Chapter 1

OVERVIEW OF THE STUDY

11 INTRODUCTION

When an ambulance with howling sirens arrives at any trauma centre, it
evokes a degree of alertness due to the fact that it announces a life-
threatening emergency. It also means that the person is lucky to have
received medical help. This assistance continues in the trauma centre, where
additional disciplines are incorporated to facilitate optimal diagnosis and
treatment. When a person that has suffered from spinal trauma sustained in
for instance, a serious motor vehicle accident arrives at an x-ray department,
s/he is in most cases strapped onto a fracture board. Patients are hurt,
disorientated and bloodied, with drips and monitors connected to them.
Multiple examinations related to the mechanisms of injury and the patients
physical and mental condition are usually requested. Immediately, the
radiographers become adrenalised, analytical and focussed on the imaging

examination and the related events that are to follow.

The ultimate value of an imaging examination, such as the cervicothoracic
junction examination, is the expected diagnostic information it provides.
Physicians use the evidence gathered during clinical evaluation and
applicable testing to make a diagnosis. Medical imaging forms part of the
evidence-gathering process. The choice of imaging procedure should be
complimentary. To improve the physicians choice of imaging examination, it
is suggested by Kuhns (Kuhns, 1989: 4) that they should informally use
rigorous decision analysis methodology. According to Kuhns (Kuhns, 1989:
4), the physician needs to ask two interrelated questions when deciding
whether to request an imaging examination or not, namely:
1. Is this examination going to affect the diagnostic certainty and, if so, to
what degree?
2. Will the information provided by the examination change the diagnosis to
the extent where the treatment is significantly affected?
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Influenced by clinical conditions, radiographic procedures in general and
trauma radiography specifically are very unpredictable. Keeping this in mind
along with the physicians choice of diagnostic intervention, the radiographer
has to decide which examination protocol to use. The chosen protocol should
deliver the expected images that will assist the physician in order to optimise
diagnosis and formulate therapeutic interventions beneficial to the patient.
Radiographers soon learn that their work environment requires them to think
creatively, adapt, and mold proven methods around individual patients with
specific conditions. The validity of the accepted method of any procedure or
imaging technique is that it is transcending and can be adapted. An
alternative method of demonstrating pathology has its validity in allowing
physicians to achieve diagnostic certainty by being able to answer the

aforementioned questions.

In this study, a standardised set of criteria were used to compare the adapted
swimmer s projections* of demonstrating the cervicothoracic junction as
described by Ahmad (2003: Online), Hagler (1993:255), and Bell and Finlay

(1986:152), to the swimmer s projection .

In this chapter, the importance of correct diagnosis of pathology of the
cervicothoracic junction will be emphasised, and current methods of
demonstrating cervicothoracic junction (C;-T1) will be discussed. The
challenges associated with the current routine method used to demonstrate
the cervicothoracic junction will be identified and associated objectives as well
as possible outcomes, will be listed. An aperitif of the methodology, infused
with summarised findings from the literature study, is presented here. Chapter

one also includes a prospective layout of the dissertation.

1.2 IMAGING OF CERVICAL SPINE INJURY

It is logical that the modality of imaging and the imaging procedure used
directly impacts on the diagnosis. Plain film radiography is considered the
essential first step in an imaging examination of the cervical spine because it

*  The adapted swimmer s projection, where orientation of the arms in relation to the image receptor differs from

the swimmer s projection. The swimmer s projection are discussed in detail in Appendix 4.
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is relatively inexpensive, widely available, reliable, quick to perform, and

portable.

It is clear from the feedback of the Specialty Focus Groups Diagnostic
Radiology, under the auspices of the South African Department of Health,
that there is an irrational spread of services in South Africa (South African
Department of Health, 1999: Online). This irrational spread is governed by the
geographical spread of the population, resources and the availability of
specialised skills. Tertiary services such as Computed Tomography (CT)
(Appendix 1 - Terminology) and Magnetic Resonance Imaging (MRI)
(Appendix 1 - Terminology), that facilitates faster and relatively easier
diagnosis of possible trauma to the cervical spine, are only available in larger
centres (South African Department of Health, 1999: Online). The rural
population has limited tertiary services and plain film images have to hold the
frontline in diagnosis of pathology to C;-Tj.

The single most important radiographic projection of the cervical spine is the
lateral projection that is done with a horizontal beam in cases of trauma
(cross-table lateral projection), (Berquist, 1988: 668 ; Ahmad 2003: Online).

The lateral projection is done first for the following reasons:
the anatomy under investigation is not moved;
the bodies and spinous processes of C,-C- are fully visualised;
intervertebral spaces and prevertebral soft tissue can be evaluated;
pathology or possible problems can be quickly identified and

possible intervention can be planned (Ahmad, 2003: Online)

When imaging cervical spine injury, it is extremely important that not only
should C; be visualised, but also T;. In doing so, it will allow us to evaluate
the relationship of the transitional architecture between C; and T, in order to
not overlook less obvious fractures. If the transition is not demonstrated, then
a swimmer s projection, where the bulk of the shoulder girdle is displaced,
needs to be done.



