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ABSTRACT

An investigation was undertaken to ascertain {f etandard

diagnostic ultrasound equipment was capable of imaging the cervical
spine and observing intersegmental motion.

Cervical spine anatomy was reviewed with particular attention

paid to the location and structure of the ligaments, fascia and
articular structures of the region.

A real-time B-scanner and 5MHz probe was selected for the
project. Using a model spine within a waterbath, experience in image
collection and interpretation was gained. The axial and 1lateral
resolution of the scanner was tested. The ability of the scanner to
measure a known distance using its caliper function was tested
against other methods of measurement.

Peripheral joints were scanned with ultrasound and were X-rayed.
A set distance on both of the images was measured to see if the two

methods were comparable.
In vivo scanning of the neck revealed twa positions for the

probe which were the most useful. The body type of the patient was
inportant to the quality of the scan achieved. XNuscular or necks
with much adipose tissue would produce poor quality scans. It was
possible to image the laminae and the vertebra in transverse
section. The motion between laminae and the motion of the vertebra

as seen in the transverse view was possible to observe. The

quantification of motion still requires attention.
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CHAPTER 1 _INTRODUCTION

There 16 a wealth of literature available on the epidemiology
and sequelae of low back pain, both from the pathological and the
economic view point. The same degree of enthusiasm is not present
for the cervical spine if the literature i{s any indication. This may
reflect the economics of the problem, with the belief that probadly
fewer working days are lost because of pain of cervical origin than
from low back pain.

Hult (1971) reviewed his 1054 etudy of 1137 patients with
cervical pain. Patients in his sample were employed in both heavy
and light industry and were aged from 25 - 54 years. His findings
reinforced the belief that cervical pain is infrequently the cause of
inability to work, yet the frequency of the complaints were

approximately equal to that of low back pain. His etudy sample
showed, that over 50% of the workers over 45 years of age had

suffered bouts of neck symptoms, with 1little difference between the
workers in heavy and 1light industry. Gore et al, (1986) also
reinforced the idea, that despite the lack of strongly documented

figures, the number of patients who have cervical pain, is in fact
numerous.

Vith 1interest focused on the 1lumbar epine by medicine and
science, there is nuch information on the anatomy and biomechanics
of the back and the causes of low back pain. Often this infomation
is eimply extrapolated to the neck with seeming disregard to the
differences in structure and function of the cervical spine.

The lack of scientific approach in the examination and treatment
of patients with cervical pain has been recognised and strongly
condexnned by Bogduk (1985). This lack of a scientific base and the
problens of conducting good clinical trials has made it difficult to
evaluate the effectiveness of patient care, which today is vitally
important both from a professional and an economic stand.

The cervical spine, or more specifically the lower cervical spine
ls the area of interest for this work. Details of the upper cervical
spine are given elsewhere (Verne, 1957; Romanes, 1981; Penning, 1988).
The lower cervical spine is considered to be the vertebrae from the

second cervical vertebra (C2) to tle seventh vertebra (C7)



inclusive.

The cranium {is attached to the cervical epine and the epine
allows passage of major arteries velns and neurological organs from
the thorax, via the neck up to the head. The spinal cord and
vertebral arterles are probably the most important structures lying
within the spine.

Vhilst the neck 1s the most mobile region of the spine, it is
stabilised through 1ts attachments to the shoulder girdle by
liganents and muscles. Therefore any movements of the arms or
shoulder girdle will be reflected in small movements in the cervical
spine (Harms-Ringdahl et al, 1986). This will also occur with
movenents of the rest of the axial skeleton, pelvis and lower limbs.

The cervical spine has a complex musculature which is extremely
effective in allowing and controlling movement yet is difficult to
model mathematically (Helleur et al, 1982). The problems of making
assunptions and extrapolating data from the ©basic kinematic
information, is again present. This may be one reason why there is a
relative dearth of information on the biomechanical nature of the
cervical spine. Vith the advent of such groups as the Cervical Spine
Research Society promoting investigations into specific structures of
the spine then more new information should be forthcoming.

The tissues and skeletal system of the neck are commonly subject
to degenerative processes and to both direct and indirect injury.
Indirect injury, as in the case of muscle tension leading to fatigue
ls very common. This is often the result of poor postural habits or
the occupation of the patient. The young (Pennecot et al, 1984 a,b)
may also be subject to the problems of a painful cervical spine.
These are usually the result of direct injury or facet Jjoint
subluxation. Degenerative changes can affect the neck greatly
giving the patient much discomfort and dysfunction.

The motor segment (Schmorl & Junghanns, 1952) or as Vhite and
Panjabi (1978) termed 1it, tke functional spinal unit (FSU), is the
basic anatomical unit, at which movement can be demonstrated and
measured. Early work on the analysis of spinal motion has been well
docunented by Lysell (1969). Observation of whole or gross spinal
nmovement has been gradually succeeded by the observation of the

functional spinal unit. However, isolated spinal segment studies




usually ignore the interactions of the soft tissues which are an

integral part of the structure of the neck.

Gross epinal motion may be described as the summation of
movement of all FSUs throughout the region of the spine.
Consideration of gross spinal motion will not allow the investigator
to identify specific levels of dysfunction. However observation of
csegnental motion would detect the small movements usually in the
order of 0° = 12°, and then demonstrate if dysfunction was present.

To observe segmental motion, various methods have been used
depending upon the experimental protocols. X-ray techniques havs
been used in particular with the overlay method (Penning 1978), using
vertebral body outlines as guides and measuring various constructed
angles to determine range of motion. Cineradiography has also been
used to monitor the cervical spine (Fielding 1964).

Sterearadiography iavolves the use of orthogonal X-rays and will
give the 3-Dimensional range of motion of a structure with respect to
its nelghbour. Pearcy (1979) used this technique to observe the
lunbar spine. Computed Tomography, Magnetic resonance imaging and
nyelography are some of the techniques availablefor spinal imaging
but have great drawbacks in that they are expensive, invasive or
expose the patient to ionising radiation and they require static
positioning to acquire the images.

The possible and novel use of standard diagnostic ultrasound to
image the cervical spine was to be investigated. The main types of
scanpners would be tested to select the equipment (fitting the
requirements of the study.

Diagnostic Ultrasound has to date no known detrimental effects
to bhumans at the recommended intensities and exposure times.
Scanning is a relatively easy technique to perform although the
interpretation of the images is at times difficult and does require
practice.

Diagnostic ultrasound has primarily been used for ecanning soft
tissues where the presence of bone causes problems of acoustic
shadows blocking the images. Xore recently its value for imaging
bony structures which may be implicated in spinal conditions, such as
spinal stenosis, has received much attention (Porter et al, 1978).
Ultrasound has also been used for the scanning of Jjoints to

§



demonstrate the presence of effusion (Egund et al, 1986) or damage to

liganents or tendinous structures (Middleton et al, 1985).

It was therefore important to ascertain if standard diagnostic
ultrasound would be capable of imaging an {n vitro model of the
cervical spine, made up of dried human vertebrae suitably mounted for
scanning. If in fact images were possible then the identification of
vertebral landmarks was the next stage and to test the ability of the
scanner to measure distances between structures of the spine or from
a calibration systen.

