustrated by
one particularly difficult and troubling group of
patients, the excessively busy perfectionist with
chronic whiplash pain.

The excessively busy perfectionist

The influence of a person’s personality or life-coping
skills in dealing with the pain and subsequent
disability of a whiplash injury cannot be under-
estimated. In our practice the most common dysfunc-
tional coping style is seen among whiplash patients
who premorbidly were excessively busy perfection-
ists. Research on perfectionism and its significant role
in psychological disorders, particularly depression, is
relatively new (see Blatt, 1995, for a review). One
type of perfectionism, referred to as self-oriented
(Hewett and Flett, 1991) is particularly germane. Self-
oriented perfectionists have exceedingly high, self-
imposed and often unrealistic standards. Premorbidly,
this is associated with some very adaptive traits and
associated accomplishments. However, there is an
underlying self-scrutiny and self-criticism with an
attendant inability to accept personal flaws or fail-
ures. These individuals are particularly vulnerable to
react to experiences of failure with significant levels
of depression (Blatt and Zurloff, 1992) and stress
(Gruen et al,, in press).

Self-oriented perfectionists have an intense need to
maintain their excessively high standards which post-
injury are no longer realistic given pain-imposed
limitations. When the physical limitations imposed by
their pain do not allow them to maintain their
exceedingly high levels of productivity, they experi-
ence considerable distress and try even harder to
push themselves despite their pain. Sustained high
levels of activity in the face of pain combined with
high levels of anxiety further increase their pain, thus
requiring sustained periods of rest. However, these
periods of rest are viewed as non-productive, leading
to more anxiety and compelling the individual to
make up for lost time with further overactivity. This
continues until pain again becomes overwhelming,
requiring the individual to rest. Rest is again viewed
as non-productive and again generates anxiety and
overactivity. The injured individual cycles between
periods of overactivity followed by underactivity with
escalating levels of anxiety as overall productivity/
activity levels continue to drop. Depression ensues,
as self-esteem in these individuals is dependent on
their excessively high standards of productivity.

Although the role of emotional distress in exacer-
bating musculoskeletal pain is controversial, evi-
dence suggests that stress-induced elevations in
muscle tension over an extended period of time lead
to increased pain in patients with facial, back and
head pain. This tension may increase pain through
reflex muscle spasm, ischaemia and/or the release of
pain-eliciting neurotransmitters (Turk and Flor, 1984).

As well, since the perception of pain represents an
interaction of sensory, affective and cognitive pro-
cesses (Melzack and Wall, 1983), depression and/or
anxiety may heighten the affective component of
pain perception. Thus increased anxiety, depression,
and continuous attempts to ‘push through’ the pain
often result in signiticant emotional and physical
deterioration. The perfectionist patient may become
increasingly depressed and irritable as goals are
blocked. Emotional distress may lead to interpersonal
and occupational difficulties which further increase
anxiety. Marital, financial and job security stressors
may further compound the problem.

As a consequence of their high internal standards,
perfectionists often see themselves as totally disabled.
An inability to do their jobs perfectly is viewed as an
inability to do their jobs at all. Emotionally, it is more
acceptable to be physically disabled by pain than to
do a less than perfect job with resultant feelings of
inadequacy and self-denigration. A premorbidly suc-
cessful and seemingly well-adjusted individual sud-
denly becomes an irritable, argumentative, anxious
and depressed individual claiming total disability. A
feeling of lack of control eventually leads to a sense of
helplessness and defeat.

Third-party payers often inadvertently make the
situation worse by withholding or delaying financial
compensation, thus contributing to anxiety about
meeting financial obligations and increasing feelings
of inadequacy, helplessness and victimization. This
decision to withhold benefits is often based on the
belief that the patient is not disabled and the problem
is really psychological or motivational. The perfec-
tionist interprets any suggestion of psychological
difficulty as tantamount to being viewed as emotion-
ally inadequate and weak, resulting in a further
assault on an already deteriorating self-esteem. Any
suggestion that the problem is motivational is viewed
with disbelief and outrage, especially in light of
previous unsuccessful attempts to maintain pre-
morbid levels of activity and productivity despite
increasing pain. Moreover, perfectionists often
expect others (including insurance representatives)
to conform to the same unrealistically high standards
that they expect from themselves. This further fuels
their outrage and sense of victimization. The end
result is that they vacillate between intense anger at
the third-party payer, for withholding benefits and for
questioning their adequacy and integrity, and intense
anger at themselves for failing to overcome their
physical and now mounting emotional difficulties.
Self-directed anger is also experienced as very sig-
nificant depression. In many cases, what appears to
be an extreme preoccupation with the unfairness
(albeit real) of the system and an inability to ‘let go’ of
their anger is a self-protective mechanism (defence)
against underlying intense feelings of inadequacy and
worthlessness. This emotional turmoil, in turn, fur-
ther exacerbates pain and disability.
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Natural history and prognosis of
whiplash injuries

It is difficult to be definitive regarding the natural
history of whiplash as there is a paucity of longitudi-
nal studies in anything but selected populations, e.g.
individuals who attend specialists or who seek
attention in a local emergency room. However, it
appears that in many cases, the natural history of soft-
tissue injuries following motor vehicle accidents is for
recovery over a limited time period. It is only a
minority of patients (fewer than 10%) who go on to
develop chronic disabling pain (Nygren, 1984;
Pearce, 1989) although, as discussed below, many
more patients have persistent symptoms.

Defining recovery can be problematic. As part of
the QuebecTask Force study (1995), a cohort of 4757
subjects who submitted claims in 1987 to the Quebec
provincial (single-payer) insurance plan were
reviewed. A significant number were excluded
because of lack of police collision reports (1745) and
because of a previous injury
accident (204). This left 2810 patients. Cumulative
recovery rates were 22.1% within 1 week, 53% within
4 weeks, 64% within 60 days, 87% by 6 months and
97% by 1 year. It was not clear whether patients had
actually returned to work (or usual activities) or were
simply deemed able to do so by the insuring agency.
There was no indication whether patients suffered
residual pain. It is of note that the percentage of
motor vehicle claims paid out for whiplash under the
Quebec no-fault system was only a fraction of that
paid out by Canadian provinces with a tort system
(Quebec Task Force, 1995). Accordingly, the high
recovery rates in the Quebec Task Force cohort may
simply reflect a higher threshold for allowing con-
tinued claims of disability.

Compare this to a study by Gargan and Bannister
(1994) who studied 50 consecutive patients with soft-
tissue neck injuries attending an emergency room
within 5 days of the accident. At 3 months 15 patients
were asymptomatic. Ot these, 14 (93%) were still
asymptomatic at 2 years. Thirty-five patients were
symptomatic after 3 months; of these, 30 (86%)
remained symptomatic after 2 years. After 1 year, 26
of the 50 (52%) reported they had recovered com-
pletely but only 19 (38%) at 2 years.

Radanov et al. (1994) studied 117 patients referred
by primary care physicians with a diagnosis of
whiplash. Patients were referred specifically for the
study which limited selection bias. Initial assessment
was conducted on an average of 7 days: 51 (44%), 36
(31%) and 28 (24%) of patients were symptomatic at
3, 6 and 12 months respectively. Hildingsson and
Toolanen (1990) prospectively studied 93 consec-
utive cases referred acutely to an orthopaedic depart-
ment because of a ‘noncontact injury to the cervical
spine resulting from car accidents’. At follow-up, an
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average 2 years after the accident, 42% recovered
completely, 15% had minor discomfort, and 43% had
discomfort sufficient to interfere with their capacity
to work.

Bannister and Gargan (1993) reviewed both pro-
spective and retrospective studies and concluded that
symptoms present at 12 months post-collision were
not likely to resolve further. In the only long-term
study of note, Gargan and Bannister (1990) found that
patients who were symptomatic at 2 years remained
symptomatic 8-12 years later.

Mild traumatic brain injury
associated with whiplash:
the controversy

The presence of traumatic brain injury in association
with whiplash has been postulated based on the
observed similarities between the whiplash syn-
drome and post-concussion syndrome. Alves ef al.
(1986) reported that 6 months after injury the most
common complaints following concussion in order of
frequency were: headache, memory deficits, dizzi-
ness, tinnitus and hearing abnormalities, numbness,
weakness, nausea and diplopia. Many of the com-
plaints lasted for over 1 year with the majority of
patients exhibiting at least one or two symptoms. In
concussion there is evidence for a transitory impair-
ment of information processing (Radanov and
Dvorak, 1996). Like post-concussion syndrome
patients, many whiplash victims report feeling dazed
or in shock immediately post-trauma and whiplash
amnesia has appeared in case reports in the neuro-
logical literature (Fisher, 1982).

In recent years, a number of researchers have
argued that the cognitive difficulties reported by
patients with whiplash are the result of a mild
traumatic brain injury sustained as a consequence of
the violent hyperflexion and hyperextension of the
neck (Berstad et al, 1975, Yarnell and Rossie, 1988;
Olsnes, 1989, Kischka et al, 1991; Radanov et al.,
1992). This has been postulated to occur on vehicu-
lar impact because the skull accelerates faster than
the brain and subsequently impacts with the brain
as it rotates backwards or accelerates forwards. Mild
traumatic brain injury has been postulated to occur
despite the fact that at the time of the accident
patients with whiplash rarely experience loss of
consciousness or post-traumatic amnesia, both con-
sidered by some authorities to be important diag-
nostic criteria for mild traumatic Dbrain injury
(Levin et al, 1989; Gronwall, 1991; Kay et al,
1992). Although some laboratory studies using non-
human primates indicate brain damage can occur in
simulated hyperextension -flexion
injuries without loss of consciousness (Ommaya
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et al, 1968; Wickstrom et al, 1970; Domer et al.,
1979; Liu et al, 1984), the anatomy of non-
human primates is markedly different from that
of humans. This renders animal data suggestive
but in need of confirmatory human research
(Shapiro et al, 1993).

A review of human research finds little or no
evidence for enduring brain injury after whiplash
(Shapiro et al, 1993; Radanov and Dvorak, 1996).
There is no conclusive evidence for neuropatho-
logical abnormalities after whiplash. A number of
studies have reported electroencephalogram (EEG)
abnormalities suggestive of brain injury in patients
with whiplash; however, the reported incidence of
these abnormalities ranges from 4 to 46% (Torres and
Shapiro, 1961; Gibbs, 1971; Jacome, 1987). Although
all of the EEG studies have methodological problems,
the study reporting the highest incidence of EEG
abnormalities (46%) is particularly flawed (Torres and
Shapiro, 1961). Neuropsychological assessment is
thought to be more sensitive for detecting mild brain
injury, and a number of studies report poorer
performance on neuropsychological measures of
concentration and memory in groups of chronic
whiplash patients 1 year or more after injury (Yarnell
and Rossie, 1988; Olsnes, 1989; Kischka et al, 1991;
Radanov et al, 1992). Patients in these studies are
usually recruited from specialty clinics and typically
represent a select sample with long-standing com-
plaints of disabling pain, emotional distress and
cognitive difficulties. These studies have failed to
control for the documented effects of pain, medica-
tions, depression and anxiety/arousal on cognitive
functioning (Shapiro et al, 1993; Radanov and
Dvorak, 1996).

The only prospective study to follow an un-
selected sample of patients with whiplash found no
evidence of cognitive deficit 6 months after injury
(Radanov et al, 1993). It is of note that the
literature on mild traumatic brain injury suggests
that difficulties in cognitive functioning as assessed
by neuropsychological testing normalize by
3 months after injury (Gentilini et al, 1985;
Huggenholtz et al, 1988; Gronwall, 1989; Ruff
et al, 1989). Given this literature on recovery
of function in mild traumatic brain injury and
research documenting the deleterious effect of pain
and emotional distress on cognitive functioning
(Stromgren, 1977; Weingartner and Siberman, 1982;
Coyne and Gotlib, 1983; O'Hara et al, 1986; Jami-
son et al, 1988; Kewman et al, 1991) one need
not postulate a traumatic brain injury to account for
persisting cognitive problems in samples of chronic
whiplash patients (Shapiro et al, 1993). The two
prospective studies to assess neuropsychological
functioning within a week of injury have failed to
use adequate control groups (Ettlin et al, 1992;
Radanov et al, 1993). Accordingly, a definite con-
clusion regarding acute cognitive deficits related to

mild traumatic brain injury awaits a prospective
study that adequately controls for pain and emo-
tional functioning.

Medical management of whiplash
injuries

A wide variety of interventions are available to treat
patients with whiplash injuries (Table 5.3). Unfortu-
nately, there is a paucity of adequate clinical trials,
and reports of efficacy remain largely anecdotal No
treatment consistently cures the pain of whiplash
injuries. Treatment programmes should attempt to
balance pain control with increased function,
although in recent years there has been a trend
towards focusing primarily on the latter. The concept
that some injuries resulting in pain may be inacces-
sible to physical and pharmacological treatments is a
difficult one for many patients (and some clinicians)
to grasp and accept. Since there is a lack of good
clinical trials the discussion that follows is based
largely on our own anecdotal experience. Table 5.3
divides available treatments into those which first, are

Table 5.3 Medical management of whiplash

Treatments of obvious benefit
Education

Exercise-oriented physiotherapy
(stretching and aerobic exercises)

Treatments which decrease pain

Cervical collar

Physical modalities (e.g. local heat, ice, ultrasound,
interferential current)

Analgesics, muscle relaxants, antidepressants, TENS

Manipulation

Cervical traction

Massage therapy

Relaxation therapy

Trigger point injections

Acupuncture

Treatments which improve coping skills
Psychological counselling
Vocational counselling

Treatments of dubious value

Occipital nerve blocks

Non-steroidal anti-inflammatory drugs
Intra-articular (facet joint) corticosteroid injections
Discectomy/surgical fusion

Magnetic necklace

Potential treatments thal show some promise
Selective muscle retraining

Percutaneous facet joint denervation
Functional restoration programmes

TENS = Transcutancous clectrical nerve stimulation.
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agreed to be of benefit; second, serve to decrease
pain; third, improve coping skills; fourth, are of
dubious value, and fifth, show potential promise.

Treatments generally agreed to be of
benefit

Education

Education of the patient (and family) is a critical
element of any treatment programme, Patients must
clearly understand the goals of treatment - return of
function, control of pain - and the likely prognosis.
Education helps patients plan realistically for their
future, provides them with a sense of control, and
increases their confidence in the treating clinician.
Patients must understand that ‘hurt is not equal to
harm’. Many patients cxcessively limit activities and
movement of their neck in a logical attempt to avoid
pain and by inference tissue damage. This may result
in general deconditioning and constriction of neck
muscles. McKinney et al (1989) found that advice
to mobilize, exercise, limit activity to pain tolerance
and avoid dependence on collars and analgesics was
as effective as a physiotherapy-directed programme.
Information

aggravate pain (heavy lifting or maintaining pro-
longed postures) help prevent significant exacerba-
tions of pain. For chronic whiplash patients, an
emphasis on proper pacing of activities is helpful -
often critical.

Exercise-oriented physiotherapy

Early mobilization of the neck which is gentle and
graduated is thought to promote maximal healing of
damaged soft tissues. Patients are then enrolled in a
programme of stretching and aerobic exercise.
Stretching of muscles and ligaments to their normal
length has long been thought to maximize function-
ing. Strengthening exercises are controversial and
often aggravate pain, particularly if introduced too
early or too aggressively. Isometric strengthening
exercises may be tolerated better. Theoretically,
strong neck musculature is desirable to provide an
active physiological splint which can potentially
teduce pain. Formal exercise programmes should be
time-limited with a shift over time to a home exercise
programme. Exercise-oriented treatments were
divided by the Quebec Task Force (1995) into
mobilization and exercise. Regarding mobilization
they noted: “The cumulative evidence suggests that
mobilization techniques can be used as an adjunct to
strategies that promote activation. In combination
with activating interventions, they appear to be
beneficial in the short term but the long term benefit
has not been established’. Regarding exercise they
noted: “The cumulative evidence suggests that active
exercise as part of a multimodal intervention may be
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beneficial in the short and long term. This suggestion
should be confirmed in future studies’.

Two studies are of note. McKinney et al. (1989)
reported that patients receiving 2 weeks of physio-
therapy which combined McKenzie and Maitland
mobilization  techniques demonstrated greater
improvement/recovery 1 week after treatment than
patients prescribed rest and soft collars. However,
there was no difference between the two groups at
2-year follow-up. Moreover, a third group simply
given advice on early activation and a home pro-
gramme of exercises did better than either group.
Mealy et al. (1986) reported that patients receiving
Maitland mobilization techniques had more short-
term relief of pain and range of motion than patients
prescribed rest and a soft cervical collar.

Treatments which serve primarily to
decrease pain

These treatments, which are listed in Table 5.3, are
the most commonly used treatments in the manage-
ment of whiplash injuries. They provide subsets of
patients with consistent relief of pain. Unfortunately,
it is impossible to predict in advance whether a
particular treatment will relieve pain for a given
patient. As well, the benefits of these treatments are
invariably short-lived. Patients often regard these
treatments as their only consistent source of pain
relief and many believe these treatments improve
their quality of life, albeit for a short time. In
contrast, third-party payers often view them as
expensive, passive, and without proven long-term
utility. Accordingly, they are reluctant to fund them.
This raises the question as to how long one should
fund measures that temporarily reduce pain with no
evidence of prolonged efficacy. It is of note that
some of these treatments are more readily funded
(e.g. medications) than others. Passive treatments
such as physical modalities, massage, manipulation
and even medications, if not performed within the
framework of an active rehabilitation programme
may potentially result in greater dependence on the
part of patients and discourage them from taking
more active responsibility for their own rehab-
ilitation.

Cervical collar

Initial use of a cervical collar still enjoys popularity,
although its use appears to be declining. Research has
failed to demonstrate its efficacy. A controlled,
double-blind study demonstrated that patients mobi-
lized early without a collar experienced a greater
reduction of pain and improved cervical range of
motion (Mealy ef al, 1986) relative to rest and use of
a collar. This result was confirmed by McKinney
(1989). However, another prospective study failed to
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demonstrate differences between early active treat-
ment with traction and physiotherapy compared with
rest in a collar and unsupervised mobilization (Pennie
and Agambar, 1991). A soft cervical collar does not
truly immobilize the neck (Colachis et al, 1973;
Fisher et al., 1977; Johnson et al, 1977). If a cervical
collar is prescribed, continuous use for more than 2
weeks should be discouraged (Teasell and Shapiro,
1993). According to Lieberman (1986), prolonged
collar use leads to a variety of complications includ-
ing disuse atrophy of the neck muscles, soft-tissue
contractures, shortening of muscles, thickening of
subcapsular tissues, increased dependence and
enhancement of feelings of disability. Although
chronic collar use runs the risk of iatrogenic compli-
cations, anecdotally we have observed that whiplash
patients frequently find that cervical collars help
control pain when used judiciously for limited
periods of time.

Pbysical modalities

Ice packs may be helpful in the early acute phase of
whiplash (3-10 days after the accident) to limit
muscle swelling. After the acute phase, local hot
packs, ultrasound and interferential current or trans-
cutaneous electrical nerve stimulation (TENS) may
serve to reduce pain temporarily. Recent research on
TENS in low back pain showed it to be no better than
placebo; nevertheless it may assist specific subsets of
patients (Deyo et al., 1990). In patients who benefit
initially from TENS, the positive effect generally
decreases over time.

Moist heat tends to be more effective than dry heat.
Many patients find it useful to apply ice for 3-5 min
before stretching the involved regional muscles.
There is some limited evidence that pulse electro-
magnetic treatment may be useful in the early stages
of whiplash (Foley-Nolan et al, 1992). The use of
physical modalities serves primarily as an adjunct to
therapeutic exercise and should not take the place of
an active exercise programme (Teasell and Shapiro,

1993).

Medications

Drugs have a limited role in the management of
whiplash injuries, despite their widespread use.
They have significant potential for misuse and
adverse side-effects. Medications are frequently over-
used in chronic whiplash injuries because the treat-
ing physician is uncertain how else to ease the pain
and emotional distress of the suffering patient.
Analgesic medications have their greatest applica-
tion in the acute stage. Non-steroidal anti-inflamma-
tory drugs (NSAIDs) are more likely of benefit due
to their analgesic properties than their anti-inflam-
matory properties. Long-term usage carries with it a
substantial risk of stomach ulceration. Muscle relax-

ants appear to work primarily through their anxi-
olytic effect and have not been adequately studied
(Quebec Task Force, 1995). Narcotic analgesics must
be carefully monitored and their use limited because
of the risk of tolerance and addiction; the issue of
narcotic use in chronic pain is not fully resolved
(Brena and Sanders, 1991). Long-term narcotic use
has traditionally been discouraged (Lieberman,
1986) and in our opinion patients are better served
by avoiding them. Moulin et al (1996), in a random-
ized controlled trial, found that although morphine
reduced pain in chronic pain sufferers, many of
whom had suffered whiplash injuries, there was no
corresponding improvement in function. Anec-
dotally we suspect many patients take strong nar-
cotic medications more for their mood-enhancing
properties.

Tricyclic antidepressants (TCAs), either admin-
istered in small doses before bedtime or in full
antidepressant doses, are often helpful in chronic
pain patients, especially those with a non-restorative
sleep pattern (Butler, 1984; Ward, 1986). TCAs have
been shown to have an analgesic effect in animal
studies (Spiegel et al, 1983). TCAs' mechanism of
action is not clear but may be related to their ability
to block the reuptake of serotonin, thereby enhanc-
ing endogenous pathways of pain control, improv-
ing non-restorative sleep patterns and/or treating co-
occurring depression. The major side-effects of TCAs
are dry mouth, morning drowsiness and weight
gain. Despite the fact that TCAs are regarded as the
best medication for chronic pain, most patients
experience significant side-effects which they find
intolerable.

Manipulation

There is no definitive research on the efficacy of
cervical manipulation in whiplash patients (Quebec
Task Force, 1995). Anecdotal experience and one
published study (Cassidy et al., 1992) suggest it offers
short-term relief of symptoms in chronic whipiash
patients. Physicians are concerned most about the
high-velocity/low-amplitude thrust manoeuvre and
the rare but serious complication of vertebral artery
dissection (Teasell and Marchuk, 1994).

Cervical traction

Although this treatment has been advocated for
cervical whiplash injuries (Macnab, 1971; Jackson,
1978), there is no evidence it is of benefit in whiplash
injuries. The only controlled trial failed to demon-
strate any effect (Zylbergold and Piper, 1985). In our
experience, mechanical cervical traction often aggra-
vates symptoms. In the initial stage, traction is
contraindicated because the distractive forces may
increase pain and further damage healing tissue
(Weinberger, 1976).
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Massage

Massage therapy is a time-honoured treatment for
musculoskeletal problems, in particular myofascial
pain and muscle tension. There is no evidence that it
produces long-lasting benefits and controlled trials
are lacking. Massage can play a role in keeping the
patient functional by providing temporary relief of
pain. Anecdotally, benefits have been observed in
some whiplash patients who are in situations in
which muscle tension and pain gradually build up
(i.e. an office worker or a student studying for an
exam) because it promotes muscle relaxation and a
decrease in pain. Massage therapy must be gentle
because aggressive or deep friction massage is often
poorly tolerated, resulting in increased pain.

Trigger point injections

Tender points within cervical and upper thoracic
muscles can produce an abrupt onset of pain from
the point of palpation with distal referral of pain in a
characteristic pattern (Travell and Simons, 1983).
Injection of local anaesthetics and corticosteroids is a
popular, albeit unproven, treatment. It is not clear
that anaesthetics are essential to the therapeutic
effect since injections of sterile water, normal saline
or dry needling into trigger points may also produce
a therapeutic response. A recent study found that
subcutaneous injections of sterile water were more
effective than injections of normal saline in patients
with chronic neck and shoulder pain from whiplash
injury (Byrn et al, 1991, 1993).

Treatments which improve coping
skills

The Quebec Task Force (1995) found no quality
research regarding psychosocial interventions in the
treatment of whiplash injuries. Although this is
surprising given the importance of psychosocial
issues, it may reflect excessive reliance on the acute
medical model on the part of both treating clinicians
and whiplash patients. These treatments are usually
employed to help patients cope better or move on
with their lives in the face of chronic pain. They don’t
necessarily reduce pain per se although, in some
cases, they can significantly decrease emotional
distress and improve the patient’s overall level of
functioning. There may be greater acceptance on the
part of third-party payers for these treatments
because they offer some opportunity for long-term
benefit. The need for these treatments varies widely
among patients and does not necessarily correlate
with the severity of injury.
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Treatments of dubious value

Occipital nerve blocks have not been shown in any
controlled study to be effective in treating whiplash
injuries. Cervical facet joint corticosteroid blocks
have recently been subjected to a randomized con-
trolled double-blind study which failed to demon-
strate effectiveness in whiplash patients with pain of
greater than 3 months’ duration. In this study, the
level of facet joint pathology was identified using
cervical facet joint diagnostic blocks (Barnsley et al.,
1994). Hamer et al. (1992) used discectomy/fusion in
0.5% of cases and found significant relief of pain in
only 10% of those operated on. This lack of efficacy is
consistent with our experience. The Quebec Task
Force (1995) found no acceptable studies on surgical
interventions in whiplash injuries Cervical epidural
injections have been reported to be beneficial in
uncontrolled trials. Theoretically they should not be
helpful because the damaged tissues are presumably
outside the epidural space. The magnetic necklace is
mentioned by the Quebec Task Force (1995) because
of its widespread use among lay people. A controlled
trial using active and sham treatment in chronic neck
pain patients failed to demonstrate any benefit (Hong
etal, 1982).

Unproven treatments that show some
promise

Selective muscle retraining

Some recent work with selective muscle retraining
suggests that this form of treatment may offer benefits
(Donaldson, 1995). Selective muscle retraining uses
surface electromyogram to identify muscles which
are not functioning properly, either because they are
underactive when they should contract or overactive
when they should relax. This technique not only
provides objective evidence of muscle dysfunction
but also has been reported to treat many patients
successfully. The muscles that appear underactive are
selectively exercised to achieve more symmetrical or
appropriate muscle functioning.

Percutaneous facet joint denervation

These procedures have been reported to offer benefit
to a subset of patients in uncontrolled studies.
Hildebrandt and Argyrakis (1986) reported on 35
patients presenting with headache, neck, shoulder
and arm pain who underwent zygapophysial joint or
dorsal rami diagnostic blocks. The involved joints
were then partially denervated using radiofrequency
electrocoagulation. Thirteen of 35 patients reported
significant relief, 10 some improvement, and 12 no
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benefit. Verkest and Stolker (1991) performed facet
joint denervation procedures on 53 patients with
cervical facet joint pain. They reported that over 80%
received long-lasting improvement in this uncon-
trolled study.

Lord et al. (1996), using radiofrequency neu-
roanatomy of the dorsal cervical rami achieved
virtually complete relief of chronic whiplash pain in
patients with a medium pain duration of 34 months.
In this randomized double-blind clinical trial, 7 of 12
patients receiving the active treatment obtained pain
relief in excess of 6 months. Only 1 of 12 patients in
the sham surgical placebal control was pain free. This
treatment requires further evaluation but is very
promising.

Functional restoration programmes

Functional restoration programmes (FRPs) have
become very popular because of the limitations of
current treatment programmes and the frequently
observed discordance between pain, impairment and
disability (Gatchel, 1994). Gatchel has noted that the
hypothetical constructs of impairment, pain and
disability defy objective outcome measurement and
reliable assessment. In contrast, function can be
observed and objectively measured, which allows
rehabilitation treatment programmes to avoid reliance
on subjective (and supposedly less reliable) self-
reports of pain and disability (Gatchel, 1994). FRPs
combine aggressive exercise regimens, discourage
pain behaviours and attempt to address psychosocial
issues. FRPs have arisen as a natural evolution of
behavioural theories of pain (Fordyce, 1976, Fordyce
et al, 1985). Most FRPs provide a multidisciplinary
approach designed to improve factors contributing to
disability apart from the pain itself. FRPs have been
described as a tertiary, medically directed, inter-
disciplinary amalgam of a sports medicine approach to
restoring physical capacity and a cognitive crisis
intervention technique for disability management
(Gatchel et al., 1992). Unfortunately, there is a paucity
of properly controlled evidence that FRPs actually
work for chronic low back pain (Teasell and Harth, in
press) and there are no published studies specific to
whiplash. FRPs offer a promising approach but must
be considered unproven until adequate controlled
trials with whiplash patient support the uncontrolled
low back pain studies currently available.

The medical dilemma: maximizing
function vs relieving pain

For clinicians the goal of relieving pain (and suffer-
ing) often clashes with the goal of maximizing
function. For example, maximizing function inevit-
ably results in increased pain. The concept that

increasing a patient’s level of function reduces his or
her overall level of suffering and, in some cases pain,
has resulted in a proliferation of FRPs. While some
patients may do well in functional restoration, for
others increasing physical activities inevitably results
in a significant increase in pain. Even those who
benefit are left with significant limitations.
Treatment geared only towards pain control at the
expense of maximizing function is inappropriate.
Currently the focus of rehabilitation management has
been and should remain increasing function. Some
clinicians have argued that improved function should
be the only goal (Clifford, 1993), if not the driving
factor (Gatchel, 1994). While the term benign
chronic pain is used to encourage patients to remain
active despite the pain, one must be careful not to
forget the often destructive effects of pain on a
patient’s life. Most clinicians take a middle road,
encouraging increased function while providing
restrictions to prevent significant exacerbations of
pain. The validity of these restrictions has not been
well-established for whiplash patients as a whole and
is difficult to establish for any given individual. King
et al. (1994) questioned the need for any restrictions
in chronic pain. Balancing pain control and increased
function (or decreased disability) has always been a
major area of controversy in the management of these
patients and will probably remain so for some time.

Future directions

Medicine is being paradoxically driven in two oppo-
site directions which will direct the future of
treatment of whiplash patients. The first trend is a
natural progression of the science of medicine with
its reliance on technology and the need to prove the
efficacy of treatment utilizing randomized controlled
clinical trials. This scientific emphasis not only
removes the external biases of the treatment- patient
interaction but is in keeping with the fiscal concerns
of hard-pressed insuring or funding agencies. The
second trend is patient-focused care, the so-called art
of medicine which focuses on the person and not
simply the injury. Such an approach deals with the
physical, psychological, social and spiritual aspects,
and sees the person as greater than the sum of his or
her parts. This approach is also better equipped to
deal with the many complicating factors including
the patient’s coping abilities and belief systems,
family influences, work and employer-related issues,
and the importance of litigation and compensation
(Shapiro and Roth, 1993). As we begin to appreciate
more the role of these factors and particularly the
individual’'s coping strategies, such an approach is
taking on a greater role. The challenge of the 21st
century will be to integrate the science and art of
medicine to treat whiplash patients successfully.
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Summary

Patients with chronic whiplash injuries are difficult to
treat. It is important to recognize that the natural
history of acute whiplash is such that many patients
will improve or recover relatively quickly. Supportive
education and a progressive programme of exercises,
involving stretching of the involved region as well as
an aerobic exercise programme, are regarded as the
mainstays of medical management. Other physical
treatments (physical modalities, manipulation, TENS)
and pharmacological treatments provide short-term
pain reduction at best and should not be used in
isolation. Injections and surgical interventions are
rarely useful in uncomplicated whiplash. Psycho-
social interventions, including vocational counsel-
ling, are becoming more popular as we recognize the
importance of treating the person with a whiplash
injury and not just the injury itself. However,
psychosocial interventions remain unproven. New
techniques such as selective muscle retraining or
functional restoration programmes offer potentially
new but unproven treatment approaches for subsets
of patients. At present, the QuebecTask Force (1995),
despite its self-acknowledged limitations and partisan
funding, offers the best scientific guidelines for
treating these patients. The challenge of treatment
is to integrate the art and science of medicine
efficiently and effectively to increase function and
reduce pain and suffering.

References

Alves, WM., Colohan, A.R.T,, O'Leary, TJ., Rimel, R W., Jane,
J.A. (1986) Understanding post-traumatic symptoms after
minor head injury. J Head Trauma Rebabil. 1: 1-12.

Balch, R.W. (1984) Dizziness, Hearing Loss and Tinnitus,
the Essentials of Neurology. Philadelphia, PA: EA. Davis,
p. 152, discussed in Evans (1992).

Balla, J.I. (1980) The late whiplash syndrome. Aust. N.Z. J.
Surg. 50: 610-614.

Balla, ).I., Moraitis, S. (1970) Knights in armour. A follow-up
study of injuries after legal settlement. Med. J. Aust. 2:
355-361.

Bannister, G., Gargan, M. (1993) Prognosis of whiplash
injuries: a review of the literature. In: Spine: State of the
Art Reviews. Cervical Flexion-Extension/Whiplash
Injuries, vol. 7, (Teasell, R.W., Shapiro, A.P. eds). Phil-
adelphia: Hanley & Belfus, pp. 557-570.

Barnsley, L., Lord, S., Bogduk, N. (19932) The pathophysiol-
ogy of whiplash. In: Spine. State of the Art Reviews
Cervical Flexion - Extension/Whiplash Injuries, vol. 7,
(Teasell, R.W., Shapiro, A.P. eds). Philadelphia: Hanley &
Belfus, pp. 329-353.

Barnsley, L., Lord, S., Bogduk, N. (1993b) Comparative
anaesthetic blocks in the diagnosis of cervical zygapophy-
sial joint pain. Pain 55: 99-106.

Whiplask injuries 83

Barnsley, L., Lord, S.M., Wallis, B.J., Bogduk, N. (1994) Lack
of effect of intra-articular corticosteroids for chronic
cervical zygapophysial joint pain. N Engl. | Med. 330:
1047-1050.

Barnsley, L., Lord, S.M., Wallis, B.J.,, Bogduk, N. (1995) The
prevalence of chronic cervical zygapophysial joint pain
after whiplash. Spine 20: 20-25.

Berstad, J.R., Baerum, B., Lochen, E.A., Mogstad, T.E., Sjaasta,
O. (1975) Whiplash: chronic organic brain syndrome
without hydroccphalus ex vacuo. Acta Neurol. Scand.
51: 268-284.

Blatt, S. (1995) The destructiveness of perfectionism. Am.
Psychol. 50: 1003-1020.

Blatt, S.J., Zurloff, D.C. (1992) Interpersonal relatedness and
self-definition: two prototypes for depression. Clin. Psy-
chol. Rev. 12: 527-562.

Boden, S.D., McCowin, PR, Davis, D.O., Dina, T.S., Mark,
A.S., Wiesel, S. (1990) Abnormal magnetic resonance
scans of the cervical spine in asymptomatic subjects. J.
Bone Joint Surg. (Am.) 72: 1178-1184.

Bogduk, N. (1986) The anatomy and pathophysiology of
whiplash. Clin. Biomech. 1: 92-101.

Borden, A.G.B., Rechtman, A.M., Gershom-Cohen, J. (1960)
The normal cervical lordosis. Radiology 74: 806.

Braaf, M.M., Rosner, S. (1955) Symptomartology and treat-
ment of injuries of the neck. NY J Med. 55: 237.

Brena, S.E, Sanders, S.H. (1991) Opioids in nonmalignant
pain: questions in search of answers. Clin. J Pain 7:
342-345.

Butler, S. (1984) Present status of tricyclic antidepressants in
chrorniic pain therapy. In: Advances in Pain Research and
Therapy, vol. 7 (Benedette C. ef al. eds). New York: Raven
Press, pp. 173-197.

Byrn, C., Borenstein, P, Linder, L.E. (1991) Treatment of
neck and shoulder pain in whiplash syndrome patients
with intracutaneous sterile water injections. Acta Anes-
thesiol. Scand. 35 52-53.

Byrn, C., Olsson, 1., Falkheden, L. et al. (1993) Subcutaneous
sterile water injection for chronic neck and shoulder pain
following whiplash injuries. Lancet 341: 449-452.

Capistrant, T.D. (1977) Thoracic outlet syndrome in whip-
lash injury. Ann. Surg. 185: 175-178.

Cassell, EJ. (1991) The Nature of Suffering and the Goals of
Medicine. New York: Oxford University Press.

Cassidy, J.D., Lopes, A A, Yong-Hing, K. (1992) The immedi-
ate effect of manipulation versus mobilization on pain
and range of motion in the cervical spine: a randomized
controlled trial J. Manipul. Physiol Ther. 15: 570-575.

Cherington, M., Happer, [., Marchanic, B., Parry, L. (1986)
Surgery for thoracic outlet syndrome may be hazardous to
your health. Muscle Nerve 9: 632-634.

Chrisman, O.D., Gervais, R.E (1962) Otologic manifestations
of the cervical syndrome. Clin. Orthop. 24: 34-39.

Clemens, H.J., Burrow, K. (1972) Experimental investigation
on injury mechanisms of cervical spine at frontal and rear-
froat vehicle impacts. Proceedings of the Sixteenth Stapp
Car Crash Conference, pp. 76-104.

Clifford, J.C. (1993) Successful management of chronic pain
syndrome. Can. Fam. Phys. 39: 549-559.

Colachis, §8.C., Strohm, B.R., Ganter, EL. (1973) Cervical
spine motion in normal women: radiographic study of
effect of cervical collar. Arch. Phys. Med. Rebabil. 54:
161-169.

Commack, K.V. (1957) Whiplash injuries to the neck. Am. J.
Surg. 93: 663-666.

Copyrighted Material



84 Clinical Anatomy and Management of Cervical Spine Pain

Compere, W.E. (1968) Electronystagmographic finding in
patients with ‘whiplash’ injuries. Laryngoscope 78:
1226-1232.

Coyne, J.C., Gotlib, [.LH. (1983) The role of cognition in
depression: a critical appraisal. Psychol. Bull 39:
593~597.

Croft, A.C. (1988) Biomechanics. In: Whiplash Injuries. The
Cervical Acceleration Deceleration Syndrome (Foreman,
S.M., Croft, A.C., eds). Baltimore: Williams & Wilkins, p.
1072.

Croft, A.C., Foreman, S.M. (1988) Cited by Croft, A.C. Soft
tissue injury: long-term and short-term effects. In: Whip-
lash Injuries. The Cervical Acceleration Deceleration
Syndrome, (Foreman, S.M., Croft, A.C., eds). Baltimore:
Williams & Wilkins, p. 293.

Deans, G.T. (1986) Incidence and duration of neck pain
among paticnts injured in car accidents. Br: Med. J. 292:
94-95.

Deans, G.T., McGailliard, J.N., Kerr, M., Rutherford, W.H.
(1987) Neck pain - a major cause of disability following
car accidents. /njury 18: 10-12.

Dejong, PTV.M., DeJong, ] M.B.V, Cohen, B., Jongkees,
L.B.W. (1977) Ataxia and nystagmus induced by injection
of local anaesthetics in the neck. Ann. Neurol 1:
240-246.

Deyo, R.A., Walsh, N.E, Martin, D.C., Schoenfeld, L.S.,
Ramamurthy, S. (1990) A controlled trial of transcuta-
neous electrical nerve stimulation (TENS) and exercise
for chronic low back pain. N Engl J Med. 322:
1627-1634

Domer, ER., Lin, YK, Chandran, K.B., Krieger, K.W. (1979)
Effect of hyperextension-hyperflexion (whiplash) on the
function of the blood-brain barrier of rhesus monkeys.
Exp. Neurol. 63: 304-310.

Donaldson, S. (1995) Testing for the existence of muscular
injury in MVA victims using surface electromyography.
Med. Scope Monthly Sept 1-13.

Dunsker, S.B. (1982) Hyperextension and hyperflexion
injuries of the cervical spine. In: Neurological Surgery,
2nd edn (Youmans, J.R., ed.). Philadelphia, PA: WB
Saunders, pp. 2332-2343.

Engel, G. (1977) The need for a new medical model: a
challenge for biomedicine. Science 196: 129-136.

Ettlin, T.M., Kischka, U., Reichman, S. et al. (1992) Cerebral
symptoms after whiplash injury of the neck: a prospective
clinical and neuropsychological study of whiplash injury.
Neurol. Neurosurg. Psychiatry 55: 943-948.

Evans, R.W. (1992) Some observations on whiplash injuries.
In: The Neurology of Trauma, (Evans, R.W. ed.). Neuro-
logic Clinics 10(4). Philadelphia: WB Saunders, pp. 975-
995.

Feinstein, B. (1977) Referred pain from paravertebral
structures. In: Approaches to the Validation of Mecnip-
ulation Therapy (Buerger, A.A., Tobis, ].S., eds). Spring-
field, IL: Charles C Thomas, pp. 139-174.

Feinstein, B., Langton, J.N.K., Jameson, R.M., Schiller, F
(1954) Experiments of pain referred from deep somatic
tissues. J. Bone jJoint Surg. (Am.) 36: 981-997.

Fisher, S.V, Bowar, J.E, Awad, E.A., Gullickson, G. (1977)
Cervical orthoses effect on cervical spine motion: roent-
genographic and gonometric method of study. Arch.
Phys. Med. Rebabil. 58: 109-115

Fisher, C.M. (1982) Whiplash amnesia. Neurology (NY) 32:
667-668.

Foley-Nolan, D., Moore, K, Codd, M, Barry, C,, O’Connor,

P, Coughlan, RJ. (1992) Low energy high frequency
pulsed electromagnetic therapy for acute whiplash inju-
ries. A double blind randomized controlled study. Scand.
J. Rebabil. Med. 24 51-59

Fordyce, W.E. (1976) Behavioral Methods for Chronic Pain
and lliness. St Louis, MO: C.V. Mosby.

Fordyce, W.E., Roberts, A.H., Sternbach, R.A. (1985) The
behavioural management of chronic pain: a response to
critics. Pain 22: 113-125

Frankel, V.H. (1976) Pathomechanics of whiplash injuries to
the neck. In: Current Controversies in Neurosurgery
(Morley, TP, ed). Philadelphia: WB Saunders, pp.
39-50

Fricton, JR. (1993) Myofascial pain and whiplash. [n: Spire:
State of the Art Reviews. Cervical Flexion-Extension/
Whiplash Injuries, vol. 7 (Teasell, R.W.,, Shapiro, A.P. eds).
Philadelphia: Hanley & Belfus, pp. 403-422.

Gargan, M.F, Bannister, G.C. (1990) Long term prognosis of
soft tissue injuries of the neck. J Bone Joint Surg. 72B:
901-903.

Gargan, M.E, Bannister, G.C. (1994) The rate of recovery
following whiplash injury. Lux Spin. J. 3: 162-164.

Gatchel, R.J., Mayer, T.G., Hazard, R.G., Rainville, J., Mooney,
V. (1992) Editorial: Functional restoration. Pitfalls in
evaluating efficacy. Spine 17: 988-995.

Gatchel, RJ. (1994) Occupational low back pain clisabiliry.
Why function needs to ‘drive’ the rehabilitation process.
Am. Pain Soc. J. 3: 107-110.

Gay, J.R., Abbott, K.H. (1953) Common whiplash injuries of
the neck. JA.M.A. 152: 1698-1704.

Gentilini, M., Nichelli, P, Schoenhuber, R et al. (1985)
Neuropsychological evaluation of minor head injury. J
Neurol. Psychialry 48: 137-140.

Gibbs, EA. (1971) Objective evidence ot brain disorder in
cases of whiplash injury. Clin. Electroencephalogr. 2:
107-110.

Gibson, J.W. (1974) Cervical syndromes: use of comfortable
cervical collar as an adjunct in their management. South.
Med. J. 67: 205-208.

Giroux, M. (1991) Les blessures ‘a la colonne cervicale;
importance du probleme. Medicin Quebec Sept 22-26.

Gronwall, D. (1989) Cumulative and persisting effects of
concussion on attention and cognition. In: Mild Head
Injury (Levin, H.S., Eisenberg, H.M., Benton, A.L., eds).
New York: Oxford University Press.

Gronwall, D. (1991) Minor head injury. Neuropsychology 5:
253-260.

Gruen, R.J, Silva, R, Ebrlich, J, Schweitzer, J.W, Friedhoff,
AJ. (1997) Vulnerability to stress: self-criticism and stress-
induced changes in biochemistry. / Personal 65: 33-49.

Hamer, AJ., Prasad, R, Gargan, M.E et al. (1992) Whiplash
injury and cervical disc surgery. Presented at the British
Cervical Spine Society Meeting. Bowness-on-Windermere,
Nov 7, 1992 (cited by Bannister and Gargan, 1993).

Hewett, PL., Flett, G.L. (1991) Perfectionism in the self and
social contexts: conceptualization, assessment, and as-
sociation with psychopathology. J Personal. Soc. Psych.
60: 456-470

Hildebrandt, J, Argyrakis, A. (1986) Percutaneous nerve
block of the cervical facets - a relatively new method in
the treatment of chronic headache and neck pain. Man.
Med. 2: 48-52.

Hildingsson, C., Toolanen, G. (1990) Outcome after soft
tissue injury of the cervical spine. Acta Orthop. Scand.
61: 357-359.

Copyrighted Material



Hohl, M. (1974) Soft tissue injuries of the neck in
automobile accidents: factors influencing prognosis. J.
Bone Joint Surg. 56A: 1675-1682.

Hohl, M. (1975) Soft tissue injuries of the neck. Clin.
Orthop. 109: 42-49.

Hohl, M. (1989) Soft tissue neck injurics. In: The Cervical
Spine, 2nd edn, The Cervical Spine Research Society
Editorial Committee (eds). Philadelphia, PA: J.B. Lippin-
cott, pp. 436-441.

Hong, C.Z, Lin, J.C., Bender, L.E, Schaeffer, J.N., Meltzer,
R.J., Causin, P (1982) Magnetic necklace: its therapeutic
effectiveness on neck and shoulder pain. Arch. Phys.
Med. Rebabil. 63: 462-466.

Horwich, H., Kasner, D. (1962) The effect of whiplash
injurics on occular functions. Sowth. Med. ] 55:
69-71

Huggenholtz, H., Stuss, D.T., Stethem, L.L., Richard, M.T.
(1988) How long does it take to recover from a mild
concussion? J. Neurosurg. 22: 853-858.

Inman, VH., Saunders, J.B.deC.M. (1944) Referred pain from
skeletal structures. [ Nerv. Ment. Dis. 99: 660-667.

Jackson, R. (1978) The Cervicul Syndrome, 4th edn.
Springfield, IL: Charles C. Thomas.

Jacome, D.E. (1987) EEG in whiplash: a reappraisal. Clin.
Eleclroencephogr 18: 41-45.

Jamison, R.N., Brocco, T.S., Parris, W.C. (1988) The influence
of problems with concentration and memory on emo-
tional distress and daily activities in chronic pain patients.
Int. | Psychiatry Med, 18: 183-191.

Jeffreys, E. (1980) Disorders of the Cervical Spine. London:
Butterworths

Johnson, R.M., Hart, D.L., Simmons, E.E, Ramsby, G.R,,
Southwick, W.O. (1977) Cervical orthoses - a study
comparing their effectivencss in restricting cervical
motion in normal subjects. [ Bone Joint Surg. (Am.) 59:
332-339.

Kay, T. Newman, B., Cavallo, M. et al. (1992) Towards a
neuropsychological model of functional disability after
mild traumatic  brin injury.  Newropsychology 6:
371-384

Kewman, D.G., Vaishampayan, N., Zald, D., Han, B. (1991)
Cognitive impairment in musculoskeletal pain patients.
Int. J. Psychiatry Med. 21: 253-2G62.

King, J.C., Kelleher, W]J., Stedwill, J.E., Talcott, G. (1994)
Physical limitations are not requited for chronic pain
rehabilitation success. Am. [ Phys. Med. Rebabil. 73:
331-337

Kischka, U, Ettlin,T.H., Heim, S., Schmid, G. (1991) Cerebral
symptoms following whiplash injury. Euwr Neuwrol. 31:
136-140

LaRocca, H (1978) Acceleration injuries of the neck. Clin.
Neurosurg. 25: 205-217.

Levin, H.S,, Eisenberg, H.M., Benton, AL (1989) (eds) Mild
Head [njury. New York: Oxford Universiry Press.

Licberman, J.S. (1986) Cervical soft tissue injuries and
cervical disc discase. In: Principles of Physical Medicine
and Rebabilitation in the Musculoskeletal Diseases
(Leek, J.C. et al., eds) New York: Grune & Stratton, pp.
263-286

Liu, K, Chandran, K.B., Heath, R.G. et al. (1984) Subcortical
EEG changes in rhesus monkeys following experimental
hyperextension -hyperflexion  (whiplash).  Spine 9:
329-338

Lord, §., Barnsley, L., Bogduk, N. (1993) Cervical zygapophy-
seal joint pain in whiplash. In: Spine: State of the Art

Whiplash injuries 85

Reviews, vol. 7 (Teasell, R.W.,, Shapiro, A.P, eds). Phil-
adelphia: Hanley & Belfus, pp.355-372.

Lord, S.M., Barnsley, L., Wallis, B.J. et al. (1996) Percuta-
neous radiofrequency neurotomy for chronic cervical
zygapophyseal joint pain. N Engl J Med. 335:
1721-1726.

Macnab, 1. (1964) Acceleration injuries of the cervical spine.
J. Bone Joint Surg. (Am.) 46: 1797-1799.

Macnab, 1. (1969) Acceleration extension injuries of the
cervical spine. In: AAOS Symposium of the Spine. St
Louis: CV Mosby, pp. 10-17.

Macnab, L (1971) The ‘whiplash syndrome’. Orthop. Clin.
North Am. 2: 389-403.