1.3 DEMONSTRATING C;-T; USING THE SWIMMER S
PROJECTION

In the demanding environment of a trauma department, having to repeat
projections due to unsatisfactory results is not only stressful for the
radiographer, but also costly and life threatening to the patient, as it is time-
consuming and leads to an increase in radiation dose. It is thus evident that
the radiographic examination of a patient with suspected cervical spine
trauma may be difficult and is usually limited to a few projections. These
projections include a lateral projection, an anteroposterior projection, and
an odontoid projection also known as the 3-view/projection series
(Jenkins, 1999: 216; Murphy, 2000: Online). The difficulties are firstly
related to other life-threatening injuries taking priority in the management
of the critically ill trauma patient. The patient frequently has associated
injuries such as pneumo- and/or hemothorax, skull as well as extremity
injuries. These injuries often delay diagnosis of cervical spine injury.
Secondly, unnecessary movement of patients with suspected cervical spine
injuries increases the risk of damage to the spinal cord (Ahmad, 2003:
Online). It is thus essential that patients with cervical spine trauma
should be treated as though they had an injury to minimize the
potential for iatrogenic spinal cord injury. When cervical spine injury is
suspected, the imaging evaluation of the cervical spine after trauma

should proceed quickly and cautiously.

At this stage the three methods mentioned below forms the protocol
prescribed to Radiography learners of the Central University of

Technology, Free State for demonstrating C;-T1.

The first method is the upright (erect) swimmer s lateral projection,
also known as the Twining method. The patient is positioned in a
lateral position, either seated or standing with the left side against the
image receptor. The arm that is closest to the image receptor (grid and
cassette with film) is elevated to a vertical position and the elbow is flexed.
The other arm is depressed along the patient s body (Bontrager, 2006: 311).



The second method is the swimmer s positioning for trauma, where the
patient is in the supine position. The arm that is closest to the image receptor
is elevated to a horizontal position, parallel to the patients neck and the
elbow is flexed (McQuillen-Martensen, 1993: 338). Thirdly is the recumbent
swimmer s lateral projection, also known as the Pawlow method. The patient
lies on his/her side in a lateral recumbent position. The arm that is closest to
the image receptor is abducted and positioned lateral to the neck and the
elbow is flexed (Ballinger & Frank, 1999: 416).

Due to difficulties and challenges associated with effective demonstration of
C;-T1 when using the swimmer s method, uncertainty exists between normal
radiological findings and pathology at the cervicothoracic junction. This grey
area described by Khler in Borderlands of normal and early pathological
findings in skeletal radiography (K hler & Zimmer, 1993:498) is primarily
influenced by the patient s body habitus and the patient s mental as well as
physical condition. If we can minimise the size of this grey area by adapting

our technique, lives can literally be saved.

Daffner (2000: Online) reports that the swimmer’s projection needed to be
repeated in 41% of all the patients in their study group. Additionally, 34% of
the patients required three radiographs and one patient each (2% of the study
group) required four, and five repeated radiographs respectively (Daffner,
2000: Online). Looking closer at the above, 34% of the films that were
repeated needed to be repeated again. What influence would an adaptation
of technique have on the results achievable? Would it be necessary to repeat

four or even five times?

It is sometimes necessary for radiographers to stabilise the position of
cervical trauma patients during x-ray exposure. The amount of radiation
received by staff assisting in immobilisation or maintaining the image
receptor-beam alignment is determined by the amount of repeats. This is a
logical deduction from the results of Singer (1989: 818) that examined the
hazard of ionising radiation associated with neck stabilisation using a
phantom. He found that a radiographer radiated while assisting in stabilising
the position of a cervical trauma patient four times per week without shielding
their hands would receive the mean measured exposure of 581 mRem
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(Appendix 1). This measurement represents the routine trauma projections
plus the swimmer’s projection to the unprotected finger of the hand positioned
nearest to the tube. This measurement according to Singer (1989: 818) is
more than twice the maximum allowable annual occupational radiation
extremities exposure recommended by the National Council of Radiation
Protection and Measurements (NCRP, 1989: 13).

1.4 PROBLEM STATEMENT

The challenge for radiographers is to produce good quality images of
diagnostic value in a short amount of time while functioning in a highly
stressful and demanding environment. The swimmers projection
demonstrates C;-T1, where these structures are not visible on the routine

lateral projection of the cervical spine.

Using the method as specified in Appendix 4 does not guarantee optimal
demonstration of C;-T; in all cases. Particularly in patients with broad
shoulders it could lead to an increase in repeat films and radiation exposure

of the same projection with only a variation in exposure techniques.

It should also be noted that in cases of trauma, where time is of the essence,
obtaining the desired results in the minimum amount of time could be life
saving. This is emphasised by the Golden hour principle (Appendix 1). The
guestion is whether an alternative to the swimmer s projection could have a
direct impact on the diagnostic quality of projections, repeat rate as well as

the radiation dose to patients and overall examination time.

1.5 PURPOSE OF THE STUDY

The purpose of this study is to evaluate the efficiency of the adapted
swimmer s projection, with a difference in arm orientation, in demonstrating
the cervicothoracic junction (C+-T1). The adapted swimmer s projection will be
compared to the swimmer s projection (Appendix 4), with reference to the
best diagnostic result of what is known as the most commonly overlooked
site of injury (Ahmad, 2003: Online).
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1.6 AIMS AND OBJECTIVES OF THE STUDY

The aim is to compare the two methods of demonstrating the cervicothoracic
junction with reference to:

Quiality of projections (Appendix 9).

Diagnosis of pathology (Appendix 9).