The possibility of using a standoff medium to facilitate focusing
of the ultrasound beam for the  superficial vertebral structures
might be required. The gel substance used should be tested to see 1
it facilitate or impede scanning.

As X-rays are the standard method of imaging the spine for
patient examination and judgements are often made on the state of
joints by observing X-rays, it would be useful to see if a difference
exists between the two methods of scanning. A comparison of the

results between the two methods of measuring would also be of
interest. Vith the expansion of ultrasocund {nto the f£field of

orthopaedics this measurement could be attempted on the scans of
peripheral joints.

Diagnostic ultrasound would then be used on in vivo spines to
identify spinal structures. The optimum position for the ultrasound
probe to achieve the best images would be investigated. Realtime
diagnostic ultrasound equipment is capable of observing structures
whilst they are moving. This ability is unique in scanning methods
and should be optimised during spinal scanning of the neck.
Positional changes of the vertebrae should also be observed and 1if
possible measured in light of current knowledge.

It was hoped that the novel use of ultrasound scanning would
allow the imaging of the cervical spine and the visualisation of
intersegmental motion. Vith such a imaging system it might be
possible, in future, to determine levels of dysfunction in the
cervical spine and so determine the possible effects of treatment.
Realtime imaging of the cervical spine during movement would allow
the direct observation of the type and direction of ecegmental

novenment that occurs in the cervical spine.



2.1 INIRODUCTION

The vertebral column, or spine forms a firm but pliant axis for
the skeleton. The shoulder girdle with upper limbs and the pelvic
girdle with lower 1limbs, are attached to this axis. Most of the
vertebral column consists of Ybony vertebrae alternating with
cartilaginous discs, but the sacrum is composed of vertebrae which
are fused together. This arrangement allows the spine to withstand
compressive loading yet have a wide range of movement. The
development of the spine and its regional variations has prodbably
resulted from the evolutionary demands made for the survival of man.
Thus the human vertebral column has a relatively small number of

large rugged vertebrae, adapted to give support for the vertical
position.

The espine has four main regions, the cervical with 7 vertebrae,
thoracic with 12, lumdbar with 5, then 5 fused sacral and 4 coccygeal
vertebrae. Vertebrae from each region may be easily identified by
their size and shape, which also varies slightly between individuals.
The adult spine is usually about 60-70 cm in length. The occipital
bone, which probably represents a rostral vertebra may be known as
*CO0", with the {irst cervical vertebra as Cl, and thereafter the
others are C2 - C7. The "lower" cervical spine is usually considered
as C2 - C7 and the "upper" cervical spine CO - C2. The lower
cervical spine is the region of primary interest for this work.

This chapter constitutes only a review of the anatomy of the
cervical spine, with emphasis on the bones, joints and muscles of the
region. Greater detail may be found in specialised texts (Vilkinson,
1971; Grant, 1978; Vhite & Panjabi, 1978; Varwick & Villiams, 1980;
Rothman & Simecne, 1982; Sherk & Parke, 1983).

2.2 CERVICAL CURVATURE
The normal adult spine when viewed from the side, is convex
forward in the cervical region. The curve is called the cervical

lordosis, which is most promipent at C4 - 5. Development of the
curve has been thought to result from the gradual weight bearing of



the bead on the neck and the need to raiee and balance the head for

vision and feeding. Bagnall et al, (1976) demonstrated that in a
large series of foetuses, the cervical lordosis could be identified in

zany cases, at 9% weeks. Their study puts in some doubt the
traditional explanation for the formation of the cervical curve.
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There are two main elements in the structure of vertebrae, the
vertebral body in front and the vertebral arch behind.

The cervical vertebral body has a frontal diameter approximately
twice that of the sagittal diameter (Jackson, 1077). The body of
the vertebra is smaller than the arch (Fig.2.1). This makes the
cervical spine sufficiently strong to withstand the load of the head
and neck, also allows great mobility.

There are two small but important projections on the upper edge
of the body, which are called uncinate processes, these take part in
the uncovertebral joints. The caudal surface of the body is usually
saddle shaped for its attachment to the disc. On the posterior
surface of the body, there are several small foramina for the
basivertebral velins.

The vertebral body is essentially a mass of cancellous bone

contained in a shell of dense cortical bone. Cortical bone thickness

has been described in the lumbar vertebrae as uniform, approximately
0.025 - 0.1 nmm (Short, 1986), no value has been found for the
cervical region, but it is probably less than the value for the
lunbar spine. The cylindrical or drum shape of the body would
poorly withstand axial loading without buckling. It is the presence
and the structure of the internal cancellous bone which assist the
thin cortical shell to withstand loads. Short (1986), demonstrated
with his finite element model (FEM¥) of a lumbar vertebra, that the
cortical bone would take only 5.1 N. of a load applied to the
vertebra of 353.8 ¥. Lakes and Katz (1977) implied that the
viscoelastic properties of the tissue they tested was temperature
dependent, which would have important implications for the testing of

spinal segments, which are usually frozen at dissection then thawed

to room temperature for testing.
Another function of the cortical shell is that it contains the
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highly vascular bone marrow. In the cervical spine the bone marrow

s a eite for the manufacture of red blood celle (haemopolesis).

Vhite and Panjabi (1978) quote Lindhal (1976) and Hayes and Carter
(1976) for their work on the relationship of vascular marrow and
hydrostatic pressure and the ability of the body to withstand
loading.

Cancellous bone has trabeculae forming an open network of
orthogonal "struts®. Thelr distribution in other parte of the body
has been described (Currey, 1982) as following the direction of
loading, however in the epine loading is predominantly axially. This
does not seem to affect the position of the trabeculae. Injury, or
micro trauma to the trabeculae would cause realignment of the
"struts®, which might then alter the mechanical response of the
tissue in the area to stress.

2.4 > IC 2 RYICA RTERRAL ARCHE
The arch or posterior element of the vertebra is larger than the

body and has several characteristic features.
The pedicles are short strong bars of bone projecting posterior-

laterally from the body, on either side. The curved superior and
inferior surfaces of the pedicles form the floor and roof of the

intervertebral foramen or canal which may be 0.5cm - 1.0¢cm in length.
The disc and the posterior longitudinal ligament help to form the
anterior borders of the canal. The canal contains the dorsal and
ventral nerve roots of the epinal nerve and often the ganglion.
NJeural tissue can make up 50% of the canal contents (Fig, 2.1 & 2.2).

The laminae in the cervical region are long, narrow and bhave
sharp superior margins adjacent to the ligamentum flavum.

