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1. INTRODUCTION  
WHAT IS CERVICAL SPINE INJURY (CSI)? 

HOW COMMON IS IT? 
The overall prevalence of traumatic cervical spine injury (CSI) in trauma is less than 4%1, with 2.8% of alert trauma 
patients and 7.7% of obtunded patients identified as having  a cervical spine fracture, dislocation or ligamentous 
instability demonstrated by diagnostic imaging.1 

Fracture/dislocations occur in 2.3% of cases, while cord injury without fracture/dislocation is detected in 0.8% of 
cases.1, 2 Where isolated cervical spine injury is present, neurologic deficit is reported in 23% of cases.2 Of patients 
with CSI, 42% require management with external or operative stabilisation.1 

Not all cervical spine injuries are of clinical significance with regard to the need for specific treatment. Isolated cervical 
spinous process fractures, minor vertebral body compression fractures (with less than 25% vertebral body height 
reduction) and isolated end plate fractures are examples of injuries that do not require operative stabilisation or other 
specific treatment and patients can expect a good longer term outcome when the fracture heals. While they may 
experience symptoms for some time after the injury, and require pain relief, physiotherapy and ongoing supportive 
care, these patients do not require emergency imaging to prevent longer term spinal instability and resulting injury to 
the spinal cord. 

The aim of the initial diagnostic evaluation of acutely injured patients with possible cervical spine injury in the 
emergency setting is to identify all patients with clinically important CSI. In the emergency context, clinically 
important injuries are those that have the risk of potentially catastrophic neurological outcomes due to spinal cord 
damage if the spinal injuries are not diagnosed and treated. While the role of the radiologist is to identify and 
characterise all cervical spine injuries revealed by imaging, the priority in the emergency setting is to clinically 
distinguish between: 

x patients who need imaging because of an increased risk of clinically important injury; 
x patients who have such a low risk of clinically important injury that emergency imaging is not required. 
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WHAT CAUSES CSI? 
The most common mechanisms of injury resulting in CSI include motor vehicle accidents, falls and sport-related 
accidents.2, 3 Those most at risk of traumatic CSI are 15-25 year olds, as a result of high speed motor vehicle accidents, 
and the elderly, as a result of falls in the setting of underlying spondylosis or osteoarthritis.4 

WHAT ARE THE POTENTIAL ADVERSE CONSEQUENCES OF CSI? 
Primary or secondary neurologic deficit resulting in permanent neurologic sequelae, such as paraplegia or 
quadriplegia, and death are the most serious consequences of cervical spine injury (CSI). Primary deficit occurs at the 
time of the initial trauma, and secondary deficit occurs later as a result of the failure to adequately detect, immobilise 
and/or treat a traumatic cervical spine injury. 

The immediate priority in patient assessment is the detection of cervical spine instability. Traumatic instability is 
defined as the loss of ability of the bony and ligamentous structures to maintain vertebral segment alignment under 
normal physiologic load,5, 6 and represents a considerable risk to the integrity of the spinal cord. The most common 
causes of permanent trauma-related quadriplegia and paraplegia in Victoria are motor vehicle accidents (24%), high 
falls ≥ 1 metre (e.g. from buildings), diving into water (20%), low falls < 1 metre (19%) e.g. from standing height, and 
motorcycle accidents (18%). The incidence rate in Australia is 0.6 per 100,000 persons for each of quadriplegia and 
paraplegia, and in 2008, the total cost of spinal cord injury in Australia was estimated at $2 billion, with the lifetime 
cost per patient estimated at $5 million for each case of paraplegia and $9.5 million for quadriplegia.7  Almost half all 
of cases of spinal cord deficit are cervical in origin, and males have a significantly greater incidence than females with 
a ratio of 2.7:1.8 

Other potentially devastating consequences of CSI include blunt carotid and/or vertebral artery injuries, for which CSI 
is one of the most frequently associated risk factors.9-11 Subluxation injuries, extension of fractures into the foramen 
transversarium, and upper cervical spine fractures (C1-C3) are particularly associated with vascular injuries. The 
vertebral artery is more commonly involved than the carotid artery.10 

Key Point: 
It is important to remember that the onset of symptoms of brain ischaemia related to (embolism from or occlusion of) 
a carotid or vertebral artery injury leading to vascular dissection may be delayed in relation to the trauma and not all 
patients will become symptomatic. 