Repeat rate (Appendix 9).
It should be emphatically stated that although different acquisition modalities
were used at Pelonomi Hospital, like Bucky cassette systems (Appendix 1),
grid cassette system as well as Computed Radiography (Appendix 1), the aim
was not to compare different modalities but to compare the two images

obtained by using the techniques, as explained in Appendix 4.

1.7 PILOT STUDY

A pilot study was done as part of the researcher s B.Tech study (Appendix
11). A sample of 20 volunteers was examined at the Radiology Department,
Universitas Hospital, Bloemfontein; none of the volunteers had cervical spine
pathology or indications thereof. An "artificial” setting was thus created to
facilitate the study. Using the same processor and film/screen combination,
two exposures were done on each member of the sample. Firstly the
standard swimmer s projection was performed. Then, for the adapted
swimmer s projection, the orientation of the patient s arms were reversed. The
results obtained were presented at the 17" National Conference of the
Society of Radiographers of South Africa: Facets of fusion, held at Durban
International Conference Centre between 15 and 22 April 2004. Many
guestions were asked, prompting the researcher to further investigate the
matter in a clinical setting. This study should compare the two methods of
demonstrating the cervicothoracic junction, using patients in the hospital
environment for a longer period which would increase the sample size. The
evaluation criteria used during this study is rooted in the criteria of the pilot
study with only slight amendments and one additional criteria.



1.8 RELATED STUDIES

An investigation of (i) other methods used to demonstrate the cervicothoracic
junction and (ii) studies similar to this one, started during the pilot study and
continued well into the dissertation construction. The following is a summary
of some of the findings presented in the literature review (see Chapter 2):

In relation to other methods, three textbook references (Harris, 1993: 155;
Redman, 1993:179 & Sclafani, 1991: 3.2) do not specify which arm is closest
to the image receptor; which could be regarded as an indication that any arm
could be placed against the image receptor. Bettinger and Eisenberg
(1995:1303-4) disqualified angulation of the main beam during most
cevicothoracic junction examinations. In studies by Ahmad (2003: Online),
Hagler (1993:255), and Bell & Finlay (1986:152), the orientation of the arms
are different indicating a difference in positioning in comparison with the
methods described by Bontrager (2006: 311) and Ballinger and Frank (1999:
416) - Appendix 4. This adaptation and the validity of this difference is what
triggered the current investigation. In four comparative studies (Contractor,
2002:550; Daffner, 2002: 325; Jenkins, 1999:215; Ireland, 1998: 151) related
to demonstrating the cervicothoracic junction, the swimmer s projection is
compared to supine oblique projections. The supine oblique projections had
better results related to specific criteria, but not significantly good enough to

eliminate the role of the swimmer s projection.

From the pilot study, done on 20 volunteers, it was found that reversing the
orientation of the arms when doing the swimmer s projection (the adapted
swimmer s) equally demonstrates the bony elements of the cervicothoracic
junction (Botha, 2006: 9).

1.9 METHODOLOGY

1.9.1 Study Design

A quantitative approach to research, as described by Mouton and Marais
(1991:159), can be described as research that is more formulated, as well as
more explicitly controlled with a precisely defined range. The research project
is characterised by the aforementioned elements. Images were obtained
using a specified procedure (Appendix 4), and the radiologists used a
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standardised set of criteria to evaluate two films obtained (Appendix 9). The
study was controlled - through regular interaction and visibility of the
researcher at Pelonomi Hospital.

Since the study aims to evaluate the effective demonstration of C;-T1 by using
the adapted swimmer s projection, it can also be classified as experimental
interventional due to the fact that it evaluates an intervention.
Katzenellenbogen states that one of the criteria of experimental research is
that the intervention should be compared to another group or intervention
for this study we are comparing two projections used to visualise C7-T;
(Katzenellenbogen, Joubert and Abdool Karim, 1999: 69).

1.9.2 Permission

Permission to execute the study was obtained from a number of stakeholders.
The stakeholders included the head clinical services of Pelonomi Hospital
(Appendix 2), the head of the radiology department at University of the Free
State (UFS) and the Ethics committee of the University of the Free State,
Faculty of Health Sciences, ETOVS number 41/06 (Appendix 5).

1.9.3 Preparation
The project was conducted at Pelonomi Regional Hospital: a tertiary level
academic hospital with trauma facilities. As an introduction to the study two
formal information sessions were held with the radiography staff at Pelonomi
Hospital.
Topics discussed at this session included:

A general introduction to the research project

Examination protocols to be followed

Remuneration for participation in project

194 Sampling

An interview session was held with 11 qualified radiographers to try and
approximate the eventual size of the sample. The approximate eventual size
of the sample equals —20 patients per month. Patients that understood the
purpose of the study and were able to give consent formed part of the
sample. Qualified radiographers performing the examinations will obtain
consent for the additional projection from the patients.
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195 Equipment

The primary X-ray Department at Pelonomi Hospital, which service
hospitalized patients, is equipped with 8 general x-ray machines and 2
processors. At the Casualty Department, located within the newly established
Emergency Department, they have a newly installed Computed Radiography
(CR) system.

1.9.6 Procedure

Two lateral projections were taken of the cervicothoracic junction, with the
only difference being the orientation of the patients arms. The generic
variables, such as image recording principles to create an image of C;-Ty,

remained constant.