Cervical transverse processes have a typical shape. The process
is formed by the anterior costal element and the posterior, or true
costal elenment. The two connect by a costo-transverse lanella

grooved by the emerging spinal nerve. Through the transverse

processes on either side are the foramen transversaria, for the
passage of the vertebral artery through the neck to the brain.
Spinous processes are also characteristic in the cervical spine.
The processes of C3-6 are similar and can be described together.
They are short, stout spines projecting dorsally from the Jjunction of



the lamellae, each ending in a emall tubercle. Assynmetrical
development of bony structures is common in the spine, so individual
variations are frequent. The tip of the spinous process is level
with the inferior margin of the corresponding posterior facet joint
egy C4 spine tip lies level with the inferior margin of the C4-5
facet Joint (Grieve, 1981). The C2 and C7 spinous processes are
considerably larger than the others and may be used for surface
landmarks in most people. The tip of the spines are usually bifid.
The vertebral canal formed by the posterior wall of the
vertebral body and the ventral surface of the arch 1is, in the
cervical spine relatively large and triangular 4in ehape, to
acconmodate the cervical enlargement of the spinal cord The spinal

cord, meninges vascular plexuses and connective tissue all lie within

the canal.

2-5 838
The bodies of adjacent vertebrae are bound together by the
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strong and extremely important intervertebral discs. The discs are
united to the vertebral bodies by a thin plate of hyaline cartilage,
the cartilage or vertebral end plate.

2.9.1 Cartilage end plate

The cartilage end plates (CEP) are found on the cranial and
caudal surfaces of adjacent vertebrae. Inoue (1981), using scanning
electron microscopy (SEM), demonstrated the possible collagen fibre
connections between the CEP and the vertebral body. Under polarised
light he showed there were poor fibre connections between the CEP
and the subchondral bone. The inner one third fibres of the annulus

fibrosus were connected into the CEP and the outer fibres connected

straight to the vertebral body.

During the eecond decade, the CEP has gradually sealed off the
vertebral body from the disc. tlowever small protrusions or
herniations of disc¢c material may occur into the body (Schmorl's
nodes). These may be developmental or occur as a result of sudden
increased loads on the spine. Bony changes in the trabeculae may
follow this nicro trauma, to cause alteration in the structure of the

bone (sclerosis) and its mechanical properties. The aging processes




will also lead to changes in the CEP. The cartilage would gradually
beconing calcified, which alters 1its mechanical properties, €0

naking it more vuneradble to injury.

2.5.2 Inlervertebral Disc
Discs in the cervical spine contribute approximately ¥ the height

of the neck. Cervical discs are ‘'kidney' shaped with the anterior
margin slightly convex and slightly longer than the posterior aspect,
thus contributing to the cervical lordosis.

The annulus fibrosus is the outer part of the disc. It consisis
of concentric lamellae of collagen fibres which are opposite inclined
to one another at approximately 60°. The annulus has a collagen
fibre content of 15% as compared to tendon at 30% (Hickey & Hukins
1980). The inner collagen fibres of the annulus are attached to the
CEP and the outer fibres are attached into the vertebral body
directly. The lamellae arrangement of the fibres can easliy be seen
on dissection. Fibres in the posterior lateral corners of older
discs can show evidence of degeneration, as a break down in the
order of lamellae.

The nucleus pulposus 1s a hydrophylic gel-like substance,
described by Inoue (1981) as an irregular mass of collagen fibres of
0.1um-15um, chondrocyte type «cells and emall particles of
nmucopalysaccharide protiens held together in a network of collagen
fibres. The structure of the nucleus is known to change with age
until it more resembles the annulus fibrosus. This occurs as the
water content of the nucleus is reduced and there is a emall increase

in collagen.

The disc is said to be the largest avascular structure in the
body. It depends upon the surrounding structures, which are well
vascularised, for 1ts nutrition. This 1s belleved to occur by
passive diffusion (Urban et al, 1977), through the nucleus pulposus
and also the periphery of the disc. Simon et al, (1989

cathenatically modelled the possible method of fluld flow between
the disc and the vertebral body. They concluded that the disc, the

CEP and the cancellous bone could all be considered as poroelastic

structures. This fluid flow for nutrition maintains the slow

metabolism of the disc.

10
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25.3 lncovertebral inints

These Jjoints have been described eince the 19 *" century. Von

Lusbka gave his name to them, but later they were called
uncovertebral joints. There has been controversy as to whether or not
they are true Jjolnts. They do have some features of true synovial
Joints, but Hirsch et al, (1967) and Tondury (1971 a) agree that as
there is no synovial menmbrane, they are not true synovial joints.

At birth a triangular area of connective tissue is present in the
area where the joint will develop. By 14 months, collagen fibres are
present and by the 7th to 10th year, the uncus is visible as a
raicsed lip on the body of the vertebra. The uncus is present on all
vertebrae from C3 to Tl (thoracic) and is fully developed by the
second decade.

The uncus 1s matched by a eimilar raised area on the inferior
surface of the cranial vertebra. Small fissures may occur in the
annulus {n the region of the uncus and the cells that surround the
fissures change and become more like chondrocytes. Tondury (1971 b)
described the f{issuring as a functional adaptation to changes in the
tissue and functions of the spine during spinal development. The
small clefts may extend to bisect the disc, these are normal changes
but may be extreme in some pathologies. Joint motion is described in

more detail later, but the uncovertebral joints allow a degree of

translation and some angulation between adjacent vertebrae.

2-5-4 - = 1 s
Ligaments play an important part in maintaining the stability of

the spine throughout its whole length (Fig. 2.3 & 2.4). They act
because of their position, with the bony structures of the spine to

guide and control spine motion. Penning (1968) has expresed this
idea as having “active" and "passive" ligaments. The anterior and
posterior longitudinal 1ligaments of the body are described as
"active® ligaments as they are always under a degree of tensicn
whereas "passive" ligaments are not under tension and are called into
action only at the 1limit of their excursion when they restrict

xotion.

The anterior longitudinal ligament is a wide band extending
from the occiput to the sacrum. It is composed of layers of fibres,

12
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the deepest of which span adjacent vertebrae. Superficial {ibres
epan 3 or 4 vertebrae, Fibres are attached to the body and the

disc, making a emooth anterior surface to the vetebrae. Stillwell's
(1950) dissections give the nerve supply as arising from the
vertebral plexus, being supplied segmentally, with eome adjacent
overlap. The anterior longitudinal ligament primarily assiste in the

control of extension of the spine. It is in Penning's definition an

active ligament, being under a degree of tension, which increases
when it is restricting dorsal nmotion.

The posterior longitudinal 1ligament extends from Cl to the

sacrun within the vertebral canal. The 1ligament has a layered
construction similar to the anterior 1longitudinal ligament. The
ligament has a greater proportion of elastin fibres than the anterior
liganent and is slightly thicker. It is attached to the bodies and
the discs, allowing space for the underlying basivertebral veins to
leave the vertebral body. The segmental nerve supply (Stillwell,
1956) 1s suggested as being visceral and somatic in origin and

arising from more than one recurrent branch.

The i{nter-transverse ligaments are poorly formed in the cervical
region and are easlly removed at dissection. Because of their
position, their action is most 1likely complementary to the deep

muscles of the neck which have origin or attachments near the

transverse processes.