Macnab, [. (1973)The whiplash syndrome. Clin. Neurosurg.
20: 232-241.

Macnab, I. (1982)Acceleration extension injuries of the cervi-
cal spine. In: The Spine, 2nd edn (Rothman, R.H., Simeone
EA., eds). Philadelphia, PA: WB Saunders, pp. 647-660.

McKenzie, J.A., Williams, J.E (1971) The dynamic behavior of
the head and cervical spine during ‘whiplash’. J. Biomech.
4: 474-490 .

McKinney, L.A. (1989) Early mobilization and outcome in
acute sprains of the neck. Br Med. J. 299: 1006-1008.
McKinney, L.A., Dornon, J.O., Ryan, M. (1989) The role of
physiotherapy in the management of acute neck sprains
following road-traffic events. Arch. Emerg. Med. 6:

27-33

Mealy, K., Brennan, H., Fenelon, G.C.C. (1986) Early
mobilization of acute whiplash injuries. Br: Med. J. 292:
656-657

Medical News (1965) Animals riding in carts show effects of
‘whiplash’ injury. JA.M.A. 194: 40-41.

Melzack, R., Wall, PD. (1983) The Challenge of Pain. New
York: Basic Books.

Mense, S. (1994) Referral of muscle pain. Am. Pain Soc. J. 3:
10-12.

Merskey, H. (1993) Psychological consequences of whip-
lash. In: Spine: State of the Art Reviews, vol. 7 (Teasell,
R.W.,, Shapiro, A.P, eds). Philadelphia: Hanley & Belfus,
pp. 471-480.

Moulin, D.E., Iezzi, A, Amireh, R., Sharpe, W.K.J., Boyd, D.,
Merskey, H. (1996) Randomized trial of oral morphine for
chronic non-cancer pain. Lancet 347: 143-147.

National Safety Council (1971) Accident Facts. Chicago:
National Safety Council, p. 47.

Nelson, D.A. (1990) Thoracic outlet syndrome and dysfunc-
tion of the temporomandibular joint: proved pathology or
pseudosyndromes? Perspect. Biol. Mecl. 33: 567-576.

Nygren, A. (1984) Injuries to car occupants: some aspects of
the interior safety of cars. Acta Otolaryngol. (Stockb.)
395 (Suppl): 1-164.

O’Hara, M.W., Hinrichs, J.V.,, Kohout, EJ. et al (1986)
Memory complaint and memory performance in the
depressed elderly. Psychol. Aging 1. 208-214.

Olsnes, B.T. (1989) Neurobehavioral findings in whiplash
patients with long-standing symptoms. Acta Neurol.
Scand. 80: 584-587.

Ommaya, A.K,, Fass, E, Yarnell, P (1968) Whiplash injury and
brain injury: an experimental study. JAMA. 204
285-289.

Oosterveld, W.J., Kortschot, H.W,, Kingma, G.G. et al. (1991)
Electronystagmographic findings following cervical whip-
lash injuries. Acta Otolaryngol. (Stockh.) 111: 201-205.

Pang, L.Q. (1971) The otological aspects of whiplash
injuries. Laryngoscope 81: 1381-1387.

Copyrighted Material



86 Clinical Anatomy and Management of Cervical Spine Pain

Pearce, J.M.S. (1989) Whiplash injury: a reappraisal. J
Neurol. Neurosurg. Psychiatry 52: 1329-1331.

Pennie, B., Agambar, L. (1991) Patterns of injury and
recovery in whiplash. Injury 22: 57-99.

QuebecTask Force on Whiplash-Associated Disorders (1995)
Spine 20: 1S-73S.

Rachtman, A.M., Borden, A.G.B., Gershon-Cohen, J. (1961)
The lordotic curve of the cervical spine. Clin. Orthop. 20:
208

Radanov, B.P, Dvorak, J. (1996) Impaired cognitive function-
ing after whiplash injury of the cervical spine. Spine 21:
393-397.

Radanov, B.P, diStefano, G., Schnidrig, A., Ballinari, P (1991)
Role of psychosocial stress in recovery from common
whiplash. Lancet 338: 712-715.

Radanov, B.P, Dvorak, ], Valach, L. (1992) Cognitive deficits
in patients after soft tissue injury of the cervical spine.
Spine 17: 127-131.

Radanov, B.P, DiStefano, G.D., Schnidrig, A. et al. (1993)
Cognitive functioning after common whiplash. Arch.
Neurol. 50: 87-91.

Radanov, B.P, Sturzenegger, M., DeStefano, G., Schnidrig, A.
(1994) Relationship between early somatic, radiological,
cognitive and psychosocial findings and outcome during
a one-year follow-up in 117 patients suffering from
common whiplash. Br J. Rbeumatol. 33: 442-448.

Ruff, R.M., Levin, H.S., Mattis, S. et al. (1989) Recovery of
memory after head injury. A three centre study. In: Mild
Head Injury (Levin, H.S., Eisenberg, H.M., Benton, A.L.
eds). New York: Oxford University Press, pp. 176-188.

Schutt, C.H., Dohan, EC.S. (1968) Neck injuries to women
in auto accidents. A metropolitan plague. JA.M.A 206:
2689-2692.

Shapiro, A.P, Roth, R.S. (1993) The effect of litigation on
recovery from whiplash. In: (Teasell, R.W.,, Shapiro, AP
eds). Spine: State of the Art Reviews. Cervical Flexion-
Extension/Whiplash Injuries, vol. 7 Philadelphia: Hanley
& Belfus, pp. 531-556.

Shapiro, A.P, Teasell, R.W, Steenhuis, R. (1993) Mild
traumatic brain injury following whiplash. [n: Teasell,
R.W., Shapiro, A.P. (eds) Spine: State of the Art Revieuws.
Cervical Flexion-Extension/Whiplash Injuries, vol. 7.
Philadelphia: Hanely & Belfus, pp. 455-470.

Sobeco, Ernst and Young (1989) Saskatchewan Government
Insurance automobile injury study. Report to the Sas-
katchewan Government Insurance Office, March.

Speed, W.G. (1987) Psychiatric aspects of post-traumatic
headaches. In: Psychiatric Aspects of Headache (Adler,
CS. et al. eds). Baltimore: Williams & Wilkins, pp.
210-216.

Spiegel, K., Kalb, R., Pasternak, G.W. (1983) Analgesic
activity of tricyclic antidepressants. Ann. Newrol. 13:
462-465

Stromgren, LS. (1977) The influence of depression on
memory. Acta Psychiatr. Scand. 56: 109-128.

Teasell, R.W, Harth, M. (1996) Functional restoration in
returning patients with chronic low back pain to work:
revolution or fad? Spine 21: 844 -847.

Teasell, R.W, Marchuk, Y. (1994) Vertebro-basilar artery
stroke as a complication of cervical manipulation. Crit.
Rev. Phys. Rehabil. Med. 6: 121-129.

Teasell, R.W.,, Shapiro, A.P. (1993) Flexion-extension injuries
and chronic pain. In: Pain Research and Clinical
Management: Progress on Fibromyalgia and Myofascial
Pain, vol. 6 (Merskey, H., Vaeroy, H., eds). Amsterdam:
Elsevier, pp. 253-266.

Toglia, J.V. (1976) Acute flexion-extension injury of the
neck. Electronystagmographic study of 309 patients
Neurology 26: 808-814.

Torres, E, Shapiro, S.K. (1961) Electroencephalograms in
whiplash injury. Arch. Neurol. 5: 28-35.

Travell, J., Simons, D.G. (1983) Myofascial Pain and
Dysfunction: The Trigger Point Manual. Baltimore:
Williams & Wilkins.

Turk, D.C., Flor, H. (1984) Etiological theories and treat-
ments for chronic pain. Il. Psychosocial factors and
interventions. Pain 19: 209-233.

Verkest, A.C.M., Stolker, R.J. (1991) The treatment of cervical
pain syndromes with radiofrequency procedures. Pain
Clin. 4 103-112.

Ward, N.G. (1986) Tricyclic antidepressants for chronic low
back pain. Spine 11: 661-665

Weinberger, L.M. (1976) Trauma or treatment? The role of
intermittent traction in the treatment of cervical soft
tissue injuries. J Trauma 15: 377-382.

Weingartner, H., Siberman, E. (1982) Models of cognitive
impairment: cognitive changes in depression. Psychol.
Pharm. Bull. 18: 27-42.

Wickstrom, J.K., LaRocca, H. (1975) Management o f patients
with cervical spine and head injuries from acceleration
forces. Curr:. Pract. Orthop. Surg. 6: 83,

Wickstrom, J.K., Martinez, J.L., Rodriguez, R. Jr et al. (1970)
Hyperextension and hyperflexion injuries to the head and
neck of primates. In: Neckache and Backache. (Gurdij-
ian, E.S., Thomas, L.M,, eds) Springficld, IL: Charles C
Thomas, pp. 108-117.

Wilbourn, AJ. (1990) The thoracic outlet syndrome is
overdiagnosed. Arch. Neurol. 47: 328-330.

Wiley, A M., Lloyd, J., Evans, J.G., Stewart, B.M., Sanchez, J.
(1986) Musculoskeletal sequelae of whiplash injuries.
Advocates Q. 7: 65-73.

Yarnell, PR., Rossie, G.V. (1988) Minor whiplash head injury
with major debilitation. Brain Inj. 2: 255-258.

Zylbergold, R.S., Piper, M.C. (1985) Cervical spine disorders.
A comparison of three types of traction. Spine 10:
867-871.

Copyrighted Material



Section

I

Diagnosis and Management

Copyrighted Material



6

Diagnostic imaging of mechanical and
degenerative syndromes of the cervical spine

L. J. Rowe

Introduction

Degenerative conditions of the cervical spine are
the most common clinically significant pathological
entities encountered in the cervical spine. They are
readily depicted by various imaging modalities,
including conventional radiography, computed
tomography (CT) and magnetic resonance imaging
(MRD). Each imaging method exhibits its own advan-
tages and disadvantages dependent on the condition
being imaged (Modic et al, 1989). In this chapter
imaging features of various degenerative syndromes
of the cervical spine are examined.

Degenerative disc disease

Degenerative disc disease (DDD) is characterized by
dehydration, fissuring, anular disruption and osteo-
phytosis. The preferred term is degenerative disc
disease, although alternative nomenclature is used,
including spondylosis, discogenic spondylosis and
spondylosis deformans. The term spondylosis defor-
mans can be applied to advanced disc degeneration
associated with radiographic findings of multilevel
severe loss of disc height and large anterior osteo-
phytes which pathologically buttress disc herniations
producing deformed vertebral bodies (Resnick,
1985).

Degenerative disc disease is extremely common,
occurring in up to 5% of women and 13% of men
during the third decade, more than 90% of adults over
the age of 50 years and almost 100% by 70 years
(Irvine et al, 1965, Schmorl and Junghanns, 1971).
The most common levels are the C5-6, C6-7 and
C4-5 interspaces respectively (Gore et al, 1986).

This distribution most likely reflects the degree of
biomechanical stresses and susceptibility to injury
which is also mirrored in intersegmental differences
in bone mineral density with C5 considered by
Curylo et al. (1996) to be the most dense, followed by
C6, C4 and C7.

The lack of clinicoradiological correlation in DDD
has been well-documented (Heller et ¢/, 1983). MRI
studies of the cervical spine in asymptomatic indi-
viduals have shown degenerative changes in almost
20% of these spines (Teresi et al., 1987; Boden et al.,
1990a). Radiographically diagnosed DDD in the
presence of neck pain is not a reliable outcome
predictor for conservative or surgical intervention
(Dillin et al., 1986; Gore et al., 1987; Ruggieri, 1995).
In whiplash patients, degenerative changes present at
the time of injury diminish the prognosis (Torg et al.,
1986; Maimaris et al, 1988). Current literature
supports the notion that whiplash injuries do predis-
pose to premature disc disease (Davis et al, 1991;
Watkinson et al, 1991; Rowe and Yochum, 1996a).
Restricted post-traumatic cervical motion has been
correlated with a high incidence of degenerative
changes in the following 5 years (Hohl, 1974).

Imaging features
Conventional radiograpby

Degenerative disc changes are graphically depicted,
such as a loss in disc height, osteophytes and
displacement. In addition, they assist to exclude
fractures, dislocations, neoplastic and other patho-
logical processes.

Loss in vertical height is assessed by comparison
with adjacent discs. Normally the disc height is less
at C6-7 and C7-T1 as the transition is made to
the thoracic spine. There is a lag time between
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dehydration as shown on MRI and loss of disc height.
Bony outgrowths from vertebral bodies occur initially
at the insertion of the anterior longitudinal ligament
and the latent time between disc injury and the first
appearance of radiographically detectable osteophyte
formation may be demonstrated as early as 3 months
following injury. Intersegmental subluxation as a
sequel to DDD is common and most frequently is
retrolisthesis (retrodisplacement, retropositioning,
posterior translation). Any anterior displacement is
typically related to deforming facet arthropathy.
Loss of lordosis occurs commonly from the seg-
ment above the DDD level due to segmental exten-
sion as the uncovertebral joints approximate (Eide-
ken and Pitt, 1971; MacNab, 1975). Neck pain is more
prevalent and most severe when the lordosis has

Fig. 6.1 Degenerative disc disease. At the C5-6 inter-
vertebral disc level a loss of height is evident. Note the
radiolucent linear density within the substance of the disc
representing the accumulation of nitrogen gas within
degenerative clefts (vacuum phenomenon; arrow). An-
teriorly the calcifications lie within the anular fibres
(intercallary bones; arrowhead).

Comment: These are common hallmarks of degenerative
disc disease and can occur either in concert with each other
or separately. The vacuum phenomenon is best demon-
strated on extension views.

Fig. 6.2 Degenerative disc disease, end-plate sclerosis. A
prominent increase in density of the end-plates and verteb-
ral bodies adjacent to the narrowed intervertebral disc space
is demonstrated (arrows). There is associated retrolisthesis
of the superior segment and anterjor osteophytes.

Comment: This appearance is uncommon and can mimic
an osteoblastic bony process such as metastatic carcinoma.
The distinctive convex superior border is typical of a
degenerative process.

been lost (Batzdort and Batzdorf, 1988). Vacuum
phenomena are occasionally observed, usually on
extension views, as a horizontal translucent cleft
within the anterior aspect of the disc (Fig. 6.1). Until
recently, such vacuum phenomena have been erro-
neously implicated as a soft-tissue sign for post-
traumatic disc tear, which has now been shown to
represent degenerative fissures (Reymond el al,
1972; Bohrer and Chen, 1988). End-plate sclerosis is
uncommon but periodically can be quite marked,
mimicking an osteoblastic bony process such as
metastatic carcinoma. Such sclerosis can display
features reminiscent of hemispherical spondyloscler-
osis in the lumbar spine with a distinctive convex
superior border which may or may not involve
contiguous vertebrae across a single degenerative
disc (Rowe, 1988; Rowe and Yochum, 1996b; Fig.
6.2). End-plate irregularity and poor definition may
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produce an appearance identical to that of infection.
Occasionally, spontaneous ankylosis can be observed
(Fig. 6.3).

Canal size can be estimated on the lateral view
from the point of the posterior mid vertebral body to
the adjacent spinolaminar line and normally is around
17 mm in anteroposterior diameter. A measurement
of less than 13 mm suggests stenosis with cord
impingement and less than 10 mm impingement will
invariably be present (Edwards and LaRocca, 1985).
Generally, spinal canal diameters of 17 mm or greater
will need an osteophyte of at least 3.3 mm to impinge
upon the cord, while those canals less than 17 mm
will only need 2.1 mm spurs to create the same
compression effect (Edwards and LaRocca, 1985).
Patients with canal sizes of 10-13 mm are premyelo-
pathic since the average spinal cord size from C1 to
C7 averages 10 mm (Robinson et al., 1977). Although
these dimensions estimate canal size on plain films,
CT or MRI provides more accurate assessment of the

Fig. 6.3 Degenerative disc disease, spontaneous ankylosis.
Observe the absence of intervertebral disc spaces at
multiple levels in this octogenarian patient (arrows).

Comunent: Fusion at degenerative discs is uncommon and
most commonly occurs in the elderly. Differential considera-
tions include rheumatoid arthritis, ankylosing spondylitis,
post-trauma and post-infection.

cord itself and its surrounding spaces (Rahim and
Stambough, 1992).

Computed tomography

Axial images through degenerative cervical discs are
especially useful for the depiction of osteophytes and
the resultant canal stenosis. In contrast to the lumbar
spine, inherent anatomical limitations in the cervical
spine impair the detection of disc herniations,
ligamentous hypertrophy, neural elements and extra-
dural lesions. These include the paucity of epidural
fat, low tissue differential densities and smaller-sized
foramina. Utilising CT combined with myelography
(CT myelography; CTM) and thin slices of 1.5-3 mm
thickness, these shortcomings can be compensated
for producing diagnostic accuracies approaching that
of MRI (Larsson et al, 1989; Wilson et al, 1991).
Myelography on its own has virtually no role in the
evaluation of cervical spine DDD given its invasive
nature and lack of sensitivity. Intravenous contrast-
enhanced CT (IVCT) can be used to evaluate spinal
canal size and its contents when MRI is not available
(Baledaux et al, 1983; Russell, 1990). Degraded
image quality due to the effects of the shoulder girdle
can impair evaluation of the lower cervical discs.
CT features of DDD include osteophytes, sclerosis,
end-plate irregularities, vacuum phenomena, calcifi-
cation and disc bulging. Osteophytes are readily
apparent on bone window images as rough and
irregular bony excrescences from the vertebral body
margins. Anterior osteophytes may be seen to dis-
place or impress on the adjacent retropharyngeal
wall. Posterior osteophytes extend into the central
canal and may be seen contacting and deforming the
adjacent cord. Sagittal reconstructions will assist in
visualizing this effect. Posterolateral osteophytes orig-
inate from the uncovertebral and zygapophysial joints
to compromise the lateral foramina (see Fig. 1.12).
Sclerosis occupies the subend-plate bone and may
be interspersed with focal radiolucencies. These
radiolucencies represent either focal end-plate
depressions (Schmorl’s nodes) or raised calcified end-
plate foci. Intraosseous gas beneath the end-plate is
rarely seen (vertebral pneumatocyst) and should not
be confused with linear, wafer-like vacuum phenom-
ena within a collapsed vertebral body due to cortico-
steroid induced osteonecrosis (Malghem et al., 1993;
Grunshaw and Carey, 1994; Laufer et al., 1996). More
frequently, vacuum phenomena can be seen in the
periphery of the disc as expressions of anular tears
and centrally within nuclear clefts. Extension into the
spinal canal, with or without disc herniation, can
occasionally be observed (Elster and Jensen, 1984).
Calcification within the anulus is usually focal and
near the circumference of the disc while nuclear
calcifications are placed more internally. Bulging
discs, unlike the lumbar spine, are uncommon and
are recognized by a broad-based soft-tissue convexity
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extending less than 2mm beyond the adjacent
posterior vertebral bodies.

Magnetic resonance imaging

This is the imaging modality of choice for definitive
examination of DDD in the cervical spine. In compar-
ison with CT in lateral and central canal pathology,
MRI sensitivity is at least 90%, in comparison to
75-80% for CT (Brown et al, 1988; Wilson et al.,
1991; Rao and Williams, 1994).

The myriad of protocols that have been developed
for cervical spine MRI reflect attempts to overcome
the inherent anatomical complexities that make its
imaging difficult. As a minimum, axial and sagittal
views must be obtained. Pulse sequences should
include T1 and those producing a T2 effect. In
general, T1 and T2 axial and sagittal views are
acquired. To reduce long acquisition times, and
pulsation artefacts, to produce T2 images, it is usual
to use gradient echo or fast spin echo pulses. As with
CT, the reduced disc volume requires thin slice
acquisition (3-4 mm).

The T1 images are most useful for delineating
vertebral body marrow and spinal cord outlines. The
posterior vertebral body cortex and protruding osteo-
phytes can be masked by the pulsation of cer-
ebrospinal fluid (CSF); therefore it is best appreciated
on T2 images. These images produce an unmistakable
myelogram effect which enhances the posterior
vertebral surfaces, the extradural space, herniated
discs and cord myelopathy. In herniated discs, T2
images show the extruded material as a relatively
high signal allowing separation from low signal
osteophytes. Where there is difficulty differentiating
osteophytes from disc herniation, especially in the
lateral canal, the intravenous injection of gadolinium,
as with IVCT, enhances the adjacent epidural venous
plexus and disc margin which can increase the signal
of disc material (Ross et al, 1992). Myelopathy
requires CSF-gated T2 images to show the high signal
of oedema, tumour or multiple sclerosis plaques and
low signal of gliosis (Rao and Williams, 1994).

MRI hallmarks of DDD are readily identified. The
intervertebral disc shows reduced signal, reflecting
dehydration best seen onT2-weighted images. Loss of
signal can be demonstrated within weeks following
injury such as whiplash (Davis et al, 1991). The
presence of vacuum phenomenon will show a signal
void, as will calcium onT1 and T2 (Berns et al, 1991).
Bulging of the posterior disc margin can be observed.
Protruding osteophytes are low in signal on T1 and
T2, while soft disc herniations will become higher in
signal on T2, which allows their differentiation.
Posterior cord impingement from thickened liga-
mentum flavum is best seen on mid sagittal images
(Fig. 6.4). Paraspinal muscle atrophy is often
observed in DDD with increased fatty replacement
and diminished bulk, although no clinical correlative

Fig. 6.4 Degenerative disc disease, magnetic resonance
imaging. Protruding posterior osteophytes are visible as low
signal extensions beyond the vertebral body margins
(arrows). The effect on the adjacent spinal cord can be
ceadily appreciated.

Comment: Differentiation of osteophytes from herniation
can be achieved by noting on12 images that disc herniations
will exhibit higher signal. Postetior cord impingement from
thickened ligamentum flavum can also be demonstrated,
especially on mid sagittal images.

studies have been made to define its significance (Rao
and Williams, 1994).

Vertebral bone marrow changes adjacent to the
end-plates are extremely common findings in tandem
with DDD. As in the lumbar spine, three patterns can
be recognized reflecting altered vascularity, marrow
conversion and bone density. Type 1 end-plate
changes show decreased intensity on Tl-weighted
images and increased signal intensity on T2-weighted
images (white-black). Type 2 end-plate changes
show increased intensity on T1-weighted images and
increased or isointense signal intensity on T2-weigh-
ted images (white-white). Type 3 end-plate changes
show decreased intensity on Tl-weighted images and
decreased signal intensity on T2-weighted images
(black-black; Modic et al, 1988a,b).

Low signal of the end-plates on Tl correlates with
inflammatory marrow (Toyone et al, 1994). Con-
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versely, high signal on T1 denotes the presence of
fatty marrow (Lang et al, 1990; Toyone et al, 1994).
Type 1 changes tend to progress to type 2 over time
Chypervascular to fatty), whereas type 2 remain stable
(fatty; Modic et al, 1988a,b).

Cervical disc herniation

Cervical disc herniation occurs across a broad spread
of age ranges from 20 to 60 years, being most common
in individuals in their 30s (Kelsey et al, 1984).
Herniation after the age of 30 is unlikely to occur since
the gelatinous nucleus pulposus has been replaced by
fibrocartilage (Oda et al, 1988; Bland and Boushey,
1990; Kokubun et al., 1996; Mercer and Jull, 1996).
The male-to-female ratio is approximately 1.4 to 1
(Kondo et al., 1981; Kelsey et al, 1984). Cervical disc
herniations are less common than lumbar disc
herniations and linked risk factors include smoking,
diving and lifting heavy objects (Kelsey et al, 1984).
The most common levels of involvement are the C6-7
(60%) and C5-6 (30%) intervertebral discs respec-
tively (Kondo et al., 1981; Kelsey et al., 1984).

Clinical manifestations are dependent on the size
and locatjon of the herniation and on other factors.
Size cannot be a criterion for aggressive therapy since
some herniations will diminish over time with
conservative care (Maigne and Deligne, 1994). The
incidence for asymptomatic herniations, even in a
population which has never experienced neck pain,
may be as high as or greater than 10% under the age
of 40, and 3% over age 40, with an overall average
incidence of 8% (Modic et al, 1989, Boden et al,
1990a; Lehto et al, 1994). This compares with up to
28% of asymptomatic lumbar spines exhibiting her-
niations (Boden et al, 1990b). In over 30% of
autopsies a cervical disc herniation may be evident
(Kokubun et al., 1996).

Cervical disc herniations are often referred to
according to their consistency, being soft when the
gelatinous nucleus pulposus extrudes, and are unas-
sociated with posterior bony osteophytes. So-called
hard herniations are fibrocartilaginous anular bulges
which occur in tandem with posterior osteophytes.
Central and larger herniations can produce the same
effects as a cord tumour, with mixed upper and lower
motor neuron features involving multiple derma-
tomes and even the lower limbs. Lateral herniations
are less common due to the relative anatomical
barrier of the uncovertebral joints and tend to select
a single nerve root producing features consistent
with lower motor neuron involvement. Anterior
herniations can uncommonly cause dysphagia (Lam-
bert et al, 1981; Bernado et al, 1988). Multilevel
herniations can occur in up to 12% of necks above
the age of 30 years (Kokubun, 1996). Almost 50% of

the posterior herniations are intraligamentous, lying
between the deep and superficial layers of the
ligament, 30% are transligamentous, and 20% epidural
(Kokubun et al, 1996). Re-herniation at the level of
previous operation for a disc herniation is uncommon
compared to lumbar spine discectomies (Ross,

1991).

Imaging features
Conventional radiograpby

This has a limited role in the detection of a
herniation. It does detect loss of disc height, bony
canal stenosis and other bony pathology, but does not
directly image neural compression (Modic et al,
1989).

Myelograpby

With the advent and increasing availability of MRI,
myelography should be avoided wherever possible.
The features are that of a smooth extradural filling
defect in the ventral surface of the contrast column at
the level of the disc, and there can be obliteration of
the exiting axillary sleeve (Russell, 1995; Fig. 6.5A).

Computed tomography

CT is more sensitive and without the morbidity of
myelography in detecting cervical disc herniation (Yu
et al, 1983). Thin-slice examinations (1.5-2 mm) are
used to pass through the narrower disc spaces and
avoid artifactual volume imaging of the adjacent end-
plates. Spiral CT is ideal for imaging disc herniations
(Russell, 1995).

The inherent paucity of epidural fat reduces tissue
plane differentiation of the intraspinal contents, and
greatly reduces the sensitivity of non-contrast CT
examinations; this is overcome by the introduction
of contrast media. Conditions including cord
tumours and disc herniations may not be seen on
non-contrast CT due to this regional anatomical
peculiarity (Penning et al, 1986). This can be
alleviated by combining CT with intrathecal (CTM).
or intravenous contrast (IVCT). The administration
of intravenous contrast enhances the herniation by
opacifying overlying epidural veins (Russell ef al,
1984; Russell, 1995). Combining discography with
CT (CTdiscography; CTD) can delineate sympto-
matic internal disc derangements which, when
removed by discectomy, produces relief of symp-
toms in up to 70% of cases (Whitecloud and Seago,
1987; Schellas et al, 1996).

The CT features of a cervical disc herniation
include a broad-based soft-tissue density contiguous
with the posterior disc margin and distortion of the
ventral surface of the thecal sac (Russell, 1995).
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A

B

Fig. 6.5 Cervical disc herniation. (A) Myelogram. A smooth extradural filling defect in the ventral surface of the contrast
column at the level of the disc can be seen (arrow). (B) Magnetic resonance imaging (MRD). At the C6-7 intervertebral disc
note the posterior herniation, which is impinging directly on to the adjacent spinal cord (arrow).

Comment.: Although the myelogram demonstrates compression of the spinal cord it does not distinguish between disc
bulge, osteophyte or herniation. Such a study should be performed in conjunction with computed tomography, or not at all
if MRI is available. On MRI the posterior discal extension is clearly visible. MR] generally cannot distinguish between
asymptomatic and symptomatic disc herniations and may not detect significant anular tears.

CTM is particularly useful for demonstrating
impingement upon the exiting nerve root with a
failure for the axillary sleeve to fill with contrast.
Both bone and soft-tissue windows must be utilized,
otherwise calcification and osteophytes will be
overlooked.

Magnetic resonance imaging

MRI is the most sensitive imaging modality in
depicting cervical disc herniation and neural com-
pression. It is the best method for evaluating the
patient with radiculopathy or myelopathy (Modic et
al,, 1989).

MRI generally cannot distinguish between asymp-
tomatic and symptomatic disc herniations. At least
10% of an asymptomatic population under 45 yecars

will have a disc herniation, and over 15% less than 64
years will have spinal cord impingement (Modic et
al., 1989; Boden, 1990a). Significant anular tears can
escape detection with MRI and may only be demon-
strated with discography (Schellas et al, 1996). The
MRI features of a cervical disc herniation include
extension of nuclear material beyond the posterior
margin of the vertebral body seen on T1 which, on
sagittal images, has been referred to as the ‘squeezed
toothpaste’ sign (Simon and Lukin, 1988; Fig. 6.5B).
On T2-weighted images disc material is slightly higher
in signal intensity, which allows differentiation from a
protruding osteophyte (Fig. 6.6). Radiculopathy is
best evaluated by oblique projections to demonstrate
the intervertebral foramen and its contents and their
relationship to any disc material or bony element
(Modic et al., 1987).
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Fig. 6.6 Pscudodisc herniation, posterior osteophytes. (A) Magnetic resonance imaging (MRDT1-weighted sagittal image. At
the C5-06 posterior disc margin a low signal protuberance can be clearly seen (arrow). (B) MRIT2-weighted sagittal image. The
protruding density does not change in its signal characteristics remaining low (arrow). The characteristic myelogram effect
obtained with this sequence is readily appreciated as the cerebrospinal fluid becomes accentuated and clearly depicts the
impingement. (C) MRI T1-weighted axial image. The effect on the adjacent spinal cord from the posterior osteophytes is
graphically displayed (arrows).

Comment: Posterior osteophytes can simulate a disc herniation on Tl-weighted images. On T2-weighted images disc
material is slightly higher in signal intensity, which allows differentiation from a protruding osteophyte which remains low in
signal. The presence of these osteophytes is occasionally referred to as a4 hard disc herniation.
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Fig. 6.7 Uncovertebral joint degeneration. (A) Plain film. There are early degenerative
changes in the uncovertebral joint on the left side with the tip of the uncinate process being
more pointed (arrow). Progression of degenerative changes is evidenced by the rounding of
the tip to a bulbous form with the uncinate spur slanting laterally (arrowhead). (B) Axial
computed tomographic scan. Proliferative changes at the uncovertebral joint extend into the
adjacent intervertebral foramen creating stenosis (arrows).

Comiment: The degree of uncovertebral joint arthrosis parallels the loss of disc height.
Osteophytes from the uncovertebral joint can potentially impinge upon the adjacent exiting
nerve rootand can deflect the course of the vertebral artery (compare with Figures 1.4 and
1.12).

Copyrighted Material



Diagnostic imaging of mechanical and degenerative syndromes of the cervical spine 97

Uncovertebral joint disease

The uncovertebral joints are a unique anatomical
feature of the cervical spine, consisting of an elevated
lip originating from the posterolateral border of the
inferior vertebral body (the uncus), which invagi-
nates into a reciprocal depression on the superior
vertebra (uncinate fossa). It was von Luschka (1850)
who first called attention to these joints, to which his
name has become inexorably linked; he referred to
them as eschencrure (tailor-made).

The debate as to whether they represent a synovial
joint or are extensions of the intervertebral discs has
little relevance to their clinical significance and
imaging findings. Early histopathological changes of
the joints between the ages of 9 and 14 years are well-
documented; they consist of a short horizontal cleft
that appears bilaterally at the lateral margins of the
disc, adjacent to the uncinate processes as a func-
tional adaptation to axial rotation (Haughton, 1995;
see Chapter 2 and Fig. 3.6). Eventually, this horizontal
cleft coalesces across the midline to form a con-
tinuous horizontal fissure. Degenerative changes in
these joints will always coexist with a level of
degenerative disc disease.

Imaging features
Conventional radiographby

Degenerative changes within the uncovertebral
joints invariably coexist with DDD as the loss in disc

height produces impaction of the uncinate process
into the opposing fossa. The initial change is a
sharpening of the uncinate process followed by a
rounding of the tip to a bulbous form (Rowe and
Yochum, 1996b). When the disc height is less than
50%, the uncinate spur slants laterally and begins to
impinge into the adjacent foramen (Fig. 6.7A).
Uncovertebral osteophytes do not impinge on nerve
roots until they obliterate at least 50% of the
foraminal volume (Dunsker, 1981; Rahim and Stam-
bough, 1992; Fig. 6.7B). When osteophytes from the
zygapophysial joint facet and the uncovertebral joint
coexist, they create an hourglass configuration to
the foramen. Uncovertebral osteophytes can deflect
the course of the vertebral artery (Oga et al, 1996;
see Fig. 1.12). The combination of decreased disc
height and uncovertebral joint arthrosis on the
lateral view can combine to produce a linear
pseudofracture appearance adjacent to the inferior
end-plate, most commonly at C5 (Daffner et al,
1986; Rowe, 1990; Fig. 6.8).

Additional imaging

The proximity of the uncovertebral joint to the
exiting nerve root accounts for the frequency of
nerve root compression as jt degenerates, most
commonly involving the C5-6 and C6-7 foramina.
CT with thin axial images is the best method for
accurately demonstrating mineralized uncovertebral
osteophytes (Russell, 1995; Fig. 6.7B). MRI has the

Fig. 6.8 Pseudofracture, uncovertebral joint arthrosis. The combination
of decreased disc height and uncovertebral joint arthrosis on the lateral
view combines to produce a linear trilaminar density which can simufate
the presence of a fracture (arrows).

Comment: This pseudofracture appearance adjacent to the inferior
end-plate is most commonly seen at the C5 vertebral body and is
invariably associated with a loss in disc height.
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added advantage of showing non-invasively the rela-
tionship to the exiting nerve root.

Zygapophysial joint degenerative
disease

Clinical syndromes associated with the zygapophy-
sial joints are well-documented and include radicu-
lopathy, myelopathy, headaches and referred pain
(Bogduk and Marsland, 1986; Heller, 1992). Imaging,
in general, is highly sensitive and specific in identify-
ing the presence of zygapophysial joint facet
arthrosis.

Imaging features
Conventional radiograpby

Degenerative zygapophysial joints produce distinc-
tive features which may include diminished joint
space, blurred facet surfaces, osteophytes, sclerosis,
subluxation and subchondral cysts (Rahim and Stam-
bough, 1992; Russell, 1995; Rowe and Yochum,
1996b; Fig. 6.9). Osteophytes on frontal views can be
seen to extend laterally, and on oblique views
foraminal encroachment can be assessed. On the
lateral study, osteophytes may be seen projecting
from the superior or inferior tips of the articular
pillars. Anterolisthesis of 2-9 mm from zygapophysial
joint facet arthrosis (degenerative spondylolisthesis)

A

B

Fig. 6.9 Zygapophysial joint degenerative disease. (A) Lateral view. Osteophytes can be identified extending from the
posterior zygapophysial joint margins (arrows). The zygapophysial joint spaces are also diminished and there is a small degree
of anterolisthesis of C4 on C5 (arrowhead). (B) Oblique view. All zygapophysial joints show degenerative features with loss
of joint space, osteophytes and subchondral sclerosis (arrow). Osteophytes may be displayed on this projection protruding

into the dorsal aspect of the foramen (arrowhcad).

Comimenl.: Degenerative changes in the zygapophysial joints on conventional radiographs are most clearly depicted on
oblique views. The characteristic features are diminished joint space, blurred joint surfaces, osteophytes, sclerosis, subluxation

and, rarely, subchondral cysts.
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Fig. 6.10 Degenerative spondylolisthesis. The zygapophysial joints exhibit 2 combination of diminished joint
space and remodelling of the facet surface to a more horizontal plane (arrow). Note the resultant
anterolisthesis (arrowhead).

Cominent: Degenerative anterolisthesis is most common in the lower cervical spine, especially at C7-T1.
Usually there is 2-9 mm of displacement, which should not be confused with a traumatic subluxation or
dislocation.

is due to a combination of diminished joint space and
remodelling of the facet surface to a more horizontal
plane; it is most common in the lower cervical spine,
especially C7-T1 (Lee et al, 1986, Rowe and
Yochum, 1996b; Fig. 6.10).

Additional imaging

CT bone windows are ideal for demonstrating degen-
erative changes, especially surface irregularities,
osteophytes and subchondral cysts. Compression of
adjacent neural elements can be identified with
accuracy rates as high as 96% when CT is combined
with myelography (Bell and Ross, 1992). Myelo-
graphy on its own can detect between 67 and 92% of
nerve root compressions (Bell ancd Ross, 1992).
Technetium-99m phosphate bone scans will show
discrete focal uptake at the site of zygapophysial joint
facet arthrosis but do not correlate clinically with a
painful joint.

The normal MRI appearance of an intermediate
signal of the zygapophysial joint space on T1-weight-
ing which is hyperintense on T2-weighting, and
clear definition of a hypointense zygapophysial joint

facet cortical surface, are lost in the presence of
arthrosis. The MRI appearance is that of a hypo-
intense, blurred mass representing loss of joint
cartilage, osteophytes and sclerosis. Hypertrophy of
the joint capsule can also be seen. Although synovial
folds (see Fig. 1.10) and menisci can be seen in
normal cervical zygapophysial joint, altered appear-
ances or positions have not been described to
delineate their clinical significance (Yu et al, 1987).
MRI does not show osteophytes particularly well
but neural compromise is well depicted with an
accuracy of up to almost 90% (Bell and Ross, 1992;
Ruggieri, 1995).

Evagination of hypertrophic synovium can form a
synovial cyst, most commonly at C6-7, which has the
potential to act as a space-occupying mass producing
nerve root, or even cord, pressure (Patel and Sanders,
1988). On CT, a synovial cyst is seen as a rounded
soft-tissue mass contiguous with a degenerative
zygapophysial joint; the cyst may extend postero-
laterally into the foramen. With CT and intravenous
contrast the cyst's peripheral rim will enhance, and
occasionally it is calcified (Nijensohn et al., 1990). On
MR, the rim is well-defined and hypointense relative
to the central zone which, on T2-weighting, remains

Copyrighted Material



100 Clinical Anatomy and Management of Cervical Spine Pain

low, often due to calcification or blood products
(Nijensohn et al., 1990). The rim will enhance with
gadolinium administration (Snow and Scott, 1994)
and the central core can be of high signal on
T1-weighting due to contained protein or haemor-
rhage within the fluid.

Atlantoaxial degenerative joint
disease

Degenerative joint disease at the atlantoaxial joint is a
relatively uncommon, but clinically important, entity.
Primary degenerative joint disease of the upper
cervical complex is an underdiagnosed condition that
carries significant patient morbidity though it may
not be readily amenable to treatment (Halla and
Hardin, 1987, Star et al, 1992). At least 4% of
individuals with spinal osteoarthritis will have
atlantoaxial osteoarthritis (Halla and Hardin, 1987).
Degeneration of the C1-2 joint may also be second-
ary to, and the only sign for, pre-existing pathology
such as os odontoideum, agenesis of the odontoid or
ununited fracture (Rowe and Yochum, 1996a). Unlike
inflammatory arthropathies such as rheumatoid and
psoriatic arthritis, the transverse ligament remains
intact with no intersegmental instability (Rowe and
Yochum, 1996b).

The atlantoaxial articulations are composed of two
joint complexes, the paired lateral mass joints and the
singular central atlanto-odontoid articulation. Each
complex exhibits distinct clinical and imaging fea-
tures. Imaging is pivotal in defining the diagnosis and
is best determined on conventional lateral and open-
mouth frontal projections and on CT.

Lateral mass degenerative joint
disease

The lateral mass articulations are the zygapophysial
joints of the atlas and axis. Clinically, degenerative
changes afflict elderly patients who present with at
least a 2-year history of severe occipitocervical pain
which is frequently diagnosed as occipital neuralgia
(Star et al, 1992). The hallmarks of the disorder are
loss of more than 50% rotation on the ipsilateral side
of degeneration and localized unilateral occipitocerv-
ical tenderness. There may be additional complaints
of postauricular headaches and joint crepitus. Con-
servative treatments are usually effective, though
refractory cases may require surgical fusion (Harata et
al, 1981; Star et al, 1992). Intra-articular injections
may, at times, relieve symptoms (Busch and Wilson,
1989; Dreyfus et al., 1994).

Imaging features
Conventional radiograpby

On the frontal open-mouth view the most frequently
observed abnormalities are unilateral loss of joint
space, subchondral sclerosis and osteophytes at the
lateral joint margin (Fig. 6.11). Lateral subluxation of
C1 on C2 towards the side of arthrosis can occasion-
ally be observed. These features can sometimes be
appreciated on the lateral film projected over the
odontoid silhouette. Also, widening of the adjacent
retropharyngeal space is occasionally observed due
to an anteriorly projecting osteophyte or due to
fibrocartilaginous debris (Star et al, 1992). The
atlantodental interspace should remain normal at less
than 3 mm. In severe cases, some degrees of pseudo-
basilar invagination may occwr secondary to loss of
joint space and compression remodelling of the
lateral masses.

Additional imaging

CT with bone windows demonstrates osteophytes
which may project anteriorly and deform the adja-
cent pharyngeal wall. Underlying atlantoaxial rotary
subluxation can also be discerned. MRI can be used
to exclude coexisting intraspinal pathology such as
tumour, infection, spinal stenosis or disc disease.
Uncommonly, degenerative changes of the atlanto-
axial joint can be associated with cord compressijon,
especially if occurring in conjunction with a congeni-
tally narrowed canal, an abnormal odontoid process
or degenerative changes in the adjacent cervical
segments (Benitah er al, 1994). MRI is particularly
useful for isolating synovial cysts. Identifying at-
lantoaxial intra-articular meniscoids has been largely
unrewarding (Yu et al, 1987; Mercer and Bogduk,
1993). Technetium-99m phosphate bone scans will
show discrete focal uptake at the site of atlantoaxial
arthrosis (Star et al, 1992).

Central atlanto-odontoid
degenerative joint disease

The central atlanto-odontoid articulation is formed by
the anterior surface of the odontoid process and the
posterior surface of the opposing arch of the atlas. It
remains unclear as to the clinical significance of its
possible pain-producing capacity associated with
degenerative changes within this joint, although
synovial fluid communication with the lateral joints
has been demonstrated (Mellstrom et al, 1980).
Degeneration appears to be more common at the
central joint than at the lateral joints, with an
incidence as high as 35% in the 40- 50-year age group,
increasing to almost 90% in the over-G0-year age
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Fig. 6.11 Lateral mass degenerative joint disease. Observe the unilateral loss of joint space, subchondral
sclerosis and osteophytosis at the lateral joint margin (arrow).

Commment: Degenerative joint disease of the atlantoaxial joint is a relatively uncommon but clinically
important entity which is an underdiagnosed condition and carries significant patient morbidity. At least 4%
of patients with spinal osteoarthritis will have atlantoaxial osteoarthritis.

group (Shore, 1935; von Torkulus and Gehle, 1972;
Harata et al., 1981).

Imaging features
Conventional imaging

On a lateral view study, narrowing of the atlanto-
dental joint space to less than 1 mm, osteophytes at
the superior and inferior margins of the atlas anterior
arch, and some sclerosis of the opposing surfaces, are
the main signs. Occasionally, an osteophyte can be
identified extending from the tip of the dens. The
anterior arch of the atlas may become ivory-like due
to sclerosis. On flexion there will be no change in the
atlantodental interspace.

Additional imaging

Lateral tomography and CT can show the degenerative
features to advantage (Genez el al, 1990). Axial and
reconstructed CT bone window images accurately
display the loss of joint space, osteophytes, sub-
chondral cysts, small ossicles and calcification of the
transverse ligament (Genez et al., 1990). Osteophytes

most commonly project from the tip of the dens
(80%), superior aspect of the atlas anterior arch (70%),
atlas median facet (60%) and the inferior aspect of the
atlas anterior arch (20%). Cystic radiolucencies are
most common within the odontoid process (30%),
with loose ossicles (35%) and calcification in the
transverse ligament (10%; Genez et al., 1990).

Degenerative disorders associated
with congenital anomalies

Block vertebrae

Congenital block vertebra is a defect in spinal
embryogenesis characterized by a failure in the
vertebral segmentation process producing fusion of
two or more contiguous vertebral segments (see Fig.
1.3B). Any segment of the spine can be involved,
most commonly in the cervical spine, followed by the
lumbar and thoracic spines respectively (Evans, 1932;
Ramsey and Bliznak, 1971). The most common sites
for cervical block vertebrae are at the C2-3 then
C5-6 segments respectively (see Chapter 1).
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A spectrum of clinical syndromes can emanate
from degenerative changes involving at least six
possible anatomical structures, e.g. posterior joint
degenerative changes, intervertebral joint -degen-
erative changes, spinal canal stenosis, intervertebral
canal stenosis, various soft-tissue injuries (such as
ligamentous and muscular) and altered vertebrobasi-
lar blood flow (Scher, 1979; see Chapter 1). Most
notably it is the immediately adjacent segments
which are placed under greater biomechanical stress
and become the focus for the majority of clinical
manifestations. The site of canal stenosis is character-
istically immediately below or above the fusion
coexisting with degenerative osteophytic encroach-
ment. In C2-3 block vertebrae, transverse ligament
degeneration can produce atlantoaxial instability and
cord compression (Barucha and Dastur, 1964; Holmes
and Hall, 1978).

Imaging features

The fused vertebral bodies are small in their sagittal
dimensions with the anterior surface notably concave
near the site of the vestigial intervertebral disc (wasp
waist or hourglass deformity) and this is the most
reliable sign of congenital fusion (Brown et al., 1964;
Dolan, 1977, O'Connor et al, 1991; Nguyen and
Tyrrel, 1993). Immediately adjacent to the fusion site
the first mobile vertebral body is often flattened and
widened, depending on age. The intervertebral disc
within the fusion is frequently calcified (Dussault and
Kaye, 1977; Fig. 1.3B). At the immediately adjacent
mobile intervertebral disc premature degenerative
phenomena can be observed (Fig. 6.12). Judicious
use of CT and MRI should assess for disc herniation
and spinal stenosis when neurological findings are
present.

Klippel-Feil syndrome

Klippel-Feil syndrome consists of a clinical triad of a
short webbed neck (pterygium colli), low posterior
hairline and reduced cervical motion. The underlying
pathological defect is the presence of congenital
fusions of multiple vertebrae; this has been con-
sidered to be linked to a wide variety of systemic
abnormalities including deafness, and heart and
genitourinary defects (Gray et al, 1964; Hensinger,
1991). Complicating mechanical and degenerative
cervical spine changes are common, including zyga-
pophysial joint dysfunction and arthrosis, disc
degeneration, disc herniation and spinal stenosis
(Scher, 1979; Born et al., 1988; Leyson, 1988).

Imaging features

The imaging hallmark is the presence of multiple
segmentation defects with a short neck. Distinct

Fig. 6.12 Degenerative disc disease complicating block
vertebrae. Congenital synostosis is evident, characterized by
hypoplastic vertebral bodies and a vestigial intervertebral
disc (arrow). At the disc space immediately below, observe
the advanced degenerative disc disease with an anterior
osteophyte and loss of disc height (arrowhead).

Comment: Complicating degenerative syndromes are
common in the presence of block vertebrac and usually
occur in immediately adjicent segments due to increased
biomechanical loads. A spectrum of clinical syndromes can
emanate from degenerative changes involving at least six
possible anatomical structures, e.g. posterior joint degen-
erative changes, intervertebral joint degenerative changes,
spinal canal stenosis, intervertebral canal stenosis, various
soft-tissue injuries (such as ligamentous and muscular) and
altcred vertebrobasilar blood flow.

neurological compression syndromes secondary to
degenerative disc and zygapophysial joint disease can
produce radiculopathy and, in severe cases, myel-
opathy, which is best imaged with MRI (Ritterbusch
et al, 1991). A rare complication includes sudden
catastrophic quadriplegia due to minor trauma caus-
ing dislocation at unfused levels (Elster, 1984; Born et
al., 1988; O’Connor et al., 1991). Klippel-Feil syn-
drome patients most at risk for compressive degen-
erative lesions are those with extensive multilevel
fusion, an abnormal cervico-occipital junction, occi-
pitalization with a block vertebra at C2-3, and a
single open interspace in an otherwise fused cervical
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spine (Nagib et al, 1984). MRI may show an
associated Chiari malformation where there is
cerebellar herniation through the foramen magnum.

Occipitalization

Occipitalization is a congenital synostosis of varying
degrees between the atlas and occiput (O’Connor et
al., 1991). Partial occipitalization (hemi-occipitaliza-
tion). is more common, especially of the anterior
arch. A wide range of clinical presentations exist,
although the majority are asymptomatic and are
identified incidentally on radiographic examination
(Harcourt and Mitchell, 1990).

Imaging features

Conventional imaging shows the anomaly well. On the
frontal view there is overlap of the occipital structures
with the upper cervical complex (McRae and Barnum,
1953). Various structures will be fused to the skull,
including articulations and transverse processes. The
atlantoaxial joint planes are frequently asymmetrical
and odontoid anomalies are common (McRae, 1953;
Wackenheim, 1974; Hensinger, 1991).