1.9.7 Comparison of Diagnostic Quality

Before data collection, one-on-one discussions were held with three specific
radiologists willing to help the researcher by reporting on the radiographs that
formed part of the research project. In using the set criteria (Appendix 9), the

radiologists compared overall acceptability.

1.9.8 Statistical analysis
The Department of Biostatistics at the University of the Free State conducted
the analysis of data that was presented to them by the researcher in a MS

Excel spreadsheet format (Appendix 13).

1.10 OUTCOMES OF THE STUDY

The primary outcome of this study was to obtain an M.Tech qualification in
Radiography (Diagnostic). Additionally presentations/posters presented at
CPD-accredited seminars at the Central University of Technology, Free State
(CUT) and the congress of the South African Society of Radiographers are a
future positive spin-off of the study. An article will be submitted for publication
in The South African Radiographer, as published by the Society of
Radiographers of South Africa as well as the Journal for New Generation

Sciences as published by CUT.
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1.11 STRUCTURE OF FINAL DISSERTATION

Now that the scene for the study has been set, the following breakdown
serves to give an indication of the layout regarding this report so as to assist

the reader in order to satisfy their specific needs.

Chapter 1

Overview of the Study

The first chapter serves as a general overview of the study and its objectives.
This section aims to identify problems associated with the current method of
demonstrating the cervicothoracic junction and sets the scene for the rest of

the chapters.

Chapter 2

Literature Study

This chapter provides the theoretical framework within which the research
was conducted, as well as an integrated discussion of related research
findings. It also includes a clear definition of the core concepts that are used

in the dissertation.

Chapter 3

Methodology

This chapter contains the research method and materials used, in attaining
the specific objectives. These include the pilot study; sampling strategies;
sampling size; target population; empirical research; dependent and
independent variables, measuring instruments and the characteristics of and
reasons for using these; statistical techniques used and the reason for using

them.
Chapter 4

Results

The research findings are presented in this chapter.
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Chapter 5

Discussion and Recommendations

Analysis, interpretation and discussion of the findings from the previous
chapter are presented. This chapter also contains recommendations for the

use of the research findings and addresses weaknesses in the research.

1.12 SUMMARY

Physicians request medical imaging to confirm diagnostic certainty and
choice of treatment. Correct diagnosis of possible pathology through medical
imaging is influenced by the modality used and the imaging procedure. Since
plain film imaging is widely available, positioning procedures used should
allow for the creation of images with a high sensitivity (Appendix 1) for the
specific anatomical region. In this chapter, evidence pointing to the
importance and the difficulty associated with the demonstration of the
cervicothoracic junction were presented. Challenges related to the use of the
swimmer s projection to demonstrate C;-T1 have been identified. The purpose
of this study is to evaluate the efficiency of the adapted swimmer s projection
in demonstrating the cervicothoracic junction (C7-T1). The adapted swimmer s
projection will be compared to the swimmer s projection (Appendix 4) with
reference to the best diagnostic result of what is known as the most

commonly overlooked site of injury (Ahmad, 2003: Online).

In chapter 2, the literature study, the researcher reviews literature (books,

journal articles, and online databases) relevant to the project.
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Chapter 2

LITERATURE STUDY

2.1 INTRODUCTION

The purpose of reviewing literature for this research project was, firstly, to
underscore the importance of accurate initial diagnosis of pathology to the C+-
T, junction: the transition between the flexible, lordotic (Appendix 1) cervical
spine and the rigid, kyphotic (Appendix 1) thoracic spine. Secondly, since
some of the challenges of the swimmer s projection are revealed in section
1.2 and 1.3, chapter 1, the value-adding effect of deviation from the
commonly acceptable swimmers method of demonstrating C;-T;, will be
discussed. The literature study also has to investigate similar studies in
relation to design, sample size and findings that can be useful in ascertaining
the relevance and credibility of this study. It serves to verify the results of this
study. In doing the literature study the importance of the project, viewed in a

broader radiographic context, also became clear.

2.2 LITERATURE SEARCH

The literature study started by basic analysis of the swimmer s projection as
described in textbooks by Bontrager (2006: 311), Ballinger and Frank
(1999:416) and McQuillen-Martensen (1993:338). The literature study gave
guidance in formulating the research objectives, and the quest for relevant
studies proceeded by using resources such as books and journals, available
in the library at the CUT as well as the Frik Scott library situated on the UFS

campus.

Online searches proceeded by using specific search phrases such as
swimmer s, cervicothoracic and cervical. Search alerts were registered on
online literature databases for scientific, technical, and medical research like
ScienceDirect, Medline and AuntMinnie. Valuable information regarding
similar studies was accessed, downloaded and studied to thus facilitate
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comparisons related to method and results. As publications related to the
search become available, the researcher was alerted via electronic mail.
Several search alerts registered on online databases have, as yet, only
heralded a few publications or articles related to the study. The interlibrary
loan service provided by the CUT, library facilitated the acquisition of

documents not available on the various databases used.

NEXUS is a search engine sponsored by the National Research Foundation
of South Africa. It serves as a database for research conducted as well as
research in progress. It alerts researchers to similar research that has been
completed or is in the process of completion. Evidence of the submission of
this research project to the database is attached as Appendix 3. The Nexus

search done to find out if similar projects exist had no results.