Cervical nerve root compression and injury may also be caused by cervical spine instability. 
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HOW CAN CSI BE DIAGNOSED? 
The general rule of thumb is that patients involved in trauma are considered to have cervical spine injury until proven 
otherwise. Assessment includes history taking, general physical assessment and evaluation of neurologic status.12 

History taking should include: 
x Demographic details e.g. age and past medical history, history of spondylosis, osteoarthritis, spine surgery and 

pre-existing neck pain. These details are pertinent to the application of clinical decision rules used. 

x Mechanism of injury e.g. high speed mechanisms, rollovers, ejections from vehicles, motorcycle accidents, 
diving, bicycle collision or bicycle struck by another vehicle, and falls of 0.9m or more or 3 stairs, are associated 
with a higher risk of sustaining cervical spine injury.  

x Presence, onset and progression of symptoms e.g. pain, paraesthesia, paresis and sphincter (bowel and 
bladder) disturbance. It is important to clearly identify what symptoms the patient reports; the onset of these 
symptoms (i.e. did they coincide with the injury, were they present before the injury or did they begin after the 
injury) and how are the symptoms changing (i.e. getting progressively worse/better). 

x Glasgow Coma Scale Score during assessment (normal level of alertness = 15) and the identification of factors 
which may impair a patient’s capacity or ability to recall events e.g. recent ingestion of alcohol or drugs.  

General physical and neurologic assessment: 

Unconscious or obtunded patients must not undergo physical examination of the spine, as these patients are unable 
to contribute to the clinical assessment process by declaring the presence of tenderness or sensory neurologic deficit 
and assessment for motor weakness may not be accurate. 

Physical examination of the spine itself may not be possible or safe in other patients with suspected cervical spine 
injury. It should be preceded by neurological examination that includes thorough evaluation of motor function 
(including tone, power and reflexes), and sensation. 

This assessment should aim to identify: 
x weakness; 
x paraesthesia; or  
x reduced/absent deep tendon reflexes.13, 14 

If no neurological abnormality is found, the spine should be evaluated for the presence of: 
x bony tenderness in the midline; and  
x the patient’s ability to actively rotate the cervical spine 45 degrees to each side. Ability to rotate the neck 45 

degrees to the right and left in a patient with at least one “low risk” feature of their clinical presentation and no 
“high risk” features is used in the Canadian C-Spine Rule to identify those patients at very low risk of clinically 
significant/potentially unstable acute cervical spine injury. 

Palpation of the spine for midline tenderness should extend from the nuchal ridge to the prominence of the first 
thoracic vertebra, whilst keeping the spine in anatomical alignment.14, 15 To palpate the cervical spine, the clinician 
stands behind the patient, and places his/her opposing thumbs on the spinous processes of C2, applying gentle, 
circular pressure, and progressively moving down the midline to assess the presence of  tenderness. An important 
point to note is that cervical spine pain or tenderness may not be present, despite clinically important CSI, if the pain 
arising from other injuries is more severe and hence distracting from the neck pain.16 

Active neck rotation by the patient (without a collar) 45 degrees to the left and right may not be safe to test in all 
patients. It should be attempted only in patients who: 

x meet inclusion criteria for the Canadian C-Spine Rule; AND  
x are stable and alert with a GCS = 15; AND 
x do not have high risk criteria (based on age, injury mechanism, presence of limb paraesthesia); AND 
x have one or more low risk criteria that make it safe to assess neck rotation. 

The injured C-Spine should not be subjected to active rotation by the examiner – the patient should be asked to do 
this and their attempt to turn to each side evaluated. 
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WHICH DIAGNOSTIC TEST SHOULD I PERFORM FIRST – CT OR PLAIN RADIOGRAPHY? 

The first step in deciding which imaging test to use is an assessment of whether the patient requires any imaging at 
all, and the best way to do this is to use a high quality validated clinical decision rule to help you decide. 

International guidelines suggest that the optimal imaging modality for the detection of cervical spine injury is CT 
imaging,17, 18 which is easily obtainable in most centres, and has a high sensitivity and specificity for fracture 
identification. Helical CT scanners allow a single axially-acquired dataset to be reconstructed into axial, sagittal and 
coronal images and some injuries are visible mainly or exclusively in only one of these three planes, so all three sets of 
reconstructions should be available to the radiologist. 