2-6 838 8 . ' . o34 A N{ N

2.6.1 Zygapophyseal joints

These are synovial Joints with a capacity for translation and
angular motion. Each vertebra has four articular facets, two on the
superior surface facing posteriorly and two on the inferior surface
facing anteriorly. The average angle of {nclination is 45° to the
horizontal, with a range of 30-60°. The C2-3 zygapophyseal joint also

inclines at 10-20° laterally.

Facet are usually oval in shape but are not congruent (Tondury,
1971 a). Congruency, in the cervical spine jolnts, is thought to be
achieved by small inclusions, as described by Xercer (1985)., These

inclusions were defined as intra-capsular or intra-articular and



were of differing types of tissue. The shape of the inclusions also

depended upon the shape of the joint and the surfaces {nvolved.

Putz (1985) indicated that lumbar articular processes act with
the small segmental muscles of the back and the joint capsule, as a
'tie-bean' for the intervertebral disce to help reduce the load on the
disc at the completion of spinal rotation. This action may also
occur in the cervical spine, as the discs are not as well adapted to

taking heavy loads.

2.6.2 loint capsule

The joint capsules of the zygapophyseal joints are lax around the
joints, though they do contain elastic fibres especially where they
are in close proximity to the ligamentum flavum. The elasticity of
the capsule may help to maintain approximation of the joint surfaces
after movement. Joint capsules will assist in the stabilising of the
spinal joint. The lateral aspect of the joint does tend to be more
lax than the other areas. On dissection it was noted that the

capsule also lies in close proximity to the origin and insertion of
the deep muscles of the neck and may well may be affected by their

action. It was noted subjectively at dissection, that laceration of
the capsule allowed increased range of motion in the neck. This may
be a reason for instability of the cervical spine if the neck has had

severe trauma.

2-6-3 i = 1 8 L1 - :'llll
The 1ligamenta flava connect the laminae (Fig. 2.3 & 2.4). The
fibres of the ligament are orientated caudio-cranially being attached

apwe

from the anterior surface of the lamina above to the posterior
surface of the lamina below. The ligament is broader but thinner in
the cervical region, but is still composed of two lateral sectlons
thus allowing a small central opening for vessels. This ligament
contains a larger percentage of elastin fibres than any other spinal
ligament.

In the lumbar spine studies on thke L3 ligamentum flavum
(Fachemson & Evans, 1968) have shown that, because of its elastic
content it is able to pre-stress the disc to a small degree. The

ligamenta flava assist in the control of spinal motion by resisting

14



Fig. 25 Ligamentum Nuchae in midline dividing
muscle

Fig.2.6 Ligame’rum Nuchae at dissection
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M9.2.7 Lateral fascal attachments to the
Ligamentum Nuchae




excessive flexion movements of the spine. The elastic qualities of

the ligament also prevent it from buckling into the spinal canal when

extension occurs, which is extremely important in the neck, to avoid

cord damage.

Intertransverse ligaments are not well developed in the cervical
region and are closely related to or replaced by the intertransverse
nuscles.

Cadaver dissections of the cervical spine were undertaken to
observe the anatomy and the inter-relationships of musculo-skeletal
structures of the neck (Zuckerman, 1981)., Attention was paid to the
nature of the ligamentum nuchae and interspincus ligaments.

The ligamentum nuchee is a large structure in the sagittal plane
on the dorsum of the neck. It spans the cervical lordosis from the
external occipital protruberance to the spinous tip of C7 dividing
the posterior muscle groups on either side (Fig 2.5). The ligament
ls traditionally described in two parts (Varwick & Villiams, 1980),
the lamella, or deep section and the funicular or superficial band.

The lamella portion of the ligament lies primarily between the

spinous processes. Anteriorly it is in very close proximity to the

ligamentum flavum, posteriorly, beyond the spinous processes, it
blends with the funicular band. Fibre direction of the lamella
portion, was seen (Fig 2.6) on dissection to pass in a posterior
caudal direction. The direction of the fibres is different from the
direction of the interspinous 1ligament of the lumbar spine.
Heylings (1978) described the fibre direction for the lumbar spine,

as posterior-cranial. This is contrary to that given in some older

texts. Because 0of the close proximity to these ligaments, the
interspinous ligament would most 1likely have a higher than normal

elastin fibre content. Cranilally, the lamella portion extends to the

midline o©of the occiput. The fibres arched over and were not
attached to the tubercle of the arch of the atlas. They then were
continuous between the splnes down to C7. At the apex of the

cervical lordosis the lamella section of the 1ligament extended
dorsally, 3 - 4cm beyond the spinous processes.

The lamella portion of the ligament became thickened along the
dorsal margin of the ligament, to form the {funicular band. On

dissection, this band was found to be approximately lcm wide and

16



Muscles covering the posterior aspect of
the cervical spine. ( After Penning 1968)

. Obliquus capitis superior.

. Mastoid process.

. Rectus capitis posterior minor.
. Rectus capitis posterior major.
. Obliquus capitis Inferior.
Spinous process of the axis.
Semispinalis cervicis.

. Semispinalis capitis.

. Vertebra prominens.

. Firstrib.
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ceveral milimeters thick. The thickness of the band appeared to
reflect the attachment of the extensive fascial planes (Fig 2.7)
which lay laterally separating, or give origin to the lateral muscles
of the neck. The funicular band was attached proximately to the
external occipital protuberance and distally to the spine tip of C7.
Because of the eize, construction and postion of the ligament, 1t

is of great functional importance in the neck. Jirout (1974)
denonstrated on X-ray that movements of the skull, because of the
upper attachments of the ligament, would affect the position of the
lower cervical vertebrae. This idea was difficult to appreciate on

enblaned cadaver specimens.

2.7

d

Full descriptions of all the muscles of the cervivcal spine, their
attachments, functions etc are available in most anatomical texts
(Penning, 1968; Varwick & Villiams, 1980;>. An overview only is

given here.

Description of the cervical muscles often uses the headings of
short and long mnuscles. The small or short muscles are the deep

muscles which  take their origin or insertion from the vertebrae.

They often span only one or two spinal levels, this can be seen on
the diagram accommpaning Table 2.1.

One function of these muscles, because of their position is to
work with the ligaments of the cervical spine, to assist in providing
stability for the spine, working at each spinal level. The long
cervical muscles usually span several levels, some arising in the
upper thoracic spine. The long posterior cervical muscles are
attached in midline to tlke ligamentum nuchae and to the fascial
planes radiating laterally from mid 1line.

The {nteractions of the various nuscles o0f the neck with
postures and movements has been found to be extremely complicated.
Mathematical modeling (Helleur et al 1982) has often bhad to sinmplify
the action of mnuscles. Interpretation of the results 1if over—
sinplification occure may be difficult. The effect of posture and
movements bhave been studied in relation to work situations using

surface electromyographic activity (Harms-Ringdahl, 1986).
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Full  descriptions of the epinal cord and epinal nerves in

relation to the cervical epine are given in good anatomical texts
(Breig, 1978; Vyke, 1979; Varwick & Villiams, 1980; Bogduk, 1982).
The subject area is varied and vast and only an outline can given in
this text.