2.3 THE IMPORTANCE OF CORRECT DIAGNOSIS

The anatomy and biomechanics of the cervicothoracic junction presents
unique challenges when imaged. There is a gradual transition from lordosis in
the cervical region to kyphosis in the thoracic region. For the patient with
trauma to the cervical spine the lateral projection (including T;) is the first
projection of the 3-projection series done to evaluate the lines A, B and C
(Mirvis & Young, 1992: 292 in figure 2.1). Line A, the anterior longitudinal
ligament (ALL) is a broad fibrous band that extends from the anterior arch of
the atlas (C;) caudally to the sacrum; it is important in maintaining alignment
and stability. Line B, the posterior longitudinal ligament (PLL) extends along
the posterior aspect of the vertebral bodies in a similar fashion. Line C, the
laminospinal line connects the base of the spinous process and the laminae.
In addition, spinal stability is provided by the interspinous and supraspinous
ligaments posteriorly, the intertransverse ligament laterally, and the capsular
ligaments and ligamentum flavum (Mirvis & Young, 1992: 292). Disruption of
the normal path of these lines may demonstrate underlying pathology.
Pathology will influence further positioning techniques to obtain the
anteroposterior, odontoid and oblique projections and thus complete the

examination.
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Figure 2.1 Shows line A, the anterior longitudinal ligament, line B, the posterior
longitudinal ligament and line C, the laminospinal line. These lines are used to
evaluate the relationships between the different vertebrae as an indication of

underlying trauma (adapted from Graber & Kathol, 1999: Online)

The problem is that one does not always see these lines and other
anatomical structures on plain film. Approximately 10% of patients with spinal
trauma and normal clinical findings at an initial neurological examination will
subsequently incur neurological deficit including paraplegia (Woodring, 1992: 698).
In an autopsy series of vehicular fatalities, 21% of the victims were found to have a
cervical spine injury identified by post-mortem cervical spine radiographs (lvy &
Cohn: 1997: 591). Blackmore (2003:283) found that imaging of the cervical
spine is used liberally resulting in only 0.9% to 2.8% of such studies
demonstrating injury. The frequency of inadequate or false-positive
radiograph series increases with more severely injured patients, with a
corresponding decrease in radiograph specificity (Appendix 1) influencing
diagnosis (Blackmore, 2003:283).

In trauma of the cervical spine, the initial radiographic series typically contains
lateral, anteroposterior, and open mouth odontoid projections also known as
the 3-projection series (Jenkins, 1999: 216 and Murphy, 2000: Online). The
sensitivity of the 3-projection series influenced by the patient condition is said to be
as high as 93%. The sensitivity of an imaging procedure is its ability to detect a
disease in a patient who does have the disease (Murphy, 2000: Online).
Streitweiser (1983: online) challenged the accuracy of the 3-projection series
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(lateral projection, anteroposterior projection, and odontoid projection) for
demonstrating cervical abnormalities; he calculated the sensitivity of 93% and
a specificity, and accuracy of 71%, and 84% respectively. In Murphy s study,
the cross-table lateral radiograph is 74% to 86% sensitive in detecting
cervical spine injuries (Murphy, 2000: Online). For the cross-table lateral
projection Streitweiser had a sensitivity of 82%, this correlates with Murphy s
findings for both categories. In Streitweiser s results, the cross-table lateral
projection also had a specificity of 70%, and an accuracy of 77% for detecting

fractures.

In a retrospective study reported by Blahd et al. (1985: 243), where two
physicians evaluated the cross-table lateral of 128 patients it was found that
using this technique alone, is unreliable and potentially dangerous as a
screening exam. The diagnostic accuracy of the cross-table lateral alone was
74.2% and 79.7% for the physician and radiologist, respectively. It was also
found that 35% of C;, 14.8% of C,, and 42.4% of Cg abnormalities were
missed by both the physician and the radiologist. These findings mirror those
of Murphy and Streitweiser, where the sensitivity ranges between 74% to
86%.

Injuries of the cervical spine primarily occur at two levels, with almost one
third of fractures at C,, and one half at Cs or C; (lvy & Cohn: 1997: 591);
these structures are in close proximity to the cranio-cervico junction and the
cervicothoracic junction. At the cervicothoracic junction there is an abrupt
change from the flexible cervical vertebrae to the rigid thoracic vertebrae.
After a study on patients who had sustained blunt trauma to the cervical spine
area, Jelly (2000: S251) reported that between 9% and 18% of all cervical
spine injuries occur at the cervicothoracic junction. Radiographs of the
cervicothoracic junction that allow adequate visualisation of this transition
may be technically difficult to obtain, and in at least 26% of all trauma patients
the C;-T; joint space is not visualised (Jelly, 2000: S251).

To obtain optimal information regarding C;-T;, arm traction is used when
positioning patients for the swimmer s projection. Ohiorenoya (1996: online)
studied the success of arm traction in 98 trauma patients. The aim of the
study was to formulate a probability system to predict the visualisation of C+-
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Ti1. Vertebral bodies were divided into four zones. The fifth cervical vertebra
was used as the starting level (zone 1); zone 5 indicates the upper first zone
of Ce. Two images of the lateral cervical spine were obtained, pre and post
arm traction. Analysis of the acquired images show that if the pre traction film
showed less than zone 10 (mid-C- vertebra), the probability of showing zone
13 (upper body of T;) with arm traction was only 7.7%. In situations where the
upper one third of the body of C; vertebra is not seen, CT, swimmers, or
oblique projections should be considered.