The lateral view demonstrates varying degrees of
atlas fusion, invagination and adjacent vertebral
anomalies. In flexion, the posterior arch does not
separate from the occiput. Up to 50% of occipitaliza-
tions will demonstrate atlantoaxial instability (McRae,
1953; Hinck et al, 1961; Hensinger, 1991). Up to 70%
of occipitalizations show a complete block vertebra
at C2-3 (McRae, 1953; Hensinger, 1991).

CT and MRI clarify anatomical details and establish
sites of neurological impingement (Geehretal., 1977,
Malhotra and Leeds, 1984; Lufkin et al, 1988).
Vertebral artery angiography in selected patients with
appropriate vertebrobasilar territory manifestations
may show agenesis, hypoplasia or abnormal end-
points of at least one vessel in up to 25% of
occipitalization anomalies (Janeway et al, 1966;
Bernini et al., 1969).

Odontoid anomalies

The two most important variations of the odontoid
process are a failure to form (agenesis) and non-union
(os odontoideum).

Agenesis of the odontoid process

The lack of an odontoid process produces a striking
appearance on conventional studies which is unmis-
takable. On the frontal film no odontoid is visible; a
truncated, smooth-surfaced stump projecting above
the atlantoaxial joints is most common and is
designated as a hypoplastic odontoid process. Lateral

displacement of the atlas provides radiographic
evidence of instability due to incompetent alar
ligaments. The lateral projection allows assessment of
the odontoid height, with less than 12 mm consistent
with hypoplasia (McManners, 1983).

Varying degrees of enlargement and sclerosis of
anterior and posterior tubercles of the atlas, as a
compensation to atlantoaxial instability, is often seen
(Holt et al, 1989). The anterior tubercle rear surface
is often rounded. Flexion-extension studies will
elucidate the degree of instability present but do not
necessarily correlate with the clinical presentation.
Atlantoaxial instability often coexists with lateral
mass degenerative changes.

Os odontoideum

Os odontoideum is most likely due to post-traumatic
non-union of a fractured dens, usually during child-
hood (Fielding et al, 1980) and frontal radiographs
will usually demonstrate a hypoplastic and an adja-
cent separated ossicle (Hensinger, 1986, 1991). Some
lateral displacement is occasionally seen; this can be
accentuated on lateral bending. On flexion-exten-
sion the ossicle can be seen to move through an arc
as it slides over the odontoid stump. Very rarely,
fusion of the ossicle to the atlas ring may occur but
this is only defined by CT examination (Hensinger,
1986). The atlas anterior arch is often enlarged and
sclerotic and is a useful sign to exclude an acute
fracture (Holt et al, 1989; Hensinger, 1991). The
posterior surface of the anterior arch may be round or
even angular adjacent to the separating cleft.

Degenerative changes can occur at the non-union
site with osteophytes and sclerosis. Most commonly
there is thickening of the anteriorly sited ligaments
which combine with the advancing posterior arch to
create compromise of the central canal (Stratford,
1957), which can best be evaluated with MR imaging.
CT and MRI are best performed in flexion to assess
the degree of cord compression (Roach et al,
1984).

Diffuse idiopathic skeletal
hyperostosis

Diffuse idiopathic skeletal hyperostosis (DISH) is the
second most common degenerative spinal disorder
affecting as many as 12% of people beyond middle
age (Resnick et al, 1978a). DISH is a generalized
spinal and extraspinal articular disorder which is
characterized by ligamentous calcification and ossifi-
cation, predominantly the anterior longitudihal liga-
ment. DISH has been described by various names,
including spondylosis hyperostotica, spondylitis ossi-
ficans ligamentosa, senile ankylosing hyperostosis
and Forrestier’s disease, as well as others (Rowe and
Yochum, 1996b).
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DISH is characterized clinically by its broad spec-
trum of presentations from asymptomatic to com-
plaints of spinal stiffness and low-grade musculoskele-
tal pain. Up to 20% of individuals may experience
dysphagia due to anterior proliferative bone growths
from the cervical spine, or oesophageal obstruction
due to anterior bone growths from the thoracic spine
compressing the adjacent oesophagus (Resnick et al.,
1978a; Underberg-Davis and Levine, 1991). Removal
of the offending bony plaques can be followed by
regrowth within years (Suzuki et al, 1991). There is
an association with adult onset of diabetes mellitus in
up to 13-32% (Julkunen et al., 1966, 1971).

Imaging features
Conventional imaging

The radiographic hallmarks of DISH consist of exu-
berant hyperostosis from the anterior vertebral body
margins which usually bridge the intervening disc
spaces (Fig. 6.13). Definitive criteria for the diagnosis
of DISH include four or more contiguous vertebrae
involved with anterior hyperostosis, relative preserva-
tion of intervertebral disc height and an absence of
zygapophysial joint ankylosis (Resnick et al., 1975).
The bony hyperostosis is most frequent and most
exuberant in the lower segments (C4-7), usually
beginning from the anteroinferior vertebral body
margin and extending downwards, tapering at its
distal extent. The thickness of this anterior hyper-
ostosis may be over 1 cm and it is thicker at mobile
levels and thinner at immobile levels (Suzuki et al,
1991). Frequently the deep fibres of the anterior
longitudinal ligament are the last to ossify; this
produces a distinctive radiolucent zone of separation
from the vertebral body (Resnick et al., 1978a).

Horizontal radiolucent linear clefts due to anterior
discal extrusions should not be confused with frac-
tures or pseudarthroses. Ossification within the
posterior longitudinal ligament (OPLL) can occasion-
ally be observed (Goldwin, 1979).. Despite the
radiographic evidence of segmental ankylosis, para-
doxically, the vertebral motion may be remarkably
unaffected, most likely relative to the articular
sparing of the zygapophysial joints.

Complicating fractures can occur through the
ankylosing new bone, most commonly at C5-7 with
severe neurological sequelae, including quadriplegia
(Yagan and Karlins, 1986). In cases of fused lower
segments, atlantoaxial instability rarely occurs (Chiba
et al, 1992). Additionally, fractures of adjacent
uninvolved segments, such as odontoid fractures,
may be seen with no effect on those involved with
DISH (Fardon, 1978).

Additional imaging

CT and MRI are useful in defining coexisting spinal
stenosis due to ossification of the posterior longitud-

Fig. 6.13 Diffuse idiopathic skeletal hyperostosis (DISH).
The radiographic hallmark of DISH is the exuberant
hyperostosis from the anterior vertebral body margins
bridging the intervening disc spaces (arrows). Horizontal
radiolucent linear clefts due to anterior discal cxtrusions
should not be confused with fractures or pseudatthroses
(arrowheads).

Cemment: Definitive criteria for the diagnosis of DISH
include four or more contiguous vertebrae involved with
anterior hyperostosis, relative preservation of intervertebral
disc height and an absence of zygapophysial joint ankylosis.
Despite the radiographic evidence of segmental ankylosis,
paradoxically, the vertebral motion may be remarkably
unaffected.

inal ligament (Ono et al, 1977), hypertrophic pos-
terior osteophytes (Alengat et al, 1982) or liga-
mentum flavum hypertrophy (Kopman et al, 1982).

Ligamentous ossifications

Ossifications within ligaments of the cervical spine
are commonly observed radiographic findings, often
with no clinical implications. These include ponticles
of the atlas, stylohyoid ligament, nuchal bones, discal
calcifications and ossification of the posterior longit-
udinal ligament.
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Ponticles of the atlas

Calcification within the borders of the posterior
oblique occipital membrane surrounding the verteb-
ral arteries as they course adjacent to the lateral
masses of the atlas have been referred to as ponticles,
of which there are two, lateral and posterior (Buna et
al, 1984). The lateral ponticle is seen on frontal
upper cervical radiographs as a curvilinear calcifica-
tion extending from the upper lateral mass of the
atlas toward the transverse process.

A posterior ponticle (pons posticus, retroarticular
process) occurs in up to 15% of the population and is
demonstrated on lateral radiographs. It may exist as
an incomplete hook-like process (Kimmerle’s anom-
aly), or as a complete bridge forming a distinct
circular opening (arcual foramen; Kohler and Zim-
mer, 1968). The clinical significance of this finding
remains in conjecture, though its common occur-
rence supports the contention that it plays no role.
However, it has been suggested that it represents a
risk factor for manipulation-induced vertebral artery
dissection (Gatterman, 1981; Buna et al., 1984), post-
traumatic subarachnoid haemorrhage (Gross, 1990)
and Barre- Licou syndrome.

Nuchal ligament

Focal ossification within the ligamentum nuchae
(nuchal bone) is a common age-related finding, the
incidence increasing with age, and it is of doubtful
clinical significance. The most common location is
within the interspinous spaces from C4 to C7 (Kohler
and Zimmer, 1968). Ossification is usually ovoid with
the long axis orientated vertically and it exhibits a
distinct cortical shell. Differentiation from an un-
united secondary ossification centre and fracture
of the spinous process (clay shoveller’s fracture)
should be made (Rowe, 1987).

Anulus fibrosus

Calcification within the outer anular fibres of the
cervical disc is a very common finding noted in up to
70% of autopsies (Schmorl and Junghanns, 1971).
Pathologically, hydroxyapatite crystals are deposited
within degenerative anular fibres and they are often
associated with a loss of disc height and have been
called intercallary bones (Fig. 6.1). Radiographically
these are most commonly seen at the C5 or C6 level
at the anterior discal surface as a 1-2 mm thick linear
density, usually not attached to the adjacent vertebral
body margins.

Nucleus pulposus

Calcification within a cervical nucleus pulposus is
uncommon, in contrast to the thoracic and lumbar

spines. It is encountered in DDD, herniated disc,
block vertebrae, in an idiopathic form and occasion-
ally as part of a biochemical metabolic defect (Rowe
and Yochum, 1996b).

Degenerative disc calcification within the nucleus
is best seen on CT as a central conglomerate opacity
or as fragmented dispersed densities. On CT, her-
niated discs may be seen to contain calcium and this
dates the lesion as being of at least 6 months. The
vestigial disc space between a congenital block
vertebra is commonly observed to have calcified but
this is considered to be of no significance. Idiopathic
forms of disc calcification are most significant in
children where, between the ages of 6 and 12 years,
a painful neck, sometimes with torticollis and fever,
can occur, with radiographs demonstrating dense
nucleus pulposus calcification (Rowe and Yochum,
19906b; Fig. 6.14). Rarely, metabolic disorders such as
gout, pseudogout, ochronosis and even hyper-
parathyroidism can underlie the calcification.

Fig. 6.14 ldiopathic nucleus pulposus calcification in
children. Dense calcification can be seen within the C5-6
disc space (arrow).

Comment: 1diopathic calcification is a perplexing child-
hood condition typically presenting between the ages of 6
and 12 years with a painful neck, sometimes with torticollis
and fever. As symptoms abate, so will the calcification, the
only sequelae being slightly flattened adjacent vertebral
bodies
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Stylohyoid ligament

The stylohyoid ligament traverses the soft tissues of
the lateral aspect of the neck, between the styloid
process and the hyoid bone, acting as a suspensory
ligament. Ossification to varying degrees is common,
especially with advancing age, and is occasionally
seen to coexist with DISH. Symptoms associated with
stylohyoid ligament ossification are very uncommon
(Bolton, 1987). Pain in the pharynx, painful degluti-
tion and referred otalgia, often initiated after tonsil-
lectomy, and associated with elongation of the styloid
process more than 2.5 cm due to ossification of the
stylohyoid ligament, have been referred to as Eagle's
syndrome (Eagle, 1949).

Conventional lateral radiographs show a band of ossi-
fication of variable length running obliquely from the
skull base immediately anterior to the auditory meatus

towards the hyoid bone. Union with the hyoid bone is
typically at the lesser cornu (Fig. 6.15). Frontal views
depict the ossification similarty as an oblique linear
density originating just medial to the mastoid process
and sloping medially. The bony mass often has a distinct
shell of cortical bone, though some specimens are
internally featureless. Most age thick, with diameters up
to 1 cm and are of variable length. Complete ossifica-
tion along its entire length is usually interrupted with
linear lucencies and bulbous ends simulating pseudoar-
ticulations (Mueller et al.,, 1983; Bolton, 1987).

Posterior longitudinal ligament
Ossified posterior longitudinal ligament (OPLL)

is an uncommon degenerative disorder of the spine
characterized by thick bone formation within the

Fig. 6.15 Stylohyoid ligament ossification. The band of
ossification within the ligament extends obliquely towards
the hyoid bone (arrow). Along its length linear lucencies
and adjacent Dbulbous ends mark pseudoarticulations
(arrow).

Comment. Such calcification, of variable length, is com-
monly observed within the ligament and is usually of no
clinical significance. Pain in the pharynx, painful degluti-
tion and referred otalgia, often initiated after tonsillectomy,
and associated with ¢longation of the styloid process more
than 2.5 cm due to ossification of the stylohyoid ligament,
have been referred to as Eagle's syndrome (Eagle, 1949).

Fig. 6.16 Ossified posterior longitudinal ligament (OPLL)
syndrome. The charucteristic dense bone within the liga-
ment is depicted as a linear radiopaque strip of 1-5mm
thickness paralleling the posterior vertebeal body margins
(arrows). Note how it remains separate from the vertebral
bodies. There is coexisting diffuse idiopathic skeletal hyper-
ostosis (DISH) anteriorly (white arrow).

Comment. The length of this ossification may be only one
vertebral body height or it miy traverse a number of
contiguous segments. Compression myelopathy can occur
from the ossification. DISH may be present in up to 85% of
OPLL patieats.
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posterior longitudinal ligament of the spine (Tsuki-
moto, 1960; Terayama ef al., 1964). Known associa-
tions include diffuse idiopathic skeletal hyperostosis
and an inherent predisposition for such to occur in
the Japanese population (Japanese disease; Resnick ez
al., 1978b). The most common location for OPLL to
occur is in the cervical spine, followed by the
thoracic and lumbar spines.

Many cases are asymptomatic although, when
OPLL is present in the cervical spine, the incidence of
symptoms is higher. Pain is conspicuously absent as
progressive myelopathy develops with disturbed gait
and increasing tactile disturbances. Clinical stigmata
are usually manifest when the ossification occupies
more than 60% of the spinal canal. Spinal cord
changes in OPLL consist of compression-related
abnormalities such as flattening, grey matter infarc-
tion and demyelination of the posterior and lateral
white columns (Hirabayashi et al, 1981).

On conventional lateral raciographs the character-
istic dense bone within the ligament is depicted as a
linear radiopaque strip of 1-5 mm thickness parallel-
ing with the posterior vertebral body margins (Fig.
6.16). The length of this ossification may be only one
vertebral body height or it may traverse a number of
contiguous segments. Commonly, a radiolucent zone

is interspaced between the ossified ligament and
vertebral body corresponding to the unossified
deeper ligamentous layers. Tomography is an excel-
lent tool for demonstrating these features. Associated
features of DISH may be apparent in up to 85% of
patients with exuberant anterior hyperostosis, nor-
mal zygapophysial joints and normal intervertebral
discs (Hakuda et al., 1983).

On CT, the mineralized ligament is seen as a dense
calcific opacity often with a distinct cortical surface
surrounding a lucent core of cancellous bone.The zone
of OPLL-vertebral body separation is seen clearly and
the degree of spinal stenosis can be accurately assessed.
MRI may show OPLL as a high-signal-intense (fatty mar-
row) or hypointense band (fibrous replacement of fatty
marrow; Yoshino et al, 1991) and spinal cord changes
such as myelomalacia, atrophy and oedema are shown
to greater advantage than by any other imaging modal-
ity (Yoshino et ail., 1991; Russell, 1995).

Calcific tendinitis of the longus colli
A self-limiting, transient, and acutely symptomatic

hydroxyapatite deposition can occur at the supero-
lateral group of longus colli tendons as they insert

Fig. 6.17 Caicification of the longus colli. There is swelling of the retropharyngeal soft tissues anterior to
the atlas (arrow). There is also very faint calcification within these soft tissues (white arrow).

Comrnent: The clinical syndrome of rapid onset over 2-5 days of a painful stiff neck, muscle spasm,
painful dysphagia and a sense of globus hystericus is due to the deposition of hydroxyapatite crystals in the
superolateral group of longus colli tendons as they insert anterior to the C2 and C3 vertebral bodies.
Symptomatically, resolution occurs spontancously over the next few weeks.
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anterior to the C2 and C3 vertebral bodies (Haun,
1978; Newmark ez al, 1978). Symptomatically, the
patient complains of a rapid onset over 2-5 days of a
painful stiff neck, muscle spasm, painful dysphagia
and a sense of globus hystericus (Bernstein, 1964) but
recovery occurs spontaneously over the following
1-2 weeks.

A lateral radiograph or CT is diagnostic in the
symptomatic phase, demonstrating an amorphous
calcification up to 2cm in diameter anterior and
inferior to the anterior tubercle of the atlas within the
retropharyngeal soft tissues (Haun, 1978; Newmark
et al, 1978; Fahlgren, 1988). The retropharyngeal
interspace is often increased locally more than 7mm
(Fig. 6.17) and, on MRI T2-weighted imaging, the
superior portion of the longus colli is of high signal
intensity, corresponding to oedema (Artenian et al,
1989). Symptoms subside in concert with resorption
of the prevertebral calcification and swelling and no
complications are expected (Hartley, 1964; Sutro,
1967).
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Medical management of neck pain of
mechanical origin

R. Cailliet

Examination

When a patient presents with a complaint of neck
pain, or pain considered to evolve from the neck, a
meaningful history and examination are mandatory.
The examination is the attempt of the examiner to
determine the structural, plhysiological (neurological,
orthopaedic, vascular and psychological) aspects of

the impairment. The disability claimed must
be ascertained by determining the impairment
responsible.

Observation of the patient determines the limita-
tions of motion in activities of daily living such as
posture, movement, grimacing and restrictions.
Observations also denote the malalignment of the
body structures in stance, assuming sitting and lying.
These are the major components elicited in evaluat-
ing the postural components of motion.

Active and passive methods of
examination

Bony and soft-tissue palpation

The patient’s neck can be palpated in the supine,
seated or standing position. In the supine position the
neck muscles and the effects of gravity are eliminated
(McKeever, 1968). The following major bony struc-
tures are palpable:

1. Spinous processes: transverse and posterior.
2. Zygapophysial joints.
3. Mastoid processes.

The following soft tissues are palpable:
1. Muscles - accomplished by the active participation
of the patient in initiating specific movements
while the examiner palpates the involved muscles.
Ligaments.

Nerves.

2.
3.

Subjectivity of impaired nerve function is elicited
from the history with symptoms such as tingling, pain
and/or numbness alluding to their dermatomal area.
Sensitivity is noted from direct pressure upon the
precise nerve root dermatome.

Nerve function

. Motor: testing by participation of the patient in
performing specific motion and determining
appropriate muscular activity, thereby ascertain-
ing the muscles’ appropriate nerve supply. The
maximum effort expended by the patient must be
ascertained.

. Sensory: determining the dermatomal areas sub-
jectively and confirming objectivity by various
modalities such as touch, cotton swab, pinprick or
scratch, tuning fork and position sense test. This is
subjective and the examiner must determine its
organic basis.

Reflexes: including the triceps, biceps, brachialis

and brachioradialis. Hoffmann’s test may indicate

upper motor neuron pathology.

Range of motion

Range of motion testing reveals the integrity of
anatomical joint structures and function; this is tested
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Flexion
Left Right
lateral lateral
bend bend
Left Right
rotation rotation
Extension
®
- [
M
Severe
® Slight 1= Moderate 3
®
|

Limited motion

Painful limitation

Fig. 7.1 Recording range of motion. The upper drawing is the composite record of range of motion.
(1) X indicates mere limitation of range of motion in extension without pain; (2) slight pain and limitation
in extension; (3) moderate pain and extension limitation; (4) severe pain and limitation in left rotation.

actively and passively. Actively implies testing
motions performed actively by the patient upon
observation and from instructions. In testing ranges
of motion of the cervical spine the folowing motions
are requested and observed (Fig. 7.1).

Passively testing range of motion measures motion
performed by the examiner on the patient by
movement of the head and neck involving each
individual vertebral segment (Fig. 7.2).

Upper cervical examination

Upper cervical motion tests flexion of the head,
extension, lateral flexion and rotation upon the
cervical spine (occiput atlas-C1 axis-C2; Fig. 7.3).

Lower cervical examination

Lower cervical motion is tested by having the patient
flex, extend, laterally flex and rotate the entire lower
cervical spine (C3-7) without movement of the head

{

DP

Fig. 7.2 Method of movement of the vertebral segment from
direct pressure. Direct pressure (DP) upon the posterior
superior spine localizes the specific vertebra. RL and LL is
right and left lateral pressure upon the posterior superior
spinous (PSS) process. (F) facet. From Cailliet (1995) with
permission.
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Lateral
flexion
combines
with
rotation

Extension 25°
Occiput-atlas  Flexion 10°
No rotation

Atlas-axis Rotation 90°
' Extension 0°-10°
Flexion 0°—5

C2—-C7 Gliding flexion —extension
rotates only after C,
has rotated on C,

/@@ C7—T, no movement

Fig. 7.3 Motion of cervical spine: upper and lower segments. Left figure indicates that lateral flexion is always
accompanied by some rotation. The right figure indicates the degree of motion at each vertebral segment.

From Cailliet (1995) with permission.

upon the spine. This is performed actively and
passively.

Range of motion is estimated by noting the
difference of the end-point of one direction versus
the opposite end-point. Mechanicai limitation is
noted when motion stops, or when symptoms
(unpleasant sensations) are produced. The site (seg-
mental level) of sensation produced (i.e. local or
referred) is determined.

As it is known through which foramen a specific
nerve root emerges, and which foramina open and
close upon specific motion (Fig. 7.4), the effects of
specific neck movements are noted which determine
the precise level of involvement.

As it has been generally accepted that the zygapo-
physial joints are a major source of neck pain, their
identification is clinically tested using manual proced-
ures. The accuracy has been confirmed (Jull et al,
1988) as to location and source of pain. The
techniques are numerous (Maigne, 1972; Maitland,
1977; Grieve, 1981; Bourdillon, 1982; Stoddard,
1983) and will not be elaborated on here. Whether
the manual diagnosis as to site and source of pain is

accurate remains controversial but when compared
to nerve root blocks they proved accurate (Jull et al,
1988).

The neurological examination of the head and neck
involves sensory, motor and autonomic testing. The
upper cervical nerves (C1-3) are mostly sensory to
the head. Motor testing of the upper cervical
(occipital) nerve involves the muscles moving the
head upon the neck. The neurological examination,
sensory and motor, of the lower cervical spine
(C3-8) involves the neurological examination of the
upper extremities - musculoskeletal, axillary and
median nerve (Fig. 7.5), ulnar nerve (Fig. 7.6) and
radial nerve (Fig. 7.7).

The sensory (dermatomal) examination of the
lower cervical segments is mostly limited to examina-
tion of the hand (Fig. 7.8). The details of the clinical
examination are adequately summarized in the lit-
erature to which the reader is referred (Dwyer et al,
1990; Cailliet, 1994b)

Confirmation is clinically possible with the per-
formance of electromyography of nerve conduction
velocity studies.
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Lateral bending Forward Head turn

Fig. 7.4 Foraminal closure in lateral flexion and rotation of the head and neck. With the head in an
erect posture (centre figure) the foramina are open equally. In right lateral flexion (left figure) the
foramina are narrow on the concave side and open on the convex side. In rotation (right figure) the
foramina are narrow on the side towards which the head turns and wider on the contralateral side.
From Cailliet (1995) with permission.
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Pronator teres

Flexor

digitorum sublimis
(anterior interosseous
nerve)

Palmaris longus

Flexor digitorum profundus

Flexor pollicis

Flexor digitorum
longus

profundus
Pronator quadratus A

== — — — Wrist
Abductor
pollicis
brevis

Flexor pollicis
brevis

Sensory
branch

Lumbrical 1 & 2

Fig. 7.5 Median nerve. From Cailliet (1995) with permis-
sion.

Ulnar nerve

Roots

Flexor carpi ulnaris

Flexor digitorum
profundus

Palmaris brevis

Abductor
opponens
flexor

Adductor
pollicis ) A
Digiti quinti

~ Lumbricals 3 & 4
Interossei

Fig. 7.6 Ulnar nerve. From Cailliet (1994b) with permis-
sion.

Triceps
(Posterior
interosseous Branchioradialis
nerve) extensor carpi radialis longus

Ext. carpi rad. brev.
supinator

ext. digitorum

ext. digiti quinti

Ext. carpi ulnaris
abductor pollicis longus
ext. pollicis longus-brevis
ext. indicis

Fig. 7.7 Radial nerve. From Cailliet (1994b) with permis-
sion.

Paimar

Dorsal

Fig. 7.8 Sensory mapping of peripheral nerves of the hand.
The schematic areas of sensory innervation of the median
nerve (M), radial nerve (R) and ulnar nerve (U). The
dermatomes of the dorsum of the hand vary as the radial
nerve may have no sensory area or merely a small arca over
the first dorsal interosseous. From Cailliet (1994b) with
permission.
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Clinical entities

Upper cervical segment
(occiput—atlas—axis)

The symptoms are headache with hypersensitivity of
the scalp in the Cl, C2 and C3 dermatomes. Tender-
ness with reproduction of the headache is deter-
mined by digital pressure upon the emergence site of
the greater occipital nerve (Fig. 7.9). Diagnosis is
confirmed by relief from Jocal injection of an
analgesic agent into the nerve or into the dorsal root
ganglion of C2 (Fig. 7.10).

Lower cervical segment pain and
impairment

Neck pain is a poorly understood symptom variously
described as disc disease or soft-tissue injury pain (Bog-
duk and Marsland, 1988; Taylor and Finch, 1993). Pain
is subjectively located in the neck, and motion is con-
sidered as causative or aggravating. Rest relieves pain.

Cervical zygapophysial joint pain

Distension of cervical zygapophysial joints with
contrast medium can produce pain characteristic of

Greater superior
occipital nerve

Sling
Odontoid
Sternocleidomastoid

Trapezius

Fig. 7.9 Emergence of the greater superior occipital nerve.
The greater superior occipital nerve, primarily C2 nerve
root, emerges in a groove medial to the mastoid process of
the occiput. It leaves in an opening between the insertion of
the trapezius and the sternocleidomastoid muscles. A small
fascial sling completes the opening. In some people the
nerve emerges through the trapezius muscle. From Cailliet
(1991) with permission.

Atlas-axis

membrane Vertebral artery

Co
dorsal root
ganglion

Ventral root

Dorsal root

Fig. 7.10 Greater superior occipital nerve: its C2 root. The
C2 dorsal root ganglion lies under the oblique inferior
muscle (not shown), over the lateral atlantoaxial joint, being
actherent to the capsule. It emerges latecal to the posterior
atlas-axis membrane but does not penetrate it. It proceeds
laterally to divide into a dorsal and ventral root. From Cailliet
(1991) with permission.

the pattern complained of by the patient (Aprill et al.,
1990). Pain from the C2-3 joint is perceived in the
upper neck and the occipital area (Fig. 7.11).

Pain from the C3-4 joint extends from the upper
neck to the levator scapulae muscle. That from the
C4-5 joint forms an angle between the lower neck
and the upper shoulder girdle. From the C5-6 joint
the pain extends from the lower neck over the
supraspinatus area, and that from the C6-7 joint over
the blade of the scapula. The areas are large and
indistinct but reasonably consistent.

Compression upon the head with the head turned
and Jaterally flexed causes radiation of pain down that
extremity (Fig. 7.12). Traction of the head relieves
radicular symptoms (Fig. 7.13).

Lesions of the cervical cord

Injuries of the cervical cord that result in paraplegia
or quadriplegia are clinically discernible with upper
motor neuron signs: Babinski, Hoffmann signs, hyper-
active deep tendon reflexes, spasticity, clonus, etc.

For more subtle injuries of the cervical spine,
clinical tests are less specific and thus often over-
looked. For lesions from C4 caudally the nerve root
levels are discernible with dermatomal and myotomal
level testing. Above C4, there is a blind zone. The
diagnosis of lesions within this zone is suggested
from the Shimizu reflex (Fig. 7.14).

The Shimizu reflex is performed by having the
patient seated with the elbow bent to 90° and the
forearm supported (Shimizu et al., 1993). The exami-
ner taps the tip of the spine of the scapula in a caudal
direction with a rubber reflex hammer. The reflex
involves movement of the scapula from an abrupt
stretching of the upper portion of the trapezius mus-
cle. A positive test occurs with elevation of the scapula
and/or abduction of the humerus: this indicates the
possibility of a cord lesion between C2 and C4.
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Fig. 7.11 Referred zones of cervical root levels (dermatomes). The graphic zones depict the
dermatomal zones of cervical joints and roots C2-7. From Cailliet (1991) with permission. *

Fig. 7.12 Head compression causing radicular symptoms.
Downwards compression upon the head (termed Spurling
neck compression test) indicates probable nerve entrap-
ment at the foramen. With the head turned and laterally
flexed to the side of the symptoms, the head is forced
downwards causing ipsilateral symptoms. Reproduction of
radicular symptoms is considered a positive Spurling test.
From Cailliet (1995) with permission.
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Fig. 7.13 Relief of radicular symptoms with
manual traction. In a patient with cervical
radicular  symptoms, manual traction may
relieve the symptoms if the source of pain is
foraminal entrapment. Relief of radicular pain
from elevation and traction of the upper
extremity may indicate brachial plexus aeti-
ology. From Cailliet (1995) with permission.

Fig. 7.14 Neurological test for cord injury in the
blind zone: Shimizu reflex. R = reflex hammer; X =
elevation of the scapula; A = abduction of the
humerus. From Cailliet (1995) with permission.
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Treatment protocols for cervical
pain

Cervical pain may be related to an acute injury or be
an exacerbation of a chronic process. Pain is vaguely
localized in a general area and may be related to
specific motions. As an example, radicular cervical
pain can radiate to the top of the shoulder without
necessarily being considered a radiculopathy if there
is no radiation into the arm, hand or fingers.

In the acute phase of pain, rest, immobilization and
local ice, followed by heat and gentle stretching, have
benefits. Oral anti-inflammatory medication, if tol-
erated, is beneficial.

Reassurance is provided by a meaningful explana-
tion and failure to use frightening words such as
degenerative disc disease, arthritis or slipped disc. It is
well-accepted that the significance of the symptoms
assumed by the patient intensifies the severity of the
pain and leads to possible chronicity and exaggeration
of disability over impairment (Cailliet, 1994a).

One layer

Spasm is frequently initiated by localized pain from
inflammation which can also become a tissue site of
pain. This can be addressed by local ice, heat,
massage, gentle stretching and isometric muscular
contractions. Local injection of an analgesic agent
into the painful muscle can be considered when local
tenderness is significant.

Immobilization has been standard treatment for an
acute musculoskeletal injury, but its value over early
mobilization is being questioned (Mealy et al., 1986).
If immobilization is considered, a cervical collar or
splint has been the traditional modality. The purpose
of a collar is to hold the head in a comfortable gravity-
aligned position and to prevent or minimijze
motion.

A standard collar (Fig. 7.15) is custom-made of felt
that is 1-1.5cm thick and cut to mould around the
neck and jaw of the patient. No known orthosis or
collar completely eliminates motion, so it must be
assumed that it merely restricts motion, supports the
head in a gravity-aligned posture and reminds the
patient of excessive motion. By being under the chin

High enough
to reach occiput

____Tongue blade
reinforcement

of stockinet Y
around chin Nian

Felt to reach
only to side of
trachea — no
felt in front

Felt inserted

into 5 cm wide

stockinet

Felt 1.25 cm

Tongue blades
reinforcement

Curve to conform
to shoulder muscles

Front of felt
of size to fit

under mandible

and hold head — chin —
neck slightly flexed

L
/J

5 cm stockinet

Slit cut for wrap-around insert

Fig. 7.15 Felt cervical collar. From Cailliet (1995) with permission.
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Fig. 7.16 Preformed plastic collars. A standard plexiglass
cervical collar. The fibreglass preformed collar comes in
several sizes that need to be fitted to the patient. They are
held by a Velcro strap in the front. From Cailliet (1995) with
permission.

it minimizes the need for muscular contraction to
overcome the effects of gravity and also limits
flexion. The elevation behind the head limits exten-
sion.

There are now available plastic collars that are
easily applied, easy to keep clean and cosmetically
acceptable (Fig. 7.16).

Only when there are neurological signs and symp-
toms, and a need for significant restriction of motion,
should a brace be fitted (Fig. 7.17).

As a general rule, a collar should be worn
constantly for the first week, then gradually
decreased as tolerated. Most soft-tissue recovery
occurs within 2 weeks. Prolonged immobilization
encourages soft-tissue contracture, muscular atrophy
and psychological dependence.

Traction has remained popular as a beneficial
modality with varied medical opinions. Without
subjective and objective radiculitis, the value of
traction as compared to a cervical collar and analge-
sics procduces no difference in outcomes (McKinney
et al., 1989).

In acute cervical injuries, continuous cervical
traction for several days is valuable. In subacute or

Fig. 7.17 Guildford cervical brace. This brace immobilizes the cervical spine with
a rest positioned under the chin (1) and an occipital pad (7). A chest pad (2) is
connected to an anterior bar (3) that elevates the chin and connects by a strap (6)
to the thoracic portion which, by a vertical bar (4), attaches to the occipital pad. The
shoulder straps (5) secure the chest pad. All parts adjust to make the brace
customized to the specific patient. From Cailliet (1995) with permission.
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chronic problems, traction for 20 min several times
daily is beneficial. Manual traction before instituting
mechanical traction will indicate the tolerance and
benefit gained from that modality.

Manipulation or mobilization has been prevalent in
today’s society but its physiological benefit has not
been proven nor have the indications for this
approach been clarified.

There are several possible concepts as to the
accomplishment of manipulation as follows:

1. Unlocking a ‘jammed’; zygapophysial joint. This is
based on the possible entrapment of a meniscus of
a synovial fold. Restoration of movement to
subluxed zygapophysial joint facets has also been
postulated.

2. Aneurogenic reaction from manipulation, in which
the force alters the spindle systems’ effect upon the
muscle, alters the mechanoreceptors in the zygapo-
physial joints or has a central reaction on reflexes.

3. Elongation of the contracted zygapophysial joint
capsule or periarticular ligaments which may have
adhesions.

4. Recentralization of the nucleus within the inter-
vertebral disc.

In standard procedures, force is applied in the
direction that appears limited but the Maigne tech-
nique differs in that it is applied in the opposite
unrestricted and painless direction (Maigne, 1973).

Modalities such as ice, heat, ultrasound, massage
and electrical stimulation have their proponents but
they should be considered as merely palliative and
ancillary to a more active approach. None of these
modalities are specific, curative or precise, and they
extend the costs of treatments without benefit.

Exercise remains the most accepted modality. If
there is limited range of motion, gentle gradual active
exercise is indicated. Active is stressed, as exercises
performed by the patient are preferable to those
exercises being done to the patient. Strengthening
exercises, addressing the muscles where a specific
weakness is found from a meaningful clinical exam-
ination, are important.

[sometric exercises should be initiated initially,
followed by kinetic exercises. Isometric contractions
with no joint motion decrease spasm, pain and
atrophy. Isometric exercises should be initiated early
in the management of an acute cervical injury, in
spite of pain, as there are few, if any, contra-
indications. Isometric exercises stretch the joint
capsules to a slight but definite degree, beneficially
compress the cartilage, strengthen the ligaments and
tendons, and extrude toxic (ischaemic) materials
from the muscles reflexly contracted by pain and
inflammation. They are active and initiate the involve-
ment of the patient towards recovery.

Isometric exercise should be followed by active
assisted exercises that increase strength, endurance

and range of motion. Ultimately, resistance should be
added to the exercise regime to increase strength and
endurance.

Range of motion has been advocated but rarely
defined or quantitated. A functional painfree increase
in range of motion is desirable but to acquire
complete and extreme range of motion, albeit physio-
logical, is not necessary. In fact, it should be avoided,
as many soft tissues that have been structurally
damaged will not tolerate excessive elongation.
Painfree and functionally adequate should be the
guideline, with gradual restoration to greater range
from normal daily use accepted at a later stage.

Restoration or institution of physiological posture
is mandatory in all activities of daily living to
minimjze tissue stress and unphysiological muscular
effort. A forwards head posture, ahead of the centre
of gravity, places excessive stress upon all the cervical
spine tissues (Fig. 7.18).

Physiological posture can be trained by a therapist
and practised by the patient, at first with assistive

,/7(45—-55kg
head)
/

NI

Forward
head
posture

Nerve to
arm, hand and
fingers

Fig. 7.18 Gravity effects of forwards head posture. With an
erect posture the weight of the head (approximately
4.5-5.5kg) is maintained directly above the centre of
gravity. With the head forward, approximately 7.5cm in
front of the centre of gravity, it adds an estimated 13.5 kg of
weight up on the cervical spine. From Cailliet (1995) with
permission.
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25— 45kg

Fig. 7.19 Distraction exercise device. A device to assist in
posture training. With a sandbag weighing 2.5-4.5 kg on the
head, erect posture is maintained and the cervical lordosis
decreased. This is a proprioceptive concept that is imple-
mented as long as the device is worn during activities of
daily living. From Cailliet (1995) with permission.

devices (Fig. 7.19) if necessary, until it becomes a
normal way of life and ensures automatic uncon-
scious implementation. All contributing factors such
as occupational demands, emotional and physio-
logical aspects, must be unearthed and addressed.

Hyperextension—hyperflexion
cervical injuries: the whiplash
syndrome

This syndrome is so common, and so controversial,
that it merits separate mention (Barnsley et al., 1993).
By common definition, it is an injury that results from
a motor vehicle accident causing acceleration forces
to be imposed upon the head and neck.

At the time of impact the vehicle is accelerated
forwards, followed immediately (100 ms) with for-
wards acceleration of the trunk and shoulders of the
occupant (Fig. 7.20). The shoulders travel forwards
under the head causing extension of the neck.

Assuming that the head is facing directly forwards,
all forces are linear (sagittal); however, this rarely

occurs as some degree of rotation is usually present.
This force causes rotation before extension takes
place, resulting in stress upon the capsules of the
zygapophysial joints, the intervertebral discs and the
alar ligament complex of the upper cervical segment.

This force is applied first at the occipitocervical
joint as the head is heavy (4.5-5.5kg average
weight). The force is then expended at the C6 joint.
The head rotates forwards, followed by flexion of the
neck which extends the posterior neck tissues which
are elongated excessively, without muscular recoil, as
the proprioceptors and spindle system do not react
rapidly enough.

Clinically there are no external signs such as
bruising, swelling or haemorrhage. Symptoms are
subjective, with objective signs being minimal or
non-specific. The most common lesions noted in the
cervical spine after an acceleration-deceleration
cervical injury are soft tissue: muscle, ligament, joint
capsule and disc (Clemens and Burow, 1972; Dvorak
et al, 1987).

Cardinal symptoms of whiplash

The prominent symptom is neck pain which is
consistent: a dull aching sensation initially noted at
the base of the head which is aggravated by
movement. Usually there is also an associated neck
stiffness with restricted movement. Pain may radiate
to the head, shoulder, arm and interscapular region.

Headaches frequently result from a whiplash injury
and typically are occipital, radiating anteriorly into
the temporal or occipital regions which are sub-
served by nerve roots C1-3.

The examination of the whiplash patient is as for
any cervical injury. Treatment is also similar but with
the exception that careful explanation and reassur-
ance are mandatory because of all the lay publicity
that has been given to this type of injury.

Conclusion

In 1995 a Quebec Task Force on Whiplash-Associated
Disorders (Spitzer et al, 1995) reached these con-
clusions:

Pain . . . cannot be seen on radiographs,
computer tomography or magnetic resonance
imaging. Pain can be pursued using diagnostic
blocks . .. it has been shown that zygapophy-
sial joint pain is the most common basis for
chronic neck pain after whiplash.

The task force studied thousands of medical
articles regarding treatment and reached the follow-
ing conclusions:
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Fig. 7.20 Upper-body-neck deformations from rear-end collisions. From the effect of a linear force
from the rear, the shouider, head and neck deform at different times measured in milliseconds. The
major forces (g) are expended within the time under 0.5s. From Cailliet (1995) with

permission,

1. Collars (immobilization): soft collars do not
restrict the range of motion of the cervical spine
yet may promote inactivity and delay recovery.

2. Rest: cumulative evidence suggests that prolonged
periods of rest are detrimental to recovery.

3, Manipulation: equivalent imniediate (less than
S min) improvement in pain and mobility.

4. Mobilization: in combination with activating inter-
ventions appear to be beneficial in the short term
but long-term benefit remains to be established.

5. Exercise: cumulative evidence suggests that active
exercise may be beneficial in the short and long
term.

6. Traction: there is no clinically significant benefit
regarding range of motion or relief of pain.

7. Passive modalities, posture training and electrical
therapy remain unproven.

8. Epidural or intrathecal steroid injections are of
unproven long-term value,

Their conclusions are that time, sparing use of
medication and regaining activities of daily living are
remedial and all other modalities are placebo. Their

studies, it must be stated, regarded cervical pain
without objective radicular changes.

In the presence of nerve root impairment, more
aggressive treatment must be undertaken - pro-
longed immobilization with a moulded orthosis for
several weeks, during which time isometric muscle
contractions are initiated. Traction, if subjectively
beneficial, is acceptable. Manipulation, carefully mon-
itored with repeated neurological examinations, may
be valuable. Gradual isometric exercises, graduating
to isokinetic exercises, should then be initiated.
Ergonomic evaluation and correction of daily activ-
ities are a valid part of rehabilitation.

Chapter 5 is devoted to the effect of whiplash-type
injuries on the neck and brain as this type of injury is
an important and frequent cause of much suffering.
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Surgical management of neck pain of
mechanical origin

N. Jones

Introduction

Mechanical neck pain is extremely common, but only
rarely is it improved by surgical intervention. The less
comnion causes (trauma, tumours, rheumatoid arthri-
tis) are more likely to respond to surgery than the
single most important cause, degenerative disease.
The usual indications for surgery in degenerative
cervical spondylosis are nerve root or spinal cord
involvement rather than neck pain.

Recent advances in spinal instrumentation have
had a significant impact on cervical spine surgery,
enabling immediate rigid fixation, usually without
the requirement for external orthoses, but as yet
this has not translated into an improvement in the
surgical treatment of neck pain due to degenerative
disease.

This chapter discusses the assessment and selec-
tion of patients for surgery and the various surgical
techniques available.

History

Presenting history

The history is often skewed by medicolegal concerns
when pain follows a motor vehicle accident or work
injury, but it remains of paramount importance. The
pain may be either axial or radicular and in many
cases there are elements of both. From a surgeon’s
point of view it is the radicular component that is
most useful in making a diagnosis and determining
the place of surgery.

Axial pain

This is almost always present to some degree and the
underlying pathology is debatable. Structures such as
the disc, zygapophysial joints, ligaments and muscles
probably all contribute. The resultant pain is fairly
non-specific, but is most commonly worse on one
side and tends to involve the muscles. This is often
described as an ache in the shoulder, radiating to the
interscapular area and often to the head, leading to
tension-type headaches. The diffuse nature of this
pain will usually distinguish it from an upper cervical
radicular pain but in the absence of neurological
abnormalities this is not always easy.

Axial pain that is worse at night, especially in an
elderly patient, should arouse suspicions of an
underlying malignancy.

Radicular pain

Cervical radicular pain is often equated with arm
pain, and although this is usually the case, not all
cervical radicular pain is felt in the arm and not all
arm pain is radicular in nature.

Diffusc arm pain may be caused by such diverse
problems as a Pancoast’s tumour in the apex of the
lung, reflex sympathetic dystrophy, local joint or
muscle conditions and it is often a component of a
functional problem.

True radicular arm pain is due to irritation or
compression of a cervical nerve root. The most
commonly affected are C6, C7 and CS5, all of which
cause arm pain. The third and fourth cervical nerve
roots are associated with neck pain but are rarely
involved in degenerative spondylosis. The eighth
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Table 8.1 Signs of cervical radiculopathy

Nerve Sensory Motor Reftex

root loss signs

(65) Over deltoid Shoulder abduction  None

Cc6 Thumb and index Elbow flexion Biceps
fingers

c7 Middle finger Elbow extension Triceps

c8 Fourth and fifth Finger flexion and  Finger
fingers extension

T1 Axilla Hand intrinsics Horner's

cervical nerve root is also only rarely affected but
does produce arm symptoms.

Radicular pain is felt in a myotomal as well as a
dermatomal distribution. Often the pain is maximal in
the myotome with paraesthesiae in the dermatome. A
CS radiculopathy produces pain in the shoulder and
in the deltoid muscle. Compression of C6 causes pain
which radiates into the biceps muscle and into the
thumb and index finger; C7 pain involves the triceps
muscle and the middle finger, and C8 involves the
medial aspect of the forearm and the fifth finger
(Table 8.1).

\ Myelopatby

With severe degenerative  disease there may be
compression of the spinal cord from osteophytes or
disc material. The pain associated with myelopathy is
usually more chronic and less severe than that
associated with radiculopathy. Cervical myelopathy
often causes quite vague symptoms. The spasticity
and weakness it produces in the lower limbs may be
reflected in mild gait disturbances, a decrease in
exercise tolerance or frequent tripping due to mild
dorsiflexion weakness. Upper cervical cord compres-
sion may produce the syndrome of ‘numb, clumsy
hands’, manifested by diffuse numbness in the hands
and an inability to perform fine motor tasks, such as
doing up buttons or picking up coins. Any of these
symptoms should alert the practitioner to the possi-
bility of spinal cord compromise, a condition which
may progress rapidly to quadriplegia after minor
trauma or manipulation,

Past history

Most patients with neck pain will be able to recall
some injury, often dating back to childhood falls or
school sporting injuries. It is often difficult to
determine the significance of these compared with
the normal effects of day-to-day life. Occasionally, a
patient will present with severe degenerative changes

at one level with little or no evidence of generalized
spondylosis, suggesting that previous trauma may
have been relevant.

Other medical conditions

One of the most important conditions associated
with mechanical neck pain is rheumatoid arthritis.
This chronic inflammatory disorder has a predilec-
tion for the upper cervical spine, particularly the
atlantoaxial level. Atlantoaxial subluxation is found in
almost 50% of rheumatoid patients at postmortem
(Lipson, 1984). Ankylosing spondylitis and osteoporo-
sis are also important general medical problems to be
considered. A full history and systems review may
reveal symptoms consistent with other significant
underlying conditions, particularly malignancy. An
elderly person presenting for the first time with neck
pain should be assumed to have metastatic disease
until proven otherwise (Fig. 8.1).

Examination

General physical examination

A complete general physical examination is impor-
tant in the assessment of the patient presenting with
neck pain. One should look for signs of conditions
with a known association with neck pain, such as
osteoarthritis or rheumatoid arthritis. Signs of weight
loss, organomegaly or lymphadenopathy should make
one suspicious of underlying malignancy. Patients
with diabetes mellitus are more prone to infections
and brachial neuritis.

Cervical spine examination
Inspection

The patient is observed while at rest during the
taking of the history. The range and freedom of neck
movements are noted. The neck is then inspected
after removal of the upper clothing. The webbed neck
and low hairline of Klippel-Feil syndrome are indica-
tors of an underlying congenital cervical spine
abnormality. Similarly, the tilted head and ocular
imbalance resulting from atlantoaxial rotatory sub-
luxation are obvious.

Aclive movement

The patient is asked to flex, extend, rotate and
laterally flex the neck while attention is paid to the
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Fig. 8.1 (A) A cervical myelogram and (B) computed tomographic scan showing metastases from (C) a breast primary.

range of each movement, the rhythm of the move-
ment and any apparent discomfort.

Palpation

The cervical spine is palpated gently, starting from
the cranjocervical junction and progressing caudally,
one segment at a time. It is rare to elicit any sign other
than local tenderness. Marked superficial tenderness
may be an indicator of a functional component to the
illness (Waddell er al, 1980). The spine is then
palpated more firmly if the gentle palpation did not
produce any tenderness. The muscles are then
palpated, starting with the insertions of the trapezius
muscles, which is a common site for focal tenderness.
This is continued across the shoulder and along the
medial border of the scapula.

Passive movement

The passive range of neck movements can be
assessed but generally adds little to the information
already gleaned from active movements.

Otber manoeuvres

Compression or traction can be applied to the
cervical spine with consequent worsening or allevia-
tion of nerve root compression Symptoms respec-
tively. Spurling’s manoeuvre involves hyperextension
of the neck and rotation away from the painful arm.
This is said to narrow the intervertebral foramen on
the side and reproduce radicular arm pain.
L'Hermitte’s sign is pain shooting down the legs
after flexion of the neck. This is an indicator of either
cervical spinal cord compression or demyelination.
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Neurological examination
Radiculopatby

Usually the history will have given a strong indica-
tion of which signs to expect on examination. Pain,
paraesthesiae, numbness or weakness in the dis-
tribution of a particular nerve root should be
supported by the appropriate motor and sensory
signs. Given time, the weakness will be accom-
panied by wasting and fasciculations and there
may even be trophic changes in the areas of
numbness.

Involvement of C5 will cause weakness of the
deltoid and supraspinatus muscles which abduct
the shoulder and the infraspinatus which externally
rotates the shoulder. There is some C5 input to the
biceps reflex which may be reduced but should still
be present. Numbness is found over the upper
lateral arm.