The soft mass of the spinal cord is probably the most important
structure in the neck. It lies protected within the bony vertebral

canal. The canal, in the cervical region is triangular i{n shape and
is larger than other reglons of the spine, to accommodate the
enlarged spinal cord. The cord continues proximally up to the

brain and distally is attached to the coccyx via the filum terminale.
Despite being tethered, the cord, because of its structure, is capabdble

of adapting its shape and length to movements of the spine. (Breig,
1978).

Eight pairs of cervical spinal nerve roots emerge from the
cervical spine. Each leaves via the intervertebral foramen, and
passes out towards the root of the neck and upper limbdb. The nerve
roots lie in close proximity to the posterior lateral aspect of the
disc and the zygapophyseal joints. They are susceptible to pressure
from these structures. The nerve supply to specific tissues and
zygapophyseal Jjaints 1s given in great detail by Bogduk (1982) and
Vyke (1979). Elvey (1985) has shown that in certain positions of
the neck or upper 1limb, tension and movement occur in the lower

cervical nerve roots at the intervertebral foramen level.

.9 FURCTIONAL SPINAL UNIT

To facilitate the descriptions of spinal anatomy, kinematics or

biomechanics, the term ‘motion segment', mobile segment or functional
spinal unit (FSU) (Vhite & Panjabi, 1978 ) has been adopted. Schmorl
and Junghann (1971), used the phrase, 'motor segment' to describe the
tissues and structures affected by movement at one spinal level. The
FSU, consists of two adjacent vertebrae, the intervening disc and the
coft tissues connecting them. Kinematics of the spine bave used the
system of the FSU in the analysis of motion and centres of rotation.

¥ovements 0f the cervical spine are considered in more detail in



later specific chapters.

¢.10 QURFACE ANATOMY

The bony landmarks of the neck are the spinous processes of C2,
C7 and Tl. These bony prominences are easily found on the dorsal mid
line. The tips of the epines are bifid and may be large. The
spinous processes 0f the other cervical vertebrae can be palpated in
most people, but as they are smaller, they are more difficult to feel.

The zygapophyseal Jjoints form the “articular pillar", which may
be palpated 3 - 4 cm lateral to the dorsal midline of the spine. The
transverse processes are then located just 1lateral and anterior to
the articular pillar. A poor posture of the neck or a large amount
of adipose tissue in the area will make the locating, palpation and
imaging of structures more difficult.

The composition, position, function and {integration of all the
bony and soft tissue structures of <the neck, demonstrate that the

cervical spine is probadbly the most complex region of the spine.
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3.1 REFERENCE SYSTEM

In 1870 an attempt was made to co-ordinate the use of
referencing systems in biomedical engineering and biomechanical
problens. It was agreed to adopt the "Right Hand Axis" System, (Task

Force on Standardisation of Gait Analysis Parameters and Data
Reduction Techniques, 1979).

For thls system the co-ordinates are described as:-

Y - vertical and positive upwards.

X - parallel to the floor, in the direction of
progress or anterior i{f there is no motion and
positive in this direction.

Z - parallel to the floor and positive in the left to
right directions.

This system is used at the Bloengineering Unit at the University
of Strathclyde. VYhite and Panjabi, who are major contributors in
the field of spinal biomechanics, use the "Right Hand Axis" systen,
but have rotated the system through 90°. In their system, 2 axis is
in the direction of motion and X axis is at right angles to the 2
axis. The three axes provide 6 degrees of freedom of movement (Fig
3.1) which Grieve (1981) bhas described in clinical terms as:-

1. compression - traction movement along the Y axis

to

. anterior - posterior glide

medial = lateral glide
axial rotation

movenant along the X axis

movement along the Z axis

rotation about the Y axis

rotation about the X axis

lateral flexion

9\01#-03

flexion - extension rotation about the 2 axis

The functional spinal unit (FSU) has the ability to rotate about
an axis, to glide or translate along an axis or to use combinations
of these two types of movement. The surrounding soft tissue and the

shape of the articular facets will to a great extent, determine the

resultant movement.
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Fig. 311 The six degrees of freedom of movement
for the cervical spine
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Fig. 3-3 Out-of-plane movement
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3.c.1 Blane Motipn

Vhite and Panjabl (1978) define plane motion as movement {n
which all points in a rigid bdody, here, considering the vertedral
body to be rigid, move parallel to a fixed plane. Movement may occur
within the plane as a combination of rotation about and translation
along a perpendicular axis. This conmbining of rotation and
translation 1is extremely important for full functional motion at
zygapophyseal and uncovertebral jaints. A loss of one component can
affect the type and range of movement left at the Jjoint. Spinal
flexion and extension are examples of this type of motion (Fig 3.2).

3.2.2 Qut-pf-Plane Mgvement
This describes the motion of a rigid body which does not stay

within one plane. It is a complex motion which could, for example
involve rotation occurring about two axes and translation along a
perpendicular axis. Almost all functional movements of the spine are

sinple or complex out-of-plane movements (Fig 3.3).

3.2.3 Instantapegus Axis of Rotation

The centre of rotation 1s the axis about which rotation will
occur. Due to the complex nature of the FSU, this centre of rotation
will vary. Vhen considering the motion of one vertebra to its
adjacent vertebra, then the small movements that occur are said to be
about the instantaneous axis of rotation (IAR) for that movement.
Kovements in other directions at the segment are said to occur about
other, new IAR's. Vhite and Panjabi (1978) describe the moving
centres along the ‘axis' as following a bhelical path. The IAR will
change during movement, but the spinal segment's 3-dimentional
position and motion can be described. The area described by the
path of extremes of movement is called an ‘envelope’. Three
approximate positions for the IAR for flex.ion & extension, lateral
flexion and rotation have been described.

The centre of rotation for flexion / extension and rotation is
within the subadjacent vertebra (Fig 3.4), in the sagittal plane
(Lysell, 1969). The centre of rotation for lateral flexion has not
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lateral bending

axial rotation

Fig. 3-4 Movement in 3 planes around the estimated
instantaneous centre of rotation (@)

25



yet been definitely agreed upon. Lysell used Von Euler's principle to

locate the centre of rotation for hie spinal eections and quotes *"If

a rigid body moves in one plane the centre of motion can be
determined as the intersection between the mean centre proportionals
of two lines, connecting the respective positions of two random
selected points in two phases of the motion". Lysell constructed
lines {rom outlines of the vertebrae to the axis. The distance or
radius would be an {ndication to the degree of rotation or
trazmalaticn which would oocur. The sogle coastructs! was csllal tha

'T* angle.

3.3 JECK X(C .‘ AND TH DF_PATHOLOGY OXN MQVEXEX
Xovenment will depend upon the soft tissues and joint geometry of
an articulation, both of which can be affected by degenerative
changes. Ostecarthrosis should refer to the degenerative changes
which take place at the synovial joints and spondylosis that which

takes place at the vertebral body joints and neurocentral joints. The

disc 1itself is subject to degeneration and the whole spine may be
affected by trauma.