The use of CT imaging for cervical spine injury evaluation is associated with a much higher dose of ionising radiation 
than are plain radiographs19, 20 (approximately 6.8mSv vs. 0.1mSv for plain cervical spine x-ray21) and CT costs more to 
perform than plain radiographs. 

So how would I decide whether to perform CT or plain radiography first in a patient who needs imaging? 

Plain radiographs have been shown to be less sensitive than CT for the demonstration of cervical spine fractures. Plain 
radiographs (x-rays) will more often result in missed cervical spine injuries when one or more of the following are 
present: 

1. Inadequate field of view or poor radiographic technique. Common problems include: 

a. obscuration of the C7-T1 area on the lateral view by the patient’s shoulders; 

b. obscuration of the odontoid peg (C2) on the “open mouth” AP view due to poor positioning or the 
patient’s inability to cooperate with mouth opening. 

2. Difficulty interpreting the images due to osteoporosis or pre-existing spinal abnormality such as osteoarthritis 
or ankylosing spondylitis. These problems in general are much more common in older people. 

3. Misinterpretation of radiographs by clinicians who are insufficiently trained or experienced in interpretation of 
such examinations and/or delayed interpretation by a radiologist.14, 22, 23 CT scans are not routinely interpreted 
by medical staff other than radiologists or radiology trainees, both of whom have specific training and 
experience in interpretation of both plain radiography and CT. Interpretation of plain radiographs by non-
radiologists may contribute to literature documenting the higher false negative rates reported for plain 
radiographs compared to CT performed on patients with CSI. 

 

Key Points 

x If radiography is required and is to be performed as the first line investigation in a patient with CSI, high quality 
5-view images should be obtained (AP, lateral, odontoid and right and left oblique views) and interpreted by a 
radiologist or experienced radiology trainee delegated to perform this task before cervical spine precautions 
are removed.24 

x Demonstration of a cervical spine fracture, subluxation or equivocal abnormality that may represent a fracture, 
dislocation or subluxation on a plain radiograph should lead to performance of CT in adult patients with acute 
cervical spine injury who need imaging. 

x A normal lateral radiograph of the cervical spine does not exclude clinically important injuries in patients who 
cannot, for whatever reason, have 5 view radiography performed. 

x A plain radiograph which does not show the C7-T1 junction and the odontoid process adequately is incomplete 
and spinal precautions must continue until the cervical spine has been fully assessed radiologically. 
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What is the usual treatment?  

Treatment for acute cervical spine injuries is dependent upon the type, severity and stability of the injury. Instability 
refers to injury to at least two adjacent spinal columns25 which threatens the integrity of the spinal cord. Treatment 
can be grouped broadly into four categories:  

x operative stabilisation; 
x halothoracic bracing; 
x cervical collar for a prescribed period; or  
x supportive care only with pain relief and information for the patient about the likely course of symptoms such 

as neck pain. 

Operative stabilisation is reserved for the urgent management of severe or unstable injuries, or in cases where 
halothoracic bracing is contraindicated. For example, halothoracic bracing in elderly patients has been associated with 
increased morbidity and mortality, and hence operative management for less severe injuries in these patients may be 
selected.  

Halothoracic bracing is preferable for high cervical fractures when prevention of flexion, extension and lateral rotation 
is mandatory for adequate stabilisation and subsequent healing, and may also be used in cases where significant 
anaesthetic risk precludes operative management e.g. obesity and/or severe ischaemic heart disease. Stable low 
(C5,6,7) cervical spine fractures and/or discoligamentous injuries can be successfully managed in a cervical collar, 
which may be prescribed for 2-12 weeks depending on the nature of the injury. 

In cases of cervical spine injuries that are not clinically important, e.g. spinous process fracture, end plate fracture, 
simple wedge compression fracture with less than 25% loss of vertebral body height, the cervical collar is usually 
removed. Medical follow up is often required in these patients due to ongoing pain and the requirement for 
physiotherapy in some cases. 

What are the potential adverse consequences of performing imaging unnecessarily?  