Compression of C6 causes weakness of elbow
flexion and supination and depression or absence of
the biceps reflex. Numbness affects the lateral
forearm and the thumb and index finger.

A C7 radiculopathy will produce weakness of
elbow extension and wrist flexion and extension. The
triceps reflex is depressed or absent. There is sensory
loss affecting the middle finger, and often the
posterior forearm.

Weakness of finger flexion and extension and a loss
of the finger jerk follow C8 nerve root compression.
There is associated numbness in the fifth finger and
medial forearm.

Although T1 lesions are rare, they may imply
sinister pathology yet be mistaken for a functional
problem. When severe, they will cause weakness of
the intrinsic muscles of the hand. A useful sign to look
for is a Horner’s syndrome, comprising ptosis,
meiosis and anhidrosis, due to involvement of the
sympathetic chain. There is no accompanying reflex,
and sensory loss is in the axilla.

Myelopatby

Neurological examination of the patient with neck
pain is not limited to the upper limbs. If the cord is
involved there will be abnormalities at and below the
level of involvement. Lower motor neuron signs
predominate at the level of compression and these
will be similar to those described under radiculop-
athy, though often bilateral. Below this level there
will be upper motor neuron signs. The tone is
increased and there may be clonus in the knees or
ankles. Reflexes are brisk and there may be abnormal
reflexes (IHoffmann’s sign in the hand and Babinski’s
sign in the foot). The abdominal reflexes are lost in
cases of spinal cord compression.

Other

A complete neurological examination may reveal
rarer causes of neck pain. Cranial nerve abnor-
malities may point to a lesion of the skull base or an
intrinsic brainstem abnormality. Supratentorial neu-
rological abnormalities might suggest disseminated
malignancy.

Investigation

Blood tests

Blood tests are most useful in the search for
associated pathology. A raised erythrocyte sedimen-
tation rate may suggest infection or rheumatoid
arthritis; anaemia or hypercalcaemia may be associ-
ated with myeloma and elevated prostate-specific
antigen with prostatic carcinoma.

Plain radiographs

Considerable diagnostic information can be gleaned
from plain radiographs. These should include lateral
and anteroposterior projections, as well as an open-
mouth view of the craniocervical junction. Oblique
views are sometimes helpful but foraminal stenosis is
much better appreciated with computed tomography
(CT). If instability is suspected, careful flexion and
extension views can be obtained. In rheumatoid
arthritis, particular attention should be paid to the
C1-2 level for atlantoaxial subluxation.

Degenerative changes on plain radiographs are
almost universal and their presence does not neces-
sarily explain symptoms. Clinical correlation is of
paramount importance.

Plain radiographs may also detect changes of
rheumatoid arthritis, metastases, trauma, osteoporo-
sis and infection. Congenital anomalies such as os
odontoideum and Klippel-Feil syndrome will also be
apparent.

CT scan

CT gives the best detail of the bony structures in the
cervical spine. The resolution of the cord is usually
inadequate and shoulder artefacts often obscure the
lower levels (C6-7 and C7-T1). Particularly in thin
individuals at levels above C6-7, plain CT can be
sufficient to confirm a diagnosis of disc prolapse or
foraminal stenosis (Fig. 8.2), although the degree of
confidence is usually less than in the lumbar spine.
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Fig. 8.2 (A) Plain computed tomographic scan showing a
left posterolateral disc prolapse at C5-6. (B) A C6-7 disc
prolapse demonstrated with magnetic resonance imaging.

In metastatic disease, the degree of bone destruc-
tion will be more obvious than on plain radiographs.
Soft-tissue abnormalities may also be seen and some
appreciation of the incursion into the spinal canal can
be made.

The addition of reconstruction techniques, partic-
ularly with spiral CT scanning, can add considerably
to the definition and diagnostic capability of this
investigation.

Myelography

Myelography with concomitant CT has now been
largely replaced by magnetic resonance imaging

(MRI), although it is still the best investigation for
degenerative disease when MRI is unavailable or
is not tolerated by the patient. Occasionally CT-
myelography is still used when MRI gives
equivocal results and is particularly useful when
there are Jarge or widespread osteophytes. In such
cases, the superior bone resolution of the CT and
the presence or absence of nerve root sheath
opacification with dye can provide strong evidence
for or against nerve root compression (Fig. 8.3).

MRI

MRI has rapidly become the investigation of choice
for most problems in the neck. It is non-invasive and
produces images of the cervical spine unobtainable
with any other modality. Shoulder artefact is not a
problem,

cervicothoracic junction. The soft tissues of the neck,
the spinal cord and the nerve roots are seen
particularly well (Fig. 8.2b). Images can be obtained
in a variety of formats.

Disadvantages of MRI include claustrophobia,
which is a common cause of failed cxamination,
movement artefacts during the relatively long exam-
ination times and metal artefacts due to even tiny
metallic fragments. Cost and availability also need to
be considered.

Nuclear bone scan

This is a relatively simple investigation with reason-
able sensitivity but poor specificity. It is usually used

Fig. 8.3 A cervical myelogram of a patient with myel-
oradiculopathy.
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as a screening test for metastatic disease or infection,
but it has largely been supplanted by computerized
imaging techniques.

Nerve conduction studies

Electromyography and nerve conduction studies are
rarely used in Australia for the investigation of
radiculopathy. Overlap of myotomes and delay in the
development of changes make the results relatively
non-specific in most cases. Some authors advocate
electromyographic examination of the paraspinal
muscles as a way of increasing specificity (Johnson
and Melvin, 1971), but the combination of clinical
assessment and imaging is easier and gives superior
results.

Treatment

Indications for surgery
Atlantoaxial instability

In an adult, a gap of greater then 3 mm between the
arch of C1 and the odontoid process is indicative of
instability. Anterior subluxation of greater than
10-12mm implies destruction of the entire liga-
mentous complex (Fielding et al, 1974). A gap of
6 mm or more is considered an indication for surgery.
In rheumatoid disease, subluxation is often associated
with cranial settling. The degree of brainstem com-
pression arising from this can be determined most
effectively with MRI.

Unlike subaxial degenerative disease, the most
common indication for surgery at C1-2 is neck pain,
which is present in the majority of rheumatoid
patients with atlantoaxial subluxation (Pellici et al,
1981; Menezes and VanGilder, 1988). A prime con-
sideration is also prevention of neurological com-
promise due to progressive slip.

Subaxial instability

This may be severe in trauma and rheumatoid
arthritis, but in degenerative spondylosis there is
usually only a relative instability. Loss of disc space
height will allow some movement but significant
displacement implies damage to the anulus and/or
facet joints. Some movement is normal in flexion-
extension radiographs but this should not exceed
3.5 mm (White et al., 1975). Surgery for theumatoid
subaxial subluxation involves either anterior or pos-
terior fusion. Zygapophysial joint injuries are
usually treated posteriorly and vertebral body injuries

anteriorly. Fusion for degenerative disease is more
commonly carried out anteriorly (Fig. 8.4d).

Radiculopatby

This is the most common indication for cervical spine
surgery. There is almost always an element of
mechanical neck pain but the arm symptoms and
signs are the reasons for surgery. In a younger patient
it is usually due to an acute disc prolapse but in an
elderly patient the nerve root is frequently injured in
a stenotic foramen, often after a minor injury or
repetitive or unusual neck movements (painting the
ceiling is a common antecedent to such a radiculop-
athy). Most often, a bout of radiculopathy will settle
with conservative treatment alone and surgery will
not be required. The indications for surgery are
essentially threefold and are described below. In all
cases it is imperative that the pain, numbness,
weakness and radiological abnormalities are con-
sistent with each other. There is no point removing a
C7-T1 disc for a CO6 radiculopathy.

1. If there is significant neurological compromise in
the form of weakness or numbness, surgical
decompression is indicated as a matter of urgency.
The definition of significant is relative and the
degree of deficit that worries one individual may
not concern another. Reflex changes alone are
unimportant, other than as an indicator to the
affected nerve root. Sensory changes, including
paraesthesijae, vary in significance with their
location or intensity. Numbness of the thumb and
index finger of the dominant hand is more serious
then numbness over the deltoid. The most impor-
tant neurological deficit is weakness and again the
relevance varies with the individual, the particular
muscles involved and the degree of weakness. A
global weakness is often seen in someone with
arm pain and this needs to be distinguished from a
true radicular weakness due to nerve root com-
pression. Reflex changes can help in this regard.

2. If the pain is in the distribution of a nerve root but
there are no neurological signs and, despite
conservative treatment, it persists beyond a rea-
sonable period (usually 6 weeks), surgery may be
indicated. This is referred to as irritative brachalgia
(as opposed to compressive brachalgia, described
above, where there is a neurological deficit).

3. In cases of irritative brachalgia, surgery may
sometimes be indicated prior to 6 weeks when the
pain is severe and unremitting with usual con-
servative measures.

Myelopatby

Surgical decompression is almost always indicated in
cervical myelopathy. This is a slowly progressive
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Fig. 8.4 Progressive instability due to degenerative disease. (A) 1988; (B) 1993; (C) 1994; (D) after fusion and fixation with
an anterior plate.
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disorder which can usually be stabilized by surgery
but significant improvement is uncommon. The
longer surgery is delayed, the greater the long-term
deficit is likely to be.

Tumour

Metastatic tumours are a relatively frequent cause of
mechanical instability and neck pain, often without
neurological deficit. They may also cause neck pain
without instability. Treatment depends to a large
extent on the clinical state and prognosis of the
individual patient. If there is no neurological deficit
and the spine is stable, radiotherapy is the treatment

of choice. Surgery is indicated when radiotherapy has
failed or if there is bony compression of the spinal
cord. Surgical excision of a single affected vertebral
body with fixation and stabilization will usually
improve pain control significantly. When metastases
are widespread in the spine, surgery becomes much
more difficult and is rarely indicated.

Benign tumours such as schwannoma are much
rarer and cause radicular pain rather than mechanical
neck pain (Fig. 8.5).

Trauma

Although acute spinal injury is an important cause of
instability and mechanical neck pain, the indications

Fig. 8.5 (A)Axial and (B) coronal magnetic resonance images of a right C2 schwannoma presenting with neck and occipital

pain.

Copyrighted Material



134 Clinical Anatomy and Management of Cervical Spine Pain

for surgery are quite controversial and beyond the
scope of this chapter.

Non-surgical treatmennt

A variety of non-surgical treatment options are
available for mechanical neck pain and these are
covered in greater detail elsewhere in this book. In
most cases, non-surgical treatment will be the most
appropriate form of treatment, with surgery reserved
for the minority of patients with the specific indica-
tions discussed above.

Surgical treatment

Cervical spine surgery can be divided into operations
done from an anterior approach and those done from
a posterior approach. In many centres there is a
historical preference for one over the other but, in
general, the spine surgeon should be familiar with
both and rtailor the operation to the individual
circumstances.

Anterior cervical spine surgery
c1-2

The most common indication for anterior surgery at
this level is rheumatoid arthritis with cranial settling.
Although this is associated with mechanical neck
pain, the greater concern is usually neurological
compromise. The odontoid process may be removed
transorally to decompress the cervicomedullary junc-
tion. This is then followed by a posterior stabilization
procedure.

Subaxial cervical spine

Anterior cervical discectomy is a common neuro-
surgical operation, done for either radiculopathy or
myelopathy. The same approach can be used for
fusion in trauma or vertebral body excision in
tumour.

The approach is usually from the right side with
a skin crease incision at the affected level. The
platysma is divided and the plane medial to the
sternocleidomastoid muscle is entered. The carotid
sheath is retracted laterally and the trachea and
oesophagus medially. This leads directly to the
anterior surface of the cervical spine. The level is
checked radiographically and self-retaining retrac-
tors are inserted beneath the longus colli muscles.
The disc is then excised. There are several variations
of this operation.

Smith—Robinson

This technique involves excision of the disc and any
osteophytes through the disc space, usually using a
disc space spreader to widen the gap. A bone graft is
taken from the iliac crest and impacted into the disc
space to effect a fusion of the level. Some surgeons
perform the discectomy but do not fuse the level; this
would be considered the exception rather than the
rule.

Cloward

The Cloward technique involves drilling a circular
hole centred on the disc space. This is carried down
to the posterior cortex which is removed with
curettes and punches. Any osteophytes are also
removed. The posterior longitudinal ligament may
also be removed to expose the dura and allow access
to any disc fragments that may have penetrated this
ligament. A bone dowel slightly larger than the hole
drilled is taken from the iliac crest and impacted into
the hole (Fig. 8.6). Rather than autogenous bone,
some surgeons use allograft, xenograft or artificial
bone substitutes.

Corpectomy (Fig. 8.7)

This is particularly useful when there are degen-
erative changes causing spinal cord compression at

Fig. 8.6 An autogenous iliac crest bone dowel used in a
Cloward anterior cervical fusion.
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Fig. 8.7 (A) Plain radiograph showing a C5 vertebral body
metastasis; (B) magnetic resonance imaging of the same
case; (C) a corpectomy has been performed and the body
replaced with autogenous jliac crest. Internal fixation has
been achieved with an anterior Orion plate; (D) an operative
photograph of a similar case.
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two adjacent levels. Rather than making two separate
holes at the disc levels, the intervening vertebral
body is drilled away, exposing the posterior longitudi-
nal ligament which is usually also removed to expose
the dura. The decompression is completed by remov-
ing the anterior part of the inferior margin of the
upper vertebral body and the superior margin of the
lower vertebral body. This allows for a very thorough
decompression of the cord in cases of cervical
myelopathy and is also useful in isolated metastases in
a single vertebral body.

The most common graft material is autogenous
iliac crest but substitutes may be used. Vertebral body
replacements can be made from titanium and other
materials.

Corpectomy can be used over longer lengths but it
then becomes impossible to maintain the normal
cervical lordosis and there is considerable stress on
the two ends of a long strut graft (usually fibula).

Internal fixation

A wide variety of anterior plating devices is now
available to supplement anterior fusion. The most
commonly used are made of titanium, which allows
postoperative MRI. The screws are usually of a type
that locks into the plate, allowing adequate rigidity
without having to penetrate the posterior cortex of
the vertebral body. These plates are extremely useful
in surgery for trauma and also provide immediate
stability in multilevel fusions. The fusion rate for
single-level anterior cervical fusion is very good
without fixation (Robinson et al,, 1962), and in non-
traumatic cases the use of a plate at one level may not
add significant benefit.

Posterior cervical spine surgery
C1-2

Various methods of fusion at the C1-2 level have
been devised. Gallie and Brook’s fusions involve
wiring the posterior arch of the atlas to the axis with
interposing bone graft. Halifax interlaminar clamps
are also used to achieve the same result. Magerl's
technique of direct screw fixation provides excellent
results, including stability in rotation which is some-
what lacking with the other techniques. This can be
combined with wiring techniques and braided cables
are now often used in place of wires (Fig. 8.8).

Subaxial cervical spine

Myelopathy

Cervical laminectomy is frequently used for the
treatment of myelopathy, particularly when the com-

B

Fig. 8.8 Two methods used to treat theumatoid atlantoaxial
instability. (A) Halifax clamps and bone graft; (B) titanium
transfacet C1-2 screws

pression extends over several levels in a patient who
still has a lordotic cervical spine. This is much simpler
than an anterior approach over multiple segments
and, with due care being taken to preserve the
zygapophysial joints, fusion is not necessary.

The operation is done through a midline incision
posteriorly over the spinous processes. The para-
spinal muscles are stripped from the bone and
retracted laterally. The spinous processes are then
removed and the laminae drilled away or removed
with bone nibblers and punch rongeurs. Great care
must be taken when removing the inner cortex as the
cord is compromised within a narrow canal and
anything else inserted into the canal will further
reduce the space available for the spinal cord. It is
usually not necessary to remove the laminae of C2
and the strong muscular attachments to the C2
spinous process can be left intact.

When sufficient bone has been removed the dura
will bulge out of the defect and, unless there is a
kyphosis, this will allow the cord to move posteriorly.
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Radiculopathy

Single- or multiple-level nerve root compression can
be treated from a posterior approach. This is most
suited to laterally placed soft disc protrusions or
foraminal narrowing, particularly if it is due to
posterior osteophytes (Fig. 8.9).

B

Fig. 89 (A) Computed tomographic scan showing severe
bilateral foraminal stenosis at C5-6. The appearances at
C4-5 were similar. (B) Lateral mass plates were used for
stability after bilateral foraminotomies at C4-5 and C5-6.

A foraminotomy can be performed through a
small incision placed in the midline or more laterally
at the affected level By using the same retractors as
for a lumbar microdiscectomy, the exposure is
adequate with a 2-cm skin incision. The operating
microscope provides superior visualization and illu-
mination. The medial part of the zygapophysial joint
is drilled away to reveal the nerve root. This is then
followed laterally using a drill and a small punch
rongeur to undercut the bone laterally, leaving the
joint intact.

Posterior fixation

The most common indication for posterior fixation of
the subaxial cervical spine is trauma, particularly
when posterior elements are involved, as in zygapo-
physial joint facet dislocations.

Posterior fixation can also be used to improve
stability after extensive or wide laminectomy or
multiple-level foraminotomies (Fig. 8.9). It is possi-
ble to perform a much wider decompression of a
nerve root if the zygapophysial joint can be com-
promised but, if this is done bilaterally or at
multiple levels, the consequent instability may be
problematic.

There are various wiring techniques which are
quite suitable for trauma. Wires can be passed
through holes drilled in spinous processes, around
spinous processes, under laminae, or combinations of
these. Cables can be substituted for wire and Halifax
clamps can also be used.

After laminectomy, wiring becomes impractical
and posterior fixation is best achieved with lateral
mass plates. These plates are fixed to the spine with
screws passed into the lateral masses and provide
excellent stability. The lateral mass at C7 is quite thin
and a screw may be placed in the pedicle at this level
instead. At C2, a longer screw is used to penetrate
the pedicle.
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Chiropractic management of neck pain of
mechanical origin

M. I. Gatterman

Introduction

Once a diagnosis has been made using conventional
approaches such as taking a careful history, perform-
ing a thorough physical examination ‘including
orthopaedic and neurological tests, followed by
imaging and laboratory tests as indicated (Chapter
7), a diagnosis of mechanical spinal pain can be
made.

The mechanical lesion treated by chiropractors is
referred to as a spinal functional lesion - a subluxa-
tion. This has been defined as a motion segment in
which alignment, movement integrity and/or physio-
logical function are altered (Gatterman and Hansen,
1994). Motion segments are the functional units of
the body characterized by articulating surfaces and
their connecting structures. The spinal motion seg-
ment of Junghanns is made up of two adjacent
vertebra and the connecting tissues binding them to
each other (Schmorl and Junghanns, 1971). The
typical motion segment (or functional spinal unit) of
the spine is a complex of three joints, the two
zygapophysial (posterior) joints and the interverteb-
ral disc. Movement at any one of these joints has a
significant effect on the other two joints in the
three-joint complex with degenerative changes
affecting the quality and quantity of movement of
the motion segment as a whole (Gatterman, 1990).
In the cervical spine the two most cephalad ver-
tebrae form atypical motion segments with no discs
separating the anterior portions of these segments.
The occipitoatlantal articulation has two paired
condyles on the occiput that fit into the concave
articular surfaces of the atlas. The body of the atlas
in the atlantoaxial (C1-2) segment is replaced by
the peg-like odontoid process of the axis which is
bounded anteriorly by the arch of the atlas and

posteriorly Dby the transverse cruciate ligament.
These two atypical motion segments allow for a
considerable range of movement in the upper cer-
vical region. The primary motion at occiput-Cl is
flexion and extension, while C1-2 allows for 50% of
the total cervical rotation. Motion in the mid and
lower cervical motion

and extension, and coupled lateral flexion and
rotation. Consistent with spinal motion in general,
movement in the cervical spine is guided by the
morphology and plane of the zygapophysial articular
surfaces.

The' exact mechanisms that cause subluxation of
the zygapophysial articulations have not been estab-
lished. Biomechanical models that have been pro-
posed are listed in Table 9.1 (Mootz, 1995). Cervical
subluxation syndromes affecting the cervical motion
segments are commonly accompanied by neck pain
and restriction of range of motion and may be
localized to a spinal level by palpation for painful
zygapophysial joints and muscle spasm, and possibly
by functional radiography (Dvorak et al., 1988).

Table 9.1 Models of chiropractic subluxation

Biomechanical models

Vertebral malposition

Fixation caused by adhesion

Fixation caused by synovial fold entrapment
Fixation caused by nuclear fragmentation
Disc deformation caused by tissue creep
Hypermobility and ligamentous laxity
Mechanical joint locking

Modificd from Mootz (1995).
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140 Clinical Anatomy and Management of Cervical Spine Pain

Aetiology of mechanical disorders

The aetiology of cervical spine subluxation is thought
to include progressive degeneration, trauma and
aberrant neurological reflex patterns (Mootz, 1995).
In addition to degenerative changes that occur with
the ageing process, it has been speculated that frank
trauma such as injury from a whiplash mechanism, or
microtrauma produced by faulty sleeping posture and
other habitual positions that produce repetitive strain
can cause subluxations. Differentiation of subluxa-
tions must include the recognition of subluxation due
to overt pathology and the non-manipulable subluxa-
tion. A non-manipulable subluxation is a vertebral
motion segment with radiological or clinical features
indicating that an adjustive force or osseous manip-
ulation to this motion segment would be harmful or
dangerous and is therefore contraindicated (Peterson,
1995). This extreme form of subluxation has been
referred to as a medical subluxation or surgical
subluxation (Sandoz, 1971) and it is imperative that
the distinction be made on the basis of the magnitude
of damage to supporting structures and clinical
findings.

Chiropractic treatment for mechanical pain of the
cervical spine is primarily manipulation but this
should only be used when it is considered safe in a
particular case. Manipulation is a manual procedure
that involves a carefully directed thrust to move a
joint past the physiological range of motion without
exceeding the anatomical limit (Sandoz, 1976,
1981).

In contrast to the non-manipulable subluxation, the
subluxation chiropractors treat with manipulation is
not commonly diagnosed by radiographic findings
but rather is determined by palpatory indications
(Haas and Panzer, 1995) of localized pain and muscle
spasm (Bryner, 1989). A manipulable subluxation is
one in which restricted function can be improved by
manual thrust procedures (Gatterman and Hansen,
1994)

The process and mechanics of
spinal degeneration

The intrinsic forces that make the healthy spine a
comparatively stable and mobile mechanical unit are
vested in the elastic properties of some structures of
the spine. Forces acting on the typical cervical
motion segment include the axial pressure of the
head on the nuclei pulposi and the tension exerted
by ligaments holding each segment together, thus
forming an intrinsic equilibrium. Relatively little
muscular force is required from the contractile
elements to maintain erect posture when this intrin-
sic equilibrium is preserved. When the intervertebral

disc degenerates, this intrinsic balance mechanism is
disrupted. With reduced turgidity, as the nucleus
pulposus loses its hydrophilic properties, segmental
instability occurs because the inelastic ligaments
cannot shorten to compensate for the loss of disc
height. The resultant increase in muscle activity
required to stabilize the degenerating spine leads to
the familiar pain-spasm-pain cycle.

Hall (1965) reviewed the pattern of degeneration
of the cervical spine. In the early stages, he noted
cavities at the lateral margin of the anular fibres of the
intervertebral disc that spread from one side to the
other with accompanying loss of disc height and
ligamentous laxity. In the final stage, the inter-
vertebral distance is greatly reduced and the bone
structure becomes distorted by osteophyte formation
that results in stabilization of the excess mobility
allowed by intersegmental ligaments.

In the following decade Kirkaldy-Willis et al. (1978)
documented similar changes in the lumbar spine that
provide a working model for the diagnosis and
management of mechanical low back pain (Kirkaldy-
Willis, 1984; Kirkalcdy-Willis and Hill, 1979). In this
model, following the initial stage of dysfunction, loss
of the intrinsic equilibrium creates an unstable phase
of kinesiopathology during which subluxation occurs
(Keim and Kirkaldy-Willis, 1980). In the final stage,
stabilization occurs, when motion in the zygapophy-
sial joints and disc becomes restricted by osteophytic
proliferation; this stage is characterized by cartilage
degeneration, loss of disc substance, soft-tissue fibro-
sis and the formation of osteophytes (Keum and
Kirkaldy-Willis, 1980).

In the cervical spine the joints of Luschka also
exhibit degenerative changes, with the joint between
the bodies of the vertebrae altered from a fibrocartila-
ginous amphiarthrosis to a ball-and-socket-shaped
diarthrosis (Hall, 1965). Sandoz (1989) described an
intermediate phase prior to stabilization during
which reversible joint fixations (manipulable subluxa-
tions) occur. He noted that the restricted motion
typically occurs at the extremes of segmental range of
motion and may produce acute pain of mechanical
origin. In contrast, he noted that chronic segmental
joint fixations encountered in the final stage of
stabilization most commonly occur at, or near, the
neutral position and are not reversible (Sandoz,
1989).

The mechanics of cervical spine
injury

Injuries to the cervical spine may be classified

according to the structures involved and by the

mechanism of injury (Whitley and Forsyth, 1960;
Babcock, 1976). Stability is dependent on liga-
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Chiropractic management of neck pain of mechanical origin 141

mentous integrity and the absence of neurological
insult. Instability has been defined as:

Loss of the ability of the spine under physio-
logic loads to maintain relationships between
vertebrae in such a way that there is neither
damage nor subsequent irritation to the spinal
cord or nerve roots and, in addition, there is no
development of incapacitating deformities or
pain due to structural changes (White and
Panjabi, 1978).

[f severe instability is suspected based on severe pain,
signs of neurological compromise or radiographic
findings (McGregor and Mior, 1990), the patient
sheculd be referred for a surgical opinion.

Cervical spine injuries

[n general, spinal injuries are classified according to
the mechanism of injury (Table 9.2). Hyperflexion
injuries most commonly result from blows to the
back of the head and forceful decelerations, for
example produced by motor vehicle accidents
(MVA). Pure flexion trauma may result in wedge
fracture of the vertebral body with ligamentous

Table 9.2 Classification of spinal injuries by mechanism
of injury

Hyperflexion injuries

Anterior subluxation syndrome

Bilateral zygapophysial joint facet subluxation
Wedge compression fracture

Flexion teardrop fracture

Lateral flexion and rotation injuries
Rotational subluxation syndrome
Untilateral zygapophysial joint facet subluxation

Hyperextension injuries

Posterior subluxation syndrome
Hyperextension fracture -dislocation
Fracture of the posterior arch of the atlas
Traumatic spondylolisthesis

Laminar fracture

Vertical compression injuries
Compression fracture

Burst fracture

Jefferson burst fracture (C1)

Mixed mechanism injuries
Atlanto-occipital dislocation
Odontoid fracture

Total ligamentous disruption

Modified from Fitz-Ritson (1995).

damage, loss of stability and neurological damage.
With severe injuries, the anterior longitudinal liga-
ment and intervertebral disc may be disrupted, with
bilateral zygapophysial joint dislocation. Obviously
such cases require referral for appropriate surgical
intervention (Chapter 8).

Hyperextension injuries to the cervical spine are
most likely to occur from a blow to the forehead or
from whiplash injury produced by sudden accelera-
tion and are more common than hyperflexion in-
juries. Hyperextension injuries frequently involve the
atlantoaxial joint;, hyperextension combined with
compressive forces, such as occur with diving acci-
dents, may result in fractures and dislocations leading
to instability and cord damage. Violent hyperexten-
sion with the fracture of the pedicles of C2 and
forwards movement of C2 on C3, produces the
hangman’s fracture. Burst fractures from compressive
forces are rare and may involve explosion of com-
pressed disc material as well as disruption of the
vertebral body. Displaced fragments can produce
cord injury in otherwise stable segments (Fitz-Ritson,
1995). All these conditions require referral for appro-
priate surgical intervention (Chapter 8).

Whiplash injuries

Whiplash is not a diagnostic term, but rather a
descriptive label that implies a mechanism of injury
whereby the body comes to a sudden stop followed by
a sudden snap of the unsupported neck and head. By
far the most common cause of whiplash injury is the
MVA. The high incidence, litigious nature of personal
injury and the frequency of ongoing complaints
following low-speed impact make this a highly
controversial subject which is dealt with in detail in
Chapter 5.

The vulnerability of the neck is created by the
3.5-5.5 kg head (Jackson, 1977) sitting on top of the
cervical spine with its multitude of joints, 50 pairs of
muscles and a complex ligamentous/capsular net-
work. From this perspective we have a ball (the head),
a flexible chain (the neck) and a rigid base (the upper
back). It is not surprising that this structure is subject.
to subluxation syndromes accompanied by soft-tissue
damage (Hohl, 1983) when a sudden motion whips
the head and neck (most commonly in flexion and
extension).

Athletic injuries to the cervical
spine

Injuries to the cervical spine include those from
athletic activities such as football, soccer, skiing,
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142 Clinical Anatomy and Management of Cervical Spine Pain

diving, boxing, hockey and gymnastics. The mech-
anical wvulnerability of the head-neck coupling
increases the risk of severe disruption of the
motion segments. Bony elements, ligaments, discs
and muscular supporting structures as well as
neurovascular structures can be affected.

Occupational and lifestyle trauma
to the cervical spine

A variety of occupational risk factors have been
suggested for mechanical disorders of the neck. The
introduction of modern technology has resulted in
monotonous tasks that impose static and repetitive
loads. These tasks affect the joints and muscles
which, in turn, can contribute to subluxation syn-
dromes. Consequently, a relationship has been found
between time spent working with office machines,
including visual display units, and the occurrence of
musculoskeletal symptoms. Other factors contribut-
ing to these disorders are mental strain, lack of
situational control and low job satisfaction. A study of
420 medical secretaries found that 63% had neck pain
at some time during the previous year due to working
with office machines for 5h or more per day
(Kamwendo et al., 1991).

Clinical features of mechanical
neck pain

The clinical presentation of neck pain depends on the
underlying anatomical and functional disturbance.
Neck pain and restriction of motion are the most
common presenting complaints and 45% of the
general population are afflicted at some time during
their lives (Kelsey, 1982). Furthermore, as many as
one-third of these individuals will continue with
chronic moderate to severe pain 15 years after the
initial onset (Gore et al., 1986).

History

Patients who present with mechanical neck pain give
varied histories as to the onset of their affliction. Most
frequent presentations indicate a history of recent
trauma from MVA, falls or sports injuries, or cumu-
lative trauma from habitual occupational postures.
Less frequently there will be a history of, for example,
antecedent viral illness or exposure to blasts of cold
air causing neck stiffness.

Table 9.3 Static and motion palpation procedures used
in the manual therapy

STATIC PALPATION MOTION PALPATION

Soft tissue Active/passive segmmental

range of motion
Tenderness ge of

Oedema Tenderness
Temperature Quality
Moisture Quantity

Muscle tone
Hyperaemic response
Motility

Trophic changes

Accessory motions

Joint play

End play or end feel
Bony Joint challenge/tenderness
Tenderness
Malposition
Anomalies

Modified from Haas and Panzer (1995).

Examination

Palpation remains the primary diagnostic procedure
to localize pain in amenable structures, for example
muscles and zygapophysial joints, by clinicians
whose disciplines practise the art of manual therapy.
Chiropractors (Schafer and Faye, 1989; Faye and
Wiles, 1992; Haas and Panzer, 1995) along with
medical practitioners (Mennel, 1965), osteopaths
(Beal, 1989; Greenman, 1989), and physical ther-
apists (Magee, 1987) who utilize manipulative ther-
apy acknowledge this essential skill. Haas and Panzer
(1995) recorded the static and motion palpation
procedures used in the manual therapy decision-
making process (Table 9.3).

Joint play assessment and motion palpation are
commonly taught chiropractic procedures (Bryner
and Bruin, 1991); however, reliability of palpatory
procedures has not demonstrated consistent inter-
examiner reliability for motion palpation, muscle
tension and malposition (Haas and Panzer, 1995).
Pain provocation, however, has been shown to have
fair to good reliability among palpators. Motion
palpators have demonstrated moderate to good
intraexaminer reliability, indicating their ability to be
consistent with themselves (Haas and Panzer, 1995).

One remarkable study (Jull et al, 1988) demon-
strated a high level of accuracy for the diagnosis of
symptomatic cervical zygapophysial joint dysfunction
correlating manual diagnosis with radiologically con-
trolled diagnostic blocks. Three palpatory criteria
were used to test the mechanical properties of all the
cervical joints: abnormal end feel; abnormal quality of
resistance to movement; and local pain on palpation.
Because some patients could not tolerate a full
examination of every joint movement because of the
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high irritability of the pain, it was established that, ata
minimum, passive, accessory intervertebral move-
ment would be assessed in all subjects. All sympto-
matic subjects in this study had experienced chronic
cervical spine pain for at least 12 months. Nerve
blocks were used to determine the specific cervical
zygapophysial sites of pain and dysfunction. The
blinded examiner examined the patients 1-4 weeks
after the initial diagnostic block procedure to ensure
that the effects of the block had worn off and no trace
of any needle-puncture site remained. This examiner
was able to identify correctly 15 of 20 patients with
confirmed zygapophysial joint pain or dysfunction,
determine the correct segmental level in all 15
patients, and identify the 5 patients with non
zygapophysial joint pain. This study concluded that
‘manual diagnosis by a trained manipulative therapist
can be as accurate as can radiologically-controlled
diagnostic nerve blocks in the diagnosis of cervical
zygapophysial syndrome’ and that the three diagnostic
indicators chosen were ‘highly specific for sympto-
matic zygapophysial joints’. The study demonstrates
that, when symptomatic subjects are examined and
compared to a known gold standard for comparison,
palpatory evaluation is an accurate tool for manual
diagnosis of mechanical lesions of the cervical spine.

'Functional tests

In addition to palpatory examination, several func-
tional tests may help to differentiate between pain of
mechanical origin arising from the anterior or pos-
terior elements and this may provide useful informa-
tion for the examiner.

Distraction

Traction of the neck with the patient seated or supine
may relieve mechanical pressure on joints and nerve
roots. One hand is placed under the patient’s chin
and the other hand around the occiput. The examiner
slowly applies traction to the patient’s head to
determine whether there is relief or a decrease in the
patient’s pain.

Foraminal compression

Conversely, with the patient seated and the neck
extended and laterally flexed, axial compression to
the neck will compress the zygapophysial joints and
compromise the lateral canal, possibly increasing
mechanical neck pain. With nerve root involvement,
pain will radiate into the arm on the side to which the
neck is laterally flexed. The distribution of the pain
and altered sensation can give some indication as to
which nerve root is involved.

Cervical extension and rotation

The usefulness of screening the patient for risk of
cerebrovascular injury by placing the neck in exten-
sion and rotation prior to manipulation has recently
been questioned (Cote et al, 1996). None the less,
the predictive value of this test has not been
established and, given that some patients will show
signs of discomfort when placed in this position, the
prudent manipulator will gently place the patient’s
neck in extension and rotation, looking for signs of
blanching, nystagmus or cyanosis around the mouth
before deciding whether it is safe to use spinal
manipulation. These signs, or complaints of dizziness
or nausea, suggest that the patient does not tolerate
this position and may be at risk of a cerebrovascular
accident. Cervical spine manipulation using exten-
sion and rotation on such a patient should be avoided
(see also Chapter 12).

Radiographic evaluation

The primary use of radiography in the evaluation of
mechanical disorders of the cervical spine is to
identify conditions that contraindicate or require
modification of spinal manipulation (Gatterman,
1992). At least 31 conditions have been identified that
suggest modification of manipulative therapy and, in
at least 20 of these conditions, radiography is part of
the standard practice for establishing the diagnosis
(Gatterman, 1991).

Flexion and extension views of the cervical spine
are included in the Davis series (Davis,- 1945), the
standard views taken following cervical spine
trauma. The flexion-extension examination is useful
in determining motion and instability. Atlantoaxial
instability is recognized radiographically as an
increase in the atlantodental interval measuring
more than 3 mm in adults and 5mm in children on
the neutral lateral and flexion views (Yochum and
Rowe, 1987). Similarly, hypermobility, hypomobility
and aberrant and paradoxical motion (Fig. 9.1 A-C)
have been described by chiropractic authors (Grice,
1977; Mannen, 1980; Henderson and Dorman,
1985). Overlay studies (Fig. 9.1D and E) are useful
to identify abnormalities of cervical flexion-exten-
sion motion. This procedure is performed most
frequently in patients afier spine trauma and is used
to indicate the presence of any excessive or abnor-
mal segmental motion (White and Panjabi, 1978;
Vernon, 1982; McGregor and Mior, 1990). Outlines
of the vertebral bodies from flexion, neutral and
extension radiographs are superimposed and traced
on acetate transparencies with coloured fine-tip
pens. Segmental motion between flexion, neutral
and extension can then be depicted. Excessive
lateral translation of the atlas lateral masses in
relation to the axis, showing atlantoaxial instability
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144 Clinical Anatomy and Management of Cervical Spine Pain

Fig. 9.1 Cervical spine lateral flexion-extension overlay
study. (A) Extension; (B) neutral and (C) flexion (C)
radiographs can be analysed for intersegmental motion by
tracing the anatomical outlines from the neutral radiograph
(solid line in D and E). These are compared with the
extension (D) and flexion (E) tracings (dotted lines in D and
E), which are superimposed on the neutral tracings. The
procedure is performed most frequently in patients after
spinal trauma and can be used to detect excessive or
abnormal motion. From Taylor (1995) with permission.

Copyrighted Material



Chiropractic management of neck pain of mechanical origin 145

0 EXTENSION ...
NEUTRAL —

and abnormal motion in rotary atlantoaxial subluxa-
tion, can be shown with lateral flexion views taken
with an open mouth (Reich and Dvorak, 19806).

Differential diagnosis

The history and physical examination, with appro-
priate imaging and laboratory procedures as indi-
cated, help to determine whether the neck pain is
mechanical in origin or whether there are other
pathological changes requiring non-manipulative
additional therapeutic procedures. It should be
remembered that mechanical neck pain rarely
occurs without accompanying soft-tissue pathology
(Chapter 1).

In addition to subluxation of cervical motion
segments producing mechanical neck pain, among
the conditions that must be ruled out or confirmed
are muscle syndromes, ligamentous sprain, degen-
erative joint disease, cervical disc herniation, torti-
collis, myofascial pain syndromes and inflammatory

E FLEXION .......
NEUTRAL —

disease. Table 9.4 outlines some of the more com-
mon mechanical and pathological disorders of
the cervical spine encountered in chiropractic
practice.

Management

The first consideration in the treatment of mechan-
ical neck pain is manipulation when no contra-
indication is present (Table 9.4). Indications for the
type and location of manipulation are primarily
dependent on palpatory findings of segmental mus-
cle and/or zygapophysial tenderness and motion
restriction. Chiropractic manipulation (commonly
called the adjustment) tends to be applied specifi-
cally to a single vertebra with a short-lever, high-
velocity, low-magnitude thrust or impulse. Long-
lever arm procedures have the mechanical
advantage of developing greater force at the
expense of specificity and control. The direction of
applied force is along the plane lines of zygapophy-
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Table 9.4 Differential diagnosis of some common disorders of the cervical spine

Condition

History and symptoms

Diagnosis indicators

Management

Muscle syndromes
Cervical strain

Postural strain

Acute torticollis

History of trauma (whiplash);
neck pain radiating into the
head, shoulders and arms

History of forwards head with
static loading of neck extension
muscles; pain radiating into
neck, head, shoulders and arms
History of viral infection,
synovial fold pinching or
exposure to a cold draught

Biomechanical disorders

Zygapophysial joint
subluxation

Cervical
zygapophysial joint
sprain

Spondylosis and
spondyloarthrosis

Cervical disc
herniation

Inflammatory disease
Rheumatoid arthritis

Ankylosing
spondylitis

History of unguarded movement
or trauma; pain in neck, head or
arm

History of trauma; pain and
stiffness of neck, protective
muscle spasm: pain may radiate
to occiput and into shoulders

Neck pain and stiffness; decrease
in range of motion; pain may
refer to cervico-shoulder,
occipital and interscapular
regions, dizziness

History of trauma; neck and
shoulder pain radiating down
the arm in the distribution of
involved nerve root;
paraesthesia: numbness, tingling;
sepsory and reflex deficits

Neck pain, progressive pain of
myelopathy, neurological
manifestation that may be subtle
(i.e. easy fatigability or difficulty
in walking, with sensory loss or
gross paralysis)

Predominantly seen in males:
stiffness, spinal pain, muscle
pain and loss of chest expansion

Spasm and trigger points in neck
muscles; pain on activc ROM *
pain on passive ROM

Trigger points in extensor
muscles of the neck

Wry neck from spasm in the
sternocleidomastoid muscle

Palpation may reveal restricted
segmental motion and
tenderness

Motion palpation may reveal
absence of segmental restriction;
stress radiographs may reveal
hypermobile vertebral motion
once muscle spasm reduces

Radiographs reveal decreased
disc height, osteophytes,
sclerosis of vectebral body end-
plates, decreased zygapophysial
facet joint and uncovertebral
joint spaces with osteophytes
and sclerosis

Possible loss of appropriate
reflex and sensation, + muscle
weakness and wasting; advanced
imaging necessary (MRI, CT
scan)

Radiographs may reveal
osteoporosis, hypermobility,
dislocations and subluxations of
the cervical spine; atlantoaxial
dislocation may occur with lysis
of transverse ligaments; flexion-
extension views necessary for
accurate evaluation (3 mm gap
between odontoid and atlas
anteriorly; 4-5 mm forward
subluxation is significant).
Positive rheumatoid factor may
be found

Possibly high ESR and positive
HLA-B27 during active phase;
radiographs demonstrate a
progressive loss of segmental
motion with ossification of
ligaments - ‘bamboo spine’; disc
spaces are not narrowed as in
degenerative joint disease;
ligamentous laxity above rigid
segments may be seen with
atlantoaxial occipital dislocation

Trigger point therapy (manual),
electrotherapy and exercise

Trigger point therapy (manual),
electrotherapy, exercise and
postural retraining

Trigger point therapy (manual),
electrotherapy and manipulation
when indicated

Manipulation

Restrict excess motion with
cervical collar when acute;
exercise

Gentle manipulation depending
on degree of degenerative
changes; traction, cxercise;
restriction of excess motion by
cervical collar may benefit when
acute

Refer scvere cases for surgical
evaluation; moderate cases may
respond to a trial of specific
gentle manipulation; restrict
excess motion, electrotherapy
and excrcise

Manipulation contraindicated in
cases of vertebral segmental
instability; restriction of ¢xcess
motion and referral for medicinal
treatment + surgical stabilization

Gentle mobilization, heat, mild
exercise, manipulation
considered when acute phase is
past; refer for anti-inflammatory
medication when necessary

ROM = Range of motion; MRI = magnetic resonance imaging; CT = computed tomographic; ESR = erythrocyre sedimentation rate; HLA =

human leukocyte antigen.

Note: In all cases, the clinician must consider the possible risk factors of a cerebrovascular accident occurring due to injury of the
vertebral or carotid arteries. 1f in doubt regarding risk factors, 4o not trcat by manual therapy.
Modifted and updated from Gatterman (1990).
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sial joint facets, with the objective of gapping the
joint. As the articular surfaces suddenly move apart
an audible release may be heard, possibly from a
sudden liberation of dissolved synovial fluid gases.
The typical chiropractic manipulation is forceful
enough to produce the articular cracking noise but
not so great as to separate the joint beyond the
limits of its anatomical integrity. Prior to the thrust
the joint must be tractioned to the point of tension
so as to prevent the applied force from being
absorbed by the surrounding soft tissues (Haas,
1990).

Complications from cervical
manipulation

The benefits of cervical manipulation have been
overshadowed by association of manjpulation of the
cervical spine with serious cerebrovascular acci-
dents. Complications have occurred in patients who
have received manipulation uneventfully in the past
and without obvious risk factors for a cerebrovascular
accident, such as arteriosclerosis, hypertension,
heavy smoking or oral contraceptive use. In general,
cervical manipulation is a relatively safe form of
therapy in the hands of skilled practitioners but, like
other precise manual skills, requires prolonged and
" specific training followed by persistent practice. Both
benefit and risk are important considerations in the
evaluation of treatment options as, although the exact
incidence of cerebrovascular accidents following
manipulation is unknown, it has been estimated to
occur in 1 per million to 1 per three million
manipulations (Guttman, 1983; Dvorak and Orelli,
1985, Carey, 1993). This indicates that carefully
performed cervical spine manipulation is probably
safer than complications from medical treatment for
mechanical neck pain. The incidence of serious
gastrointestinal bleeding from prescription non-ster-
oidal anti-inflammatory drugs has been estimated at 1
per 1000 patients and 3.2 per 1000 patients age 65
and over (Gabriel et al., 1991).

While mobilization is considered safer than manip-
ulation, it has been suggested that manipulation is
more effective in the treatment of mechanical neck
pain than non-thrust mobilization (Cassidy et al,
1992). Most complications of spinal manipulation can
be avoided by careful evaluation of each patient
based on a good working knowledge of the relevant
anatomy, physiology and kinesiology. Excess force
should always be avoided, preferably using specific
short-lever thrusts as opposed to high-force, long-
lever rotational manoeuvres. Soft-tissue and mobiliz-
ing techniques may also prove beneficial.

There is no substitution for skill, knowledge and
finesse. Like any other skilled procedure, the expec-
ted results and number of complications depend on

the ability of the clinician. Lack of diagnostic and
manipulative skills should be considered a definite
contraindication to cervical manjpulation.

Contraindications to cervical
manipulation

This topic is dealt with in detail in Chapter 12 so will
only be summarized here.

Contraindications to cervical manipulation range
from non-indication to Jack of a clear indication and
from relative contraindication to absolute contra-
indication. Frequently, manipulation is contraindi-
cated in one area of the spine, yet beneficial in
another region (Gatterman, 1981; Stoddard, 1983).
Unstable fractures or ligamentous instability from
traumatic injuries or pathological conditions are
absolute contraindications for the involved area. A
rejative contraindication is osteopenia, whether from
osteoporosis or osteomalacia. While osteopenia pre-
cludes forceful manipulation, light mobilization tech-
niques and non-thrust adjustments may prove bene-
ficial. Lower-extremity symptoms accompanying
neck pain may indicate disc protrusion with cord
involvement requiring medical referral. Early recogni-
tion of these conditions and immediate referral for
neurological decompression are essential to prevent
permanent neurological deficits. The contraindica-
tions to manipulation are for the most part common
sense and require modification of treatment based on
presentation.

Supporting evidence for
manipulation of mechanical neck
pain

While the evidence supporting manipulation for the
treditment of mechanical neck pain is not as con-
clusive as that for the treatment of acute low back
problems (Bigos et al, 1994), there is convincing
evidence that manipulation of the cervical spine is
more effective than either mobilization or muscle
relaxants. In patients with minor cervical spondylosis
or non-specific neck pain, manipulation with pain
medication has been shown to be more effective than
drugs alone (Sloop et al, 1982). In subjects with
neck, arm or hand pain from cervical spine lesion
with reduced range of motion, increased range of
motion following manipulation with medication was
maintained at 1 week and 3 weeks when compared to
those receiving medication alone (Sloop et al., 1982).
In subjects with chronic neck pain, the manipulated
group demonstrated a 40-50% rise in pain threshold
around the manipulated joint compared to no change
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in the group that received mobilization (Vernon et al.,
1990). Patients with unilateral neck pain showed a
greater mean decrease in pain intensity following
rotational manipulation than those receiving mobili-
zation without a thrust (Cassidy et al., 1992). Greater
mean improvement in physical functioning, and pain
improvement in patients with non-specific neck
complaints with limited range of motion, was demon-
strated in a group receiving manipulation and/or
mobilization compared to groups receiving exercise,
massage and other forms of physical therapy, and a
control group receiving detuned short-wave dia-
thermy and those continuing treatment with general
practitioners (Koes et al, 1992a,b, 1993).

Management of neck pain by chiropractors
involves more than simple manipulation of cervical
joint dysfunction. Adjustments include a variety of
osseous manual thrust (Bartol, 1995) and reflex
(Bergmann, 1995) techniques. Traditional chiroprac-
tic care involves the whole patient (Gatterman,
1995), with spine and nervous system function
viewed as integral components (Troyanovich and
Harrison, 1996). The chiropractor approaches the
spine as a multilinked mechanical system that com-
bines weight-bearing with physiological movement
(Gatterman, 1990). Restoration of mobility and a
reduction in pain are the primary goals of chiroprac-
tic management of mechanical neck pain, along with
the overall objective of improved posture and general
well-being. Modification of precipitating factors in
the workplace and other activities of daily living are
equally important in the management and prevention
of neck pain of mechanical origin.
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Osteopathic management of cervical pain

T. McClune, R. Clarke, C. Walker and R. Burtt

Introduction

Cervical spine disorders are a common source of
discomfort and disability. The previous chapters in
this book have attempted to unravel the current
knowledge surrounding pathology, biomechanics and
the like, in order to provide a useful framework for
clinical management. This chapter aims to set out an
approach to management adopted by the osteopath.
However, as with the other manipulative professions
(and arguably most of clinical medicine), osteopaths
vary dramatically in their beliefs and methods, so
what follows is distilled from a mixture of traditional
practice and contemporary research findings; the
intention is to provide a rational framework for the
assessment, treatment and rehabilitation of patients
with cervical syndromes, within the setting of an
osteopathic clinic. Inevitably there will be consider-
able overlap with the chapters from the other
therapies which use physical modes of therapy, and
doubtless there will be osteopaths (and scientists)
who will disagree with what follows.