There is no correlation between X-ray changes and the degree of
functional 1loss. Hirsch, (1971), Bogduk, (1985) and Lysell (1969)

found no ccorrelation between articular and disc degeneration at
specific levels. However, pathological changes at joints and in discs
frequently produce restriction and pain causing the patient to seek
help.

3.3.1 Neutral

There is difficulty in defining the neutral position for the neck.
Penning (1968) referred to the ortho-optic position for the head, the
lower margin of the orbit level with the external auditory mneatus.
Anerican osteopaths often refer to the term ‘easy normal' (Mitchell

et al, 1979), with no tension to act as a pivot in the ligaments and
capsules.

The cervical spine has a natural anterior curve, or lordosis,
which increase from infancy as the child learns to raise the head.

The lordosis may increase in adults as a response to poor posture or

occupational strain. Maximum curvature is usually at the C3-4 level.



Lordosis will vary depending upon whether or not the chin is
protracted or retracted. It can also be affected if there is muscle

spasm, Joint or vertebral subluxation which could happen for example
as a result of an acceleration / deceleration injury. Pennecot et al,
(1984,b) described ligament injuries in children, where immediate
diagnosis was difficult but where pain and loss of lordosis were
constant symptoms with no bony injuries present. Neutral for lateral
flexion and rotation would be such that the body would point
anteriorly with the lhorizontal and vertical axes of the vertebral

body at right angles to one another and the sagittal plane.

3.3.2 Elexion

Flexion may be considered as a rotation in the ecagittal plane
about a horizontal medio-lateral axis. Clinically, flexion is the
approximation of the head, or chin to the chest. Lysell (1969) noted
& greater loss of flexion than extension in the neck and generally a
loss of range with increasing age. In vivo, further flexion is

achieved by compensating movements. There is more anterior glide of

the lower cervical - upper thoracic vertebrae and extension of the
upper cervical spine.

Flexion is guilded by the position of the uncus on either side of

the vertebral bodies. During flexion there is an upward and forward
glide of the inferior facet of one vertebra on the superior facet of

the vertebra below. The amount of glide is dependent on the
obliquity of the facet Joints which 4n the cervical spine is
approximately 45°. Glide may be between 3.5mm and 6mm. Vhite and
Panjabi feel that 3.5mm is the upper 1imit of normal. There may also
be some anterior glide or joint compression during flexion. Facet
Jolnt asymmetry may cause a rotational effect. The vertebral body
tilts forward and there is some shearing of the disc, which becomes
more wedge shaped with the anterior compression.

Any degenerative changes within the disc causing loss of height
or integrity because of clefting, i1s bound to affect the range of
motion available at that level. The interspinous ligament, ligamentum
nuchae, postericr disc, posterior longitudinal 1ligament and facet

capsules, will assist in limiting flexion



3.3.3 Extension
Extension is the reverce of flexion, the movement again being

guided by the uncus. The superior vertebra will elide or tilt

caudally on the 1inferior vertebra. Extencion 15 limited by
apposition of the articular facets, the capsule and the capsular
ligament and the tle anterior disc and anterior 1longitudinal
liganment.

After trauma any ligamentous or bony damage, causing instability

or subluxation may be demonstrated on X-ray <(Peaning, 19068).

¥echanical and clinical instadbility are different. MNechanical
instabllity implies that a toppling or buckling of the spine would
occur {f loads were excessive. Clinically, the term refers to
excessive motion within the mobile segment, usually the glide motion.
The degree 0f instability relates to the amount of excess motion
found, which has ,in the lumbar spine been graded (Newman, 1974).

Attenpts have been made to show which ligaments are responsible
for the stability of the mobile segment, by serial sectioning of
ligaments (Vhite et al, 1975). The rational of this method may be
queried, because by sectioning a ligament, altered stress is placed on
other ligaments in the system which may not resemble the in vivo
situation.

vhite and Panjabl (1978) give the greatest range of flexion -
extension in the neck at the C5-C6 level as a representative angle of
17° (Table 3.1).

3.3.4 Lateral Flexion

This movement occurs simultaneously with some rotation. The
splnous process may be felt to move in the opposite direction to the
lateral flexion, the body, will move in the direction of lateral

flexion. The inferior facet of the superior vertebra will move as a

glide, downwards and medially, as a result of the facet sbape and
angulation (Fig 35 & 3.6). Vork by Schneider and Pardoe (1983)

demonstrated that the translation or glide movement was also a
result of the location of the centre of rotation being in the anterior
part of the vertebral body.

Lateral flexion 1s a wmovexment which 1is dependent upon the

integrity of joints and soft tissue of the functional spinal unit.
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Fig. 3:5 Direction of the spinous process and vertebral body
during lateral flexion or rotation to the right.

wiQV/e

Fig. 3-6 Movement of the articular facets during lateral
flexion or rotation to the right.



The posterior facet Jjointe are eynovial Jjoints and are therefore
csubject to degenerative processes. The synovium can become thickened
and small Jjoint inclusions have been found in these joints (Téndury,
1971a, Xercer, 1985), they are not meniscii. The articular
cartilage,whose function 1is ¢to assist withstanding 1loads and
facilitate joint lubrication is also very susceptable to degeneration
(Grieve, 1981).

Disc degeneration occurs {frequently in the neck and Lysell
showed changes in the uncal area in the disc of a 14 year old
cadaver. Most authors agree that the level to show most degeneration
for discs is the C5-C6 level (Payne & Spillane, 1957; Hirsch et al
1067). The cervical spine also demonstrates characteristic clefting
wvhich may or may not be a response to wear and tear, as it can be
found in the young (Bowden, 1971). The stability of motion segments
has not been linked to the severity of these clefts, however eome
clefts can bisect the disc. Lateral flexion combines with rotation,
causing a ‘screw' motion. If there is loss of height from the discs,
then both physiological and accessory nmovements would be affected.
This in turn increases the load bearing of the posterior jolnts.

In the lower cervical spine the segmental range of lateral
flexion 1s small. However, if it 1is missing, then rotation too is

affected. There is usually less movement in the lower levels of the

neck.
C2 has 2° rotation for each 3° of lateral flexion.
C7 has 1° rotation for each 7.5° of lateral flexion.
(Jofe et al, 1983).

3.3.5 Rotation

Rotation can only occur with some lateral flexion. Penning and
Vilmink (1987) used conmputed tcmography (CT) for the analysis of
rotation in the lower cervical spine. They found that rotation and
lateral flexion are greatly dependent upon the presence of the
uncovertebral joints.

The amount of rotation will vary upon the spinal level and
starting position for the movement. If the joints are already in a
position where they are under some compression or stress, then the

articular surfaces will not have the natural excursion for the joint



and the soft tissues will come under tension far sooner to restrict

motion. Therefore neck position 1s {mportant when clinically

examining the cervical spine for movement. The C3-C4 and C4-C5

levels have the greatest range for rotation.