It can be seen from the statistics that the eventual outcome of spinal trauma
can be directly associated with the first investigation. This plain film
investigation is the first step to making a diagnosis or confirming pathology of
the cervical spine pointing to the relevance and importance of the current

study.

2.4 ELEMENTS RELATED TO THE IMAGING OF Cs-T;

Being able to see C;-T; is influenced by the correct application of various
imaging recording and positioning principles. It is important to outline all the
important elements used in conducting the research as well as the relevance
thereof. In relation to this, it should be understood that the smaller data
elements, like important imaging and positioning principles have to be
clarified since they support the main data elements aligned with the
anticipated aims and objectives (Section 1.6) of the project. These variables
and principles of operation blend together to obtain the desired effect. A
discussion of elements, related to the methodology, serves as the skeleton on
which the procedure to execute the research is fleshed. Most of these
aspects are generic to both methods of demonstrating the cervicothoracic

junction that were compared.

24.1 Equipment

The radiology department at Pelonomi Hospital has different sections,
namely: the primary department, casualty department, vascular and
mammography department as well as the theatres. The primary x-ray
department at Pelonomi Hospital is equipped with 8 general x-ray machines
that use Bucky cassette holders (moving grid systems). In some cases no
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Bucky cassette holders with moving grid was available, hence the use of
stationary grid systems (grid cassettes). At the casualty department they
have a newly installed Computed Radiography (CR) system. Although
different ways to capture the images were used, one needs to keep in mind
that the primary aim of the investigation is related to optimal diagnosis of C+-

T, with one variable that is changing the orientation of the arms.

24.2 The Image Recording Principles for Demonstrating C7-T;

A summary of a number of the imaging principles like film/screen
combination, distance (object-to-image distance, source-to-image distance),
geometric characteristics, and motion, as well as their relationships, is shown
in figure 2.2 (Adapted from Carlton & Adler, 2006: 444). The principles,
generic to obtaining clearly defined diagnostic recorded detail for both
methods of demonstrating C;-T; used during this study, will be described in

the following section.

[ Recorded ]
Detail

| 1 1
[ Geometry Image [ Motion ]
receptor
|

1 1 |
[ Distance ][ Focal spot ][Filmecreen]

o0 ) CFim |

sSiD — SCIEEL

Figure 2.2 Radiographic image quality: factors affecting recorded detail (Adapted
from Carlton & Adler, 2006: 444)

2.4.2.1 Film/Screen Combination used at the Primary Department

In the primary department, analogue film/screen combinations are used: multi
purpose cassettes (Agfa) loaded with light sensitive films [Agfa-Curix CPG
plus (Curix is a trademark of Agfa-Gevaert N.V., Belgium)] sandwiched
between light emitting intensifying screens. CPG-plus films allow for sharp
detailed images with high spatial resolution that can distinguish subtle density
changes between soft tissue and air (Agfa imaging: Online). Often
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abnormalities in soft tissue can indicate underlying pathology; this is
especially true in the case of the cervicothoracic junction. The intensifying
screens work on the basis of fluorescence (Appendix 1) to form the image on
the photosensitive film (Carlton & Adler, 2006: 320). The green light emission
of the screens used is based upon the GadoliniumOxySulphide phosphor.
Agfa CPG 400, 400 speed screens ensure a compromise between a higher
speed screen (meaning a reduction in dose to patients) as well as the
definition and noise of the images (Agfa imaging: Online).

2.4.2.2 Imaging Plate used at the Casualty Department

Computed Radiography (CR) can be regarded as the first step into the digital
age (Bushberg, 2002: 297). A conventional x-ray machine with a grid and
conventional cassettes are used in CR, but the basis of image acquisition is
phosphorescence (Appendix 1) rather than fluorescence (Appendix 1). No
intensifying screen is used with this system, but an image storage plate, also

known as an imaging plate is used (Bushberg, 2002: 297).

The imaging plate is made of barium fluorohalide bromide (BaFBr:Eu) or
barium fluorohalide iodide (BaFI:Eu), both europium activated. Transmitted x-
rays from the patient deposit their energy in the plate (Carlton & Adler, 2006:
357). This analogue "image" is digitised by the analogue-to-digital converter
of the CR reader and is available for display on high resolution monitors
(Bushberg, 2002: 296).

2.4.2.3 Distance: OID and SID

Due to human anatomy, the shoulder is positioned closer to the image
receptor and the cervical spine is at a distance from the image receptor, when
the patient is in the swimmer s position. Objects that are further from the
image receptor will be magnified and resolution decreases. When objects
within a structure are at different levels (figure 2.3, objects A and B) they will

be projected onto the image as different sizes (Carlton & Adler, 2006: 444)
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Large OID -

Small OID

Large image size Identical, small image size

Figure 2.3 The effect of OID on image size magnification. A and B are identical in size
but their images on the receptor are of significantly different sizes. C is smaller than B,
but the image sizes are identical because of C s greater OID (Adapted from Carlton &
Adler, 2006: 458)

The problem of structures at different levels relative to each other, causing
differences in magnification, is overcome by increasing the source-to-image
distance (SID). The swimmer s projection is usually performed at an SID of
150cm instead of a 115cm SID because the object-to-image distance (OID)
cannot be reduced due to the distance between the neck and shoulder
(Carlton & Adler, 2006: 445). The x-ray machine at Pelonomi Hospital has a

fixed SID at 115cm and, consequently, all images are taken at this SID.