Clinicians traditionally use three main sources for
their choice of treatment (Weber and Burton, 1986):
their own experience, what they learn from col-
leagues, and reports from investigations. The first two
are empirical and unreliable, but are the most
frequently used sources; the third, whilst being the
most rational basis of the three, suffers from the
problem of dissemination - it follows that, at best, the
resultant therapy will be suboptimal. In describing
the osteopathic approach we are aware that we only
offer a part of an overall management strategy, a part
that is underdeveloped yet offers the possibility of
considerable help for a proportion of the patients.
Demands for strict scientific proof of the efficacy of
any treatment, though absolutely essential, must not

be confused with the duty to comfort the patient
(Weber and Burton, 1986), always bearing in mind
the need to avoid iatrogenic effects or disastrous
consequences of inappropriate intervention.

In common with low back trouble, cervical syn-
dromes are experienced by most people, at some
stage in their lives, to some extent. Chronicity is not
uncommon, and the clinical challenge is arguably not
just the resolution of immediate symptoms (the
natural
rather it is the reduction of recurrence rates and the
prevention of persistent pain and disability.

The literature in respect of cervical spine syn-
dromes is more fragmented than for lumbar lis-
orders, and there are no structured clinical guidelines
available (at least in the UK). Nevertheless, there are
sufficient clinical similarities between lumbar and
cervical syndromes to indicate that the principles set
out in the American and British guidelines for low
back pain (Bigos et al, 1994) are appropriate, in
general terms, for cervical or neck trouble. The
essential message, once serious pathology has been
ruled out, is that the approach should be one of early
positive management promoting early return to
normal activity (including work) along with a reduc-
tion of passive (rest and avoidance) approaches.
However, it would be a mistake to equate cervical
and lumbar problems; they are distinct spinal areas
with discrete possibilities for referral of symptoms,
for concomitant disease, or for serious pathology;
careful initial assessment is of particular importance
in cases of cervical symptoms.

Cervical pain is a common presenting symptom in
osteopathic practice; figures vary between 20%
(Burton, 1981) and 25% (Burns and Lyttelton, 1994).
This compares with approximately 40-50% of
patients presenting with low back pain (Burton,
1981; Burns and Lyttelton, 1994). The symptom of
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headache, which can frequently be related to cervical
disorders, may represent around 10% of consultations
to osteopaths (Burton, 1981; Burns and Lyttelton,
1994). The most frequent presentation will be for
what can be considered mechanical dysfunction
where assessment and treatment approaches based
on mechanical principles will be appropriate. It is
these disorders, and the possibility for their manage-
ment by osteopaths, which are the focus of this
chapter, but other diagnoses will be given the
attention they deserve. Although issues such as work-
relatedness and psychosocial factors are important
and will be mentioned, their detailed consideration
will be left to other authors in this book.

So far as efficacy of osteopathic (or other manip-
ulative) management is concerned, relatively few
rigorous randomized controlled trials have been
performed. Nevertheless, what evidence there is
(Howe et al, 1983; Vernon et al, 1990; Koes et al.,
1992) is generally supportive. Disasters seem to be
rare, and are probably confined to situations where
there has been a failure to diagnose complicating
pathology.

Assessment

Interview

The first stage in the diagnostic process is the
interview. This is a series of structured questions with
the purposc of finding the answers necessary to form
a differential diagnosis. It is also the starting point
for developing a therapeutic relationship with the
patient, obtaining mutual trust and confidence.

The main objectives are:

. To identify the presenting symptoms.

. To identify any possible cause.

. To establish the start point and progression of the
presenting symptomns.

4. To obtain derajls of any previous history of a
cervical spine condition.

. To determine the symptom-modifying factors
(aggravating and relieving factors).

6. To identify any diurnal pattern of symptoms.

7. To obtain information on any other relevant

medical problems.
8. To permit some insight into occupational, general
lifestyle and relevant psychosocial issues.

SN

93

Presenting symptoms

An osteopath will first determine the site and nature
of pain and associated symptoms. From these the
clinician is able to identify the area of concern and
the tissues involved. Injury to and subsequent
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inflammation of the joint capsule, muscles and
ligaments is said to produce a dull deep ache,
nagging ache or burning ache. A throbbing, beating,
pounding pain suggests inflammation with vascular
congestion. An extreme, unremitting, throbbing pain
is more indicative of a serious pathology. A transient
catch may be due to a functional defect of a joint
segment, resulting in a disturbance of joint mechan-
ics. The above must be considered as traditional
concepts as in general they have not been con-
firmed by scientific research. Any involvement of a
spinal nerve root can produce a severe, sickening
toothache type of pain, which may also be descri-
bed as shooting and associated with paraesthesia or
anacsthesia.

Cervical spine pain can present with or without
radicular pain. In general the upper cervical complex
(occiput to C2) refers pain from the occiput, supero-
laterally to the temporal area and into the orbit of
the eye. The middle and lower cervical spine refers
pain into the shoulder and arm, to the hand. The
presence of anacsthesia/paraesthesia or motor weak-
ness in a dermatomal/myotomal distribution can
indicate nerve root irritation. A more generalized
distribution may be an accompaniment of non-
radicular pain.

Onset and temporal pattern

The causation is important to determine, as fully as
possible. Combined with a knowledge of subsequent
events, one can form a diagnosis and begin to
develop a management plan. The nature, extent and
fluctuations in disability, any relationship with work,
response to past treatment and any relevant past
history can help direct overall management. With
regards to temporal pattern, a distinguishing feature
of inflammation is early-morning irritability and
stiffness. Symptoms worsening as the day progresses
indicate muscular fatigue, and an increase of pain at
night should be investigated more fully, as serious
pathology needs to be eliminated.

Previous history

Previous history of low back pain is significant in the
prognosis of an episode of low back pain. The same
could arguably be true for cervical pain of musculo-
skeletal origin. Obvious trauma to the cervical spine,
e.g. whiplash injury, can have Jonglasting effects,
with episodes of remission and recurrence. Previous
medical history may guide the diagnosis. Previous
malignancy is a ‘red flag' which warrants further
investigation in a patient presenting with neck pain
and/or associated symptoms. Previous history of
anticoagulant medication would preclude high-veloc-
ity thrust (HVT) treatment techniques. Response to
previous treatment to the cervical spine would also
help in the management process.
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Symptom-modifying factors

In low back pain, symptom-modifying factors may
function as discriminating factors (Burton, 1987;
Langworthy and Breen, 1992) and can give an
indication of disability and loss of function and hence
the degree of severity. It seems reasonable to assume
that this is also true of the cervical spine. General
questions are asked as to which factors, if any, increase
or decrease the presenting symptom. The answers to
such questions will both guide treatment as well as aid
diagnosis. For example, neck extension increasing
neck pain, which is relieved by neck flexion, may
indicate zygapophysial joint inflammation.

Lifestyle and psychological influences

An osteopath will question the patient on general
health and lifestyle to gain a more comprehensive
understanding of the patient’s condition, as well as

ensuring that there are no underlying conditions
separate to or causing the present problem that either
need further referral or are contraindicated to osteo-
pathic manipulation. When asking questions about
the patient’s occupation, an osteopath is searching
for factors which may predispose, cause or maintain
the patient’s problems. Work practices and daily
activities often influence the spinal mechanics;
advice given often needs to address these issues. The
patient’s general psychological status, including atti-
tudes to pain and treatment, should be assessed.

Clinical examination

Table 10.1 is a summary of a protocol used by
osteopaths to exclude instability/pathology prior to
high velocity thrust (HVT) manipulation of the upper
cervical segments. Parts of the protocol will be

Table 10.1 Osteopathic screening protocol for upper cervical bigh-velocity thrust (HVT) manipulation

Rapid osteopathic screening examination for the cephalocervical region prior to HVT

Neuvrological elements

Tendon reflexes upper and lower limbs, bilateral plantar responses

Exclude organic neck stiffness, neck flexion test (Kernig's sign)

If the patient complains of sensory changes or weakness of the limbs, assessment of sensation and motor power is

necessary

Intracranial contents

Pupils should be equal, central, regular and react to light. Unilaterally dilated pupil - if pupils are asymmetrical, the larger
may be associated with a Hutchinson’s pupil. Unilaterally constricted pupil - exclude Horner's syndrome

Note that both neck and upper limb pain can be referred from dysfunction of the heart and subdiaphragmatic organs
such as the gallbladder. If symptoms cannot be produced by musculoskeletal examination, the possibility of visceral
referral from these areas must be considered. Consider also the possibility of lung apex involvement, and percuss and

auscultate these areas if necessary

Try to elicit oculomotor ataxia (nystagmus). Vertical nystagmus (jerky/bobbing up and down) is pathognomonic of

brainstem compromise, and a contraindication for HVT

Skeletal elements

Passive examination of cervical column, with patient supine, neck in neutral position (a pillow helps prevent extension)

Note any persistent paravertebral spasm or tenderness

Brief palpation of surface of skull, for bumps, holes, deformities, local areas of tenderness

Palpate extracranial circulation - exclude arteritis (hard, tender, pulseless cord), superficial temporal artecy

Vascular elements

Auscultate and palpate (separately) the transcervical portion of the common carotid arteries. HVT is contraindicated in
the presence of an intrinsic bruit/audible flow murmuc, asymmetry of pulse volume, with asymmetrical conduction of
ordinary heart sounds, i.e. one side muffled compared to the other. Auscultate the vertebral artery in the vertebral
triangle, at the apex of the posterior triangle of the neck where it arises from the first part of the subclavian artery

Trial leverage

Passively put the cervical spine into a minimum leverage position and sustain for 30s. Instruct the patient to report any
disturbance of feelings or perceptions: vertigo (sense of internal instability), anxiety, subjective distress, nausea, epigastric
discomfort, any visual disturbance, i.e. diplopia (double vision) or amblyopia or paraesthesia anywhere in the body,
especially the face. The patient may superficially cooperate but you palpate an increasing involuntary muscular resistance.

In the case of any of the above, HVT techniques
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performed routinely during a clinical examination,
other parts will be used prior to HVT only.

Observation

Observation begins with general surface anatomy,
then more specific regions are assessed, followed by
palpation, to confirm or rule out visual impressions.

Spinous processes can be palpated for any devia-
tion from the midline in the frontal plane, and
depression or prominence in the sagittal plane.
Deviation of the skull and cervical or thoracolumbar
spinal curves from the normal position can be
assessed. A rotational or lateral displacement of the
thoracic spine, ribcage or scapulae indicates the
presence of a scoliosis.

Observation is made regarding pelvic tilt, unilateral
erector spinae or limb girdle muscle hypertonicity/
hypertrophy. This assessment of the symmetry to pos-
ture can guide the clinician to possible areas of over-
use or biomechanical dysfunction. The transition from
the cervical lordosis to thoracic kyphosis should be a
smooth minimal curve, although a prominence at the
C7 spinous process is expected. Note the presence of
any lateral deviation within the cervical spine (e.g.
torticollis) which often results from protective mus-
cular spasm associated with trauma, or the possibility
of bony pathology. If the patient needs to support the
upper limb, this may indicate nerve root compromise.
In advanced stages of bony pathology or soft-tissue
infection the head may be supported by the hands.
Inspect for colour changes. Erythema may indicate
infection, inflammation or acute somatic dysfunction.

Specific muscle bulk, signifying atrophy or hyper-
trophy, is possible to detect with observation, often
confirmed with palpation. Noting signs of trauma
(scars, bruises, lacerations, abrasions and swelling) is
important, and may help identify cause and extent of
injury. A brief inspection of supraclavicular fossae
would indicate if any lymph node enlargement is
present, which would require further investigation.

If the symptoms are aggravated by sitting, observa-
tion would continue with the patient in a sitting
position. Again, alteration of surface anatomy and
morphology from the expected may help in the
identification of areas of dysfunction.

Musculoskeletal assessment

The assessment of spinal somatic dysfunction is the
central issue of our clinical practice. Neumann (1989)
suggests that diagnostic signs of somatic dysfunction
are:

1. Joint movement restriction.
2. Neuroreflexive disturbance manifesting as:
(a) local segmental tissue irritation and/or
(b) peripheral segmental irritation (segmentally
related dermatomes).
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The evaluation of the biomechanical function of
the musculoskeletal system will include examining
symmetry of motion, movement of complete sections
of the spine (regional motion testing) and of single
spinal functional units (intersegmental motion test-
ing). The quantitative value given to a range of
movement is subject to error; the judgement is made
based on the recognized physiological normal values,
which will alter depending primarily on age, disc
degeneration, previous injury and sport participation.
[nstrumentation such as a goniometer can be used,
which would arguably be more accurate (Alaranta et
al, 1994); however, in a clinical setting this accuracy
is not necessary for the evaluation of dysfunction. The
qualitative value given to the range of movement
is as important, and a combination of the two is
our aim.

Active motion

The overall motion of both cervical and thora-
columbar regions may be assessed whilst standing.
However, active movements of the cervical spine may
be tested in the seated position to stabilize the trunk,
and in elderly patients or those prone to dizziness.
The expected range of motion in the cervical spine is
set out below (Kahn and Monod, 1989; McRae,
1990).

1. Ask the patient to bend the head forwards - about
70° should be expected.

2. Ask the patient to tilt the head backwards, into
extension (exercising care if the patient is elderly,
or there is a history of vertigo or dizziness) - about
70° should be expected.

3. Ask the patient to tilt the head towards each
shoulder in turn, without shrugging the shoulders
- 45° is the normal range.

4. Instruct the patient to look over each shoulder in
turn. Normally the chin stops just short of the
coronal plane at the shoulders - about 90° should
be expected.

A note is made of overall range of movement and
at which spinal segments that movement occur. The
next stage is to identify any limitation of movement,
and the likely cause. The possibilities are muscle
guarding, ligament shortening, bony apposition or
presence of pain. The quality of movement and the
reprocduction or exacerbation of symptoms, the
presence of protective deformity, deviation, abnor-
mal contours, loss of normal curvature on move-
ment may help identify tissues contributing to
dysfunction (Corrigan and Maitland, 1991). A note
is made of any paraesthesia and concomitant symp-
toms, and which movement or position affects
them.

To demonstrate the cervical origin of arm pain,
the neck is moved into extension, rotation and then
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lateral flexion towards the painful side together
with gentle but gradually increasing pressure (Spur-
ling manoeuvre). Pain and/or paraesthesia down the
arm indicates nerve compromise, rather than a
thoracic outlet syndrome. This also exerts maximum
load on the intervertebral joints and can reproduce
musculoskeletal referred pain of non-root origin,
which tends to be of a more vague distribution,
not normally below the elbow, and without
paraesthesia.

Palpation

Palpation will include the neck, scapula, mid/upper
thoracic areas and ribcage. Muscular state (resting
tone, bulk, temperature, abnormal mass) and mus-
cular symmetry are noted, as is tenderness to pressure.
Symmetry of the ribcage and bony landmarks are
noted. Variation from the expected normal is the
purpose of such examination. When estimating the
normal, bear in mind work activities, sports participa-
tion, previous injury and personality type.

Local segmental irritation

Facet joint somatic dysfunction is said to be usually
associated with tissue changes around the involved
joint, segmental irritation points (Neumann, 1989),
tender nodular areas resulting from increased tension
in the deep musculature of the neck and swelling of
connective tissues.

These points change with the direction and extent
of passive joint movement, becoming more tender
and easier to palpate as the restricted joint ap-
proaches its end-point.

Peripberal segmental irritation

Patients commonly experience neck pain which
radiates to one or both shoulders, elbows or hands.
Radicular and peripheral joint pathology as the cause
of these symptoms should be excluded. Neurological
and clinical examination of the relevant peripheral
joints will be necessary for this purpose. Referred
pain or hyperalgesia of musculoskeletal origin from a
vertebral segment, without root involvement by
mechanical irritation or compression, is often found
in zones related to, but not always confined to, the
associated dermatomal areas. This so-called sclero-
tome distribution is less distinct than the dermatome,
and is subject to considerable individual variation.
However, musculoskeletal referred pain in the neck,
trunk and limb may not be a matter of somatic
neurons alone. Pain is often referred from spinal
segments to body parts which have no nerve
connections other than autonomic nerves (Grieve,
1991). The sympathetic nerve distribution may be an
important factor in patterns of referred pain of
musculoskeletal origin. Pain conveyed by autonomic
nerves is diffuse and poorly localized. Accompanying
the spread of pain is often referred tenderness,
muscle hypertonus and sometimes vasoconstriction,
manifesting as flushing or sweating. The effects
of segmental somatic dysfunction are listed in Table
10.2 and the effects of cervical musculoskeletal
dysfunction are listed in Table 10.3.

In order to identify surface anatomical landmarks
on the cervical and upper thoracic spine and
shoulder girdle, palpate for bony prominence includ-
ing the inion, mastoid processes, spinous processes
of C2-7 and zygapophysial joints below C2 (for

Table 10.2 Effects of specific segmental somatic dysfunction

Segmental level of
somatic dysfunction

Distribution of pain

Musculaturve affected

Occipitoatlanto
Atlantoaxial

C3-4 and C4-5

C5-6

C6-7

C7-8

Suboccipital, occiput temporal
region, orbit

From anterior aspect of
shoulder to elbow crease

Anterior shoulder, lateral side
of the arm and thumb

Posterior aspect of shoulder
and arm; index, middle and
ring fingers

Medial aspect of arm, ring and
littie finger

Rectus capitis posterior (major
and minor), oblique capitis
(inferior and superior)

Deltoid, supraspinatus,
infraspinatus, teres minor

Biceps, brachioradialis

Triceps brachii

Hypothenar muscles

Possible concomitanl
involvement

Temporomandibular joint
dysfunction

Periarthritis of shoulder

Lateral epicondylitis, radial
styloiditis, bicipital tendinitis,
radial tunnel syndrome

Medial epicondylitis, extensor
or flexor tendinitis
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osteophytic lipping and tenderness). In the unim-
paired person, C6 moves anteriorly with respect to
C7 with cervical spine extension, allowing local-
ization of C7, which is not always the most prominent
vertebra. Palpate the neck for altered bony alignment,
cervical rib or muscular spasm (Corrigan and Mait-
land, 1991). The information gained from this palpa-
tion helps to identify alteration from the expected
normals. After general identification of surface land-
marks, using the pads of fingers, palpate for subtle
changes in the texture of skin, fascia, muscle,
ligaments and tendons, by gradually increasing
pressure of fingertips to examine structures layer by
layer. Feel for abnormal tensions which may indicate
contracture or fibrous changes of the fascia. Follow
the directions of muscle fibres to their insertions,
noting their tone, level of contraction, presence of
contracture or spasm, bogginess (fluid) or ropiness/
fibrosis (chronic contraction), and diffuse or localized
tenderness.

Soft-tissue texture varies according to chronicity.
Acute somatic dysfunction gives rise to increased
temperature, bogginess and oedema, increased mois-
ture, tension, tenderness and a rigid end feel. Chronic
dysfunction generally does not give rise to increased
temperature or oedema; there is a ‘ropiness’ feel to
the myofascial structures. Palpate the supraclavicular
fossae for cervical rib with local tenderness, tumour
masses and enlarged cervical lymph nodes. Palpate
the axilla for enlarged lymph nodes. Examine anterior
neck structures (thyroid gland). Assess the patient’s
hands, forearm and upper arm for intrinsic muscle
wasting and temperature changes.

Passive motion testing

The objective in assessing joint movement passively
is to identify the range of movement, and the reason
for any limitation of movement. In order to examine
a group of spinal segments, the patient is asked to
lie supine and, using both hands to support the
head and neck, the clinician guides the patient
passively through flexion, extension, lateral flexion
and rotation. Observe range and quality of move-
ment, end feel and reproduction or exacerbation of
symptoms. The next stage is to identify the precise
location of the spinal segment(s) involved, and
determine whether they are hypo- or hypermobile.
Hypomobility can result from ruptured disc, trauma,
degenerative change, inflammatory or destructive
processes. Hypermobility can exist in the early
stages of disc degeneration/spondylosis, before any
compensatory mechanism to stabilize the segment
occurs. Determine the direction and extent of
motion restriction and any change in joint play and
end feel. Evaluate also whether the hypomobile
segment is accompanied by local segmental irrita-
tion. The presence of hypomobility and segmental
irritation indicates joint disturbance, but is not
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pathognomonic of somatic dysfunction. Peripheral
segmental irritation is also clinically useful as an
indicator of disturbance in the related cervical joint
(Neumann, 1989).

Occipitoatlantal, atlantoaxial and lower cervical
joints are tested separately in the supine position.
Whilst guiding the patient’s movements passively,
evaluate quality and end feel range of motion in all
planes of movement at each joint, in addition to any
soft-tissue changes. The main physiological move-
ment is a nodding action (flexion and extension) with
a potential for a small amount of rotation and lateral
flexion.

To examine flexion and extension, hold the occi-
put in both hands and place the tips of both index
fingers behind the transverse processes of C1. Rock
the occiput to produce a nodding movement and
assess the movement between the mastoid processes
and transverse processes of Cl. With remaining
fingertips, palpate depth and tissue texture changes
in the occipitoatlantal sulcus as you flex and extend
the occiput. Normal range of motion is 10° of flexion
and 25° of extension.

To assess lateral flexion, place the tip of the left
index finger between the left transverse process of
C1 and adjacent mastoid processes. Cradle the
occiput in both hands. Tilt the head on the upper
cervical area fully back and forth and palpate the
opening and closing of the gap between the trans-
verse process of C1 and the mastoid process, noting
changes in tissue tension.

To assess rotation, use the same positions as with
lateral flexion, and rotate the head back and forth. As
maximum rotation is approached, the transverse
process of C1 is felt to draw nearer to the mastoid
process on the contralateral side. Zygapophysial joint
crepitis is common in arthrosis. Most somatic dys-
function involves the minor motions of side flexion
and rotation.

Segments C1-2

The movement affected by somatic dysfunction is
rotation. The normal is 25° to each side. Palpating
the spinous process of C2, rotate the head until the
spinous process is felt to move. Normally C2 does
not begin to rotate until the head has rotated
20-30°. However, in the case of somatic dysfunc-
tion, the spinous process starts to move much
earlier (Neumann, 1989). Note the degree of free-
dom of rotation, and changes in symmetry and
tissue texture.

Segments C2-7

Support the occiput with one hand, and flex and
extend whilst palpating with the index fingers of
the other hand between spinous processes for the
amount of separation. To assess lateral flexion,
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support the occiput and neck in both palms, whilst
palpating the lateral aspect of the lateral masses
with the pads of index fingers. Assess the extent of
gapping.

To assess rotation, place the pad of both index
fingers on the posterolateral aspect of the lateral
masses. Pivot the head away from the joint being
assessed, rotating the neck down to, but not
beyond, this joint. Assess the extent of opening
between two articular processes.

Cervicothoracic junction C6-T3

This is a transitional area between two distinct areas
of the spinal column (cervical and thoracic) and,
because of the presence of the first rib, this region
should be examined as a separate unit, with the
patient in the side-lying position. Face the patient
and rest your sternum on the deltoid area of the
patient’s uppermost folded arm to stabilize the
trunk. Support the head with your cranial forearm,
with fingers curling around the patient’s lower
neck. Flexion, extension, rotation and lateral flexion
are all tested in this position, whilst one finger of
the caudal hand palpates movement between adja-
cent spinous processes. Lateral flexion and rotation
are repeated to the opposite side. Palpate also first
rib movement with respiration.

Other tests
Brachial plexus/upper limb tension test

Broadly analogous to the straight leg raising test, this
is carried out to assess the involvement of nerve
root tension. Fix the shoulder girdle with the
glenohumeral joint abducted to 90°, with elbow
extended and the forearm supinated. Superimpose
wrist and finger extension. Normal subjects may
experience stretching over the anterior shoulder,
cubital fossa and lateral forearm, often accompanied
by tingling in the lateral three digits. To cause
maximum nerve root tension, superimpose con-
tralateral cervical lateral flexion and depress the
shoulder girdle (Elvey, 1994).

The arm abduction stresses both cervical nerve
roots and subclavian artery and vein. Addition of
contralateral cervical lateral flexion puts additional
tension on nerve roots, but not on vessels, allowing
differentiation between neural and vascular tissues.
To differentiate berween muscular and neural ten-
sion, flex the elbow and reduce shoulder abduction.
This reduces tension in peripheral nerves but not in
cervical and shoulder girdle musculature (e.g. sca-
lenes). Hence, if pain reduces, nerve root tension is
indicated. This test may indicate the presence or
absence of nerve root tension, but not the nature or
site of the pathology. The response may be the
same, even for different conditions. For example,

carpal tunnel syndrome, ulnar nerve entrapment at
the elbow, proximal radicular syndrome suprascap-
ular nerve problems, thoracic outlet syndromes,
space-occupying masses like Pancoast tumour, extra-
neural tissue adhesions (e.g. after trauma or surgery)
may all give a positive brachial nerve root tension
test.

Therefore, the real benefit of the test is to
differentiate between muscular and nerve root irrita-
bility. A sensitized cervical nerve root can mimic an
intrinsic shoulder joint condition. To differentiate
between these, assess the range of shoulder abduc-
tion, with the shoulder girdle fixed. Repeat this
with the neck laterally flexed to the opposite side,
which applies tension to the upper roots of the
brachial plexus. If the range of active abduction is
now decreased, this suggests nerve root pathology
as the limiting factor. Likewise, if contralateral cer-
vical rotation is reduced with the arm abducted
compared to that with the shoulder in neutral, this
suggests that cervical nerve roots on the tested side
are sensitive to tension.

Peripberal joints

When examining the neck and upper limb, always
check the scapulothoracic, acromioclavicular, sterno-
clavicular, glenohumeral and upper rib joints as faults
may occur at any of these sites. With distal upper-
extremity pain, check the integrity of the elbow,
forearm, wrist and hand - again a possible site of
musculoskeletal dysfunction.

Cervical rib

Look for evidence of ischaemia in one hand (cold-
ness, discoloration, trophic changes). Palpate the
radial pulse and apply traction to the arm. Oblitera-
tion of pulse is not diagnostic, but is suggestive if
there is no change on the other side. Ask the patient
to turn the head to the affected side and take a deep
breath (and hold it). Obliteration of the radial pulse is
suggestive of a cervical rib causing the vascular
changes, as is a murmur heard over the subclavian
artery. :

Resisted isomeltric muscle contraction

This may be used to identify weakness in muscles and
attachments, and to determine if the motor com-
ponent of nerve function is normal.

General medical screening

The initial interview may raise doubt that the
presenting condition is of musculoskeletal origin. See
Table 10.1 for a clinical screening protocol designed
to identify underlying pathology which would pre-
clude manipulative treatment. Medical screening is
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important because self-referred patients give only a
one-off history; they are already symptomatic and
impatient for treatment. There are two sources of
clinical error - to miss a detectable pathology and to
hurt the patient by treating a surgically unstable
body.

Classification of musculoskeletal
dysfunction

The upper cervical complex (occiput
to C2)

Both these joints possess articular nociceptors and
sensory afferents and hence have the potential to
produce upper neck pain. The tissues causing pain
production are the suboccipital muscles, C1 and C2
nerve roots, the upper cervical ligaments and zygapo-
physial joints. Referred pain from the occipitoatlantal
joint is variable and diffuse but tends to be sub-
occiptal, temporal or radiating from C5 to the vertex.
The atlantoaxial joints produce more localized pain,
lateral and posterior at the C1-2 segmental level
(Grieve, 1981a; Ehni and Brenner, 1984; Star and
Thorne, 1992; Dreyfuss and Fletcher, 1994).

The occipitoatlantal joint can become problematic
as a result of a primary trauma or due to chronic
postural dysfunction. A sudden or excessive move-
ment of the head will cause the zygapophysial joints
to move beyond their normal range of movement,
resulting in excessive stretching of the capsule and
ligaments with impingement and ‘jamming’ of the
facet surfaces. Pain occurs due to the subsequent
synovial irritation and inflammation. The swelling
may cause encroachment of the nerve root and other
tissues. A protective muscle spasm also occurs, giving
ischaemic pain.These will all result in restricted joint
mobility. Altered neuromuscular activity may contrib-
ute to a chronic pain situation resulting from an acute
condition, which has no obvious reason for persistent
symptoms.

Irritation of local myofascial-periosteal attach-
ments as a result of acute or sustained muscle
contraction also produces local pain or tenderness,
especially at the base of the occiput. The hypertonic
suboccipital muscles may cause irritation of the
superior occipital nerve in this area, causing pain in
the top and side of the scalp, radiating to the frontal
area. There are various positions in which the
occipitoatlantal joint can become restricted: either
anteriorly or posteriorly, unilaterally producing ipsi-
lateral pain and resistance of movement, with
increased movement contralaterally (torsion), either
anteriorly or posteriorly bilaterally, giving bilateral
pain and resistance (flexion or extension) laterally,
unilaterally with ipsilateral pain and resistance (side-
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bending). If anterior one side, and posterior on the
other, bilateral pain may occur due to rotation.

Trauma to the head or neck, e.g. from a fall, or
during contact sport or a knock to the vertex, can
result in a restriction of the occipitoatlantal joint and
associated pain. The patient is typically a young adult
presenting with ipsilateral suboccipital pain, often
spreading to the frontal and supraorbital area. He or
she will have an accentuated cervical lordosis due to
upper cervical muscle spasm. Rotation and side-
bending towards the affected side will be painful and
restricted, and away from that side will elicit a pulling
sensation in the symptomatic side. The overlying
tissues will feel thickened and tender. Any neuro-
logical symptoms, such as occipital paraesthesia or
numbness with weakness on active resisted chin
movements, may indicate a tearing of the cranio-
vertebral ligaments with subsequent instability
and trespass on the C2 nerve root. In this case care
should be taken and mobilization/manipulation
contraindicated.

Postural strain develops over a period of time,
often with insidious onset. The individual may be
asymptomatic for a period of time, with pain only
experienced when there is an increased load placed
on the tissues and a subsequent tissue response
provoking muscular ischaemia or fatigue. This may
result from activities such as desk work, producing
flexion injuries of the occipitoatlantal joint, or from
jobs involving sustained extension of the occipi-
toatlantal joint, such as decorators or car mechanics.
The atlantoaxial joint tends to become restricted in
rotation. This can occur, for example, as a result of
an uncoordinated movement during sleep or due to
working in confined spaces. There may be an acute
or chronic history. The patient can present with a
variety of symptoms, including occipital and hemi-
cranial pain, face pain and occasionally paraesthe-
siae and stiffness of the upper neck with diffuse
headache. Side-bending and rotation are painful and
restricted on the symptomatic side. The head and
neck may be in a normal position or in some cases
side-bent to one side and rotated to the other, with
hypertonia of the contralateral sternocleidomastoid
muscle. Caution is necessary if the onset is trau-
matic because excessive rotation can also be associ-
ated with anterior shift of the atlas, especially if
there is a transverse ligament deficiency, e.g. in
rheumatoid arthritis, which can lead to a com-
promise of the vertebral arteries with brainstem and
cerebellar infarction (Chapter 12).

Arthrotic changes occur most commonly at the
anterior atlantoaxial joint and also at the occipito-
atlantal and lateral atlantoaxial joints. Patients are
commonly mature or middle-aged with a history of
symptoms for months or years, often initiated by a
traumatic stress. They may complain of a nagging
headache in the forehead and eyes, with a feeling of
retro-orbital pressure. The pain tends to get worse as
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the day goes on. It is aggravated by prolonged flexion
or extension, which can also cause dizziness. Nuchal
crepitus is commonly present. On palpation there is
thickening and tenderness of the suboccipital soft
tissues. There is often a variety of accompanying
symptoms, including vertigo, momentary vagueness,
nausea, dysphasia, dysphonia, blurred vision, vaso-
and sudomotor changes and miosis.

The upper cervical spine is involved in 40% of
rheumatoid arthritis cases (Sharp and Purser, 1961),
with atlantoaxial subluxation occurring in 25% (Con-
lon et al., 1966) due to softening and weakening of
the transverse ligament. Symptoms are commonly
upper cervical and suboccipital pain, spreading to
mastoid, temporal or frontal areas. Great care must be
taken in all cases of suspected rheumatoid arthritis,
with spinal manipulation absolutely contraindicated
and referral to a rheumatologist necessary.

Headaches

Headache is a common symptom and its causes are
too numerous to be discussed fully here. We will
comment on those which relate to the musculoskele-
tal system. Approximately 10% of consultations to an
osteopath are for headaches (Burton, 1981; Burns and
Lyttelton, 1994).

Tension beadache

This is characterized by a persistent low-intensity,
non-pulsatile ache, typically in the forehead, temples,
suboccipital area and neck. There is often a feeling of
pressure at the vertex or a tight band-like sensation.
There is usually a history of problems over a few
years. The problem is more common in females 3: 1,
Jerrett, 1979) and tends to occur between the ages of
30 and 40.

Pain occurs as a result of sustained muscular
contraction, which is brought about by various local,
cortical and thalamic reflexes.

Pain may result from:

1. Irritation of the periostium due to traction exerted
by the contracted muscle at its site of insertion.

2. A build-up of metabolites with subsequent ischae-
mia, and increased intramuscular pressure in the
muscle belly.

3. Irritation of the superior occipital nerve as it
passes through the contracted suboccipital mus-
cles, which refers pain to the top and side of scalp
and frontal area. Also its connections with the
fifth, ninth and tenth cranial nerves result in pain
perception in the cranial vault.

4. Emotional factors: somatization of anxiety in the
form of increased skeletal muscle contraction,
musculoskeletal-type headaches are often worse
during times of stress.

Cervicogenic beadache

This presents as a unilateral deep, dull pain starting in
the neck or occiput and radiating to frontal, temporal
and supraorbital areas. There is often referred pain into
the ipsilateral upper extremity. Associated symptoms
can include nausea, dizziness/vertigo, blurred vision
and dysphasia. The duration of pain varies greatly, from
hours to weeks, but usually lasts a few days. Symptoms
are frequently brought on by awkward neck move-
ments or uncomfortable positions during sleep. There
may be history of a recent neck trauma. Patients are
commonly young or middle-aged females (sex ratio
3:1; Merskey and Bogduk, 1994a). These headaches
are thought to be strongly associated with muscu-
loskeletal dysfunction and arthrosis of the upper
cervical spine, and less frequently with spondylosis of
the lower cervical segments (Grieve, 1981b).

The associated symptoms are probably initiated
due to irritation of the sympathetic nerve component
in the upper cervical nerve roots (Merskey and
Bogduk, 1994b) via the superior cervical ganglion,
and due to links with the spinal tract of cranial nerve
V, which is accompanied by parasympathetic and
sympathetic neurons. Dizziness and vertigo are likely
to be initiated by distorted afferent impulses from
mechanoreceptors in the upper cervical zygapo-
physial joints, which are involved in equilibrium.

Vascular beadache

Although migraine is thought to be due to a vascular
disturbance, notably dilation of the arteries of the
scalp and increased cerebral blood flow, it can be
accentuated by musctloskeletal problems, especially
at the occipitoatlantal joint, due to vasomotor effects
via the sympathetic nervous system. It is often found
to occur in conjunction with tension headaches -
defined as a mixed headache.

It is a problem frequently encountered, although
exact prevalence still remains unclear, probably due
to the fact that there are several different types
of migraine and hence diagnostic criteria vary
considerably between studies (Mounstephen and
Harrison, 1995).

1. Classical migraine. This is a throbbing headache
associated with a prodromal state and preceded by
an aura usually with visual symptoms. It accounts
for about 10% of all cases of migraine (Grieve,
1981b). It is more common in females (2:1;
Jerrett, 1979) and tends to occur from childhood
to about 35 years of age. There is a premonitory
phase, lasting from hours to a few days. Pain then
starts, usually in the unilateral frontotemporal area
and may spread to the whole hemicranium, lasting
from 4 to 72h. It is aggravated by stooping or
exercise. Often the patient also experiences nau-
sea, vomiting and photophobia. Attacks usually
occur about 1-4 times a month.
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2. Common migraine. This occurs more often than
the classic type (2/3:1; Merskey and Bogduk,
1994b). They both have the same characteristics,
except that the common type has no premonitory
stage or aura but instead is only accompanied by
nausea, vomiting and photophobia. Attacks also
tend to last for longer - from 4h up to 2 days or
more. These two forms of migraine are tradition-
ally explained in terms of vascular changes. We
would however suggest that a musculoskeletal
component is invariably present, which does
respond to manipulative treatment (Parker et al,
1978).

3. Cluster beadache. These occur as 1-3 attacks per
day in bouts of 4-12-week duration, with remis-
sion lasting for 6-18 months. They are charac-
terized by severe unilateral stabbing, burning,
throbbing pain in the ocular, frontal and temporal
areas which can spread to the whole hemi-
cranium, neck and shoulder. There is associated
ipsilateral lacrimation, photophobia and rhinor-
rhoea, with nausea in severe cases. They start
between the ages of 18 and 40 and are more
common in males (9:1), especially in heavy
drinkers and smokers.

4. Temporal arteritis. This is a vasculitis of the
temporal arteries. It is included here because in
one-third of cases it is associated with polymyalgia
rheumatica, a connective tissue disorder present-
ing as pain and stiffness in the cervical spine and
shoulder girdle muscles and therefore could be
confused with a simple musculoskeletal problem.
The patient is commonly a female of over 50 years
of age, complaining of a constant unilateral or
bilateral throbbing or aching pain and tenderness
in the temporal area. Patients may also report pain
on prolonged chewing (due to intermittent claudi-
cation of temporalis muscles) and various systemic
symptoms such as malaise, low-grade fever and
weight loss.

5. Headache of organic aetiology. This is important
to bear in mind as it often presents with symptoms
similar to that of migraine and therefore must be
included in the differential diagnosis.

(a) Meningitis.

(b) Subarachnoid haemorrhage.
(¢) Chronic subdural haematoma.
(d) Post-concussion syndrome.
(e) Intracranial tumour.

Typical cervical spine

This can be classified as segments C3-7. Joint
structure at these segments consists of a symphysis
type at the intervertebral discs and synovial type at
the zygapophysial surfaces. The detailed anatomy of
soft-tissue attachments has been described elsewhere
in this book. The biomechanical properties which
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osteopaths are interested in relate to the plane of
joint movement and the expected range of move-
ment. The cervical facets are oriented at a 45° angle
to the transverse plane. There is a large degree of
variation amongst individuals with regards to the
amount of movement in the cervical spine. Approx-
imately 90° of axial rotation takes place in C3-7 (45°
cach side of neutral). Lateral flexion is about 49° each
side, flexion about 40° and extension 24°. The
distribution of movement is fairly equal throughout
the segments (Kahn and Monod, 1989). Assessment
of the mid cervical spine should not be limited to the
local tissues; adjacent structures have a direct influ-
ence on the biomechanical function of the mid-neck.
The upper thoracic and shoulder girdle structures are
included in this assessment.

In cervical somatic dysfunction (hypomobility syn-
drome), the typical pattern of restriction is painful
limitation of extension with restriction of lateral
ftexion and rotation towards the painful side, produc-
ing ipsilateral suprascapular pain. This is a regular
compressive pattern which is generally eased by
flexion. Less commonly, the pattern is restricted
movement in one direction only. Regular stretching
patterns include restriction of movement (rotation
and lateral flexion) away from the painful side, the
pain being aggravated by flexion and relieved by
extension. Non-traumatic disorders tend to exhibit
these regular patterns, whereas traumatic conditions
do not, as do conditions involving more than one
component, e.g. zygapophysial joint, foraminal tis-
sues, disc. Within this section it is assumed that all
pathological conditions which preclude spinal manip-
ulation have been rejected. Pain originating from mid
cervical structures (zygapophysial joints, muscle,
interspinal ligaments) is a common symptom in
clinical practice. The cause of presenting condition is
variable:

Direct muscle strain.

. Repetitive/cumulative muscle strain.

Direct joint/ligament strain.

. Repetitive/cumulative joint or ligament strain.
. Complex tissue strain (whiplash).

DR RN

Degenerative change within the intervertebral
discs of the cervical spine is generally a natural
process of ageing, which is caused by the mechan-
ical forces exerted on the tissue during daily activ-
ities. The degenerative change will result in narrow-
ing of the intervertebral space, which in turn will
cause the zygapophysial joint and the uncovertebral
joint surfaces to approximate. The increased loading
of these joint surfaces will result in degenerative
changes accelerating (Barnsley et al, 1993). The
osteoarthrosis at the uncovertebral joints may result
in osteophyte formation, with the effect of protru-
sion into the intervertebral foramen. This may com-
promise the cervical nerve roots (Jackson, 1977). A

Copyrighted Material



160 Clinical Anatomy and Management of Cervical Spine Pain

decrease in disc height will initially result in seg-
mental instability (Grieve, 1991). There will be
relative hypermobility at the affected segment.
There may be hypomobility at adjacent segments.
The surrounding tissue will then compensate for the
hypermobility and the interspinal ligaments, joint
capsule and adjacent musculature will shorten and
fibrosis will occur (collagen infiltration). The net
effect will be a stabilization. The shortening of the
interspinal tissue and the formation of osteophytes
is the natural response to the disc thinning. How-
ever, failure of such a mechanism to exist, which
results from demands exceeding capabilities, may
result in the symptomatic picture we associate with
cervical spondylosis. The change in biomechanical
function of the mid cervical spine as a result of the
degenerative process causes identifiable clinical
changes. On examination, muscle tone often chan-
ges, chronic thickening of the cervical erector
spinae muscles results, and nodules or fibrous tissue
are palpable. Zygapophysial joint movement redu-
ces. The cervical spine often increases its lordosis;
this may be associated with an increase in the upper
thoracic kyphosis. The changes at segmental level
may cause nerve root compromise. Osteophyte
formation or a reduction in the size of the inter-
vertebral foramen will be the cause of such nerve
root irritation. Pain and other neurological symp-
toms (paraesthesia, anaesthesia or paresis) may
result. The distribution of such symptoms will
depend on the spinal level affected (Table 10.2).

Cervicothoracic region

This is the transitional area between the mobile
cervical spine and relatively immobile thorax. The area
is vulnerable to overstrain/overload, in particular in
the C7-T1 apophyseal joint and adjacent connective
tissues, which can have direct effects on the integrity
of related structures (brachial plexus, sternociavicular
and acromioclavicular) (see also Chapter 3).

Thoracic outlet syndrome

This describes a variety of signs and symptoms
resulting from compression of the neuromuscular
bundle as it passes through the thoracic outlet.
Symptoms radiate across the shoulder girdle and
axilla and into the arm. There are three sites where
the neurovascular bundle is most vulnerable to
compression, hence a classification of three syn-
dromes has been proposed:

1. A triangle formed by the anterior and medial
scalene muscles and the first rib, on to which they
insert - anterior scalene syndrome.

2. Between the clavicle and first rib - claviculocostal
syndrome.

3. Between pectoralis minor, near its attachment to
the coracoid process and the ribcage - pectoralis
minor syndrome.

A reduction in size of any of these already narrow
passageways will lead to compression. The compres-
sion can result from:

1. Cervical rib. This is a congenital bony or fibrous
overdevelopment of the transverse process of C7.
It is usually bilateral and varies in size from a small
protrusion to complete rib. There may also be a
fibrous band attaching to the first thoracic rib.
Consequently, the neurovascular bundle must pass
over this higher barrier, which may cause it to
become stretched. It may also be compressed by
the fibrous band.

2. Abnormal fibrous bands in scalenius medius may
cause a kinking of the lower brachial plexus.

3. Fracture of the clavicle or first rib with subsequent

malunion or callus formation can reduce the

claviculocostal space.

Altered rib mechanics, e.g. elevation of the first

and second ribs due to trauma or hypertonia of the

scalenes, can result in chronic pressure on the
structures in this area.

5. Poor posture, with sagging, protracted shoulders,
may place increased tension on the scalenes and
shoulder girdle muscles.

6. Overuse with resultant hypertrophy or hypertonia
of the scalenes or pectoralis minor may occur in
asthmatics and in occupations requiring pro-
longed work in hyperabduction, e.g. painters, car
mechanics.

7. Sleeping postures with the arm hyperabducted
can cause a stretch of pectoralis minor.

8. Reflex contraction and spasm of the scalenes may
result from whiplash trauma, nerve root irritation
or inflammation of the lower cervical zygapophy-
sial joints.

e

Thoracic outlet syndrome tends to be more com-
mon in middle-aged females. Symptoms vary depend-
ing on whether there is neural or vascular compres-
sion or a combination. The lower trunk of the
brachial plexus is most vuinerable to compression,
hence affecting the C8 and T1 nerve roots.

Neurological signs and symptoms

These tend to be the most frequent, occurring in 90%
of cases:

1. Pain, paraesthesia or numbness starting in the root
of the neck or shoulder, radiating down the medial
aspect of the arm, forearm and hand.

2. Subjective weakness with occasional wasting of
the intrinsic muscles of the hand.

3. Cramping of the finger flexor muscles.
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4.

Horner's syndrome - ptosis, enophthalmos, anhy-
drous facial flushing and miosis (ipsilateral to the
lesion).

Vascular signs and symmptoms

These occur in about 10% of cases:

RSN SN

. Diminished radial and ulnar pulses, espectially on

activity.

. Raynaud's phenomenon.

. Oedema of the hand.

. Heavy feeling of the upper extremity.

. Pallor or bluish discoloration of the hand.

. Coldness and cramping of the hands and fingers.

There are various clinical tests that can be carried

out to aid evaluation. The onset of symptoms or a
reduction of the radial pulse denotes a positive test:

. Adison’s test. This places increased compression

on all sites. The radial pulse is palpated. The
patient extends and rotates the head towards the
affected side. The arm is abducted and extended.
The patient takes a deep breath.

. Costoclavicular test. The radial pulse is palpated

whilst the patient sits in a military position - chest
out, shoulders back and down, thus approximat-
ing the clavicle and ribs.

. Hyperabduction test. This implicates pectoralis

minor. The radial pulse is palpated and the arm
elevated to 180°.

. Intermittent claudication lest. This exercises the

forearm muscles in the presence of impaired
arterial blood flow. Both arms are elevated,
abducted and externally rotated. The fingers are
then rapidly flexed. In this case a positive test
occurs, with onset of paraesthesia and pain in the
forearm after a few seconds.

. Spurling manoenvre. This aids differential diag-

nosis from pure nerve root compression. With the
patient seated, the head is compressed down-
wiards. If pain occurs down the arm, this is
probably due to nerve root compression.

In addition to these, a full evaluation of mobility of

the clavicular, lower cervical, upper thoracic and
costovertebral joints is cacried out and muscle tone is
assessed. Treatment is aimed at restoring appropriate
joint mobility, reducing hypertonicity in the scalenes
and pectoralis minor, improving strength of the
shoulder girdle muscles, advice on improvement of
posture and reduction of any emotional tension. This
is achieved through direct joimt manipulative tech-
niques, various soft-tissue stretching/massage tech-
niques and remedial exercises.

There are other conditions producing similar signs

and symptoms which must always be considered in
the differential diagnoses. These include:

N —
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. Pancoast tumour at the apex of the lung.
. Syringomyelia and other tumours of the spinal

cord.

. Cervical spondylosis or disc prolapse.
. Carpal tunnel syndrome.

. Thrombosis of the subclavian vein.

. Friction neuritis of the ulnar nerve.

. Peripheral artery disease.

Specific presentation

Whiplash

An increasing number of patients are presenting to
osteopaths with neck pain following a road traffic
accident. There is an increasing likelihood of litiga-
tion, so that a clearer understanding of the condition
and a well-defined management plan are necessary.
This section discusses a particular type of trauma
which affects primarily the cervical spine; the thor-
acic spine is also involved with this type of injury. It
can be termed a whiplash-associated disorder. The
Quebec Task Force classified whiplash-associated
disorder as follows (Spitzer et al., 1995):

Grade 0: No complaint about the neck; no physical
signs.

Grade I Neck complaint of pain, stiffness or
tenderness only; no physical signs.

Grade II. Neck complaint and musculoskeletal
signs (including decreased range of motion and
tenderness).

Grade III: Neck complaint and neurological signs
(decreased or absent tendon reflexes, weakness,
sensory deficit).

Grade IV: Neck complaint and fracture or disloca-
tion.

The trauma occurs primarily during a road traffic

accident. A similar type of injury could occur during
boxing or motor racing, and also in what would
normally be classed as non-traumatic - flopping into

a

chair (Allen et al, 1994). The majority (90%) of

reported whiplash injuries occur with a rearend
shunt, the patient being in the stationary front car.