The primary risk associated with unnecessary imaging is malignant neoplasia related to exposure to ionising 
radiation.20, 26, 27  The extent of this risk was first estimated as a result of Life Span Study conducted with Hiroshima 
and Nagasaki atomic bomb survivors. Longitudinal cohort studies conducted on children and young adults exposed to 
CT scanning by Pearce et al28 and Mathews et al29 have provided further evidence that these risks are not 
hypothetical.30, 31 As noted below, CT scanning involves a higher radiation dose than plain radiographs. 

Imaging Estimated Dose 
(mSv) 

Equivalent number 
of chest x-rays 

Equivalent background 
radiations in Australia 

Chest x-ray (AP) 0.02 1 4 days (0.01 years) 

C-Spine Series (AP and Lat) 0.1 5 18 days 

Pelvis x-ray (AP) 0.3 15 55 days 

T-Spine Series (AP and Lat) 0.7 35 128 days 

L-Spine Series (AP and Lat) 1.9 95 347 days 

CT Brain 2.8 140 511 days 

CT C-Spine 6.8 340 3.4 years 

CT T-Spine 8.5 425 4.3 years 

CT L-Spine 10.4 520 5.2 years 

Table 1 - Approximate doses of ionising radiation for commonly performed diagnostic imaging procedures in the trauma 
patient. (Courtesy of Dr Zoe Brady, Alfred Hospital Health Radiation Safety Officer & Medical Physicist. Calculated using Impact 
CT Dosimetry (V1) & PCXMC dose calculation (V2) software) 

A typical multi-trauma patient may have a multitude of imaging during admission with resultant increase in cancer 
risk. As a result, the ordering of multiple or serial CT imaging needs to be carefully considered and with adequate 
communication with radiologists. In addition, CT imaging of the thoracolumbar spine should be avoided if the patient 
has had clinically indicated chest and abdominal CT in the setting of major trauma, because thoracolumbar spine 
images can be reconstructed from the data acquired during chest/abdominal CT. Thorough clinical assessment may 
obviate the need for imaging in many cases, or redefine the area of imaging required. 

Other consequences of unnecessary imaging relate to the increase in the health resource costs and the resultant 
limitation of availability of equipment and staff. 
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HOW CAN CLINICAL DECISION RULES HELP TO EVALUATE PATIENTS WHO PRESENT WITH CERVICAL 
SPINE SYMPTOMS FOLLOWING BLUNT TRAUMA? 

When evaluating patients with suspected cervical spine injury, one of the key issues to be addressed is whether 
cervical spine imaging is required. When deciding whether diagnostic imaging should be conducted, it is important to 
focus on features of the history and physical examination that have been found to be associated with the presence of 
clinically important cervical spine injury, defined in the emergency context as injuries posing an acute threat of 
neurological deterioration due to actual or potential cervical spine instability. 

It is important to remember that in a general emergency department population the likelihood of serious cervical 
spine injury is less than 4%. 

At first, it may appear safer to perform imaging on all trauma patients. The costs and risks associated with diagnostic 
imaging are usually outweighed by the considerable benefits of earlier detection of a potentially serious injury, 
including the prevention of secondary injury. However, there are a number of disadvantages to the practice of referral 
of patients for imaging without first considering the pre-test probability of the presence of injury (which for a serious 
cervical spine injury is less than 4% in general emergency departments), including: 

x Unnecessary exposure to ionising radiation. This is particularly important in younger adults, children and 
females who are more sensitive to the carcinogenic effects of exposure to ionising radiation. CT scanning can 
deliver 100 times the dose of ionising radiation delivered by a plain radiograph series. 

x Financial cost to the patient and health system of unnecessary testing.  These costs are both direct and 
indirect (the latter due to waiting time in emergency departments, prolonged length of stay in a hospital, time 
away from work and other responsibilities whilst waiting for imaging to be performed and reported). 
Continued increases in healthcare costs have resulted in the need for medical practitioners to be accountable 
for appropriate utilisation of finite healthcare resources. The identification of minor, clinically insignificant 
incidental imaging findings may lead to further investigations. An example of this may include the detection of 
thyroid or lung nodules on a CT of the cervical spine which may result in further imaging, increased patient 
anxiety and additional costs to the health system despite a very low likelihood of significant pathology in most 
cases.  

Reducing inappropriate use of diagnostic imaging in situations where findings are highly unlikely to result in a net 
benefit to the patient is an important way to reduce waste and improve the quality of care. 