2.4.2.4 Air gap technique

An unlikely advantage of a larger object-to-image distance is that it allows the
use of the air gap technique that combats image fog, where secondary
(scattered) radiation, caused by anatomy, increases the overall greyness of
the image, thereby degrading contrast and diagnostic value. The air gap
technique is effective in restoring a portion of the desired image contrast
(Carroll, 1990: 216).
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2.4.25 Geometric Unsharpness

Geometry unsharpness occurs because x-rays are generated on a finite area
(focal spot), and once generated, these x-rays diverge from that source. The
larger the focal spot size, the more unsharpness on the film (De Vos, 1995:
37). When the x-ray beam begins its divergence at a smaller area, the image
will have less blur thus the radiographers employed a small focus to obtain
sharper images and reduced geometric unsharpness. Small focus was thus
used for imaging in this study.

2.4.2.6 Motion Blur

Patients arriving at the X-ray Department after an accident are usually
disorientated, in pain, sometimes medicated or under the influence of alcohol;
they do not want to be hospitalised and move constantly. The patients
movement affects recorded detail because it fails to permit enough time for a
well-defined image to form. Instead, the image is spread over a linear
distance and appears as a blurred series of densities in which fine detall
cannot be perceived (Carlton & Adler, 2006: 451).

The two methods employed to reduce motion blur during the study were
exposure time reduction and immobilisation. Reducing exposure time with a
corresponding increase in milliamperage (mA) maintained sufficient mAs and
film density (Carlton & Adler, 2006: 451). Reducing exposure time was also
achieved by using 400 speed screens (section 2.5.2.1) in the two cases
where film/screen systems were used. Increasing the kilovoltage (kVp) was

another method used to decrease exposure time.

When exposure time reduction were not sufficient to reduce motion,
communicating specific instructions to the patient and partial immobilisation
was used. Immobilisation devices, such as foam pads, angle sponges, and
sandbags, were used as positioning aids to address the issue of patients

moving during the procedure.
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2.4.3 The Positioning Principles for Demonstrating C7-T;

2.4.3.1 Projection routines

The diagnostic value of radiographs depends on specific positioning of the
patient before exposure. This is facilitated by the use of standard projections
as discussed in Appendix 4. An accurate idea of the anatomic arrangement of
the internal structures with relation to an external landmark, such as the
jugular notch, helps in positioning of the patient for C;-T1. A convenient
method is to visualise the part as though it were transparent, so that
structures which appear on the radiograph may be identified in relation to an
external landmark (Carroll, 1990: 234).

Imperfect centering of the part on the film during positioning and incorrect
alignment of the tube to C;-T; causes image distortion. Slight differences in
positioning do not necessarily rule out the diagnostic value of the radiograph.
Patient condition requires that a certain degree of latitude in positioning is

permissible; this was also the case during the study (Carroll, 1990: 234).

2.4.3.2 Beam-Part-Film Alignment

During this study a horizontal beam, perpendicular to the cervical spine and
image receptor, was used. The traditional rule of keeping the anatomical part
perpendicular to the central ray and parallel to the film effectively minimises

shape distortion in the image (Carroll, 1990: 222).

2.4.3.3 Off-Centering versus Angling

A centering point of 2,5cm superior to the level of the jugular notch will
produce an image with minimal distortion of C7-T1, but negligible distortion at
the levels above and below the junction since the beam diverges (Carroll,
1990: 222). Off-centering places C;-T; in the diverging peripheral rays of the
beam. These peripheral rays angle away from the center of the x-ray beam.
The further they are from the center, the higher the degree of angle.
Therefore, off-centering has identical effects to angling the beam or not
positioning the part parallel to the image recorder, namely displacement of

anatomy, elongation or foreshortening of anatomy (Carroll, 1990: 222).

The previous section serves to underpin the methodology of the study that is
unpacked in Chapter 3.
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2.5 ALTERNATIVE PROJECTIONS USED TO
DEMONSTRATE C;-T;

The swimmer s projection may be employed to better demonstrate the C7-T;
vertebrae, which, on the standard lateral projection, are obscured by the
overlapping clavicle and soft tissue of the shoulder girdle. One technique
should ideally sufficiently demonstrate the cervicothoracic junction. A single
imaging technique is, however, often inadequate and should be
complimented by additional projections, CT and MR (Murphy, 2000: Online).

Berquist (1992: 44) states that the Mayo Clinic routinely requests the
swimmer s projection on all patients if C; and T, are not visible on the lateral
projection. This projection is taken with the patient in the supine position and
the arm closest to the film elevated above the head. Occasionally even this
technique does not adequately demonstrate C; and T; in all patients
(Berquist, 1992:44).

Sclafani (1991: 3.2) used two cross-table oblique projections and in some
cases, lateral flexion/extension films and myelography to allow demonstration
of the pedicles and facets. The author recommends that conventional
tomography, and computed tomography (CT) should be done in cases where

the swimmer s projection is unsuccessful (Sclafani, 1991: 3.2).