3.6 SUENARY OF MOVEXENTS

sagittal movements:- flexion 40°
extension 24°
C2 the least movement,C3 and C7 the most.

frontal movements:- lateral flexion 49°
conbined rotation 28°
no difference between left and right
rotation.

horizontal movements:= rotation 45°
conmbined lateral flexion 24°

C7 the least,C4 the largest range of motion.

Yovements have been described with reference to the ‘right-
handed axes' system. The terms, plane motion, cut-of-plane motion

and instantaneous axis of rotation have been defined. The usual
physiological movements performed at clinical examination are

described along with some of the common pathological changes which

can affect the cervical spine structures.
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13
12
17
16

Table. 3.1.

Limits and representative values of movements of the lower
cervical spine, [Vhite,A.A., Panjabi,M.X: The Basic Kinematics of
the Human Spine. SPINE., 3:12, 1978).
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4.1 INTRODUCTION

The examination of a patient presenting with a spinal musculo-
ckeletal problem, will at some point require the assessment of
spinal Jjoint motion. Each medical and para medical profession has
their own approach to the examination of a patient and each would
elicit the necessary information upon which to base thelr treatment.

There are conmon elements in almost all examination procedures,
which may be described under the following headings.

Subjective history.

Objective clinical examination.
Standard view X-ray films.
Specialised investigations.

All of the above would lead to the formation of a possible

Diagnosis,

followed by an appropriate

Treatment.

For efficient and effective patient care, good examination
technique is vital. The lack of scientific inquiry into the treatment
of patients with musculo-skeletal problems has been acknowledged
(Bogduk, 1985; B.X.A.,1986). Bogduk (1985) indicated one possible
reason for the problem, == “because patients with neck pain do not
die of their disease, traditional post mortem studies have not been
possible.”

The requirement to validate treatments, be cost-responsible and
cost-effective, 1s now, more than ever before, part of the health care
philosophy. It is therefore wvital that basic research on cervical
spine nusculo-skeletal problems and their treatment is carried out.

This chapter concentrates particularly upon those sections of the

examination procedure which relate specifically to musculo-skeletal
structures o0of the neck, whilst realising tbhat neurological, or

vascular tissue can also be involved.



4.2 HISTORY
A subjective history i.e. information elicited from the patient or

other sources, would form the basis of the whole examination.

Questions usually follow a eet pattern, thereby making a sequential
picture of events (Maitland, 1986). The patients' presenting prodlen,
be it weakness, pain, loss of movement, would be discussed. The area
and behaviour of the signs and symptoms are then defined. Other

questions releating to the current status of the problem, general
bealth, levels of medication, X-rays or other tests, other treatnment

etc are all recorded. The history of the present condition and past
related episodes are also recorded as well as any other relevant
medical and social history. Information gathered in this eection

will determine what objective examination procedures will be required.

4:3 8)- y . S.9.88.7. 8)

4.3.1 Qbservation,

Visual inspection of the cervical spine would determine the
presence of swelling, bruising, deformity, neck and thoracic posture
and movement of the neck. The measuring of cervical epine motion
presents a unique problem to the investigator. Motion in the spine
nay be considered as either gross spinal motion or as intersegmental
motion occuring at the mobile segment or functional spinal unit. The
method of investigation would depend upon the requirements of the
Investigator. Lysell (1969) and Tucci et al, (1986) review methods
of measuring spinal motion. Visual inspection, probably the most
comnmon method described by the American Association of Orthopaedic
Surgecns (1965).

Visual inspection of movement is very subjective and the range of
notion recorded will depend to a great extent upon the starting

position of the joints and the experience of the examiner.

4 3.2 Gonigzetry
The underlying problem of having no standard method of measuring

gross spinal motion was enphasised by Vorth (1985) 1in his
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Fig.k1 Cervical

qoniometer
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comparitive study of patients post “"whiplash®™ and patients with
"normal® necks. Vorth used a 3-D epirit goniometer to detect
changes in postition away from midline.

Using a seimilar goniometer, O'Driscoll and Tomsen (1982) and
Tucel et al, (1986) measured gross spinal motion in all directions by
repositioning the goniometer on the head as required. Both sets of
authors felt that the apparatus was useful as it was cheap, easy to
apply and easy to use. They found that accuracy using the equipment
was acceptable between the experienced staff. Low (1976) found good
intra-observer reliability when studying the goniometric measuring of
peripheral joints, however he did note that almost all observers had
the tendancy to round-off measurements to the nearest 5°,(15°,20°
etc.) which would be a source of error.

Head balter {ixation of the goniometer could be difficult as
novement between  the goniometer and the head might affect the
results of the movement measured. Placement of the goniometer is
also important as that too will affect the results (Fig 4.1). Rankin
et al, (1983) had developed an electro-goniometer to record spatial
head and neck postitions and neck motion. Thelir apparatus also
allowed the determining of the prefered position into which a

patient would move.

3.3 M

There 1is no definitive manual examination procedure. It will
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vary according to the professional bias and experience of the
exaniner. However, within the last few decades, there has more
agreement between disciplines than ever before, regarding the manual
exanination of <the spine. Orthopaedic medicine specialists and
nanual therapists (Cyriax, 1975; Stoddard, 1977; Maitland, 1986) have
refined the exanmination processes. However the interpretation of
findings is still an area of contention. The principal method of
exanination would be by the palpation of the soft tissues and the
superficial bony landmarks. Palpation would allow clinical
judgements to be made as to the alingment of the spine, abnormal

tension in nmuscles and resistance to movement of the zygapophyseal

joints. Percussion of the spinous processes 1s another manual



Fig. 42

(a) Severe joint

AC : intensity

AB: normal passive
(movement) range

AL: limited passive
range

* (b) Normal joint

Intensity of pain(P), resistance (R) and
spasm (S) with movement.
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technique which may be used when examining the epine. Excessive

tenderness or pain at the site of percussion might indicate infection

or serious pathology in the vertebra or spinal eegment.

The manual examination of the spine would include the use of
active movements through physiological range, passive movenment
through physlological range and the testing of accessory movements
of the =zygapophyseal Jjoints. The accessory movements of the

vertebrae when subjected to a centrally applied pressure would also

be tested. Accessory movements of the vertebrae are produced and
tested by applying small rhythmical alternating pressure in a
vertical or angulated manner (Xaitland, 1986).

Joints are normally tested in or from the neutral position, when
the soft tissue of the functional spinal unit is not in tension. The
neutral position of the neck, from which range of motion is estimated
is difficult to define. Neutral will vary depending upon whether or
not the whole cervical spine 1s to be considered or if it e the

segmental level of mnotion that is of {interest. Because of the
cervical lordosis, the neutral position of the segmental levels will
vary.

The range of passive available motion, the relationship of
resistance to movement to the presence of pain or muscle spasm, can

all be noted {n diagramatic form. These "movement diagrams" are
useful recording and teaching tools (Fig 4.2).

In an attempt to ascertain the accuracy of manual examination

techniques, Jull and Bogduk (1985) compared standard palpation

techniques, to anaesthetic nerve blocks for the locating of levels of
‘symptomatic' dysfunction in the neck. Their results demonstrated

that manual testing techniques, performed by an experienced clinician,
were as sensitve as the use of nerve blocking techniques.