Anatomical effects

The biomechanics of the injury result in a primary
movement of extension followed by flexion. Relative
to the trunk the head acceleration can be as high as
12 g in the extension phase and 16 g in the flexion
phase (Martinez and Garcia, 1968). The mandible and
brain are two structures that are independent of the
skull. In the extension phase the mandible will stay
stationary, with the mouth opening and the brain,
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Table 10.3 Cervical musculoskeletal dysfunction

Cause

Acute muscle
strain

Chronic muscle
pain

Acute joint/
ligament strain

Chronic joint/
ligament
dysfunction

Acute complex
tissue injury, e.g.
whiplash

Chronic complex
tissue injury

Significant disc Muscle tone Active joint
degeneration mobility
Possible Hypertonic ! Mobility, often
shortening of cervical tissue all directions
tissue with

advanced

degeneration

Possible Hypertonic and/ 4 Mobility if
shortening of or fibrotic affected tissues
muscle tissue, cervical tissue, stretched
predisposing to and often

recurrent periscapular

microtrauma muscles

Approximation Hypertonic, l Mobility,

of zygapophysial protective particularly if

joints, increasing
degenerative
changes,
therefore
shortened
capsule/
ligaments and T
potential of
strain

Approximation
of zygapophysial
joiats, increasing
degenerative
changes,
therefore
shortened
capsule/
ligaments and T
potential to
strain

Soft-tissue
shortening,
zygapophysial
joints
approximated,
i.e. vulnerable to
strain/
inflammation

Possible increase
in disc
degeneration,;
degeneration
may be
accompanied by
herniation,
particularly if
trauma affected
the
intervertebral
disc

guarding of
cervical muscles

Fibrotic changes
adjacent to
affected
segments, often
fibrotic changes
in periscapular
muscles

Hypertonic,
protective
guarding/direct
trauma of
cervical muscles
and often
hypertonic
periscapular
muscles

Chronic
hypertonic/
fibrotic cervical
and periscapular
muscles

injured tissue is
stretched

1 Mobility of
affected
segments,
particularly
when affected
segments are
moved

1 Mobility in
most planes of
movement,
particularly in
the acute phase

d Mobility often
involving > one
plane of
movement

Passive joint Neurological
mobility changes

1 Mobility of Possible

joints adjacent to  subjective

tissue injury symptoms in the

J Mobility of
joints adjacent to
the muscle
fibrosis

d Mobility of
affected
segments, often
unilateral

1 Mobility of
affected
segments

1 Mobility at
affected
segments, often
involving many
cervical
segments

1 Mobility often
involving > one
segmental level

arm

Unusual, except
if disc
degeneration is
advanced

Possible
subjective
symptoms in the
arm

If disc
degeneration is
advanced,
possible nerve
root
compression

Nerve root
compression
possible if disc
herniation
present or
advanced disc
degeneration
present prior to
injury

Nerve root
compression
possible if there
is unresolved
disc herniation
or advanced disc
degeneration
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which lies free in the skull, impacted as the skull ends
its extension phase (Bogduk, 1986). During the
extension phase of whiplash the anterior structures
of the cervical vertebral column are strained and the
posterior structures are compressed. Anterior struc-
tures subject to strain are intervertebral discs, an-
terior longitudinal ligament, prevertebral muscles,
oesophagus and pharynx. Posterior structures sub-
ject to compression are the cervical zygapophysial
joints and the spinous processes. The force trans-
mitted at the craniocervical junction will cause the
odontoid process to compress the anterior arch of
the atlas; the forwards movement of the atlas will be
transmitted to the head through the atlanto-occipital
joints. The dropping of the mandible would cause the
anterior capsule to be strained (Bogduk, 1986).
During the flexion phase the posterior longitudinal
ligament, the interspinal ligaments, the ligamentum
nuchae, the posterior neck muscles and the capsules
of the zygapophysial joints would be subject to strain.
The compressed anterior structures would be the
intervertebral discs and the vertebral bodies.

The liability to injury would be greater in the
extension strain because there is nothing to prevent
the head extending beyond the natural range. In
flexion the chin will make contact with the sternum
and thus prevent excessive flexion (Bogduk, 1986).

Patho physiological effects

The most likely pathological effects of whiplash, as
demonstrated from clinical and experimental studies,
include strain of the longitudinal ligament, disc
herniation, vertebral end-plate avulsion, muscular
strain or rupture (particularly the sternocleidomas-
toid and longus colli), zygapophysial joint fractures
and capsular damage, and a variety of brain injuries
(Bogduk, 1986). Odontoid fractures are more com-
mon than vertebral body fractures. Zygapophysial
joint pain is the single most common basis for
persistent pain after whiplash (Barnsley et al., 1995).
The clinical implication of the musculoskeletal effects
is that somatic dysfunction will result. This will
present as hypertonic musculature, reduced joint
mobility, pain experienced at the affected spinal
segments, and pain experienced in associated derma-
tomes or sclerotomes.

Guidelines

Guidelines, based on the Quebec Task Force and its
recommendatjons, which have implications for prac-
tising osteopaths are given below.

The Quebec Task Force studied the literature
regarding whiplash injuries, and produced guidelines
for clinical practice. Manipulation was recommended
in the early stages of a whiplash-associated disorder
grades I-1l1. Early return to usual activities should be
emphasized, soft collars should be avoided, medica-
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tion should be used in a limited way, rest is seldom
necessary and reassurance of a good prognosis is
encouraged. Failure to resolve within approximately
3 months, progressive neurological signs or persist-
ent severe arm pain should initiate further referral
(Spitzer et al., 1995)

Management of cervical pain

Aims

The principal aim of osteopathic treatment when
applied to mechanical neck pain is the restoration of
optimal function to the cervical spine and its
surrounding tissues for that individual. This is ach-
ieved with a variety of manual techniques directed at
joints and surrounding soft tissue.

There is much discussion in osteopathic circles
regarding natural healing mechanisms within the
body, though traditionally treatment is applied with
the intention of enhancing such repair and recovery.
All human bodily functions rely on a homeostatic
balance within the physiology of the tissues; if this
situation alters then pathological change may take
place in the tissues. It therefore follows that abnormal
function is a step towards pathological change within
tissues, such as fibrotic infiltration of muscle, liga-
ment, fascia, synovium and joint capsules or degen-
erative changes in hyaline cartilage. Medication
and surgery will often be incompatible with such
changes, leaving physical approaches as an alter-
native; manipulative treatment is one such approach.
If no treatment is offered in these circumstances,
does the functional state of cervical spine continue to
deteriorate, leading to irreversible structural changes
and chronic pain and disability? The answer is:
probably - sometimes. It may depend on the individ-
ual’s make-up (both physical and psychological).

Tissues which may influence neck movement are
the target for treatment; attempts may be made to
recluce muscle tone, stretch fibrotic areas and
increase elasticity of joint capsules and intersegmen-
tal ligaments. If movement, and therefore function, is
improved, then normal repair mechanisms should
ensue. The notion proposed by osteopaths is that the
correction of subtle impairments of movement at a
segmental level is of paramount importance for
correct function.

The osteopath’s approach will go beyond the
mechanical consequences of impaired mobility. It is
suggested that fear of pain and negative attitudes may
prolong an episode of low back pain and may also be
a factor in the progression to chronicity (Lee et al,
1989; Burton ef al, 1995). This may also be true of
the cervical spine, thus a vital component of the
management process is to help address any in-
appropriate attitudes and beliefs. Chronic pain is a
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complex phenomenon involving not only tissue
damage but attitudes to pain, coping strategies,
previous experience of pain and alteration of central
processing mechanisms. It should be a paramount
aim in the management of acute patients to avoid
progression to chronicity.

Classification

In order to achieve the stated aims, a variety of
technical approaches may be utilized, depending on
the individual needs of the patient. Three broad
classes of manual procedures are used more or less
universally, but there are other techniques, beyond
the scope of this chapter, that are used by some
osteopaths. Advice, in its various forms, should be
considered a part of the therapeutic process; this is a
guideline procedure of low back pain (Bigos et al,
1994) and arguably should be for cervical pain.

Soft tissue

This term refers to direct-contact techniques applied
to muscle and ligamentous tissue. Three types of
muscle techniques are used: cross-fibre stretch, longi-
tudinal stretch and deep pressure. Cross-fibre stretch
is force applied at right angles to the muscle fibres in
order to relax the muscle or increase the elasticity of
the muscle fibres. The mechanism by which muscle
tone is reduced is not fully understood, but it is
thought that the Golgi tendon apparatus has a role to
play in adjusting muscle tone. Longitudinal stretch is
force applied along the length of the muscle in order
to increase elasticity by breaking cross-linkages and
stretching fibrous tissue. Deep pressure is applied to
so-called trigger points, to specific muscles and to
areas of fibrosis to increase local circulation and alter
afferent input to the neuromuscular reflex. Liga-
mentous tissue can be also be stretched across the
fibres, longitudinally or with deep pressure.

Articulation

This term refers to passive joint movement. The joints
involved (zygapophysial) are moved within their
normal physiological range; in practice, articulation
may be combined with soft-tissue techniques. If the
joint capsule or intersegmental ligaments are to be
stretched then the joint can be moved beyond its
resistance. Joint movement is normally carried out
with the patient lying supine.

High-velocity thrust

This term refers to a specific joint manipulation. The
zygapophysial joint is the focus of the thrust. The aim
of HVT techniques is to separate the joint surfaces at
right angles to the plane of the facets. The joint is

brought to a point of tension using a combination of
movements - flexion-rotation and side-bending with
or without compression/traction. If a thrust is
delivered to the right side of a patient’s cervical spine,
the neck would be flexed and side-bent to the right
and rotated to the left. The intention is to focus to a
single spinal level; careful palpation is used to guide
the leverage and bring the joint concerned to that
point of tension where the soft tissues begin to limit
motion; this will always be within the normal
physiological range of the joint. At this point of tension
a force is applied either in rotation left or side-bending
right with a high velocity but a very small amplitude,
thus gapping the left zygapophysial joint and produc-
ing cavitation (Tomlinson, 1971). It is emphasized that
the joint should not be moved outside its normal
physiological range. The process of cavitation pro-
duces a temporary separation of the joint surfaces,
allowing an increase in the range of movement
available (Unsworth et al, 1971). A longer-lasting
effect is thought to be brought about by afferent input
altering the feedback in the neuromuscular reflex arc,
thus changing the efferent message to the muscle
spindles, resulting in a reduction of muscle tone. This
technique applies to the middle and lower zygapophy-
sial joints. The techniques are subtly modified for
different cervical regions.

Upper cervical spine

The occiput-atlas~axis form a specific function in the
cervical spine: these joints combine to form a versatile
complex which allows a large range of flexion-
extension and rotation. Soft-tissue treatment is
focused at the group of suboccipital muscles. Articulat-
ing techniques are carried out with reference to the
normal values of joint mobility. The occipitoatlantal
joint can be manipulated asa direct thrust through the
joint, with slight side-bending and rotation, or as a
combined leverage using side-bending and rotation,
with slight extension (Hartman, 1985). The atlanto-
axial joint is manipulated in rotation.

Mid cevvical spine

The mid cervical spine consists of typical cervical
vertebrae, meaning that the standard osteopathic
techniques for the cervical spine can be used
(Hartman, 1985).

Frequency

How often should a patient be treated? This varies
quite considerably between practitioners, but the
condition being treated must influence the decision.
There is no reliable evidence base for the number of
treatments; it depends on individual beliefs and
teaching. A wide range have been reported for
osteopathic practice, with an average of six treatments
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being typical (Burton et al, 1995). In cases with acute
tissue damage, treatment twicec a week seems the
norm, with support for the patient essential in
alleviating fears and concerns. Some considerable
encouragement will be needed to help the patient
return to normal activities as quickly as possible.
Maintenance visits, particularly in chronic or recur-
rent cases, are used by many osteopaths to monitor a
patient over time. The interval may be 2-4 months,
and the visit may consist of an assessment only or may
involve some treatment; whether this helps or hinders
is unknown.

Osteopatbic treatment of whiplash

As with any presenting condition, a detailed struc-
tured interview must take place before any decisions
are made. There is a high probability that a whiplash
type of injury resulting from a road traffic accident
will include litigation. With this in mind, a particularly
detailed interview is necessary, followed by the
physical examination and appropriate investigations;
then a management plan can be formed.

As with all osteopathic management of cervical
conditions, assessment of the thoracic spine is an
important part of the procedure. Often with acute
cervical dysfunction, initial treatment is focused on
the thoracic and thoracocervical junction. Manipula-
tion of the thoracic spine will include HVT, articula-
tion and soft-tissue techniques. The aim behind the
thoracic treatment, is to encourage full mobility
within the vertebral Zygapophysial and costovertebral
joints. Appropriate soft-tissue treatment is needed to
complement the increase in joint mobility.

Clearly any bony fractures, joint instability, brain
damage or progressive neurological signs preclude
osteopathic treatment. Treatment applied directly to
the cervical spine is aimed at reducing dysfunction.
In the cdlinic this would comprise stretching cervical
muscles, articulating zygapophysial joints, applying
HVT to zygapophysial joints and advice regarding
exercises and working conditions.

Expected recovery

There have been a number of studies carried out
looking at the expected course of recovery from
whiplash injuries. The outcome at 3 months seems to
act as a good predictor for the next 2 years (Gargan
and Bannister, 1994). Over 90% of asymptomatic
cases at 3 months after the road traffic accident
remained asymptomatic over the next 2 years. Nearly
90% of those who were symptomatic at 3 months
remained symptomatic for the next 2 years. Factors
which relate to poor recovery include radicular
irritation, intensity of neck pain, previous history of
bead trauma and initial injury-related cerebral reac-
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tions (sleep disturbance, reduced speed of informa-
tion processing and nervousness; Radanov et al,
1994). Severe persisting neck pain with radiation in
the arm is indicative of disc protrusion, and requires
further investigation. There is evidence that cervical
disc protrusion responds well to surgical manage-
ment (Barnsley et al, 1995).

Osteopathic treatment of beadaches

Assuming that the headache is not of pathological
origin, but due to mechanical dysfunction, then
manipulation of the neck has been shown to decrease
the pain and improve the range of movement of the
spine (Stodolny and Chmielewski, 1989). Manipula-
tion has also been shown to decrease the symptoms
of migraine leading to a reduction in frequency and
duration of induced disability (Parker et al., 1978).

Treatment consists of soft-tissue techniques, i.e.
longitudinal and cross-fibre stretches to the cervical
muscles as well as the upper and lower fibres of
trapezius; articulation of the individual zygapophysial
joints as well as those gross articulations of the neck
in all ranges of movement bar extension; specific
joint manipulations to areas determined by palpation
to be dysfunctional.

Efficacy and outcome of cervical
treatment

With respect to osteopathic manipulation of the
cervical spine, studies have demonstrated that results
are similar to that of treatment of the lumbar spine
(Howe et al.,, 1983; Koes et al., 1992). It must be said
that more research has been reported with respect to
low back pain. In one of the early trials investigating
manipulation of the cervical spine, it was found that
spinal manipulation produced a significant immediate
improvement in symptoms in those patients with
pain/paraesthesia in the shoulder and some improve-
ment in those with pain/paraesthesia in the arm or
hand (Howe et al, 1983). Manipulation also pro-
duced a significant increase in measured rotation that
was maintained for 3 weeks, together with an
immediate improvement in lateral flexion; however
this increase was not maintained (Howe et al., 1983).
Exercises are often recommended to maintain cervi-
cal spine flexibility: it has been shown that long-term
benefit requires continual use (McCarthy et al,
1996).

Chronic neck problems, in common with chronic
low back problems, prove to follow a fluctuating
course. One study found that subjects treated by
manipulation showed no consistently favourable
response (Sloop et al, 1982), while another found
that manipulation increased local paraspinal pain
threshold levels (Vernon et al., 1990).
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Complications to manipulation

There are some inherent dangers associated with
manipulating the cervical spine. Assuming that all
pathological conditions have been eliminated, i.e. all
contraindications have been noted, complications
have still been reported following HVT.

One reported complication is Horner's syndrome.
The proposed theory is that local forceful thrusts to
the base of the neck led to a traction/avulsion injury
to the white ramus communicans between the
thoracic nerve and the sympathetic ganglion (Gray-
son, 1987). The author states that, although mishaps
occur, manipulation should not be discouraged.

The second, more worrying complications are
cerebrovascular accidents and, although uncommon,
they have been reported. The general consensus of
opinion is that vertebrobasilar competence should be
assessed before HVTs are performed; however, recent
evidence has suggested that these tests are not
reliable (Thiel et al, 1994). Since vertebral artery
occlusion occurs in extremes of extension and
rotation, it is probably safer to manipulate the neck in
flexion (Danek, 1989; Thiel, 1991; Chapter 12).

It must be noted that it is not uncommon for the
patient to feel slightly light-headed, dizzy or nauseous
after treatment. These symptoms can occur after soft-
tissue techniques, passive joint articulations or HVTs;
it is proposed that stimulation of arterial reflex or
altered sympathetic activity is responsible. This is
usually short-lived, although if reported, care should
be taken with the patient at subsequent treatment.

Summary

In osteopathic practice, neck pain is a common
presenting symptom, often of mechanical origin. The
osteopath will assess the individual and attempt to
exclude the possibility of a serious pathology. Assum-
ing no ‘red flags’ are apparent, a detailed musculo-
skeletal assessment will conclude with a management
(treatment) plan. There is reasonable evidence to
support the use of spinal manipulation with cervical
conditions of mechanical origin. However, further
clinical trials are absolutely necessary to investigate
the effects on acute and chronic neck conditions. As
clinicians, the duty of care for our patients is of
paramount importance: treatment and advice should
be given, based on sound biomechanical principles
and all available research literature.
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Pbysiotbherapy management of neck pain of
mechanical origin

G. A. Jull

Physiotherapy management of cervical spine dis-
orders aims to care for patients by addressing their
pain and pathology, which is manifested in local and
regional movement dysfunctions in the articular,
muscular and neural systems. The global aims of
physiotherapy management are to alleviate patients’
pain, reverse the dysfunction and restore optimal
muscle and joint function to prevent recurrent
episodes. Within this management, patients are pro-
vided with precise and relevant exercise and lifestyle
strategies to assist them with effective, preventive
self-management.

The nature and scope of the musculoskeletal
dysfunctions in the cervical region are vast, ranging
from acute minor sprains to chronic advanced
degenerative pathology compromising the spinal
cord. The cervical spine, through physiological and
mechanical links, reflects and imposes postures on
the whole spinal region. Likewise, dysfunction in
cervical structures may secondarily affect or be
affected by the structures of the upper limb. The
neck’s involvement in some shoulder pain syndromes
and its possible role in various forearm and hand
disorders have been described (Upton and McComas,
1973; Schneider, 1989; Hawkins et al., 1990; Yaxley
and Jull, 1993). Furthermore, a neck condition may
directly involve the vascular system in the thoracic
inlet or via the vertebral artery. The neck and
shoulder region may also be the site for pain referral
from non-musculoskeletal pathologies (Grieve,
1988). The variety and potential complexity of
dysfunctions underlie the need for careful and
specific differential diagnosis in the first instance,
followed by a comprehensive yet individualized
management programme.

The model of clinical practice followed by physio-
therapists encompasses a problem-solving approach.
The patient’s presenting signs, symptoms and history

are analysed to determine first of all whether or not
their complaint is arising from musculoskeletal dys-
function and, if so, whether it is suitable for, and
amenable to, physical treatment. The model high-
lights the importance of a precise physical examina-
tion to elicit the dysfunctions in the neuromuscular-
articular systems which are linked to the patient’s
pain and disability. The treatment methods selected
are precise and dysfunction-based, addressing both
the unique as well as interrelated dysfunction in the
three major systems. Improvement in the patient’s
pain and disability should parallel the changes in the
physical dysfunctions. In this way, treatment out-
comes are judged on improvement in both symptoms
and function as well as in the physical impairments.
Continued development of the understanding of the
relationships between pain, physical impairment and
response to a treatment method advances clinical
practice.

Examination of the neck pain
patient

Examination of patients with neck pain syndromes
encompasses the clinical examination which includes
a comprehensive history of the nature, behaviour and
onset of symptoms and a physical examination. In
addition, any of a variety of radiological imaging and
laboratory tests can be performed as required. The
clinical examination is of primary importance. It is
conducted with a background knowledge steeped in
the physical, behavioural and medical sciences. The
methods of clinical reasoning used by the physio-
therapist in decision-making during the examination
involve a combination of hypothesis testing and
pattern recognition (Jones ef al., 1995).
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Subjective examination

Patients most frequently present for management
with the complaint of pain. Neck pain with head-
ache, neck pain alone or neck and arm pain are the
broad clusters of patients’ disorders. In taking a
systematic history from the patient, the clinician
seeks patterns that are characteristic of cervical
disorders and notes features which are out of pattern.
These latter evoke the creation of an alternative set of
hypotheses to diagnose differentially the patient’s
complaint. While emphasis here will be placed on the
physical disorder, it is necessary for the clinician to
understand any psychosocial aspect of the patient’s
disorder.

Decision-making from the subjective examination
revolves around four basic questions:

1. Is cervical spine dysfunction the origin of the
patient’s pain?

2. What is the likely nature and location of the
structural compromise?

3. Are there factors provoking and perpetuating the
condition? -
4. Are there features in the patient’s history or
general medical condition which either caution

restraint or direct particular management?

Discussion of each question will highlight aspects of
clinical reasoning.

The origin of the patient’s pain

The phenomenon of referred pain requires the
clinician’s alertness to alternative sources of pain in
otherwise common cervical musculoskeletal distribu-
tions. It is well known that the neck, the upper
thoracic region and the upper limbs can be the site of
referred pain from, for example, the diaphragm, the
heart or tumours in the apex of the lung (Grieve,
1988). A basic tenetin examination of muscuioskeletal
disorders is that a relationship usually exists between
fluctuations in pain and specific mechanical provoca-
tion of the region. This should be lacking when, for
example, heartdisease is responsible for the neck and
arm pain as, conversely, signs of heart disease are
absent in patients with cervical angina or, as it is
otherwise known, pseudoangina (Jacobs, 1990).
These are relatively overt examples of non-muscu-
loskeletal referred pain not amenable to physical
therapies. The symptom of headache is, in the main,
more benign in nature yet differential diagnosis is
equally important to determine a primary, partial or
no role for cervical dysfunction in a patient’s head-
ache syndrome. There is considerable symptomatic
overlap between the common benign headache
forms of migraine without aura, tension headache
and cervicogenic headache (Jull, 1994). People may
suffer mixed headache forms or two concurrent

headaches (Boquet et al., 1989; Vernon et al., 1992a;
Kidd and Nelson, 1993). The history of a patient
presenting with headache is a good example of
clinical reasoning and pattern recognition in diagnos-
ing cervical involvement in a patient’s headache.

To predict a role for cervical dysfunction in the
pathogenesis of a patient’s headache, the clinician
would expect to hear a pattern incorporating many of
the following features. The headache described is
classically a unilateral headache (Sjaastad et al., 1983)
but it can be bilateral (Jull, 1986a; Watson and Trott,
1993). Cervicogenic headache has side consistency
and will not change sides within or between head-
ache attacks as can occur with migraine or cluster
headaches (Sjaastad et al., 1989a; D’Amico et al.,
1994). It is associated with suboccipital or neck pain
(Bogduk and Marsland, 1986; Jull, 1986a) with spread
of pain to, most commonly, the frontal, retro-orbital
and temporal areas. The onset of pain is most typically
in the neck with subsequent spread of pain to the
head. This is in contrast to the more classical migraine
which has been shown to start most frequently in the
head with subsequent spread to the neck (Sjaastad et
al., 1989b). The intensity of cervicogenic headache
can be mild, moderate or severe. Its intensity can
fluctuate, which is different to migraine which, if left
uncontrolled, will inevitably build to a severe head-
ache with each attack. Cervical dysfunction does not
produce the excruciating pains characteristic of
cluster headaches or true neuralgias (Lance, 1993).
There may be other symptoms associated with the
headache such as visual disturbances, nausea, dizzi-
ness, lightheadedness, but they are not a dominant
feature, as in migraine with aura or cluster headache
(Sjaastad and Bovim, 1991).

The temporal pattern of headache is often diag-
nostic of a particular headache form, as is readily
evident in migraine with aura and cluster headache
(Lance, 1993). A feature of cervicogenic headaches is
the lack of a regular pattern (Sjaastad, 1992). They are
typically precipitated mechanically by sustained neck
postures or movements, but provocative factors are
sometimes difficult to identify (Sjaastad et al., 1983;
Jull, 1986a; Pfaffenrath et al., 1987). Equally, the
patient may have difficulty identifying relieving fac-
tors, although the headache’s lack of response to
medications used for other headache forms may add
to the picture of cervicogenic headache (Bovim and
Sjaastad, 1993; Sjaastad et al., 1993). The history of
onset of cervicogenic headache commonly relates to
trauma, postural strain to the neck or degenerative
joint disease (Braaf and Rosner, 1975; Bogduk, 1994;
Lord et eil., 1994) although an incident is not always
identified by the patient. Age of onset is variable and
there is not a familial tendency to this headache form,
as is usual for migraine.

This pattern should be present to confirm the
probability that cervical dysfunction is a major, if not
sole, cause of the patient’s headache syndrome. The
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clinician listens for such patterns in the differential
diagnosis of all neck pain syndromes. If patterns are
not clear, a number of hypotheses are proposed to
continue the problem-solving process of the clinical
examination.

The nature and location of the structural
compromise

Over the past decade there has been an acceleration
in research into the nature of the pathology causing
the cervical dysfunction relating to both degenerative
and traumatic causes. In wvivo and postmortem
studies in particular have revealed a host of lesions.
These have ranged from ligamentous strains and
contusions, to disc disruptions and zygapophysial
joint fractures, to very chronic venous changes
around the cervical nerves (Jonsson et al., 1991,
1994; Barnsley et al., 1993 (for review); Taylor and
Finch, 1993). Following trauma, patients often have
multiple lesions at multiple levels (Bogduk and Aprill,
1993; Jonsson et al., 1994). However, it seems that
imaging technology has not yet advanced to the stage
where a definite pathoanatomical diagnosis can be
made in all cases of patients presenting with neck
pain (Jonsson et al., 1991). Furthermore, the relation-
ship between imaged structural lesions and clinical
signs and symptoms can be poor (Barton et al., 1993;
Pettersson et al., 1994). Positional observations, such
as a straightened cervical spine, or a rotated C2
vertebra, also have a very tenuous association with
cervical dysfunction (Boquet et al., 1989; Mac-
pherson and Campbell, 1991; Nagasawa et al., 1993,
Borchgrevink et al., 1995). The current state indicates
that the clinical examination is of primary impor-
tance, with the radiographic examination being an
adjunct to diagnosis. It also means that a precise
pathoanatomical diagnosis is, for many patients, a
clinician’s working hypothesis rather than a proven
fact. What can always be gained, however, is a clinical
pattern of symptoms which can incriminate certain
structural compromise.

Pain is a multidimensional experience and, while
the clinician must be cognizant of the psychological
aspects and the central pain phenomenon, peripheral
nociception still seems to be a major factor in the
pain syndromes of patients presenting to general
physiotherapy practices. All structures of the cervical
spine are innervated and studies of experimentally
induced pain in various somatic and neural structures
have provided basic patterns of segmental reference
which are used to provide initial directions in clinical
diagnosis (Feinstein et al, 1954; Cloward, 1959,
Dwyer et al.. 1990). Broadly, structures supplied by
the upper three cervical nerves cause neck pain with
referral into the head. The segmental reference for
pain from the mid and lower cervical regions
includes the shoulder, scapular area, anterior chest
and upper limb.

While structures with the same nerve supply will
have similar segmental reference, other factors may
qualify the source of symptoms. For example,
patients may be able to pinpoint the site of their neck
pain with a fingertip, localizing it to a specific
zygapophysial joint. They may report an intense spot
of pain on the medial border of the scapula,
consistent with the areas of referred pain which
Cloward (1959) recorded with cervical disc stimula-
tion. Once pain is referred into a limb, a segmental
level may become more apparent and the quality,
nature and intensity of pain may suggest whether or
not the pain has a neuropathic source.

Conversely, the pain may not have a clear anatom-
ical pattern but have characteristics which might
suggest a particular syndrome or structural com-
promise. For example, Smythe (1994) documented a
predictable pattern of tender points with
chronic C6-7 dysfunction. Physiotherapists are well-
acquainted with the array of neuropathic or neuro-
genic pain patterns that can be associated with
altered dynamics of the nervous system (Elvey, 1986;
Quintner, 1989; Butler, 1991, 1994). Clues of mech-
anosensitivity of neural structures are gained when
patients report lines of pain along the anatomical
path of nerves, areas of pain at sites where nerves are
vulnerable to irritation, for example, the inter
vertebral foramen or the path through the scalenes
(Butler, 1991). A pattern where proximal and distal
symptoms link up could suggest a double crush
phenomenon, so well-demonstrated by the associa-
tion of cervical spondylosis with carpal tunnel
syndrome (Upton and McComas, 1973). Pain patterns
and responses from any origin may become further
heightened or widespread when there is central
nervous system sensitization (Quintner and Elvey,
1993; Quintner and Cohen, 1994; Hall and Quintner,
1995) or with the phenomenon of sympathetically
maintained pain (Janig, 1990).

Careful analysis of symptom responses to move-
ments or postureés can also contribute important
information to clinical patterns. Based on a knowl-
edge of cervical mechanics and kinematics, neck
movements producing pain are analysed for their
structural compromise of the zygapophysial joint,
disc complex and intervertebral canal and nerve root
complex. When patients present with neck and arm
pain, differentiation is made between intrinsic cervi-
cal and other sources. Neck movements may produce
all symptoms, suggesting local cervical compromise.
However, upper limb movements may provoke arm
symptoms. This could still reflect cervical causes, as
arm movements, tension or traction of mechanosensi-
tive nerves (Quintner, 1990). Conversely, the arm
pain could be arising from the shoulder joint where
dysfunction may be primary or secondary to a
cervical disorder. Schneider (1989) observed that in
patients with neck and arm pain, with restricted arm
movement, those with disproportionately limited
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external rotation responded to treatment of the C5-6
segment. Those with proportional movement loss in
the conventional capsular pattern required specific
glenohumeral joint management.

The patterns of dysfunction and structural hypo-
thesis proposed from the location, nature and be-
haviour of symptoms will be further clarified with
detailed movement analysis and differential testing in
the physical examination.

Factors provoking or perpetuating the
condition

Recurrent chronic pain is a burden to society in terms
of personal suffering, lost work productivity and
health care costs. Hasvold and Johnson (1993)
determined that over 50% of the female and 35% of
the male population suffered headache, neck or
shoulder pain on a regular basis; that is, at least
monthly. Half of these people reported pain on a
weekly or daily basis. The challenge to the health care
worker is not in providing temporary symptomatic
relief, but in successfully intervening in the chronic
and recurrent pattern of neck pain and headache.

There is complexity in causal and provocative
factors both in neck pain syndromes of both insidious
and traumatic onset. Intrinsic, environmental and
psychosocial factors variously have their roles and the
physiotherapist seeks a clear and complete picture of
patients and their environment in understanding
what provokes and aggravates their pain syndrome.

Intrinsically, contributing factors may arise in the
nervous, muscular or articular systems. A fixed
cervicothoracic spine can overstrain adjacent cervi-
cal segments. A patient’s acquired deficit in neural
tissue elasticity may cause otherwise normal move-
ments and postures 1o provoke pain (Butler, 1991). It
is believed that a major factor contributing to the
perpetuation of pain syndromes is poor neuromotor
control (Janda, 1994; [ull, 1994; Richardson and Jull,
1994, White and Sahrmann, 1994; Hodges and
Richardson, 1996). Evidence is accumulating that
lack of stability function of the deep spinal and
postural muscles is a key deficit in chronic back and
neck pain (Beeton and Jull, 1994; Richardson and Jull,
1995a,b; Hides et al., 1996; Hodges and Richardson,
1996) and a precise physical examination can reveal
these problems. Furthermore, evidence is growing to
suggest that precise rehabilitation of the muscle
dysfunction can successfully intervene in the chronic
pain state.

Work sites and practices can also place provocative
cyclic or fatigue loading, or overload, on cervicobra-
chial neuromuscular-articular structures (La Ban and
Meerschaert, 1989). The introduction of ergonom-
ically designed work stations and changes in work
practices has contributed to reducing these stressors
(Grandjean, 1988). However, they have not elimi-
nated the problem and the physiotherapist carefully

analyses the movement and motor patterns the
patient uses in performing tasks. Here often lies the
key to particular structural overload.

The nature of injury may also have a significant
influence on the likelihood of progression to a
chronic condition. Sturzenegger and colleagues
(Radanov et al., 1993; Sturzenegger el al., 1994,
1995) studied 117 consecutive patients presenting
with a whiplash injury to identify which factors may
be associated with long term and chronic problems.
At the 1-year follow-up, 24% of subjects had persist-
ent symptoms. The initial symptomatic and accident
mechanisms which predicted longer-term problems
included a higher intensity of neck pain, the presence
of headache, not being prepared for the accident, an
inclined or rotated head position, and a stationary car
at impact. Such information helps identify patients at
risk for more severe problems. For such patients, a
treatment programme directed towards enhancing
muscle control and support to substitute for the
possible loss of osseoligamentous integrity is essential
(Derrick and Chesworth, 1992).

Features indicating caution, restraint or a
particular direction in treatment

There can be features presenting in patients’ sympto-
matology, in the history of their neck disorders, or in
their medical history, which alert the physiotherapist
to pathologies which may give definitive directions in
management.

Care is always warranted when patients present
with signs and symptoms of physical compromise of
the nervous system. Such syndromes can range from
irritation or compression of the spinal nerve or nerve
root through to compromise of the spinal cord. While
the former are amenable to carefully applied physical
therapy techniques, the presence of cord signs
dictates thorough medical investigation and possible
surgical management.

There are a host of symptoms which can accom-
pany cervical musculoskeletal disorders. These
include dizziness, lightheadedness, nausea, visual,
auditory, sensory and balance disturbances and poor
concentration (Hinoki and Niki, 1975; Barnsley et al.,
1993). The basis of these symptoms is not always
certain, although many are likely to relate to con-
vergence in thc central nervous system of neck
afferents with, for example, the trigeminal nucleus
and vestibular nuclei (Dieterich et al., 1993; Bogduk,
1994; Karlberg et al., 1995). Cervical proprioceptive
input has considerable influence on posture through
the tonic neck reflex and eye movement and accom-
modation through the cervico-ocular and iliospinal
reflexes.

When the origin of symptoms such as lightheaded-
ness, or visual disturbances, lies in cervical muscu-
lfoskeletal dysfunction, they can be alleviated by
treatment of the neck. However, such symptoms can
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have other causes and the crucial factor in examina-
tion is to differentiate a cervical cause of these
symptoms from other causes. For example, dizziness
is a symptom of which all practitioners using
manipulative therapy to treat neck dysfunction are
highly mindful. Differentiation between cervical ver-
tigo and dizziness of vertebrobasilar, or vestibular,
origin is necessary. As head and neck movements can
invoke symptoms from any system, cervical vertigo is
often provisionally diagnosed through exclusion of
neurological and labyrinthine signs (Coman, 1986;
Dieterich et al., 1993; Bogduk, 1994).

Conclusion of subjective examination

The information gained from all aspects of the
subjective examination provides an evolving clinical
pattern. The clinical reasoning process continues in
the physical examination to gain a working physical
diagnosis on which to base selection of physio-
therapy treatment techniques.

Physical examination

The physiotherapist tests the function of the articular,
neural and muscular systems and performs tests of
other systems as appropriate to the patient’s condi-
tion. The aims are to diagnose differentially both the
immediate source of pain and factors contributing to
and perpetuating the cervical syndrome. The dysfunc-
tions linked to the condition are identified and these
guide the selection of specific and precise treatment
procedures.

The physical examination encompasses several
procedures. The assessments of posture and active
movements can reflect dysfunction in any or all of the
neuromuscular-articular systems. The articular sys-
tem receives more specific attention via a manual
examination of the spinal segments. Two functions of
the nervous systems are tested, namely tests of
normal conduction and tests of free movement and
extensibility (neuromechanics). The muscle system is
examined through a variety of tests, including tests
specific to particular muscles through to patterns of
muscle activity and kinesthetic awareness.

A checklist of physical examination procedures
belies the potential complexity of musculoskeletal
dysfunction and the level] of problem-solving required
to reach an accurate physical diagnosis. There are
several factors which should be considered con-
currently in decision-making both for diagnosis and
treatment.

1. Cervical pain syndromes represent multisystem
dysfunction. Joint pain and dysfunction cannot
occur in isolation and will induce reactions in the
neuromuscular system (Stokes and Young, 1984;
Watson and Trott, 1993; Hides et al., 1994).

Similarly, mechanosensitivity of neural structures
will induce protective muscle activity (Hall ef al.,
1993). If muscle control is poor, joint strain and
pain may result (Panjabi, 1992a). In consequence,
examination or treatment which focuses on
one system, to the exclusion of others, is
misdirected.

2. There is considerable variability in cervical struc-
ture and function within the asymptomatic normal
population. Ranges of movement are highly vari-
able and hypomobility, segmentally and regionally,
will increase with age (Jull, 1986b; Hole et al.,
1995). Neural tissues have variable flexiblity (Yax-
ley and Jull, 1991; Edgar et al, 1994). Slight
tightness in cervical axioscapular muscles is prob-
ably as common in asymptomatic as in sympto-
matic subjects (Treleaven et al., 1994). Neck
muscle strength varies across subjects with and
without symptoms (Vernon et al., 1992b; Watson
and Trott, 1993). Therefore the implications of any
variation from an ideal must be questioned.
Variations become relevant when they have a
direct link to the pain state.

3. The sensitivity and specificity of any physical test
to discriminate relevant dysfunction must be
appreciated to make meaningful decisions.

4. Any movement of the head and neck will stress
each and every structure of the neuromuscular-
articular system. Any structure can be involved in
a painfully limited movement. Careful differential
examination is required to identify the com-
promised structure accurately.

. Any physical examination of the cervical region
should consider the musculoskeletal system as a
whole. There is an interdependence in cervical,
thoracic and lumbar postural form, as well as an
interdependence between upper limb and spinal
movement (Crawford and Jull, 1993; Stewart et al.,
1995). The nervous system is a continuous tissue
track and movement distal to the cervical region
can affect local neural tissue structures (Brieg,
1978). Local muscle dysfunctions may reflect
more widespread problems (Janda, 1994).

N

To highlight the integrated nature of the dysfunction,
the description of the physical examination in this
text will highlight some examples of differential
testing rather than repeat physical examination pro-
formas which can be found in standard physiotherapy
texts (Maitland, 1986; Grieve, 1988; Boyling and
Palastanga, 1994; Grant, 1994a). An emphasis is
deliberately given to assessment of the neuro-
muscular system as it is believed that this is an area
of considerable change in current therapeutics.

Postural assessment

Postural form provides information in both the acute
and chronic pain states. Acute pain from joints, neural
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tissues or muscles can be reflected in familiar antalgic
postures such as the acute wry neck, or the raised
shoulder, which relieves tension from the neuro-
vascular bundle.

In patients able to assume their normal standing
and sitting positions, posture is analysed for basic
structural form, the interrelationship of spinal curves
and muscle form (Kendall et al., 1993; Janda, 1994,
White and Sahrmann, 1994). There is an assumption
that a deviation from an ideal or neutral posture, in
which there is minimal stress or strain, is capable of
causing adverse strain and subsequently pain in spinal
structures (Kendall et al., 1993). There have been
numerous studies revealing a wide variation in
human postural shape, indicating that there is a
certain painfree tolerance when postural form alone
is considered. Other variables may have to be
considered along with postural form. The specific
links between postural factors and pain need to be
identified to depict the aspects of posture, position
and control that require rehabilitation. These links are
also necessary to justify any emphasis on postural
re-education in  management and preventive
programmes.

On a regional level the forward head posture,
associated with an increased kyphosis in the upper
thoracic or thoracic region, is regarded as the most
common poor postural form in neck pain syndromes
(Sweeney et al., 1990; Kendall et al., 1993; Janda,
1994; Raine and Twomey, 1994; White and Sahrmann,
1994). Nevertheless, Dalton and Coutts (1994) found
that it was also a factor of age, indicating some
painfree adaptation. This would be consistent with
the findings of Griegel-Morris et al. (1992) that it was
those of their population with a more exaggerated
forward head posture that had the greater incidence
of headache and cervicothoracic pain.

An important link between the forward head
posture and muscle dysfunction was reported by
Watson and Trott (1993) in their study of cervico-
genic headache patients. They found that a lack of
endurance capacity of the upper cervical and deep
neck flexors was correlated with a forward head
posture. Longus colli has been shown to have an
important supporting and postural function on the
cervical curve, working with the cervical extensors
to stabilize the cervical segments in all positions of
the head (Mayoux-Benhamou et «!., 1994). This link
between a pain state, poor postural form and
dysfunction in a muscle with a primary supporting
role of the cervical segments guides a specific
rehabilitation direction. The direction is to improve
the supporting capacity of this deep muscle in the
quest for improvement in postural form and active
joint support for alleviation of joint strain and pain
(Jull, 1994; Richardson and Jull, 1995a)

The well-coordinated activity of the muscles of the
upper thoracic and scapular region is vital for well-
supported cervicothoracic posture, as well as for

upper limb function and proper transfer of loads from
the upper limb to the trunk (Johnson et al., 1994).
Clinically, imbalances in levels of activity of the
axioscapular muscles are not uncommonly observed
(Janda, 1994; White and Sahrmann, 1994). Most
particularly, muscles such as levator scapulae can
become overactive, the overactivity creating poor
scapular mechanics as well as resolving into unneces-
sary compressive loads through the upper cervical
joints (Behrsin and Maguire, 1986). Such overactivity
can be recognized by viewing hypertrophy of the
levator scapulae in its bulk towards its insertion into
the superomedial border of the scapula (Janda, 1994).
A lack of supporting function of important shoulder
girdle muscles, such as serratus anterior and the mid
and lower portions of the trapezius, can be in
evidence during observation of postural form. An
abducted and winged position of the scapula may be
observed, accompanied by a lack of muscle bulk in
the interscapular region (Janda, 1994).

The shape of the shoulder region is also of interest.
Some unevenness in shoulder height may reflect the
very common occurrence of a slight scoliosis,
thereby having little, if any, dysfunctional significance
(Vercauteren et al., 1982). An acutely sloping shoul-
der may indicate poor upper trapezius activity in
concert with an overactive levator scapulae. Con-
versely, the upper trapezius may appear hypertonic.
This may be part of a problem of poor neuromotor
control and a poor pattern of muscle activity (Janda,
1994). Alternatively, the hypertonicity of the upper
trapezius accompanied by a subtle elevation of the
shoulder girdle could be protective of mechanosensi-
tive cervical nerve trunks. This warrants an inspec-
tion of the scalenes which may also be reactive.

Considerable information can be gained from
analysing postural relationships and muscle form.
There are multiple factors influencing posture and
the clinician seeks those which have a link to the
patient’s pain syndrome.

Tests of neuromotor control

There are a variety of tests which can be used in a
clinical setting to gain an insight into a patient’s
kinesthetic awareness and pattern of muscle use
and control. These can include head and neck
repositioning sense (Revel et al., 1991), patterns of
muscle recruitment (Janda, 1994) and postural and
movement control. Examination of movement pat-
terns can reveal inappropriate use of some muscles
substituting for others, which usually reflects a lack
of control by muscles with a prime stability func-
tion. Conversely, patients may adopt inappropriate
regional movement strategies, again reflecting poor
muscle stability capacity and control. Such poor
muscle and movement environments are conducive
to perpetuating strains and recurrent and chronic
pain.
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One set of tests assesses the efficiency of the
axioscapular muscles to control proximal girdle
stability. The pattern of glenohumeral abduction, for
example (Janda, 1994), can reveal inappropriate
overuse of scapular elevators, creating an environ-
ment for local muscle pain as well as exposing the
cervical spine to unnecessary and repetitive com-
pressive and tensile loads (Behrsin and Maguire,
1986). Forwards arm elevation can reveal not only
poor axioscapular control, but also a loss of deep
cervical flexor control as the patient shows subtle to
marked signs of forward head and neck displacement
during the full arm movement.

The pattern of control of the muscles intrinsic to
the spine can be assessed through movement and
postural patterns. The interaction between the cervi-
cal flexor synergists, for example, is gauged from the
pattern of control during neck flexion from extension
to neutral. Insufficiency of the upper cervical and
deep neck flexors, so important to cervical segmental
control (Mayoux-Benhamou et al., 1994), is readily in
evidence when the head remains in extension and as

the neck is brought into neutral (Fig. 11.1). This
indicates dominant activity in the sternocleidomas-
toid (which is a neck flexor, but upper cervical
extensor), rather than a balanced activity in the neck
flexor synergy. Testing the patient’s ability to assume
a neutral spinal postural position in either a sitting, or
four-point kneeling, position can alert the clinician to
a patient’s inadequate deep and postural muscle
control and joint position sense. The patient will be
observed to use inappropriate muscle and movement
strategies in attempting to assume a balanced pos-
tural position (Fig. 11.2). The postural analysis and
these preliminary tests of neuromotor control begin
to point to the dysfunction in the patient’s muscle
system and direct the clinician to more precise and
exacting tests of muscle function.

Examination of active cervical movements

An appreciation of the patient’s basic flexibility is
gained before specific examination of the cervical
region.

A

B

Fig. 11.1 Return from extension to the upright position. (A) The movement is dominated by sternocleidomastoid and the
upper cervical region remains in extension. (B) A good pattern of movement is demonstrated, in which the upper cervical and
deep neck flexors initiate the return from extension and control and protect the craniocervical region.
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Fig. 11.2 An asscssment of the patient's ability to assume a neutral spine posture. (A) A well-balanced posture. (B) Note the
lumbar pelvic region is flexed, with the patient extending in the lower thoracic area to achieve an upright posture. This is
indicative of poor neuromotor control.

Active movements of the cervical region stress
articular, muscle and neural tissues of the region as
well as giving indications of muscle control. Inter-
pretation of examination findings is built on an ever-
increasing understanding of the anatomy, mechanics
and kinematics of the region. New knowledge
continues to mould and devclop clinical concepts
leading clinicians towards better pathoanatomical
hypotheses (Mercer and Jull, 1996). Using such
knowledge, the physiotherapist examines move-
ments in single and combined planes, continuing to
focus on gaining a pattern of dysfunction which is
linked to the paticnt's symptomatic complaints and
functional impairment.

The functional cervical spine incorporates the
region from the atlanto-occipital articulations to the
upper thoracic region. Movement is examined in
each of the three primary planes of motion. There is
both interdependence and independence in the
segmental movement of the cervical regions. Total
movement, as well as movement focused to the

upper cervical and cervicothoracic regions, is exam-
ined. Several principles and practices are followed in
examination of active movement which apply to each
direction of movement and which are in line with the
global principles of examination.

Observation and measurement of movement

In examination of cervical movement, the clinician
assesses the pattern and distribution of movement,
the gross range of motion and its relationship to the
patient’s symptoms. A symptomatic segmental block
to movement may be recognized via a distortion of an
otherwise smooth curve of the neck. Excessive
movement may be observed in the C4-6 region
during sagittal plane motion as the patient pivots the
head and neck over a hypomobile and fixed cervico-
thoracic region. Restoration of some mobility in this
region would be part of a treatment programme
designed to relieve stress from the C4-6 segments.
Likewise, observation of this poor pattern and
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control of motion would signal poor supporting
capacity of neck musculature (Fig. 11.1).

There are now clinically applicable and affordable
measurement tools to provide repeatable, although
gross, measures of cervical motion (Hole et al,
1995). Although there is undoubted merit in aims to
have quantification of physical factors, measures of
gross movement often provide very poor links
between dysfunction and functional outcome. Clini-
cians have not embraced these tools widely and often
continue to rely more on visual analysis. Indeed,
Hindle et al. (1990) endorsed the clinicians’ senti-
ments when they found that it was not absolute range
of motion which distinguished back pain from non-
back pain subjects, but rather the aberrant patterns of
movement through range.

Regionalization of active movement examination

Reactions of pain and abnormal or limited motion
contribute more to a clinical pattern when they can
be localized to a segment or region of the spine.
Sagittal plane motion is focused to the craniovertebral
region by testing flexion and extension of the head

A

rather than the head-neck complex. A subtle neck
retraction action will better induce extension in the
cervicothoracic area. The regional location of a
limitation of axial rotation can be gauged by the
patient performing head rotation with a fully flexed
cervical spine (C1-2), with the upper cervical spine
in flexion (C2-3), as compared with rotation per-
formed in a neutral sagittal position (Fig. 11.3).

Examination of movements in combination

Normal function involves complex loading, rather
than movements in a pure plane, suggesting that a
pattern or position of combined movement may be
more compromised in a dysfunctional segment. The
joints of the cervical region are therefore also
examined with a combination of movements. The
combination of added movements is derived from the
joint’s movement and pain as well as kinematic
relationships (Edwards, 1992). For example, there is
related zygapophysial joint and uncovertebral joint
motion in lateral flexion and ipsilateral axial rotation
of the mid and lower cervical spine (Penning and
Wilmink, 1987). Added extension will take the

Fig. 11.3 Examination of cervical axial rotation (A) focused to the C1-2 segment; (B) focused to the C2-3 segment.
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zygapophysial joint towards its close-packed position.
The concept of combined movement examination is
guided by knowledge of kinematics derived princi-
pally from in wvitro research (White and Panjabi,
1990). Nevertheless, clinical presentation must
always override the theoretical state. This was well-
illustrated in recent in wvivo studies where, for
example, lateral flexion and axial rotation displayed a
contralateral couple in some subjects at both C2-3
and in the upper thoracic region, rather than the
expected ipsilateral couple (Penning and Wilmink,
1987; Mimura et al., 1989; Willems et al., 1996).