Clinical decision rules (CDRs) can assist you to focus on the aspects of the history and examination that best 
discriminate between: 

x patients with negligible risk of significant pathology who are, therefore, unlikely to benefit from diagnostic 
imaging; and 

x patients considered to be at higher risk of serious pathology who require imaging to detect abnormality and 
guide appropriate management. 

Clinical decision rules (CDRs) have been developed by examining detailed clinical datasets from large numbers of 
patients with a particular condition e.g. adults presenting to an emergency department following cervical spine 
trauma. CDRs synthesize three or more findings from the patient’s history, physical examination or simple diagnostic 
test32, 33 to guide diagnostic and treatment decisions. Two CDRs, the Canadian C-Spine Rule and the National 
Emergency X-radiography Utilisation Study (NEXUS), are available to assess the need for imaging in patients with a 
cervical spine injury following blunt trauma. These rules aim to reduce unnecessary imaging by reserving these 
investigations for patients at a higher likelihood of clinically important cervical spine injury. 

The emphasis of the current educational module is the assessment of the need for diagnostic imaging in patients 
presenting with cervical spine injury following blunt trauma using CDRs designed for this purpose. 

The value of CDRs is that they reduce the variability and subjectivity of clinical assessment of patients. Whilst imaging 
is sometimes required in these conditions to detect serious pathology, the use of evidence-based CDRs will help to 
increase your confidence in the management of your patient without imaging when recognised clinical risk factors for 
clinically significant pathology are absent. Documentation in the medical record that you have used a high quality 
evidence-based CDR to evaluate your patient and make subsequent management decisions constitutes good clinical 
practice and increases the likelihood that your colleagues who evaluate the same patient will agree with your 
management decision.  
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Please see the Clinical Decision Rules Module for more information about:  

x what CDRs are;  
x how they are developed; and  
x what the characteristics of a high quality CDR are.  

Resources: 

Something that will become apparent as you work through these modules is the difficulty involved in trying to commit 
the elements of CDR to memory. It is a good idea to refer to an electronic or hard copy of the CDR each time you use 
it to ensure that you are applying it correctly. To support this, the following resources are provided: 

x Printable PDFs of all of the CDRs  
x “Pocket-sized” PDFs suitable for printing, lamination, and attachment to a lanyard  
x Links to the MDCalc website (www.mdcalc.com) where you will find topic specific CDR “calculators” for some 

of the higher performing CDRs featured in these modules. These calculators allow you to enter responses to 
the questions of the CDR, without having to remember the individual elements of the CDR, and then “read” 
whether or not the patient should have imaging based on the outcome of data entry into the CDR calculator. 
Go to the website now and try out the calculator for the Canadian C-spine Rule and NEXUS: 

o http://www.mdcalc.com/canadian-c-spine-rule/ 
o http://www.mdcalc.com/nexus-criteria-for-c-spine-imaging/ 

x For more information about specific imaging tests and procedures please see: www.insideradiology.com.au  

  

http://www.mdcalc.com/
http://www.mdcalc.com/canadian-c-spine-rule/
http://www.mdcalc.com/nexus-criteria-for-c-spine-imaging/
http://www.insideradiology.com.au/
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WHAT ELSE DO YOU NEED TO THINK ABOUT WHEN YOU CONSIDER IMAGING A PATIENT WITH CSI 
APART FROM PRE-TEST RISK? 

x Test performance (sensitivity, specificity, LR+ and LR- ) in relation to the pathological process(es) you are 
attempting to diagnose or exclude. 

x Local equipment availability, especially in an emergency situation. 

x Radiation dose (of particular importance in young, female and pregnant patients). 

x Financial and other costs to the patient and health system of one diagnostic strategy compared with 
another. 

x Renal function in the case of imaging tests involving the use of iodinated contrast media or gadolinium 
chelates. 

x Patient preferences – if two diagnostic tests perform equally well at confirming or excluding the presence of 
a particular condition, patients may have a preference for one over another for reasons of cost, convenience, 
risk, or real/perceived discomfort associated with a particular diagnostic test or diagnostic strategy. 

x The weight of the patient.  Some obese patients may exceed weight limits for some CT scanner tables and 
may not fit within the bore of an MRI scanner. 
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2. CLINICAL DECISION RULES 

HOW CAN CLINICAL DECISION RULES HELP TO DETERMINE THE POST-TEST RISK OF CLINICALLY IMPORTANT 
CERVICAL SPINE INJURY IN PATIENTS FOLLOWING BLUNT TRAUMA? 
The Clinical Decision Rules that help to determine the post-test risk of clinically important cervical spine injury in 
patients following blunt trauma are the Canadian C-spine (Cervical Spine) Rule (CCR) and the National Emergency X-
Radiography Utilisation Study (NEXUS). 