There 1{s considerable controversy about the validity and
reliability of commonly used manual techniques. The prablems of

attenpting to measure spinal motion are fraught with difficulties.
The rigour that Matyas & Bach (1986) applied in their critisism of

some conmonly used techniques could be seen as being overly critical
in the light of the problems for all clinical manual techniques.
Their critisim should be balanced by the defence made by Stoelwinder
et al, (1986) and the work of Jull and Bogduk (1985).



4-4 ad .

Patients who are referred to Orthopaedic clinics because of
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musculo-skeletal problems with their cervical spine, may have x-rays
of the neck taken to assist the diagnostic process. However it is
well wunderstood that there may be discrepances between X-ray
evidence and clinical findings (Matthews,1979; Prantl, 1085; Gore et
al, 1987). Degenerative changes are common, yet may be asymptomatic,
wvhile some pathologles e.g. osteoporosis, may be well estabdblished

before there is radiological evidence of the disease or process being

present..

Conmon abnormalities seen on cervical X-rays are the
degenerative changes at the level of the discs and the sclerotic and
osteophytic changes at the zygapophseal Jjoints and uncovertebdral
Joints. Soft tilesue are not usually well defined on X-ray unless
there are other inclusions, for example a haematoma, or areas of
calcification, which would be demonstrated as opacities on the film.

There are standard views of the cervical spine which are taken

for routine {investigations and there are specialised wviews which
allow Inspection of specific structures e.g. the oblique view for the

intervertebral foranen.

4.4.1 Lateral View

The lateral view allows good visualisation of the cervical spine
(Fig 4.3). The size and shape of the disc spaces can be noted, as
well as the condition of the vertebral bodies and canals. From this
view it 1is possible to detect 1if there is subluxation of the

zygapophyseal Jjoints. The outline of the vertebral bodies, when

viewed from the side form smooth longitudinal curves. 1If there is
any degree of anterior of posterlior subluxation of one vertebra on
another the disruption of the smooth curve would be visable on X-ray.
Ideally, good X-rays should allow imaging from the upper cervical
spine down to at least C7, so care is required in the positioning of
the patient. The lowest levels (C7 - T1) are often difficult to

image as the clavicle and ribs can obscure the cervical epine and

special views are required to visualise the area.
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Fig.4.3 Cervical Spine, lateral x-ray
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Fig.4.4 Oblique view, Cervical Spine
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4.4.2 Anterior - Poszterior View

This view offere the images of the uncovertebral jointe and the
lateral masses of the articular pillar which are superimposed on the

pedicles. Any lateral f{lexion or translation of the vertebrae would
be noted in this view.

4.4.3 Qblique Yiew

This view of the cervical spine is not routinely taken. The view
(Fig 4.4) is used to image clearly the intervertebral foramen. If
bony encroachment into the canal was suspected then this view would

be taken.

These are three very powerful, widely known imaging techniques

used for conditions affecting the spinal musculo-ekeletal system. An
outline of each is glven.

Each technique would bave its own drawbacks either of cost,
wvhich may be considerable, ionising radiation especially if several

sets of images have to be taken, or if they are invasive. There are
other scanning procedures available for the example isotope scanning,

but these are outwith the scope of this work.

¢.5.1 Xyelography
Of the three techniques myelography is probably the most widely

uesd. Contrast scanning of the meningeal spaces and ventricles has
been on going for the last 60 years (Perovitch, 1981 a). Vith the

discovery and use of improved contrast media (the water soluble
chenicals) and the improved scanning techniques, better images are
ocbtained at a reduced risk to the patient.

The risks include the damage to the meninges from the injection
of medium under excessive pressure, the risk of headache if the
patient raises the bhead from supine to soon after 1Injection,
anaphalactic shock, or the risk of adhesions forming about the

injection site. Vith any invasive technique there would always be
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Fig.4.5h C.T. Scan of Lumbar Spine in sagittal section

Fig.4.6p M.R.I. Scan of Cervical Vertebra (Picker Intn.)




the risk of infection being introduced at the eite of the injection.
In the case of myelography the consequences of infection being
introduced into the vertebral canal would be severe, so all steps
possible would be taken to reduce the risks.

The contrast medium once into the subarachniod space, is able to
infiltrate the whole area of the space and the nerve root sheaths.
Any constriction or blockage to the flow of the contrast mediun
would be visible as such on the X-ray film of the scan. Grubd et al
(1987) when comparing the diagnostic sensitivity of myelograms and
X-rays with discography, implied that discography was the more
sensitive technique in the screening of patients with low back pain.
Their work questions the frequent use of myelography and the
problens of obtaining good results 4f the reliability of the
technique is in doubt. Xyelography using gas in the meningeal epace
can also be used. Perovitch (1981 b) has implied that the choice of
technique would depend upon the equipment available, the experience

and the preference of the investigator

4.5.2 Computed Tomography

Computerised tomography uses the principles of a basic X-ray source,
the X-ray beam and receiver. Tomography was first introduced in the
1920's (Mackay, 1984), but since the advent of high performance
computers and advanced data handling techniques, tomography has been
succeeded by computed or computerised tomography (CT) has been very
useful in medicine.

Few third and fourth generation scanners have been developed to
allow faster and safer scanning of the body. There are various types
of scanners. The basic principle is that a section of the body is
scanned by multiple "X-rays®" as the X-ray source and receiver are
rotated around the body segment. The multiple images then require
complicated analysis to reconstruct the many angled images into a

series of specific views of the body segment of interest (Fig 4.5).
Virapongse et al (1986) demonstrated the possiblitity of further

improvements in the production of images from 2-Dimensional systens

cguch as CT. Their work demonstrates the 3-D reconstruction of 2-D

images. Computed tomography also used grey scale for imaging tissue,
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the levels of grey reflect the different degrees of attenuation of X-
rays through the tissue and bhence the density of the tissue
(Vegner,1983).

4&513 A

Xagnetic resonance imaging (MRI), or as it was previously termed
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nuclear magnetic resonance imaging, 1s one of the few scanning
techniques which 1s more effective scanning soft tissue than bony
structures (Fig 4.6). The visual effects which are achieved on the
ecans are the result of the stimulation of the nuclel of some atoms
in the body by a very strong magnetic field surrounding the body.
The effect of this strong magnetic field will cause the lining up
of protons of the nucleus. MRI detects easily tissue with a high
water or fat content so tissues in the cervical spine are imaged

clearly. The scans of some machines may be colour coded as a

function of density but the majority of scanners are at present only
the monochrome black and white models.

K<Afee et al,(1986) have compared he use of XRI to CT scans in
the upper cervical spine. They suggest that XRI, at the frequenciles
and {ntensities recommended schould be safe and that producing
superior images to CT scans they should be used more frequently.

XRI scans are still not as rapid as the CT scanners. The newer
CT scanners bhave to some extent improved and can now scan a
complete body in 1 - 4 s or jJust 3 - 8 s for the fourth generation
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