The application of overpressure

There is a difference in magnitude between ranges of
active and passive motion. Physiotherapists have long
applied gentle passive pressure to guide the patient’s
movement to the end of range so that a clear
estimation of range and any pain response can be
gained (Maitland, 1986). The merit of this practice
was well-illustrated by Dvorak et al. (1993). They
found quite marked differences in the frequency of
segments judged hypomobile, normal and hyper-
mobile in their X-ray analysis of subjects performing
voluntary full range of cervical motion versus motion
taken passively to the limit of range.

Differentiation of structural restraint to motions

Differential analysis of the structure limiting motion
increases the accuracy of the physical findings, which
guides optimal treatment selection. Restricted cervi-
cal lateral flexion, for example, could be the result of
joint restriction, muscle tightness or lack of painfree
movement or extensibility of neural tissues. Initial
structural differentiation is made by observing if the
decrease in lateral flexion is associated with a
segmental block, or the whole motion is more
symmetrically limited (muscle or neural tissues). The
latter is further differentiated by pretensioning the
nervous system by supporting the arm in abduction
and external rotation and investigating its influence
on the range of lateral flexion (Elvey, 1986).

Manual examination of segmental motion

Examination of active range of movement provides
information about the region’s impairment and gives
preliminary directives towards the nature and site of
the physical dysfunction. Manual examination of
segmental motion and tissue compliance provides
more detailed information on the location and nature
of the physical dysfunction in the spinal segment.
The techniques of manual spinal segmental exam-
ination are well-described in physiotherapy texts
(Maitland, 1986; Grieve, 1988; Edwards, 1992; Boyl-
ing and Palastanga, 1994; Grant, 1994a). In summary,
motion at the segment is tested and palpated in each

Fig. 11.4 The downward and medial excursion of the C2
and C3 facet is tested in lateral flexion to detect end-of-range
motion loss.

of the three planes of primary motion. In addition,
the segment is directly stressed with gentle manual
forces applied in anteroposterior, posteroanterior and
lateral directions in the zygapophysial joint facet
planes. The joints are also examined in positions of
combined movements as directed by the findings of
the active movement examination (Fig. 11.4). The
tissue resistance to motion, its nature and any pain
response to testing are assessed to make decisions
about the location and problems of the segments
which are linked to the patient’s symptoms. As well,
any excess motion or hypomobility which could be
contributing to the problem is sought in adjacent
segments or regions. In this way, the articular
component of the patient’s symptoms, movement
impairment and functional disability are identified
and recorded. Specific directives for treatment are
gained, as well as impairments documented which
can be expected to change with improvement in the
patient’s symptoms.

Manual examination has shown good sensitivity
and specificity to detect the symptomatic level in
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spinal pain patients when compared to other medical
diagnostic techniques such as nerve or joint blocks
and even mobility X-rays (Jull et al., 1988; Jensen et
al., 1990; Janos and Ray, 1992; Phillips and Twomey,
1996). It has also proved sensitive in the detection of
cervical joint dysfunction in some patients suffering
post concussional headaches (Treleaven et al., 1994).
While manual examination may be able accurately to
detect the presence of a painful zygapophysial joint,
or central intervertebral joint, it is not pathology-
specific. Rather, it provides the essential physical
parameters upon which physical treatment can be
selected and evaluated.

Examination of the nervous system

The effect of any pathology or trauma on the nervous
system is assessed by testing two functions. A clinical
neurological examination is performed as a basic test
for normal conduction of the central and peripheral
nervous systems. Any signs of central nervous system
compromise, as may occur with spinal canal stenosis
from any cause, require immediate medical consulta-
tion, if not already diagnosed. Signs of spinal nerve, or
nerve root, irritation or compression likewise require
careful monitoring by the treating clinician. Its
presence provides direction to physical man-
agement.

The second function of the nervous system which
is tested is that of its free movement and extensibility.
The role of adverse neuromechanics or mechano-
sensitivity of the nervous system in upper quadrant
pain syndromes has received considerable attention
over the past decade (Elvey, 1986; Butler, 1991). As a
clinical phenomenon, it is not uncommon, especially
in patients with neck and arm pain. It has also been
attributed a role in some chronic upper limb dis-
orders (Upton and McComas, 1973; Elvey, 1986;
Quintner, 1990; Yaxley and Jull, 1993). The nerves
themselves may become sensitized from the patho-
logy in neighbouring articular or muscular structures
(Butler, 1991) or, in some cases, the nerves them-
selves may have suffered some direct strain through,
for example, a traction element in injury (Quintner,
1990). What is being revealed clinically, as well as in
the laboratory, is that in these situations the nerves
are sensitive to movement, evoking considerable
protective muscle response (Hall et al., 1993; Hall
and Quintner, 1995).

The role of mechanosensitivity of the upper
quadrant nervous system is elicited through the
application of the brachial plexus tension test (Elvey,
1986). The test involves an ordered sequence of
movement of the shoulder and girdle, the forearm,
wrist and hand (Fig. 11.5). The test stresses the trunks
of the brachial plexus and the cervical nerve roots,
with most effect on C5 and CO6. It is applied gently,
and when positive, the clinician perceives the onset
of muscle guarding, which attempts to elevate the

Fig. 11.5 The brachial plexus tension test involves the
ordered application of gentle shoulder girdle depression,
shoulder abduction (90°) and external rotation, wrist and
hand extension followed by elbow extension. The sequence
can be varied.

girdle and prevent arm extension, and notes any
reproduction of the patient's symptoms. The test
potentially stresses many other muscular, fascial and
ligamentous structures of the cervicobrachial region
and upper limb (Moses and Carman, 1996). There-
fore, a stress more selective to the nervous system is
added via contralateral cervical lateral flexion. Its
influence on patients' arm symptoms, as well as the
limitation to lateral flexion, is assessed. Selvaratnam
et al. (1994) proved the discriminate validity of this
sensitizing manoeuvre and the brachial tension test to
detect mechanosensitivity in the upper quadrant
nervous system. They conducted an experiment
where the test was used successfully to differentiate
between normal control subjects and subjects with
shoulder and arm pain where mechanosensitivity of
the nervous system could (patients after open heart
surgery) and could not (patients with supraspinatus
tendinitis) be expected to be part of the cause of the
pain syndrome.
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There are several variations to the original brachial
plexus tension test which have been developed with
the aim of placing more selective tension on the
peripheral nerve trunks (Butler, 1991). In addition,
neuromenijngeal structures in the spinal canal can be
tested in a cephalocaudad direction to assess their
contribution to a pain syndrome (Maitland, 1986;
Troup, 1986; Butler, 1991). Careful differentiation of a
restriction of upper cervical flexion is often required,
particularly in patients with cervicogenic headache.
The articular, muscular and neuromeningeal struc-
tures of the upper cervical area are all stressed with a
passive upper cervical flexion test which often
reproduces head pain. Connective tissue attachments
have also recently been identified between the rectus
capitus posterior minor and dura mater (Hack et al.,
1995), thereby increasing the intimacy of the relation-
ship. Some differentiation between restriction of
motion due to muscle or neural tissues can be made
by repeating the upper cervical flexion test with the
nervous system pretensioned caudally through a
straight leg raise. An increase in resistance to the
movement suggests a greater involvement of neural
tissues in the dysfunction.

Examination of the muscle system

Control of head and neck postures in normal function
is a complex neuromotor task (Keshener et al., 1989).
As with every other region in the body, muscles will
react to pain, trauma and pathology. In patients with
cervical pain disorders, the challenge is to identity
dysfunctions in the muscle system which are linked
to the patient's pain, pathology and functional
disability. Identifying such links directs which func-
tions of these muscles are critical to test.

There has been a far greater volume of research
into back and abdominal muscle function in low back
pain patients than there has been into muscle
function of the neck and shoulder girdle complex. It
has been the interest in the role of instability in back
pain, particularly the hypothesis of lack of control of
the segment’s neutral zone motion (Panjabi,
1992a,b), that has prompted new directions in
clinical research. In trying to solve the muscle
dysfunction associated with low Dback pain and,
therefore, devise the most efficacious rehabilitation,
both clinicians and researchers have recently focused
on muscle control and active stabilization (Saal and
Saal, 1989; Robison, 1992; Richardson and Jull, 1994;
Wilke et al., 1995).

In normal function, all muscles have a role in
producing movement and in postural and spinal
control, although some functional divisions
between muscles have been suggested (Bergmark,
1989; Richardson and Jull, 1994). Bergmark (1989)
grouped the trunk muscles into a global and local
system. The global system incorporated the more
superficial muscles which have a primary role in

torque production and control of the whole trunk.
The local system includes the deep muscles which
have direct attachments to the vertebrae and which
have the ability to support and control or actively
stabilize the spine both as a whole and at the
segmental level.

There has been a significant clinical breakthrough
with the recent discovery of a dysfunction in the
stabilizing capacity of some deep muscles of the
trunk, the lumbar multifidus and the deep trans-
versus abdominis (Hides et al., 1994, 1996; Hodges
and Richardson, 1996). The problem in the segmen-
tal multifidus in the acute, first-episode low back
pain patients was thought to relate to reflex inhibi-
tion while that in transversus abdominis was identi-
fied as a deficit in motor control. A manifestation of
these dysfunctions, which can be elicited in the
clinical setting, is the inability of the patient to hold
a setting or low-load isometric contraction of the
muscle. It has been argued that this reflects a loss
of tonic or postural supporting function of the
muscles, related to lessening of type I muscle fibre
action (Richardson and Jull, 1994, 1995b).

In the neck, there are likewise many muscles
connecting the head to the vertebral column and
evidence is emerging to support the model of a
broad grouping into global and local muscles based
on their anatomical location and some of their
more important functions. Conley et al. (1995)
studied the function of individual neck muscles
through  exercise-induced  contrast  shifts in
T2-weighted magnetic resonance images. They
showed that the more superficial muscles (global
system) such as sternocleidomastoid (ventrally) and
semispinalis capitus and splenijus capitus (dorsally)
made a greater contribution to torque production
than their deeper synergists (local system) longus
capitus and longus colli and semispinatus cervicus
and multifidus respectively. Conley et al. (1995)
found that, while these muscles did not contribute
as much to torque production, they were the ones
which demonstrated resting activity. The authors
attributed this to their postural, supporting role.
Mayoux-Benhamou et al. (1994) have also sup-
ported the importance of the longus colli for pos-
tural control of the cervical curve. These deep
muscles, including those of the craniocervical
region, are well-placed to offer spinal segmental
control and stabilization.

The critical question to ask is: what is the muscle
dysfunction associated with neck pain? There has
been comparatively little research into the cervical
musculature in patients with neck pain syndromes.
However, in line with clinical theory (Janda, 1983),
a dysfunction which has emerged is a lack of
endurance of the neck flexor group (Silverman et
al., 1991; Watson and Trott, 1993; Treleaven et al.,
1994). In an assessment of gross muscle function,
Vernon et al. (1992b) found that patients with neck
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pain demonstrated generally less torque production
in all planes, but there was a greater loss in strength
of the cervical flexors as opposed to the cervical
extensors. From our clinical and research findings of
the nature of the dysfunction in the deep muscles in
the lumbar spine, we developed a clinical test for
the cervical region to focus more specifically on the
deep craniocervical and cervical flexors, namely,
rectus capitus anterior and lateralis and longus
capitus and colli (Jull, 1994). In line with their
normal function of tonic or postural support, the
test examines these muscles’ ability to maintain a
low-level tonic contraction by maintaining a precise
upper cervical flexion position (see p. 181 for a tull
description of the test). Preliminary studies of deep
neck flexor holding capacity in asymptomatic sub-
jects and subjects with neck pain indicated marked
differences in performance (unpublished data). Fur-
thermore, initial indications are that restoration of
their tonic (supporting) capacity parallels a reduc-
tion in neck pain and headache (Beeton and Jull,
1994).

Laboratory-based evidence is emerging to support
the clinical evidence of a more intricate muscle
dysfunction in neck pain patients rather than merely
a gross uniform reaction in alJl muscles. Uhlig et al.
(1995) studied muscle fibre composition and muscle
fibre transformation in biopsy studies of selected
neck muscles of patients with persistent cervical pain
of various pathologies. They found that there was an
increased relative amount of type IIC fibres in all
muscles studied, indicating that muscle fibre trans-
formation occurred with neck pain. Fibre transforma-
tion always proceeded in the direction from type I
(slow oxidative fibre) to type IIB (fast glycolytic
fibre), which functionally suggests a loss of the tonic
or postural supporting capacity of the neck muscles
as a dysfunction in neck pain patients, a dysfunction
akin to that found clinically in back pain patients.
Notably, there was a much higher prevalence of
transitional fibres (type II C) in the neck flexors than
the extensors and changes in the flexors were
present and most evident in the early stages of the
neck disorder (<2 years’ duration). Within the neck
flexors, there was more evidence of transformation in
the longus colli, a muscle of the deep local system,
than in the sternocleidomastoid (global system). Fibre
transformation in the extensors was far less than in
the flexors and occurred consistently over many
years. Of the neck extensors examined (rectus
capitus posterior minor, obliquus capitus inferior,
splenus capitus, trapezius), fibre transformations
were most evident in obliquus capitus inferior but, in
contrast to the flexors, this occurred at later stages of
the disorder (symptoms >2 years). The higher per-
centage of fast-type IIB fibres persisted as a perma-
nent feature in these patients’ muscles, even though
transformation activity ceased with time. Notably,
neck pain also persisted.

This laboratory evidence supports the clinical
observations and preliminary data which suggest that
a primary dysfunction in the neck muscles is a loss of
tonic supporting capacity, that the dysfunction is
relatively greater in the neck flexors and within the
neck flexors: it is the deep muscles, which have the
important segmental supporting function, that dis-
play the greatest dysfunction. Importantly, Uhlig ef al.
(1995) found that the muscle dystunction was not
pathology-specific and suggested that pain was prob-
ably the stimulus for this pattern of muscle reaction.
This work supports the current new directions in
therapeutic exercise for spinal patients which target
these supporting muscles (Richardson and Jull,
19952).

There are other dysfunctions in the muscles of the
neck and shoulder girdle complex which can occur
in neck pain patients. Loss of tonic postural function
in the lower scapular stabilizers (e.g. the mid, lower
trapezius, serratus anterior muscles), so important for
upper quadrant postural form and control, is a
frequent finding clinically (Beeton and Jull, 1994;
Janda, 1994; Jull, 1994; White and Sahrmann, 1994).
[t is considered that this is another key muscle group
for rehabilitation of the neck pain patient.

Other muscles can become overactive and tight,
themselves becoming a source of pain as well as
imposing unnecessary additional stresses on articular
or neural structures. These include many of the
axioscapular muscles such as the levator scapulae,
scalenes, upper trapezius and various girdle muscles
such as the pectorals and latissimus dorsi. The upper
cervical extensors may also become shortened. Any
of these muscles may become overactive as a
guarding response to joint pain or neural mechano-
sensitivity. Alternatively, their increase in activity may
reflect abnormal neuromotor control which may
have a central programming origin or arise from a not-
ideal peripheral environment (Hall et al., 1993; Edgar
etal., 1994; Janda, 1994; White and Sahrmann, 1994).
While clinical theories of dysfunctional imbalances in
activity levels of the axioscapular muscles are well-
developed, there is little research into their preva-
lence. This probably reflects, in part, the difficulty in
obtaining quantifiable measures of this muscle char-
acteristic. However, it does seem that, while the loss
of tonic supporting function of the neck muscles,
particularly the deep neck flexors, is a universal
reaction to neck pain and pathology, the presence of
tightness in particular muscles is not (Treleaven et al.,
1994). Rather, other additional influences (e.g. prob-
lems of motor patterning, neural tissue mechano-
sensitivity or extensibility) are likely to be at play
when these muscle dysfunctions are present and
contributing to the problems. Such a situation high-
lights the need for dysfunction-based prescription of
exercises for successful outcomes and underscores
the shortcomings of providing patients with general
exercise sheets.
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Tests of muscle function

Dysfunction in the muscle system is sought clinically
through a series of testing procedures. Those relevant
to the rehabilitation of active stabilization and neuro-
motor control will be emphasized.

Tests of bolding capacity of the deep segmental
and postural supporting muscles

While all muscles have a postural supporting role, the
deep neck flexors of the craniocervical and cervical
region and the lower stabilizers of the scapula are
those which exhibit the early and often quite marked
dysfunction. The muscles’ tonic holding capacity is
examined by testing their ability to hold a low load,
isometric contraction which replicates their function.
Testing must be precise and accurate to isolate the
target muscles as much as possible from non-
dysfunctioned synergists which might attempt to
substitute for and mimic the correct action.

The deep neck flexors of the craniocervical and
cervical regions are tested through the patient’s
ability to hold a precise inner-range upper cervical
flexion action. For clinical testing, the patient is
positioned supine, crook lying to eliminate load
(head weight). This ensures the muscles are tested in
as much isolation as possible from synergists (e.g.
sternocleidomastoid) which are necessarily recruited
when resistance is added. The patient’s head is
supported on a folded towel placed under the
occiput only, of a height such that there is a neutral
head-neck starting position. The muscles to be tested
are deep and are unable to be seen or uniquely
palpated to determine if a correct contraction is

occurring. Therefore, an indirect method to assess
their performance was devised which monitored the
subtle movement produced by the muscle action. The
upper cervical flexion action causes a very slight
flexion or flattening of the cervical curve. This subtle
displacement is monitored with an inflatable pressure
sensor (Stabilizer, Chattanooga, South Pacific) which
is positioned suboccipitally behind the neck (Fig.
11.6). For the baseline starting position, the sensor is
inflated to fill the space between the plinth and neck
without pushing the neck forwards (20 mmHg).

The testing action is a pure head nod which the
clinician must carefully teach to the patient. The
gentleness and precision of the action need to be
reinforced. When the patients have poor activation
capabilities of their deep neck flexors, they will try to
use substitution strategies to mimic the correct
holding contraction. These must be identified and
corrected. The common substitutions to mask poor
deep neck flexors include recruiting the superficial
flexors, sternocleidomastoid and scalenes and even
the hyoids and platysma. Alternatively, the patient
may perform an incorrect chin retraction action or
may try to compensate for poor tonic function by
performing the action too quickly.

Subjects are required to attempt 10 10-s holds of
the upper cervical flexion action. A performance
score is calculated by multiplying the pressure
increase (from the baseline of 20 mmHg) by the
number of successfully completed 10-s holds. An
ideal performance would constitute a 10 mmHg
increase of pressure with the patient able to perform
the 10 sets of holds, giving a performance score of
100. As mentioned, our preliminary data suggest that
neck pain patients are well below this level.

Fig. 11.6 The test of holding capacity of deep neck flexors is
performed by maintaining a precise upper cervical flexion position.
Performance is quantified indirectly by monitoring the patient’s ability
to hold the neck position via a pressure sensor placed behind the
neck.
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Fig. 11.7 The test of tonic holding capacity of the lower
scapular stabilizers. Note that the arm is in slight abduction
with the elbow flexed to discourage substitution with
latissimus dorsi.

The tonic holding capacity of the lower scapular
stabilizers (mid, lower trapezius, serratus anterior) is
tested with a modified classic grade 3 muscle test
(Kendall et al., 1993). The major modification is that
the arm load is eliminated by resting the arm by the
side. The patient is required to hold the scapula
against the chest wall in a position of retraction and
depression (Fig. 11.7). The patient’s ability to perform
10 10-s holds of the scapular position is tested. The
patient’s performance is inadequate when he or she
loses control of scapular position or substitutes the
correct performance with other muscle action, i.e.
the latissimus dorsi, upper trapezius or rhomboids.

Tests of muscle length

The axioscapular, girdle and neck muscles prone to
hypertonicity and tightness are tested and these
procedures are well-described in clinical texts (Janda,
1983; Travell and Simons, 1983). Careful differential
testing is required of those muscles which have a
close relationship to major neural structures, notably
the upper trapezius, scalenes and deep suboccipital
extensors. Edgar et al. (1994) revealed that people
with normally less flexibility in their upper-quadrant
neural systems had less apparent extensibility in their
upper trapezii. This was reasoned to be a normal
protective phenomenon and the authors caution
both clinicians and patients against routine stretching
without knowing precisely the underlying cause for
the muscle response.

Special investigations

There are factors in the patient’s symptoms and

history which direct the inclusion of other specific

tests which are either structure- or systems-related.
Clinical and radiological tests of cranjovertebral

ligaments can be indicated for a patient following
acute trauma, such as from a motor vehicle accident.
The uppercervicalarea is not uncommonly injured in
whiplash injury and the injury mechanism exposes
the alar ligaments to injury (Dvorak et al., 1987,
Jonsson et al., 1991). The clinical and radiological
stress tests involve lateral flexion or axial rotation
(Reich and Dvorak, 1986; Dvorak et al., 1987;
Aspinall, 1989). The sensitivity and specificity of
these tests have not been established and both
present problems #n vivo, resulting from pain and
patient guarding.

The symptom of dizziness and any other signs of
vertebrobasilar insufficiency are foremost in the mind
of any practitioner using manipulative therapy proce-
dures for the cervical spine. Injury to the vertebral
artery is a very real, albeit rare risk which can have
disastrous consequences. Testing protocols exist to
attempt to identify the at-risk patient (Lewit, 1985;
Australian Physiotherapy Association Protocol, 1988;
Grant, 1994b), although their sensitivity and specific-
ity are unknown. The validity of some tests is in doubt
(Thiel et al., 1994). The ethical issue is whether the
benefits of high-velocity manipulative thrust proce-
dures outweigh the risks (Powell et al., 1993) and
data are lacking to debate this issue rationally.

The presence of arm pain, hypoaesthesia and other
vascular symptoms can direct the inclusion of a
number of tests. These may aim to compromise the
intervertebral foramen and structures in the thoracic
inlet or reveal dysfunction in the sympathetic nerv-
ous system. Other medical and radiological examina-
tions can be undertaken as relevant to differential
diagnosis in support of the clinical examination.

Conclusion of examination

The problem-solving process of the clinical examina-
tion culminates with the physiotherapist gaining an
understanding of patients themselves, their neck
problem and their expectations of treatment out-
come. Both a provisional pathoanatomical and a
physical diagnosis are made. The latter depicts and
defines the dysfunctions in the articular, muscular
and nervous systems which are linked to patients’
pain and functional limitations. The presence and
nature of the dysfunctions guide the treatment
strategies selected in management.

It is essential that the clinician has indicators to
guide the progress of treatment and to evaluate the
efficacy of the management programme. To the
patient, the most important outcome is permanent
relief of the pain and disability for which they sought
treatment. The specific functional disabilities repor-
ted by the patient are used as primary outcome
measures of treatment effectiveness. The physio-
therapist seeks the same outcomes but is also
interested in the changes in physical impairments
which are as a result of their treatment. The links
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between changes in impairments (or dysfunction)
and changes in symptoms guide intelligent treatment
selection and application. Physical impairments need
to be quantitatively or at least qualitatively docu-
mented so that changes can be monitored.

Physiotherapy management

Physiotherapy management aims to reverse the dys-
function causing the patient’s neck pain and disability
as well as prevent recurrent episodes of pain. All
systems may require active management and physio-
therapy management is inclusive of the following
therapies: manipulative therapy, specialized ther-
apeutic exercise and muscle function strategies, re-
education of posture and neuromotor control, ergo-
nomic and lifestyle advice, the application of
electrophysical agents and other physical aids as
required.

Management is dysfunction-based, precise and
comprehensive, to cope with the often complex
dysfunctions which may present in the integrated
cervical neuromuscular-articular system. There is
now unequivocal evidence that intervention in one
system alone does not guarantee resolution of dys-
function in other systems (Hides et al., 1996) and all
systems require exacting management.

The talent in management of neck pain syndromes
is to recognize where it is most effective to intervene
into the cycle of interrelated dysfunction (Fig. 11.8).
The model used in physiotherapy practice to guide
treatment selection, application and progression is
the process of repeated assessment of effect of an
intervention on the dysfunction in each system
(Maitland, 1986). More specifically, the effect of
manipulating a dysfunctional cervical joint or inhibit-
ing a hypertonic muscle, as exampiles, is evaluated by
assessing any change in joint pain and movement. In
turn, the effect that this pain relief or increased joint

CERVICAL PAIN SYNDROME

Joint Dysfunction

Poor Posture

|

Neural Tissue
Mechanosensitivity

Loss of Muscle
Tonic Supportive
Capacity

Poor
Neuromotor

Fig. 11.8 The cycle of interrelated dysfunction in the
articular, muscular and nervous systems which is manifest in
the cervical pain syndrome.

movement has on impairments in the other systems is
assessed. In this way, the dysfunction in each system
is monitored and precise treatment added as ap-
propriate.

Treatment of articular dysfunction

A combination of manipulative therapy, active mo-
bilizing exercises and exercise to improve muscle
support and control for the cervical segments are the
principal therapies physiotherapists use to manage
joint dysfunction and its resultant symptoms.

Manipulative therapy incorporates the techniques
of passive segmental joint mobilization (rhythmical,
low-velocity procedures), and high-velocity, low-
force, small-amplitude joint manipulation techniques.
The aims of manipulative therapy are to relieve joint
pain, restore motion and alleviate the effect that the
painful joint dysfunction may have on other struc-
tures in the neural and muscular systems. Selection of
a particular technique is guided by the nature of the
articular dysfunction elicited in the examination,
which manifests physically as abnormal motion in
specific planes and abnormal tissue resistance to
induced motion. This could be caused by muscle
reactivity or spasm, or increased or decreased col-
lagenous tissue stiffness (Thabe, 1986; Jull et al.,
1988; Shirley and Lee, 1993) and will usually be
accompanied by pain. Technique selection is also
directed by the location of the segmental dysfunc-
tion, whether the dysfunction originates in the upper
cervical joints, the cervical zygapophysial joints or
the disc complex. Other influences are the history,
the acuteness or chronicity of the problem, the
proposed pathoanatomical lesion and the presence of
any conditions which might contraindicate certain
manipulative procedures.

Precise descriptions of techniques can be found in
manipulative physiotherapy texts and will not be
described in detail (Maitland, 1986; Grieve, 1988;
Edwards, 1992; Kaltenborn, 1993). Manipulative ther-
apy techniques are applied specifically to the
assessed dysfunction and, in the main, they relate
specifically to the direction of motion loss or its
related movement. For instance, restoring the down-
ward and medial glide of the superior facet of a
zygapophysial joint to restore lateral flexion should
also aid in the return of the segment’s axial rotation
range.

Manipulative therapy techniques are chosen 1o
utilize both the proposed manipulation-induced
analgesic and biomechanical effects of passive move-
ment to ease joint pain and restore its motion
(Vernon, 1989; Zusman et al, 1989; Herzog et al.,
1993; Lee et al, 1993; Petersen et al., 1993;
Vicenzino et al., 1994; Wright, 1995). The nature of
the technique will reflect the intention of its effect. In
situations of acute pain and joint tissue damage, for
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Fig. 11.9 A high-velocity, low-amplitude manipulative thrust
technique to restore right lateral flexion to the (right) C2-3
zygapophysial joint.

example, movement is applied very gently and
rhythmically in a painfree manner to utilize analgesic
effects of movement and encourage movement for its
mechanical effects. Conversely, acute pain with joint
locking, purportedly from a meniscus entrapment or
extrapment (Mercer and Bogduk, 1993), may direct
use of a gentle high-velocity manipulative thrust
technique to gap the joint, to inhibit the muscle
activity and permit the joint and meniscus to move
fully again. In other dysfunction, techniques may
need to be applied at the end of a joint’s abnormal
hypomobile range to restore normal physiological
ranges of motion. Such techniques may be in the form
of either specific low-velocity or high-velocity proce-
dures (Fig. 11.9).

It is imperative that movement gained by a
manipulative therapy technique is reinforced by both
the mechanical and neurophysical benefits of active
movement. It has been shown that movement gained
by a specific manipulative technique performed in
isolation will be lost within 48 h (Nansel et al., 1990).
The patient must perform active movements directed
as locally and precisely as possible to the affected

segment to maintain movement gains. Either the neck
can be positioned to focus movement at a particular
level (Fig. 11.3) or patients can be taught to use their
own fingers as a proprioceptive cue for a particular
joint.

There is commonly a need for a number of
segments to be treated concomitantly, using different
techniques for different rationales. A simple example
is where gentle passive mobilization techniques are
being used to treat the pain arising from a segment
with subtle translational instability. Simultaneously,
neighbouring segments are mobilized to reduce
hypomobility so that movement will be distributed
more normally between segments, alleviating strain
from the symptomatic segment. However, local
manipulative therapy treatment to joints will be in
vain if the segmental instability problem is not
addressed through correct muscle stabilization train-
ing. Muscle retraining is an integral component of
treatment of joint dysfunction.

Treatment of neural tissue
dysfunction

There have been considerable advances in thera-
peutics within physiotherapy for the recognition,
diagnosis and manual therapy treatment of pain
syndromes particularly related to pathomechanics of
the nervous system (Elvey, 1981; Butler, 1991; Quint-
ner and Elvey, 1993; Hall and Quintner, 1995). A text
has been devoted to the subject (Butler, 1991). For
the purposes of discussion here, a simplified treat-
ment paradigm will be used. This will serve to
provide an insight into the type of management
which might be used to address this form of neural
tissue dysfunction - that related to adverse mechanics
with resulting pain and mechanosensitivity of neural
tissues. For detailed reading on nerve injury, neuro-
mechanics and pathomechanics, the reader is
referred to landmark texts such as Brieg (1978),
Sunderland (1978) and Lundborg (1988).

Neural tissues of the upper forequarter can be
injured directly in association with joint and muscle
injury. As more commonly occurs, neural tissues can
be compromised by the sequelae of joint pathology,
injury and the repair process. The broad options for
management therefore include treating the related
joint dysfunction, directly mobilizing the neural
tissues or using a combination of both methods
(Elvey, 1986; Butler, 1991). The model of immediate
assessment of effect of an intervention on a positive
neural tissue test as well as other joint and muscle
signs again guides treatment selection and progres-
sion. Adverse neural mechanics and mechanosensitiv-
ity can contribute to both acute and chronic pain
states.

Manipulative therapy treatment of the joint dys-
function may successfully resolve the sensitivity in
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Fig. 11.10 A combined articular and neural tissue tech-
nique. The C5-6 segment is mobilized into contralateral
lateral flexion. To maximize effects on neural tissues, they
are pretensioned with the arm positioned in a submaximal
test position.

neural structures, allowing free painless movement to
return. Often techniques need to be devised which
aim simultaneously to move the joint and neural
structures to resolve the dysfunction. For example,
anteroposterior glides (Fig. 11.4) to a mid to lower
dysfunctioned cervical segment may be performed
while the trunks and roots of the brachial plexus are
moved by the patient performing active elbow
flexion and extension in the brachial plexus tension
test position (Fig. 11.5). Conversely, a joint may be
moved to deliberately move neural tissue simultane-
ously, such as will occur with a cervical, segmental
contralateral lateral flexion technique. The effect on
neural tissues could be enhanced during the mobiliza-
tion by pretensioning them, by positioning the
patient’s painful arm in a calculated proportion of a
full-tension test position (Fig. 11.10). The sensitivity
in the neural tissues may also be addressed by
devising sequences of upper limb movements
directly to move neural structures (Butler, 1991). The

most potent single movement for the cervical nerves
and brachial plexus is scapular depression.

Any technique chosen which directly addresses
neural structures is always performed gently and in an
exploratory manner. Any treatment progression is
carefully guided by the re-evaluation of the response
in the neural tissue tension test. Overenthusiastic
application of technique can provoke, rather than
relieve, the pain associated with the neural tissue
dysfunction. The advent of direct movement therapy
to the nervous system together with a greater
understanding of the scope of neural tissue dysfunc-
tion has broadened and furthered the management of
musculoskeletal disorders. Research documenting
the nature of the syndromes and the nature and
validity of the clinical neural tissue tests is increasing.
However, the mechanism of action of successful
neural tissue therapeutics is an important area of
future research which is only beginning (Slater er al.,
1994; Vicenzino et al., 1994).

Treatment of the muscle system and
neuromotor control

Proper functioning of the muscle system is essential
to offer the joints support and control and to prevent
adverse strain, reinjury and further pain. Achieve-
ment of muscle control is frequently commensurate
with pain control (Derrick and Chesworth, 1992;
Beeton and Jull, 1994; Richardson and Jull, 1995a)
and is a fundamental component of joint treatment.

Specific muscle and movement dysfunctions have
been identified in patients with cervical dysfunction,
as previously described. Based on our clinical and
research work, therapeutic exercise strategies have
been devised specifically to address those muscles
which are dysfunctioned in neck pain and to exercise
them according to their functional demands (Jull,
1994; Richardson and Jull, 1995a,b). This places an
emphasis on stabilization training and movement
control directly to address the major muscle dysfunc-
tions linked with neck pain and pathology. Addition-
ally, active stability is a predominant functional
requirement in this proximal spine and girdle region
so that the forces from the actions of the head and
upper extremities are accepted here without undue
strains. The exercise programme includes progressive
components which are added as the muscles respond
to the retraining. Some details of the newer aspects of
training will be given.

Retraining the tonic bolding capacity of the
deep stability and postural muscles

The dysfunction of loss of tonic holding capacity of
the deep neck flexors and lower scapular stabilizers
is addressed in the first instance to restore their
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postural and jointsupporting function. Optimally,
training is commenced in the first treatment, the only
factor mitigating against this is if pain is created by
the upper cervical flexion action or by scapular
depression and getraction. This could occur if neural
structures are quite mechanosensitive or if the upper
cervical joints are acutely painful. In these cases pain
must be settled as a first priority, as it will be
inhibitory to muscle action.

The functional demands of these muscles is
restored by training their tonic holding capacity with
an isometric contraction without load (Richardson
and Jull, 19952). In one of the first components of
rehabilitation, the muscles are exercised for their
precise function but in a non-functional position. This
trains them in as much isolation as possible from their
synergists to ensure that they specifically are exer-
cised and that their dysfunction is unequivocally
reversed.

The deep neck flexors are trained in the formal test
position of supine crook lying, utilizing feedback
from the pressure sensor (Fig. 11.6). Patients should
commence by training at alevel they can achieve, for
if the task is too difficult they will substitute with
unwanted actions or muscles, as previously de-
scribed. For example, patients may be able initially to
increase the pressure by 4 mmHg and perform three
10-s holds before fatigue. They should initially train at
this level, performing the formal exercise in supine
lying at least once, preferably twice, per day. The
exercise should be carefully monitored and perform-
ance quantified at each treatment session. Progres-
sion is by increasing the time the contraction can be
held. Achievement of 10 10-s holds is the firstaim and
this is followed by improving the strength of contrac-
tion, which will increase the pressure recorded. This
is to a maximum of 10 mmHg, as pressures above this
level are indicative of a substitution strategy, usually
that of an incorrect head retraction action.

The lower scapular stabilizer function is trained
utilizing the same principles. If patients cannot
contro] the scapula flat against the chest wall in
depression and retraction in prone test position (Fig.
11.7), their training may need to begin in side lying.
The therapist often needs to use various facilitation
strategies to activate the muscle and inhibit its
synergists, such as latissimus dorsi and even, in some
patients, the scapular elevators. Performance is
improved by increasing the holding time (10 10-s
holds) and progressing position from no added load
in the prone test position to adding gradual incre-
ments of arm load. Progression is until the patient can
control scapular position and support arm load in
140° abduction - the classic grade 3 muscle test
position for lower trapezius (Kendall et al., 1993).

The essence of testing and training the deep and
postural supporting muscles is precision, accuracy
and control. If patients arc permitted to change to a
substitution strategy to hold the neck or scapular

position, bad patterns are reinforced and the training
becomes ineffectual and counterproductive. The
clinical skill required accurately to facilitate and
activate the deep muscle parallels that required for a
delicate high-velocity manipulation of a cervical
segment. The precision of training needs to be
thoroughly comprehended by both clinician and
patient.

Integration of bolding capacity training into
postural control and functional activities

It is necessary for patients to train the holding
capacity of the deep neck flexors and lower scapular
stabilizers several times per day to improve their
tonic function and to improve patterns of neuro-
motor control. Postural retraining requires patients to
assume a correct upright, neutral spine position to
which is added, in training, a conscious activation
and hold of the supporting muscles, the lower
scapular stabilizers and the deep abdominal, trans-
versus abdominis (Richardson and Jull, 1995a).
Assumption of the correct neutral spine, postural
position with the low-level activation of these mus-
cles corrects the head position and seems automati-
cally to subtly activate the deep neck flexors
and indeed the deep lumbar extensors, such as
multifidus.

Retraining a correct, neutral spinal posture can be
difficult in patients with poor proprioception and
motor control. Re-education usually begins in the
lumbopelvic region and the patient trains to assume
an upright neutral position of the pelvis with a
normal, discrete low lumbar lordosis. Too often
patients use the chest-out, shoulders-back postural
correction. This is a poor method as it usually results
in an incorrect thoracolumbar or thoracic lordosis
(Fig. 11.2b) rather than the correct lumbopelvic
position which will encourage balanced, thoracic and
cervical curves. The postural muscle activation is
added to the correct spinal position. The patient is
taught the correct muscle activation and scapular
position. A common fault is that patients will try too
hard, overactivate the muscles and substitute the
correct muscle action with thoracic -extension or
even with scapular retraction and elevation. The
correct muscle action needs to be facilitated with an
emphasis that only a muscle contraction of 10-15% of
maximum is required to retrain the postural tonic
supporting role of the muscles. Again the subtlety and
precision of control need to be wellunderstood by
the patient.

Frequent repetition is necessary to retrain a new
postural and muscle skill and improve holding
capacity of the supporting muscles. To maximize
compliance, practice must not be too intrusive into
the patient’s usually busy lifestyle. Patients need to
incorporate practice into their everyday activities and
the clinician should help them identify cues and
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times to practise, for example, whenever they answer
the telephone, when stationary in the car at traffic
lights, etc. Patients must incorporate training and
ultimately the postural habit into their lifestyle.
Exercise and postural training are usually not a
problem when patients realize that it relieves their
neck pain. This is easily and potently shown by simply
demonstrating the effects of muscle reciprocal relaxa-
tion. The painful and tight levator scapulae muscles,
for example, are palpated near the superomedial
border of the scapula.Allow the patient to feel the pain
relief and relaxation in the muscles on repalpation
following assumption of a correct postural position
with gentle activation of the lower scapular stabilizers.

Muscle-lengthening procedures

The technical aspects of muscle-lengthening proce-
dures are well-addressed by Travell and Simons
(1983). More importantly, the possible cause of the
muscle overactivity needs to be identified. Addressing
this issue will influence the treatment approach and
help to achieve a more permanent effect than is ever
achieved by instituting a routine stretching pro-
gramme alone. Factors which might underlie the
presence of a tight or hypertonic muscle which
require primary attention include adaptive length
changes to poor postural form, protective hyper-
tonicity of mechanosensitive or shortened neural
tissues (note especially upper trapezius, scalenes,
suboccipital extensors), lack of stability function of
synergistic muscles, and poor patterns of muscle
activity (Hall et al., 1993; Edgar et al., 1994; Janda,
1994; Jull, 1994; White and Sahrmann, 1994).

Re-education of patierns of muscle activity
and movement control

Poor patterns of muscle and movement control are
considered to be problems of the central nervous
system programming (Janda, 1994) as well as the
result of pain and the inhibitory and excitatory effects
of injuries on the muscle system. The muscle system
will also be affected by disuse post-injury (Richardson
and Jull, 1994). These poor patterns are usually linked
to inadequate stability capacity of the deep and
postural supporting muscles of the spine and girdles.
Once these muscles have been activated and trained,
both in isolation and in static postural control, the
stabilization programme is continued to ensure their
appropriate timing and function during movement
with and without load. There are three basic patterns
which may require re-education or which are used to
train the interaction between local and global mus-
cles. These are:

1. Re-education of the synergistic action between the
deep and superficial neck flexors in the through
range control of cervical flexion.

2. Re-education of the pattern of axioscapular mus-
cle sequencing and activity during arm move-
ments (Janda, 1994). This is usually begun with
short-lever arm action into abduction and pro-
gressed to long levers in all planes with or without
added load.

3. Re-education of core neck and trunk control with
superimposed gravitational and upperlimb load.
These tasks replicate patients’ working, sporting
or recreational activities.

Co-contraction exercises

Muscle co-contraction of agonist and antagonist is a
strategy for active joint stabilization (Keshner et al.,
1989; Andersson and Winters, 1990). It is linked to
increasing joint stiffness and support independent of
the torque-producing role of the muscles (Carter et
al., 1993). There are many facilitation strategies used
by physiotherapists to encourage co-contraction (Sul-
livan and Markos, 1987). Exercises can be performed
in a variety of positions, for example, sitting, four
point kneeling and prone, propped on elbows. For
any exercise, the spine should be positioned in its
correct neutral position. Some gentle presetting of
the deep and postural muscles seems to enhance the
effect of exercise. An effective exercise for home use
is a self-applied gentle, sustained rotatory resistance
applied rhythmically to alternate sides of the head to
co-activate the neck flexor and extensor muscles.

Throughout the entire exercise programme, the
holding capacity of the deep neck flexors and lower
scapular stabilizers continues to be tested with their
specific tests (Figs 11.6 and 11.7) as it is difficult with
any other method to check if they have maintained
this important function. Patients continue to train and
maintain this function of these muscles groups
specifically throughout the whole treatment and
indeed as part of their continuing preventive pro-
gramme after discharge from active treatment. It is
the deep muscles whose function is so vital for
segmental support and control and ironically it is
these muscles whose function is most compromised
by joint pain and pathology.

Ergonomic advice

Ergonomic and lifestyle advice should be offered to
all persons and it should cover their working,
domestic and recreational environments. However
excellent the work site and equipment may be, it will
not compensate for poor postural and movement
control and poor joint support. Patients must under-
stand that they hold in their muscle systems the key
to effective joint support and protection from recur-
rent pain.
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Conclusion

The key issue in the physiotherapy management of
patients with cervical pain syndromes is recognition
of a complex dysfunction in the neural, muscular and
articular systems. Examination is a problem-solving
exercise which aims to provide a provisional patho-
anatomical diagnosis. Most importantly, it depicts the
exact dysfunctions in the three systems which are
linked to the patient’s pain and disability. The major
symptoms, functional disabilities and impairments
are documented so that the efficacy and outcome of
treatment can be evaluated objectively.

Treatment is precise and dysfunction-based. Selec-
tion and progression of techniques are guided by an
assessment of effects model. The initial aim of
physiotherapy management is to relieve the patient’s
current neck pain and disability. The long-term aim is
to prevent recurrent and chronic pain. All patients are
provided with knowledge of key issues in the
prevention of recurrent neck pain together with an
exercise programme that focuses, at discharge, on
maintenance of joint protection and control. They are
encouraged to continue simple exercises which
activate their deep and postural muscles in everyday
postures as a lifelong preventive habit, just as they
have trained themselves to clean their teeth as a
lifelong preventive measure against tooth decay.
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Contraindications to cervical spine
manipulation

A. G. J. Terrett

Introduction

Head-neck pain and dizziness are symptoms which
spinal manipulation therapy (SMT) practitioners
usually accept as possibly indicating spinal joint and/
or muscle lesions, and therefore they may be indica-
tions for SMT. While this is true in many cases, these
same symptoms can indicate pathologies which
contraindicate SMT. This chapter discusses vertebral
artery dissection (VAD), where the initial symptoms
may be head-neck pain and/or dizziness, which may
prompt the patient to consult a practitioner.

A rationale for the prevention of complications
from SMT may be based on an understanding of:

The causes of reported complications from SMT.
The contraindications to SMT.

Diagnostic assessment of patients prior to SMT.
Avoiding certain therapies in patients thought to
be at risk.

Avoiding those techniques which are thought to
carry the greatest risk.

6. Emergency care procedures, should an injury
occur.

b e N

Ut

This study is based upon 185 cases collected from
the English, French, German, Scandinavian and Asian
literature, which were reported from 1934 to 1995.

Incidence of vertebrobasilar stoke
following SMT

The actual incidence of post-SMT vertebrobasilar
stroke (VBS) is not known, but can be expected to be
higher than the reported incidence.

Figures commonly quoted for serious injury follow-
ing SMT have been: 1 in several tens of millions of
manipulations (Maigne, 1972); 1 in 10000000
(Cyriax, 1978); 1 in 1000000 (Hosek et al., 1981);
and 2-3 per million (Gutmann, 1983; Dvorak and
Orelli, 1985). It is to be noted that, as the subject is
being better investigated, the estimated incidence is
increasing.

Case analysis

Examination of cases reveals the following age and
gender distribution, practitioner involved and
sequelae.

Age distribution of patients who
suffered VBS

It has been suggested that ‘most risks of this nature
are expected to be found in the elderly’ because of
spondylitic and arteriosclerotic changes (Taylor,
1981). Table 12.1 summarizes the age and gender of
the cases reviewed. The age distribution graph of
patients who suffered VBS following SMT (Fig. 12.1)
easily dispels the idea that these injuries are more
likely to affect the elderly. At first glance, there does
appear to be a predilection for SMT accidents in the
30-45-year age group (Ladermann, 1981). Closer
analysis does not reveal any greater risk in any age
range (Terrett and Kleynhans, 1992; Terrett, 1996).
The superimposed curve in Figure 12.1 is an age
analysis of 6187 consecutive patient visits to an SMT
practitioner’s office (many patients are therefore
recorded more than once); the horizontal line = 10%.
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Table 12.1 Age and sex distribution of people suffering vertebrobasilar stroke after spinal manipulation therapy

Age (years) Male Female Sex unknown Total
Cases Deatbs Cases Deaths Cases Deathbs Cases Deaths

6-10 1 1

11-15

16-20 1 1 2

21-25 4 2 3 7 2

26-30 6 18 2 24 2

31-35 18 3 28 6 1 47 9

36-40 15 3 18 4 2 35 7

41-45 - 12 1 9 2 3 24 3

46-50 2 6 1 9

51-55 7 3 4 2 11 5

56-60 1 4 1 b) 1

61-65 2 2

66-70 2 2

Unknown 5 | 6 2 5 2 16 5

Total 74 13 99 19 12 2 185 34

The increased number of accidents reported in the
30-45-year age group appears simply to be a reflec-
tion of the age group most likely to seek the services
of a practitioner of SMT.

Therefore, factors such as a patient’s age and the
‘presence or absence of degenerative osseous or
vascular changes do not appear to be important in
assessing a patient’s risk of manipulative iatrogenesis
(Terrett, 1987c, 1996; Terrett and Kleynhans, 1992).

Age of patients who suffered post-SMT
VBS

Age and gender are known for 162 of the 185
patients. The age range for the patients was:

® Males (n = 69): 7-63, with an average of 37.8
years.

e Females (n = 93): 20-68, with an average of 37.1
years.

The age distribution for mortality when age and
gender were known was:

@ Males (n = 12): 23-51, with an average age of 38.0
years.

® Females (n = 17): 33-60, with an average age of
38.7 years.

The 5 cases of death where age was unknown were
one male, two females, and in two cases the gender
was not stated.

Gender distribution of patients
who suffered post-SMT VBS

It has been stated that the group most at risk of VBS
following SMT are young females. Of the 185 cases
reviewed here, the gender was known in 180 cases,
which revealed:

e 103 females (57.2%), of whom 17 died (16.5%).
e 77 males (42.8%), of whom 13 died (16.9%).

The initial impression is that there seems to be a
greater risk for females. Closer examination reveals
that this does not indicate a female sex predilection,
but simply reflects the greater number of female
patients secking SMT. Studies have revealed the
following  male-female  patient  percentages:
40.7-59.3%; and 44.8-55.2% (Christiensen, 1993,
1994).

Practitioner involved and sequelae

Table 12.2 lists the practitioner involved and the
sequelae. As is to be expected, the greater number of
cases have involved chiropractors, because they
perform most of this type of treatment. In the USA
94% of SMT is performed by chiropractors, 4% by
osteopaths and 2% by medical practitioners (Shekelle
and Brook, 1991; Shekelle et al., 1991).
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Fig. 12.1 Age distribution of post spinal manipulative therapy (SMT) vertebrobasilar stroke (VBS) cases compared to
age distribution of patients attending practitioners for SMT. Open circles = post-SMT VBS case who did not die; filled
circles = post-SMT VBS case who died.

Copyrighted Material



Contraindications to cervical spine manipulation 195

Table 12.2 Practitioner and sequelae of 185 cases of vertebrobasilar stroke (1934-1995)

Practitioner CR ACR U-K RND LIS-R LIS Death Total
Chiropractor 6 8 9 36 5 13 77

Chiropractic 4 6 1 13 1 5 30
Medical practitioner 5 5 7 8 25
Osteopath 2 1 5 1 1 3 13
Physiotherapist 2 5 7
Self ) 1 § 1 2 5
Naturopath 1 1 1 3
Wite 1 1
Barber 1 1
Kung-fu practitioner 1 1
Unknown 7 1 10 3 22
Total 27 15 21 80 2 6 34 185
CR = Complcte recovery; ACR = almost complete recovery: U-K = unknown; RND = residual neurological deficit; LIS-R = locked-in

syndrome with recovery; LIS = locked-in syndrome/tetraplegia.

Note: One case in the dearh coluwan had been a case of tetraplegia.