The aforementioned recommendation is echoed by Streitwieser (1983: online)
in a study of 71 patients where CT was compared to the cross-table
technique of demonstrating cervical spine. In eight cases, CT detected
abnormalities where the cross-table technique had failed to show any
(Streitwieser, 1983: Online). The claim that CT is superior in the detection of
pathology of bony structures of the cervical spine should be contextualised.
Blackmore concluded that CT has higher sensitivity in high-probability
subjects when compared with plain film radiography. CT has a higher
sensitivity but cost more than radiography in subjects with moderate
probability for fracture; the probability of a fracture is weighted against the
cost of the examination. In patients with a low probability of cervical spine
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fracture, CT is not cost-effective, and plain film radiography is the preferred
strategy (Blackmore, 2003: 288).

25.1 Inconsistencies in the Technique Used to perform the
Swimmer s Projection Found in Literature.

Inconsistencies in the technique used to perform the swimmer s projection

primarily relates to the authors not mentioning which arm should be extended

above the head. One example of this is found in Radiology of Trauma, where

Sclafani (1991:3.2) mentions various variations of the lateral projection to

demonstrate C;-T; including the swimmer s lateral projection with one arm

extended above the head.

Harris, Harris (junior) and Novelline (1993: 55) define the swimmers
projection as placing the arms in the position as though one were swimming
the "Australian crawl" (free-style swimming stroke). The authors continue by
indicating that the advantage of this method is that it demonstrates alignment
and integrity of the cervicothoracic vertebral bodies. The researchers
experienced difficulty in patient positioning, and found that there was
superimposition of other skeletal parts such as the shoulders and clavicles, as
well as failure to visualise posterior vertebral parts. A major shortcoming of
the method is that no reference is made to which arm should be elevated or

which shoulder should be depressed.

Redman (1993:179) states that the swimmer s projection distributes the bulk
of the shoulders more evenly by elevating one arm above the head. This
displaces the ipsilateral pectoral girdle cranial as well as slightly anterior. The
other shoulder is deviated as far caudally as is feasible. The central ray is
angled a few degrees caudal so as to "shoot over" (and thus project more
inferiorly) the caudally deviated shoulder. Again, no reference is made to

which arm should be elevated or which should be depressed.

25.2 Literature Evidence of Differentiation from the Swimmers
Projection

When performing the swimmer s projection, it is recommended by Bontrager

(2006: 311), Ballinger and Frank (1999:416) and McQuillen-Martensen

(1993:339) that the central ray be angled to ensure that the beam is parallel
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to the intervertebral spaces. Bettinger and Eisenberg (1995:1303) propose a
modification to the swimmers projection, by directing the central beam
perpendicular to the line formed by the spinous processes. The beam should
pass through the T vertebral body, approximately 2cm below the prominence
of the C; spinous process. The resulting radiograph optimally visualises the
cervicothoracic junction and the vertebral bodies of the upper thoracic
vertebrae (Bettinger and Eisenberg, 1995:1303-4).

The resultant evidence from Eisenberg s study (1995:1303), that the central
beam should almost never be angled caudally, suggest a deviation from the
main beam direction found in the literature of Bontrager (2006: 311), Ballinger
and Frank (1999:416) and McQuillen-Martensen (1993:338).

When performing the modified cervicothoracic lateral projection (fig 2.4), as
stated by Cullinan (1992: 134), a horizontal beam technique can be used. The
patient s arm adjacent to the image detector should be moved anterior to the
thorax and the arm closest to the x-ray tube moved posterior to the thorax. In
doing this, the thickness of the shoulder girdle anatomy is significantly
reduced. This modification of the cervicothoracic lateral position helps to
balance density between the lower cervical and upper thoracic regions. The
central ray is directed perpendicular to T,-T3 so as to enter the body anterior
to the left shoulder (closest to the x-ray tube) and exit through the right
shoulder. According to the method described in Appendix 3, the central ray is
directed perpendicular to C;-T;, opening the intervertebral space of C;-T;.
Centering to the level of T,-T3; as described above will not open the
intervertebral space of C;-Ty, since the beam diverges from a point source,
but will still be useful if one were to examine vertebral alignment (Cullinan,
1992: 134).
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Figure 2.4 Modification of cervicothoracic lateral position (Adapted from Cullinan,
1992: 134)

Bell and Finlay (1986:152) describe the right lateral swimmer s projection of
the cervicothoracic junction where the patient lies in the true lateral position in
the centre of the x-ray couch (figure 2.5). The patients lower arm rests
alongside the body (the arm closest to the image receptor) and raise the
upper arm (the arm farthest to the image receptor) above the head. The
patient is supported using a foam pad under the head. Direction of the central
ray is vertical at 90" to the film. Although useful, this projection presents
certain limitations in a trauma situation where the patient has to remain in a
constant position, usually the supine position, while being examined. As can
be seen from figure 2.5, the patient is turned on their side from the supine
position, which is not the ideal since it can propagate further injury or
pathology.
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Figure 2.5 Right lateral (swimmer's) projection of cervicothoracic spine (Adapted from
Bell & Finlay, 1986:152).

In comparison to section 2.5.1, the Bell and Finlay (1986:152) as well as
Cullinan’s (Cullinan, 1992: 134) studies specify the positioning of the arms.
This was the first evidence found from the resources consulted during this
literature study mentioning a difference in the orientation of the arms when

demonstrating the cervicothoracic junction.

Figure 2.6 A shows that the swimmer’s projection can also be taken with the
patient placed prone on the table with the left hand abducted 180° and the
right hand to the side, as if swimming. The image receptor is placed against
the right side of the neck (Ahmad, 2003: Online).
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