Mechanisms of cerebrovascular
injury

Clinical anatomy

The vertebral artery (VA) courses upwards, encased
within the transverse foramina of the cervical verteb-
rae. On exiting the foramen in the axis vertebra, the
VA abandons its almost vertical course to pass
upwards and laterally to reach the foramen of the
aths transverse process. The VAs are not freely
movable at the C1 and C2 transverse foramina, but
are relatively fixed by fibrous tissue. The VA then
proceeds around the lateral mass of the atlas, enters
the foramen magnum and, at the lower border of the
pons, unites with the VA of the opposite side to form
the basilar artery. The posterior inferior cerebellar
arteries (PICAs) leave the VAs just before they join
cach other to form the basilar artery. The basilar
artery passes up the anterior surface of the brainstem,
and divides to become the posterior cerebral
arteries.

Clinical biomechanics

Rortation of the cervical spine to the extent of 45-50°
occurs chiefly at the atlantoaxial joint. This is about
half of total cervical spine rotation (Selecki, 1969).
During head rotation, because the VA is fixed at the
Cl and C2 transverse foramina, it is stretched/
tensioned, compressed and torqued. Research indi-

cates that rotation is the single most effective
movement producing decrease in blood flow - it
applies the greatest stress to the VA (deKleyn and
Nieuwenhuyse, 1927; deKleyn and Versteegh, 1933;
Tatlow and Bammer, 1957; Toole and Tucker, 1960;
Brown and Tatlow, 1963; Andersson et al., 1970;
Barton and Margolis, 1975; Grossman and Davies,
1982; Yang et al, 1985). While cadaver studies
(deKleyn and Nieuwenhuyse, 1927; deKleyn and
Versteegh, 1933; Tatlow and Bammer, 1957; Toole and
Tucker, 1960; Brown and Tatlow, 1963) are impor-
tant, early VA compromise is not reproducible in live
subjects (Refshauge, 1994; Thiel et al, 1994; Haynes,
1996). In a study of 280 VAs, Haynes (1996) found
that 5% lost the Doppler sounds during rotation to
the end range; but none ofthese developed any signs
or symptoms of brainstem ischaemia. It is important
to note that in no case of lateral flexion was there any
loss of the Doppler signals (Haynes, 1996); and the
cadaver study of Toole and Tucker (1960) also
indicated that lateral flexion placed less stress on the
VAs. This should be considered when a rationale for
the application of SMT to the upper cervical spine is
developed (Terrett and Kleynhans, 1992; Terrett,
1996).

During normal daily activities the blood flow in the
VAs fluctuates (Bakay and Sweet, 1953), but symp-
toms do not occur in healthy individuals. Therefore,
occlusion of one VA does not necessarily reduce the
arterial supply to the posterior fossa via the basilar or
posterior cerebellar arteries. Compression or spasm
of a VA from C1-2 rotation will induce symptoms
only if flow in the contralateral VA is already
compromised.

Copyrighted Material



196 Clinical Anatomy and Management of Cervical Spine Pain

Table 12.3 Non-spinal manupulative therapy vascular
accidents associated with bead rotation and/or
extenston

Childbirth (Yates, 1959)

By surgcon or anaesthetist during surgery (Brain, 1963,
Fisher, 1993; Nosan et al., 1993; Tettenborn et al, 1993)

Callisthenics (Nagler, 1973)

Yoga (Nagler, 1973; Hanus et al, 1977)

Overhead work (Okawara and Nibblelink, 1974)

Neck extension during radiography (Fogelholm and Karli,
1975)

Neck extension for a bleeding nose (Fogelholm and Karli,
1975)

Turning the head while driving a vehicle (Easton and
Sherman, 1977; Sherman ef al, 1981; Yang et al., 1985)

Archery (Sorenson, 1978)

Wrestling (Rogers and Sweeney, 1979)

Emergency resuscitation (Saternus and Fuchs, 1982)

Star gazing (Barty, 1983)

Sieeping position (Hope et al, 1983)

Swimming (Tramo et al,, 1985)

Rap dancing (Dorey and Mayne, 1986)

Fitness exercise (Pryse-Phillips, 1989)

Beauty parlour stroke (Weintraub, 1992, 1993)

Tai chi (Oh, 1993)

Normally, during daily head movements, occlusion
due to compression does not produce a sufficient
decrease in flow to produce ischaemic signs and
symptoms, or the development of infarction. In most
cases the development of infarction indicates an
underlying arteriopathic process, other than brief
occlusion.

There have been a number of cases where sus-
tained or repetitive head position during normal
activities has produced brainstem ischaemic acci-
dents in the absence of SMT (Table 12.3). Functional
tests may have screened out some, but could have
precipitated VBS in others. These cases would no
doubt have been high-risk had they been treated by
SMT, and even though the outcome may have been
identical, the practitioner most likely would have
been held responsible.

Injury sites

Injury to the VAs can occur anywhere along their
path, by stretching, shearing or crushing. Various
authors postulate that there are seven potential sites
in the cervical spine at which the VA can be
compressed or injured by spinal movement (Terrett
and Kileynhans, 1992; Terrett, 1996). Rotation applies
the greatest stress to the arterial structures in the
upper cervical spine. The most reported site of post-
SMT VA damage is between C1 and C2 transverse
processes, where the VAs are relatively fixed at
the C1 and C2 transverse foramina (Fig. 12.2).

Fig. 12.2 Stretch, torque and compression applied to the
vertebral artery between the atlas and axis vertebrae with
contralateral rotation.

Injury to the internal carotid artery by the Cl1
transverse process has also been reported. Only 5
cases of internal carotid artery injury associated with
SMT have been reported (Lyness and Wagman, 1974;
Beatty, 1977; Murthy and Naidu, 1988; Braune et al.,
1991, Peters et al., 1995).

Arterial wall trauma

The mechanism of injury to the nervous system from
a vertebrobasilar accident is brainstem ischaemia,
which may be due to:

1. Trauma to the arterial wall producing transient
vasospasm.

2. Trauma to the arterial wall producing damage to
the arterial wall.

There have been cases of VBS following SMT which
were subsequently examined by angiograms, and
Doppler sonography in which no evidence of vas-
cular injury could be found (Terrett, 1996). In these
cases it is believed that transient arterial spasm may
have been the mechanism for the neurological
sequelae. Even in cases where arterial damage is
found, the onset of symptoms is often immediate -
too quick for clotting to have occurred, and this most
likely indicates spasm. Spasm would be particularly
deleterious in the presence of hypoplasia or arterio-
pathy of the contralateral VA, or if the contralateral
VA terminates in the PICA.
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Fortunately, in most cases this spasm is transient
and, if not accompanied by severe arterial damage, or
retraumatized, the patient soon recovers without any
deficit. This appears to be a much more common
happening than has been reported.

In most cases of VBS following SMT where angio-
graphy or autopsy findings are available, there is
found to be damage to the artery wall. One of the
following mechanisms may occur:

1. Compression and/or stretching of the VA wall may
apply enough force to disrupt the vasa vasorum,
resulting in subintimal haematoma. This may
decrease VA blood flow by occlusion of the lumen
(Fig. 12.3a). Intramural haematoma may also result
n vasospasm.

2. Intimal tear. The intima is the least elastic layer of
the vessel wall, and the most likely to tear when
the vessel is stretched and/or compressed. Ex-
posure of the subendothelial tissue leads to the
cascade mechanism, resulting in clot formation
(thrombosis). The clot frequently remains adher-
ent to the tear with propagation distally and/or
proximally, and may lead to vessel occlusion (Fig.
12.3b). Following the intimal tear, the vessel (if
not further traumatized) may undergo repair with
no further symptoms, or it may go into spasm.
Spasm may be induced following blood coagula-
tion due to the release of thrombin, which is a
potent constrictor of cerebral vessels (White et al.,
1980). Such spasm may then produce thrombosis
(Blaumanis et al., 1976).

3. Intimal tear with embolic formation. The propagat-
ing clot extends into the lumen. The blood flow
may ‘break off’ part and form an embolus
(Fig. 12.3¢), which can then cause arterial
occlusion distally, leading to infarction of the
area supplied.

4. Vessel wall dissection with subintimal haematoma.
When the intima and the internal elastica are
disrupted, allowing blood to dissect between
them and the muscularis, a dissccting aneurysm is
formed. The intramedial blood frequently com-
presses the true fumen, which accounts for the
narrowed appeacance angiographically. This also
exposes the subendothelial tissue, which may
result in thrombosis and occlusion of the vessel
(Fig. 12.3d). Dissecting haemorrhage can rupture
through the intima, establishing communication
with the true lumen (Fig. 12.3¢). Recanalization
may occur, enlarging the true and/or false
lumen.

5. Vessel wall dissection with pseudoaneurysm for-
mation. When the muscularis as well as the intima
and internal elastica are disrupted, a pseudoaneur-
ysm may form, as the remaining adventitia dis-
tends. As well as producing the changes above,
this disruption may propagate distally to occlude
the PICA (Fig. 12.30).
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6. Perivascular bleeding (false saccular aneurysm).
Disruption in the continuity of the arterial wall
allows blood to leak into the surrounding soft
tissue and produce a periarterial haemorrhage,
which is contained in the fascia. These changes
may produce external compression of the vessel,
resulting in either occlusion of the lumen or
turbulence, which may initiate thrombus and
embolus formation (Fig. 12.3g).

Onset of signs and symptoms

The time between the application of SMT and the
onset of signs and symptoms can vary from imme-
diately to many days. The interval is probably
related to the differing mechanisms of injury. When
brainstem ischaemia is due to vasoconstriction,
symptoms would be expected immediately, whereas
those (other than the pain of dissection) due to
thrombus and/or embolus formation resulting from
a vessel wall dissection would only become sympto-
matic after some time.

A review of the 185 cases reveals that the time
between SMT and the onset of symptoms was given
in 138 cases, and indicates:

69% during SMT.

3% within moments or minutcs of SMT.
8.5% within 1h of SMT.

85% 1-6h after SMT.

5% 7-24h after SMT.

6% 24h or more after SMT.

Signs and symptoms of vertebrobasilar ischaemia
(VBD produced by SMT usually occur in the practi-
tioner’s office (72%), and should be immediately
recognized by the practitioner.

The major signs and symptoms of VBI are the five
Ds And 3 Ns:

. Dizziness/vertigo/giddiness/light-headedness.

. Drop attacks/loss of consciousness.

. Diplopia (or other visual symptoms).

. Dysarthria (speech difficulties).

. Dysphagia.

. Ataxia of gait (walking difficulties/incoordination
of the extremities/ataxia/falling to one side).

. Nausea (with possible vomiting).

8. Numbness on one side of the face and/or

body.
9. Nystagmus.

N U1 W DN

~J

Dizziness is the most common symptom of VBI and
may bc unaccompanied by any other signs or
symptoms.
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Fig. 12.3 (A) Subintimal haematoma; (B) intimal tear; (C) intimal tear with embolic formation; (D) subintimal haematoma
with dissecting aneurysm; (E) rupture of a dissecting aneurysm through the intima; (F) occlusion of posterior inferior
cerebellar artery (PICA) by distal propagation of dissecting aneurysm; (G) false saccular aneucysm. From Terrett (1997) with

permission.
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Post-SMT stroke syndromes

Post-SMT central nervous system injury (stroke)
usually conforms to one of the following syn-
dromes:

I. Wallenberg  (dorsolateral medullary or retro-
olivary) syndrome (occlusion of the PICA). The
acute signs and symptoms usually disappear
within several weeks. Most patients have a
significant degree of recovery, but often experi-
ence residual neurological deficits.

2. Locked-in syndrome (cerebromedullospinal dis-

connection, occlusion of the basilar artery). Most

patients with locked-in syndrome die early in the
course of the disease. The survivors usually remain
in a chronic locked-in state, as the medullary vital
centres automatically maintain respiratory and
cardiovascular function, although a few cases of
substantial recovery have been reported (Khurana
et al., 1980; McCusker et al., 1982; Carmody et al.,

1987; Povilsen et al, 1987; Bell v. Griftiths,

1994).

Other brainstem syndromes.

. Occipital lobe injury.

Cerebellar injury.

. Thalamus injury.

Patient history

Tables have been produced which attempt to identify
pre-existing pathological and/or altered physiological
risk factors of VBS if SMT is proceeded with (George
et al, 1981; Terrett, 1983; Kleynhans and Terrett,
1985, Henderson and Cassidy, 1988). It is now
apparent that very few of the factors, either alone or
in combination, specifically increase the susceptibil-
ity to post-SMT VBS.
Different facets of the history will be reviewed.

Presenting complaint

The presenting complaint of patients who suffered
VBS after SMT was given in 137 (74%) cases (Table
12.4). It can be seen that there is little that could alert
the astute practitioner of an impending VBS, as most
patients were young healthy individuals, suffering
from musculoskeletal complaints such as head and/or
neck and/or shoulder pain, without any predisposing
VBS risk factors.

Transient ischaemic attacks (TIAs)
When a review of systems reveals transient ischaemic

symptoms, it strongly suggests the necessity for
medical referral and for the exclusion of SMT.
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Table 12.4 Major presenting complaint of patients who
subsequently bad a spinal manipulative therapy-induced
vertebrobasilar stroke (n = 137)

Presenting complaint Percentage
Neck pain and/or stiffness 47.4
Neck pain/stiffness and headache 19.7
Headache 16.8
Torticollis 5.8
Low back pain 2.2
Abdominal complaint 22
Scoliosis/kyphoscoliosis 15
Head cold/cold in rhe head 1.5
Upper thoracic pain 1.5
Upper-limb numbness 0.7
Hayfever 0.7

Patients with vertebrobasilar TIAs may have many
attacks before they suffer a VBS (Weiner, 1981).
Symptoms due to VA compromise (five Ds And 3 Ns)
should alert the practitioner not to manipulate the
neck, and that the patient may require immediate
medical referral (Weiner, 1981). If the patient suffers
from carotid TIAs, medical referral is imperative as
patients may suffer a complete stroke after only a few
episodes - 10% in the first 6 months, then 6% in 1
year (Weiner, 1981). Signs and symptoms of carotid
artery ischaemia include:

Hemianaesthesia.
Hemiparesis or monoparesis.
Headache.

Dysphasia.

Visual field disturbance.
Confusion.

N RANENE IO

Bruits

If, during review of symptoms, a patient states that an
audible bruit has recently developed (which may be
associated with symptoms such as headache and
neck pain), the patient should not be manipulated, as
this may indicate signs of an impending spontaneous
dissecting aneurysm (Mas et al, 1985, 1987).

Contraceptives

Several authors have listed oral contraceptives as a
potential risk factor. VBS following SMT in women
taking oral contraceptives has been reported in only 4
cases (Mueller and Sahs, 1976; lLadermann, 1981;
Brownson et al, 1986; Peters et al, 1995), indicating
most likely no causal relationship. Also noted is that
only one of these women was reported as a
smoker.
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Women taking oral contraceptives are at a greater
risk of vertebrobasilar thrombosis than those not
taking contraceptives (Bickerstaff, 1975). However,
as the source of emboli in these cases is not from the
VAs (Ask-Upmark and Bickerstaff, 1976), taking the
contraceptive pill would not appear to predispose
such patients to any greater risk of post-SMT VBS.

Cigarette smoking and atherosclerosis

In patients with other stroke risk factors, such as
hypertension, hyperlipidaemia, heart disease and/or
diabetes mellitus, chronic smoking enhances the
decrease in cerebral blood flow (Rogers et al,
1983).

A review of the 185 cases reveals that 11 patients
were recorded as smokers:

® Females - seven cases (29-41 years), average age
37 years.

e® Males - four cases (33-55 years), average age 42
years.

Only one patient smoked over the age of 45 years.
Although chronic smoking appears to increase the
risk of cerebral stroke, it does not appear to increase
the risk of VBS after SMT; otherwise such injuries
would be expected to be more common in older age
groups.

Osteoarthritis

Osteoarthritis does not appear to increase the risk of
VBS after SMT. If it did, it would be expected that:

1. The older age group would be at a significantly
greater risk, which they are not (Terrett and
Kleynhans, 1992; Terrett, 1996).

2. Osteoarthritic compromise of the vertebral artery
would be most likely to occur at the C4-6 spinal
levels.

Radiographs of elderly patients with a diagnosis of
VBI secondary to cervical spondylosis, when com-
pared to age- and gender-matched controls (Adams et
al.,, 1986), failed to demonstrate any difference in the
severity of radiographic changes. It was concluded
that radiographs of the cervical spine were of little
value, only confirming the high incidence of cervical
sponcdylosis in the elderly.

Postpartum
Only four of the 103 females were reported as being

postpartum (Masson and Cambier, 1962; Parkin et al.,
1978; Modde, 1985; Mas et al, 1987). Considering

the number of women who present to SMT practi-
tioners offices after childbirth complaining

pain, this would not appear to indicate any causal
relationship.

Migraine headaches

Strokes in migraine patients are rare, but can occur,
and are usually in the posterior cerebral artery (distal
branches of the VAs; Broderick and Swanson, 1987;
Gilroy, 1990). Several authors have mentioned that a
history of migraine may be an important precipitating
factor in some cases of post-SMT VBS (Zimmermann
et al., 1978; Anonymous, 1980; Krueger and Okazaki,
1980; Solomon and Spaccavento, 1982; Carmody et
al., 1987, Mas et al., 1987; Cashley, 1993). Migraines
are a stroke risk factor in young adults (Spaccavento
et al, 1981; Solomon and Spaccavento, 1982),
vascular spasm in migraine patients may exacerbate
injuries (Zimmermann et al., 1978), and migraneurs
have been shown to be hypercoagulable (Dalessio,
1978). While no definite predisposition can be
demonstrated in migraneurs, it would appear to be
unwise to stress or irritate the VAs during a migraine
attack, when arteries are in an irritable state.

Important risk factors

The most important VBS risk factors to identify in the
history are:

1. Sudden severe pain in the side of the head and or
neck, which  different from any pain the patient
has had before.

2. Dizzincss, unsteadiness, giddiness, vertigo.

Sudden severe bead and/or neck pain

Many SMT practitioners are not aware that the earliest
symptom of VAD (with or without SMT) is usually
severe head and/or neck pain, usually described as
different from any previously experienced, which can
occur minutes, hours, days or even weeks prior to
the onset of neurological dysfunction. Mokri et al.
(1988) found the initial manifestation of VAD (not
associated with SMT) was head pain in 60% of cases,
vertigo and oscillopsia in 20%, and focal neurological
deficits in 20%. Sturzenegger (1994) found headache
was the prominent symptom in 86% of patients.
Nicholls et al. (1993) indicated that irritation of the
VA can produce pain from the forehead/cheek to the
occiput/neck, and to the upper trapezius region.
Report of this distinct type of pain, although non-
specific as an isolated symptom, should raise suspi-
cion of the possibility of an underlying VAD. As long
as symptoms of brainstem ischaemia are absent,
head and/or neck pain due to VAD will rarely be
correctly diagnosed.
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While the majority of cases of head and/or neck
pains are major indications for SMT, in some circum-
stances the same symptom which prompts the
patient to seek care may be due to VAD, which is a
major contraindication to SMT. The problem for the
practitioner is that often the head and/or neck pain
due to VAD cannot be differentiated from a mus-
culoskeletal region. This is a dilemma for the prac-
titioner, as severe head and/or neck pain of a
musculoskeletal origin (without signs of brainstem
ischaemija) which will respond to SMT is very
common, whereas VAD is uncommon. The incidence
of VAD has been reported to be only about 1-6
patients per year in a large hospital (Hart and Easton,
1985; Biller ¢t al, 1986; Mas et al., 1987; Mokri et al.,
1988; Sturzenegger, 1994).

To complicate the problem further, VAD may be
totally asymptomatic. One study found three patients
with asymptomatic VAD while investigating other
suspected lesions (Mokri et al., 1988). These silent
VADs appear to occur predominantly in cases of
multiple dissections of cervical arteries (Hart and
Easton, 1983; Chiras et al., 1985; Mas et al., 1987).This
finding raises the possibility of an as yet unknown
underlying arteriopathy which predisposes to vessel
dissection. Evidence of fibromuscular dysplasia has
been found in 23% and 33% of patients in two studies
(Hart and Easton, 1983; Mas et al., 1987).

A review of 27 cases of non-SMT VAD (where
central nervous system dysfunction was not one of
the earliest signs) revealed that the delay in the
onset of central nervous system dysfunction after
the onset of headache or neck pain was:

® 30% after less than 1 day.
® 15% 1, 2 or 3 days later.
® 30% 1-2 weeks later,

® 25% 3 weeks or more.

These findings suggest that many cases of VAD
attributed to SMT practitioners may have existed
prior to treatment, and may have been the cause of
the symptoms which prompted the patient to seek
care (or they may have been silent). Therefore, the
practitioner who was blamed for the arterial and
neurological damage may not have had any effect on
the course of the disease process, or at worst may
have hastened the inevitable. Because these scenarios
are possible, it is suggested that techniques which
excessively stress the VAs should not be used on any
patient.

Dizziness, unsteadiness, vertigo, giddiness

The signs of VBI (five Ds And three Ns) should be
known to all SMT practitioners.

Observant SMT practitioners would be aware that
patients suffering from dizziness often respond dra-
matically following upper cervical SMT (Davis, 1953;
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Jepson, 1963; Wing and Hargrave-Wilson, 1974; Cote
et al, 1991; Fitz-Ritson, 1991) but other possible
causes of dizziness have to be kept in mind, and a
differential diagnosis should be made (Giles, 1977).
The problem for the practitioner is:

1. Dizziness is usually the prominent symptom of
VBI, and often unaccompanied by any of the other
signs and/or symptoms.

2. There is no simple method available to the SMT
practitioner to determine whether the dizziness is
due to VBI (contraindication to SMT) or whether it
is due to a disturbance of articular and/or muscle
proprioceptive input (an indication for SMT).

Many cases have been reported where SMT was
proceeded with in a dizzy patient, with disastrous
results (Terrett, 1990a, 1996, Terrett and Kleynhans,
1992).In these cases, the practitioner may have had no
effect, or may have aggravated existing VA pathology,
resulting in VA damage, but is blamed as having caused
the VBS. Because available assessment methods do not
enable SMT practitioners to be absolutely sure
whether or not the symptom of dizziness/giddiness/
unsteadiness/vertigo (or even head/neck pain) that
the patient is suffering from is due to arterial wall
pathology or not, in such patients it is recommended
that treatment methods which excessively stress the
VA walls not be used. It is suggested that SMT should
be modified, or other forms of therapy used (soft-
tissue therapy, accessory joint play movements, heat,
ice, physiological therapeutics, etc.). If, after one or
two treatment sessions, the dizziness decreases, then
this most likely indicates that VBI was not the cause,
and that normal SMT methods can then be used. One
case is presented here to illustrate a not uncommon
scenario, where dizziness in the history should alert
the practitioner to modify or alter treatment.

A 31-year-old female consulted a medical practi-
tioner, suffering signs of a TIA (nausea, head-
ache, vertigo, slurred speech, ataxia of gait).
The practitioner recognized the nature of the
TIA attack and referred the patient to a
neurologist for a lumbar puncture. However,
the practitioner did not recognize the TIA as a
contraindication to cervical SMT and manipu-
lated the cervical spine. Immediately following
cervical SMT the patient had a VBS, due to
dissection of both VAs (right artery 100%
blocked, left artery 80% blocked). After 2
weeks in intensive care, the patient then
improved, but was left with a permanent
neurological deficit, and impairment to higher-
level thinking (previously a gifted screenwriter,
now a file clerk; Saltzberg v. Hawkins 1991).

This scenario, of brainstem signs and/or symp-
toms which should have alerted the practitioner,
may be much more common than the literature
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suggests, but because the reports are written by
authors more interested in the neurology, post-
mortem, angiographic, computed tomographic or
magnetic resonance imaging scan findings, most
likely this important point for SMT practitioners was
not commented upon.

Patient examination

Three major tests have been described as being able
to detect those patients at risk of VBS following SMT.
They are:

1. Blood pressure measurement.
2. Neck auscultation.
3. Functional vascular tests.

Blood pressure measurement

Review of cases reveals that the victims are usually
young, and there is no consistently found hyper- or
hypotension. Therefore, the taking of blood pressure
does not appear to be particularly useful in determin-
ing any increased risk of VBS following SMT.

Neck auscultation

Review of cases of post-SMT VBS reveals that the neck
was auscultated for bruits in 18 cases (Terrett, 1996).
In none of these was a VA bruit heard. Seventeen
cases involved VA damage, of which 10 were con-
firmed by angiography and one was confirmed at
postmortem. One case involved carotid artery dam-
age (Murthy and Naidu, 1988) with positive arterio-
graphy and surgical findings, and yet no carotid bruit
was heard on neck auscultation.

As there were no arterial bruits detected after the
arterial damage, it would be highly unlikely thata bruit
would have been detected prior to SMT. Therefore, it
is the author’s opinion that the taking of blood
pressure, and listening for bruits, leads practitioners
into a false sense of security that they are doing a
relevant vertebrobasilar screening examination.

Functional vascular tests

There are at least four variations of the VA patency
tests (Houle, 1972; Kleynhans, 1980; George et al.,
1981; Terrett and Webb, 1982; Terrett, 1983; Grant,
1988; Henderson and Cassidy, 1988). In all, the
patient’s head is held for 30 s in the premanipulative
position (e.g. rotation, rotation with extension)
before SMT, and the patient is observed for any signs,
such as nystagmus, and asked to report any symptoms

of VBIL. Dizziness is the most common symptom of
VBI, and may be unaccompanied by any other
symptoms or signs; therefore the absence of other
brainstem signs and/or symptoms does not always
exclude the possibility of a vascular cause.

When positive, these tests only indicate that
rotation has possibly produced brainstem ischaemia,
possibly due to compression of one VA, and inade-
quate patency of the opposite artery. However, when
signs and symptoms are present, there is a risk to the
patient, so further evaluation is indicated and manip-
ulation should not be performed.

There are four major problems with these pro-
cedures as a predictor of VBS after SMT:

1. Even if you have a negative test result, VBS may still
occur because these tests reproduce some of the
stresses of SMT on the osseous-articular-mus-
culo-ligamentous-vascular structures, but cannot
predict the effect of thrust, which may further
stretch the VA, and damage the vessel wall (Fig.
12.3).

Bolton et al. (1989) demonstrated the limited
diagnostic value of rhese -tests—In_a patient in
whom the pre-SMT tests failed to identify any VA
problem, subsequent digital subtraction angio-
graphy revealed occlusion of one VA.

Haynes (1996) in a study of 280 VAs found that
in 14 (5%) the Doppler sound stopped during
neck rotation, but none of these patients de-
veloped any signs or symptoms of brainstem
ischaemia.

A negative test result cannot be interpreted to
mean that there is no arteriopathic process in the
VAs. Therefore, these tests appear to be inadequate
in all but the most grossly pathological or highly
susceptible cases. There have been at least two
cases where patients suffered VA trauma after
negative test results (Parkin et al, 1978; Lindy,
1984).

2. There is a problem of false-positive tests (Terrett,
1983), as vertigo and nystagmus of cervical origin
(joint and/or muscle) are well-documented, with
theories being related to the stimulation of cer-
vical sympathetics or to cervical muscle and joint
receptors (Gayral et al, 1954; Gray, 1956; de Jong,
1977; Liedgren and Odkvist, 1979; Maeda, 1979;
Hulse, 1983; Thiel et al, 1994). This type of
dizziness can be expected to respond well to
SMT.

The author has often experienced cases where
testing before SMT produced dizziness, but the
dizziness could not be reproduced after soft-tissue
therapy and gentle SMT, indicating vertebrogenic
dizziness.

Thiel et al. (1994) had an experimental group of
12 subjects who had positive functional vertebro-
basilar tests and a history of dizziness and/or
related symptoms during certain positions of the
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head and neck. Using duplex Doppler ultrasound,
no decrease in VA blood flow was detected in
these patients (or in the 30 subjects in the control
group) during the functional vascular test
position.

3. There is no evidence to suggest that these tests,
when positive, indicate any underlying arterio-
pathy or altered anatomy which would predispose
to arterial wall damage and VBS if SMT were
proceeded with.

4. There have been cases where merely placing the
head into the rotated position has induced a stroke
(Roche et al, 1963; Gatterman, 1982; Danesh-
mend et al, 1984; see Table 12.2).

While we have to admit these inadequacies, it is

still considered that when a positive result is found,
caution is prudent.

Risk reduction

There appear to be two major problems occurring
with SMT associated with VBS, which are:

1. Rotational SMT.

2. Continuing to treat a person with SMT after signs
and/or symptoms of arterial damage have become
evident.

Changes in SMT technique can easily be made so as
to minimize the the risks of SMT.

Rotational SMT

Of the 185 cases, the method of SMT was described
in 76 cases (41%), which reveals that rotation was
used in 65.8% of cases, rotation with extension,
flexion and/or traction was used in 29%, and toggle
recoil repeated three times was used in 1.3%. Traction
was used in 3.9%. In 94.8% of cases rotation, with or
without other movements, was used in the treat-
ment.

That rotation is the cervical movement most likely
to damage the VA wall is supported by review of five
sources:

. Haemodynamic studies in cadavers.

. Haemodynamic studies in live subjects.

. The mechanism involved in non-SMT VA damage is
usually neck rotation, or rotation with extension.
Post-SMT angiography consistently reveals the VA
damage to be between C1 and C2 because rotation
compresses and stretches the VA most at this
level.

5. Post-SMT VBS autopsy investigations consistently

reveal the VA damage to be between C1-2.

W0 =

E
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Regarding traction, some have considered that this
makes rotation SMT safer. This belief is not supported
by one study of 41 cadavers (82 VAs), where
extension and rotation occluded five (6%) VAs;
when traction was then added, another 27 complete
occlusions occurred (n = 32 or 39%); all occurred
above C2 level (Brown and Tatlow, 1963).

Continued treatment of a patient after
signs of arterial damage have become
evident

It has been documented (Terrett, 1987b, 1990b,
1996; Terrett and Kleynhans, 1992) that many cases
of VBS after SMT could have been avoided had the
practitioner understood that the symptoms post-SMT
were due to arterial trauma, and that further trauma
to an artery already undergoing pathological change
can only be expected to aggravate the condition.

The signs of VA damage can present in one of three
ways:

1. Sudden onset of severe head and/or neck pain.

2. Vertebrobasilar ischaemia (the five Ds And three
NS).

3. Both the above occurring together.

As already described, the earliest sign of damage to
the VA wall is often head and/or neck pain. If head
and/or neck pain occurs following upper cervical
SMT, the practitioner should not remanipulate the
neck in the mistaken belief that the first treatment
was not done correctly. Those patients in whom
head pain (usually occipital) and/or neck pain
began during SMT usually describe the pain as:

1. Immediate, sudden, during SMT.

2. Distinctly different from pains previously suf-
fered.

3. Sharp discomfort, excruciating, intense, violent,
severe.

If pain occurs without the signs of ischaemia, it is
difficult for the practitioner to know whether it is a
joint and/or muscle pain reaction to the SMT, but the
author suggests that SMT should not be repeated in
case the pain is due to VAD.

Symptoms after cervical SMT, such as fainting and
nausea, have been called by Maigne (1972) sym-
pathetic storms. Several authors have postulated that
irritation of the cervical sympathetic nerves may cause
spasm of the vertebrobasilar arteries and their
branches (Neuwirth, 1955; Stewart, 1962,
Maigne,1972; Jackson, 1977). Although this is an
attractive theory for various head, chest and arm
symptoms, it needs to be supported by research.
A study of the neural control of VA blood flow found
no evidence to support the contention that cervical
lesions could affect hind-brain blood flow (Bogduk ef
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al., 1981). VA blood flow was found to be profoundly
unresponsive to stimulation of any component of the
cervical sympathetic system and it was concluded that
the theory that irritation of cervical sympathetic
nerves can alter VA blood flow is untenable. Therefore,
practitioners should be careful before ascribing post-
SMT reactions to sympathetic storms, and be aware
that they most likely indicate either alteration of upper
cervical proprioceptive input or, more dangerously,
brainstem ischaemia induced by VA trauma (Terrett,
1990a, 1996; Terrett and Kleynhans, 1992).

The problem for the practitioner is that dizziness is
usually the prominent symptom in both cases and, in
the absence of other signs of ischaemia, it is not
possible to determine the cause. These patients may
subsequently respond well to SMT and suffer no ill
effect, as dizziness usually responds well to SMT
(Davis, 1953; Jepson, 1963; Wing and Hargrave-
Wilson, 1974; Cote et al, 1991; FitzRitson, 1991).
However, it is suggested that in such cases, because
of the possibility of serious damage, it would be
irresponsible to proceed with rotation thrust SMT
techniques, which are the most likely to stress the VA
wall. It seems to be courting possible disaster, as
there are no diagnostic methods available to deter-
mine whether the symptoms of post-SMT pain or
dizziness are due to cervical proprioﬁcc_:gtive' or
sympathetic system stimulation or to VAD. In these
patients other forms of therapy to_the upper cervical
spine should be used.

To illustrate that to continue manipulation of the
neck after the onset of signs of brainstem ischaemia is
irresponsible, the following case is presented as a not
uncommon scenario. (For other cases, sec Terrett,
1990a,b, 1996; Terrett and Kleynhans, 1992.)

A previously healthy 31-year-old male under-
went a cervical manipulation from a medical
practitioner for a headache and stiff neck,
which he had developed after playing tennis.
Two hours after the first manipulation he
returned to the practitioner who injected him
intravenously with Valium and manipulated his
neck again. He became disoriented and did not
regain full consciousness. The practitioner
again manipulated his neck about 2 h later,
when the patient gave a large groan and
developed pins and needles in the arms and
legs. His arms and legs went stiff, he went into
spasm, and the right side of his face and
shoulder dropped. He later vomited. An ambu-
lance was called, and he was admitted to
hospital 4 h after the second cervical manipula-
tion. His condition deteriorated and he suffered
brain death. Respiratory support was removed
3 days later (Terrett, 1987a, 1996).

If any adverse signs and/or symptoms occur during
treatment - stop. There is nothing to be gained from

continuing to retraumatize an artery already under-
going pathological change. Left alone, the patient
may recover. Continuing to treat the patient may
result in death, tetraplegia or permanent neurological
deficit.

Emergency care

A practitioner may still be unfortunate enough to
have a patient develop signs of brainstem ischaemia
even after all precautions have been taken.

If post-SMT VBI signs occur (Terrett, 1987b, 1990a,
1996; Terrett and Kleynhans, 1992).

1. Do not remanipulate the patient's neck. There is
nothing to gain from retraumatizing an artery
undergoing pathological change, and it may in fact
result in further arterial damage and disaster.

2. Observe the patient. The symptoms may resolve
within a short time, indicating either transient
VBI, possibly due to spasm, or proprioceptive
dizziness.

3. Refer the patient. If the symptoms do not subside,
do not panic and remanipulate the patient’s
neck.

If the patient’s symptoms progress and do not
abate, he or she needs to be hospitalized.

The practitioner’s assistance in describing what
happened may be helpful in instituting the correct
therapy quickly.

Conclusion

Several authors have mentioned that patients with
signs and/or symptoms of VBI can respond benefi-
cially following SMT. The author agrees that many
cerebral and cranial nerve-type signs and/or symp-
toms can respond to SMT (Terrett, 1984, 1988, 1989,
1993, 1994, 1995), but readers should appreciate that
a patient whose symptoms are due to VAD, and
thrombus formation, is not likely to respond benefi-
cially to SMT.

This issue has been confused by some writing
about transient rotational occlusion producing tran-
sient brainstem symptoms. What is trying to be
prevented here is trauma to arterial structures result-
ing in intramural haemorrhages, lacerations, dissec-
tions, aneurysms, thrombus and embolus formation
with resultant central nervous system damage - not
episodes of transient ischaemia.

As practitioners better understand the pathology,
warning signs in the review of systems and history,
warning signs during and after treatment which
indicate that treatment should be altered or ceased,
and the need in some cases for the patient to be
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hospitalized, the incidence of these injuries should
decrease.

It has been stated that all thrust techniques are
ruled out as dangerous, and that ‘we should stay our
hand until indications for thrust techniques are quite
unequivocal’ (Grieve, 19806). It is the author’s opinion
that it is not thrust that is the most dangerous
component of the manipulation, but that it is extreme
rotation. Techniques can be modified to abandon that
component which appears to carry greatest risk for
our patients.

Regarding post-SMT VBS, the following conclusions
are offered:

1. VBS following SMT js very rare (nobody knows
what the true incidence is), but many cases could
have been avoided.

2. There does not appear to be any age group or
gender that is predisposed to post-SMT VBS.

3. Cadaver and in vivo studies on haemodynamic
changes with neck movement indicate that
rotation applies greater stress on the VAs than
Jateral flexion. While cadaver and in vivo studies
both come to this conclusion, it is apparent that
cadaver studies do not accurately reflect changes
in vivo.

4. Current knowledge is limited, and prediction of
patients at risk by currently used patient assess-
ment methods requires much further research,
and possibly the adoption in practice of new
diagnostic methods (e.g. Doppler ultrasound).

5. In many cases, the patient may have presented
with an existing VAD, which may have caused the
symptoms (head and/or neck pains) which
prompted the patient to consult the practitioner.
The practitioner, who is then held responsible
for causing the injury, may have had no effect on
the final outcome, or merely hastened the
inevitable. It is possible, though, that without the
artery being traumatized, its wall may have
healed with no occurrence of stroke.

6. Many of the cases of patient injury could have
been prevented had the practitioner been aware
of VBI signs and symptoms, which should have
been elicited during the review of systems, or
case history, and which should have indicated
that SMT should not be proceeded with. This
may have occurred more commonly than the
literature suggests.

7. Many of the cases of patient injury may have
been prevented had the practitioner performed a
physical examination, including holding the head
in the premanipulative position while observing
for signs and/or symptoms of VBI.

8. The most severe injuries following SMT are not
cases of transient ischaemia due to compression
or vasospasm, but of vessel wall laceration,
dissection, etc., possibly predisposed by an as yet
unknown arteriopathy.
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9. Post-SMT dizziness may have many causes. The
patient who develops post-SMT dizziness should
not be remanipulated, but transported to hospital
for observation.

Many cases of patient injury were caused or
made worse because the practitioner did not
stop treatment, which had the effect of further
traumatizing an artery undergoing pathological
change.

It is not possible to predict all patients who may
be presenting to our offices with pre-existing
vertebral artery dissections (or other arterio-
pathic processes which may predispose to ar-
terial dissection), as they may be silent, or may
in fact be causing the head and/or neck pains
(without other warning signs) prompting the
patient to seek help. The absence of reported
contraindications does not mean that the patient
will not suffer post-SMT VBS and, in fact, most of
the reported cases did not document the sup-
posed contraindications. Therefore, we cannot
absolutely protect these patients by pretreatment
screening.

Many of the cases which occurred in predisposed
patients (pre-existing VA dissection, with or
without examination findings) may not have
occurred had the practitioners used a method of
SMT which did not stress the VA walls.

10.

11.

12.
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Analgesics for whiplash injuries, 80
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midcervical spine, 11
Ankylosis, spontaneous, 91
Anulus fibrosus calcification, 105
Anterior scalene syndrome, osteopathy, 160
Antidepressants for whiplash injuries, 80
Arm pain
and paraesthesia following whiplash injury, 75
from neck, 126
Articular
and uncinate processes, 65, 66
triad, 3
Atlantoaxial
instability, surgical treatment, 131
joint, 62
imaging, 100
subluxation, 127
Atlanto-odontoid joint, imaging, 100
Atlas
agenesis of arches, 9
and axis imaging, 100
ponticles, 105
Autonomic nerves, 36
Axial pain, 126

Barre-Lieou syndrome, 105
Block vertebrae, 5
imaging, 101
Bone marrow changes, MRI recognition, 92
Brachial plexus tension test, 178

Calcification, anulus fibrosus, 105
Carotid nerve plexuses, 8
Central cord syndrome, 10
Cervical collar, 120
for whiplash injuries, 79
Cervical
cord compression, 127
fusion, anterior, 134
musculoskeletal dysfunction, 162
rib, 5, 45
osteopathy, 160
spine
anatomy, 6, 11, 23, 40
degenerative changes, 45
diseases, table, 15
kinematics, 53
movements, range of, tables, 54, 59
syndrome, 13
traction for whiplash injuries, 80
Cervicogenic headache, 3, 158, 165, 169
Cervicothoracic
ganglion, 8
junction
anatomy, 40
movements, 42
trauma, 48
Chiari malformation, 103
Chin-out chin-in manoeuvre, 55
Chiropractic
adjustment, 145
treatment, 139
Claviculocostal syndrome, 160
Clay shoveller's fracture, 105
Cloward anterior cervical fusion, 134
Computed tomography see CT
Corpectomy, 135
Craniovertebral muscles, function of, 65
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CT
for canal stenosis, 91
for foraminal stenosis, 129
for spinal fracture, 49
for zygapophysial joints, 99
intravenous enhanced, 91
myelography, 91
spiral for disc herniation, 93

Degenerative

changes, vertebral, 45

disc disease, imaging, 89

MRI signs, 92

Depression following whiplash injury, 76
Diffuse idiopathic skeletal hyperostosis, 103
Disc see Intervertebral disc
Discectomy, anterior, 134
Discography, dangers of, 14
DISH, 103
Dislocation C7-T1, rare, 48
Dizziness

following whiplash injury, 74

indicating vertebrobasilar ischaemia, 201

Eagle's syndrome, 106
End-plate sclerosis, radiograph, 90
Ergonomic advice, 187
Examination
chiropractic, 142
neurological, 114, 129
orthopaedic, 112
osteopathic, 151
physiotherapy, 168
Exercises, isometric, 122

Fibromyalgia syndrome, 3

Foraminal stenosis, 129, 137
Foraminotomy, 137

Forrestier's disease, 103

Functional restoration programmes, 82

Gadolinium enhanced MRI, 92
Guildford cervical brace, 121

Halifax clamps, 136
Headache
cervicogenic, 3, 158, 163, 169
following whiplash injury, 74
cluster, 158
vascular, 158
Hemivertebrae, 9
Horner's syndrome, 129
Hyperextension injuries, 10

Hyperostosis
diffuse idiopathic skeletal, 103
senile ankylosing, 103
Hypomobility syndrome, 159

Imaging techniques, 89
Injuries
athletic, 141
cervicothoracic, 48
hyperextension, 10
neck, 9
spinal, classification, 141
Instantaneous centre of motion, 56
Intercallary bones, 105
Intervertebral disc, 3
cervical, shape, 66
changes with age, 30
degeneration, imaging, 76, 89, 92
herniation
causing myelopathy, 11 .
importance overstressed, 14
unlikely after age of, 30, 93

Joints, neck, 3
Junghanns’ spinal motion segments, 3, 4, 139

Kimmerle's anomaly, 105
Kinematics of cervical spine, 53
Klippel-Feil syndrome, imaging, 102
Kyphosis, thoracic, variability of, 44

L'Hermitte sign, 128
Laminectomy, 136
Lateral bending and rotation, coupled, 62
Ligaments
spine, 4
odontoid, 28
Ligamentum
flavum hypertrophy, 11
nuchae ossification, 105
Load transmission, 3
Locked-in syndrome, 199
Longus colli, calcific tendinitis, 107
Low back pain following whiplash injury, 75
Luschka joints, 13, 30

Magnetic resonance imaging, see MR

Maigne technique, 122

Maitland mobilization for whiplash injuries, 79

Manipulation
chiropractic, 140
complications, vertebral artery, 147, 192, 205
contraindications, 147, 192
orthopaedic, 122
osteopathic, 163
physiotherapy, 183
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Massage for whiplash injuries, 81
Menisci of zygapophysial joints, 36
Metastases in cervical vertebrae, 128, 133
Motion

segments, Junghanns’, 139

testing, passive, 155

range of, orthopaedic examination, 113
Movements of head and neck, 27
MRI

tor intervertebral discs, 92

for neck pain, 14

for spinal fracture, 49

for synovial cysts, 100

for zygapophysial joints, 9, 99

gadolinium enhanced, 92

imaging of choice, 92, 94, 130

in whiplash injuries, 72
Muscles, craniovertebral, functions of, 65
Myelography, CT, 91
Myelopathy,

cervical spondylotic, 11

cervical cord compression, 127

laminectomy, surgical treatment, 131, 136
Myofascial

pain syndrome, 3

trigger points in whiplash injuries, 73

Neck
joints, 183
lesions, necropsy studies, 170
movements
range of, tables, 54, 59
active, examination, 174
muscles
examination, 179
fibre composition, 180
function tests, 181
trcatment, 185
pain, 9
factors perpetuating, 171
psychological factors, 13
table of causes, 15
treatment
chiropractic, 139
orthopaedic, 120
osteopathic, 150
physiotherapy, 168, 183
surgical, 126
traction, 121
Nerve roots
exit sites, 33
protection of, 7
Nerves of the neck, 5
Neural tissue dysfunction, treatment, 184
Neurological examination, orthopaedic, 114, 129
Neurological signs warning physiotherapists, 171
Neuromotor control, tests for, physiotherapy, 173
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Nucleus pulposus
calcification, idiopathic, 105
disappears in adults, 24
Numb clumsy hands from cervical cord
compression, 127

Occipitalization, 103
Occipitoatlantal joint, 62
Odontoid

agenesis, 103

ligaments, figure, 28
Os odontoideum, 103
Ossifications, ligamentous, 104
Ossified posterior longitudinal ligament (OPLL), 11,

106

Osteopathy, 151

passive movement testing, 155
Osteophytes, recognition of

on MR], 92, 95

on radiographs, 90

Pain from vertebral artery injury, 203
Pain neck, 9
no radiological signs, 12
psychological factors, 13
table of causes, 15
vascular origin, 13
Paraspinal muscle atrophy, 92
Parasympathetic nerves, 8
Pathological investigations, necropsy, 170
Pectoralis minor syndrome, 160
Percutaneous facet joint denervation for whiplash
injuries, 81
Perfectionists, psychological problems following
whiplash injury, 76
Posterior fixation, 137
Posterior longitudinal ligament ossification, 11, 106
Posture
assessment, 172
good and bad, 4
training
physiotherapy, 186
sandbag on head, 123
Pscudofracture, uncovertebral joint arthrosis, 97
Psychosocial problems following whiplash injury,
75
Pterygium colli, 102

Quebcea Task Force on Whiplash Associated
Disorders, 71
conclusions, 123
grading of whiplash injuries, 161

Radiculopathy
signs of, 129
surgical treatment, 131
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Radiography for degenerative disc disease, 89

Radiological stress views, 13

Range of lateral bending, 61

Retrolisthesis, radiograph, 90

Rheumatoid arthritis causing atlantoaxial
subluxation, 127

Rotation and lateral bending, coupled, 62

Scalenus anterior syndrome, 160
Schmor!'s nodes, 91
Schwannoma, MRJ, 133
Segmental motion, examination, 177
Selective muscle retraining for whiplash injuries, 81
Shimizu reflex, 117, 119
Shock absorption, 3
Smith-Robinson technique, 134
Spinal disorders, differential diagnosis, 146
Spondylitis

deformans, imaging, 89

ossificans ligamentosa, 103
Spondylolisthesis, imaging, 99
Spondylosis

hyperostotica, 103

degenerative discogenic, 5
Spondylotic lipping, figure, 12
Spontaneous ankylosis, 91
Spurling neck compression test, 118, 128
Squeezed toothpaste sign on MRI, 94
Stellate ganglion, 8
Stenosis, foraminal, CT for, 129, 137
Subaxial instability, surgical treatment, 131
Subluxations, 139
Superior cervical ganglion, 8
Swimmer's view X-ray of C7, 50
Sympathetic nerves, 8, 9, 37
Symptoms and signs of cervical spine disease, table,

37

Synostosis, congenital, 102
Synovitis causing pain, 13

Tectorial membrane, 62
Temporal arteritis, 159
Thoracic outlet syndrome, 160
Thrust, high velocity manipulation, 152, 164
Tinnitus following whiplash injury, 74
Tomography, see CT
Traction
for pain, 121
for whiplash injuries, 80
Transcutaneous electrical nerve stimulation for
whiplash injuries, 80
Transient ischaemic attacks, 199

Translation of neck on head, elastic absorption, 58,
64

Trigger point injections for whiplash injuries, 81

Uncinate process, 32, 66
sharpening, 97

Uncovertebral joint degeneration, 11
imaging, 96, 97

Upper cervical complex, 157

Vacuum phenomenon, radiograph, 90
Vertebral artery

anatomy, 29, 195

injury, caused by rotation, 195, 203

classification of, 197

plexus, 8

pressure on nerves, 7
Vertebrobasilar

ischaemia, signs and symptoms, 197

stroke after manipulation, 192

2

Wallenberg syndrome, 199
Whiplash injuries, 10, 71, 72
chiropractic, 141
cognitive difficulties after, 77
depression after, 76
dizziness after, 74
grading, 161
headache after, 74
little evidence of accompanying brain injury, 78
ostcopathy, 161
prognosis, 77
psychological problems after, 75, 76
symptoms, 73
treatment, 123
chiropractic, 148
education, 79
facet joint denervation, 81
osteopathic, 165
physiotherapy, 79
table, 78
trigger points, 73

Zygapophysial joint, 3
arthritis, 11
degenerative changes in, 45
imaging, 98, 99
lack of inner stability, 65
menisci of, 36
subluxations, chiropractic, 139, 143
surface anatomy, 26
synovial folds, 36
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