As a result of a systematic literature search, these CDRs for patients with blunt cervical spine trauma have been 
identified to be the best performing tools available for this patient group: 

Information about the CDRs for this clinical condition is provided below as follows: 

1. A short summary of the nature of the CDR which includes: 
a. an overview of the performance of the rule; 
b. general inclusion and exclusion criteria; 
c. precautions about routine clinical use of the CDR; 
d. more detailed information about these aspects of the three CDRs can be found in the evidence table 

(Appendix One) at the end of the module. It allows rapid comparison of the performance, inclusion and 
exclusion criteria for each CDR. 

2. Appendix One - Evidence Summary Table provides a summary of: 

a. The performance of the individual rules based on the derivation study and/or the first validation if this 
was performed in conjunction with the derivation study. 

b. Inclusion and exclusion criteria for each CDR. Note that the CDR or algorithm alone does not provide 
information about the characteristics of patients to whom you can apply the CDR. Knowing the 
situations in which you CAN and CANNOT use a CDR is just as important as knowing the elements of the 
CDR itself. Common exclusion criteria are conscious state, time of presentation in relation to a critical 
event such as injury, patient age, whether the person is an inpatient (rather than an ambulatory 
outpatient), and use of anticoagulation. 

c. Validation studies that have been identified for the CDR including their performance, inclusion and 
exclusion criteria if these differ from the derivation study. 

3. The elements of the rule (generally a flowchart, series of questions, or list of examination or historical findings). 

4. Links to the full text derivation studies for the individual CDRs. 

Throughout this module, you will be presented with questions that will evaluate module content and also your ability 
to apply this to real clinical situations. 

 

 
Key Point: 
The Canadian C-Spine Rule should be used in preference to NEXUS whenever patients do not meet exclusion criteria 
and do meet inclusion criteria for the Canadian C-Spine rule. This is because it is more specific than NEXUS and its 
use is thus less likely to result in unnecessary imaging of patients with no significant injury. 
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THE CANADIAN C-SPINE RULE12,34-39 
The key study for the Canadian C-Spine Rule is the paper ‘The Canadian C-Spine rule for radiography in alert and stable 
trauma patients’ by Stiell et al (2006).12 

Summary Statement:  

The Canadian C-Spine Rule (CCR)12 evolved from a landmark study aimed at unifying the approach to emergency 
department decision-making in cervical spine assessment for alert and stable patients, to identify ‘clinically important’ 
cervical spine injury defined as: 

“any fracture, dislocation or ligamentous instability evident on radiographic imaging except 
isolated injuries including osteophytic avulsion fracture, transverse process fracture exclusive 
of the facet, and spinous process fracture exclusive of the lamina, in neurologically intact 
patients”. 

The authors reported the proportion of patients with clinically important injury as 1.7%, with 0.3% of patients 
identified as having clinically unimportant injury. A reduction in the ordering of cervical spine imaging by 15.5% 
occurred during the study.36 

The sensitivity of the CCR was reported as 100% (95% CI: 98-100) and the specificity as 42.5% (95% CI: 40-44). 
Following this study, the CCR was also found to be valid and effective when used in the pre-hospital setting by 
paramedics40 and in the emergency department when used by nursing staff.38 

The CCR has consistently been found to have a sensitivity of > 99% and therefore it is unlikely that a serious cervical 
spine injury will be missed (see below41). Specificity has been found to range between 0.01 and 0.77. 

 
FIGURE 1 –  SENSITIVITY AND SPECIFICITY OF THE CANADIAN C-SPINE RULE (CCR) AND NATIONAL EMERGENCY X-RADIOGRAPHY UTILIZATION 
STUDY (NEXUS) CRITERIA41.(NOTE: FN = FALSE NEGATIVE, FP = FALSE POSITIVE, TN = TRUE NEGATIVE, TP = TRUE POSITIVE.) 

The CCR has also been evaluated in an impact analysis35 which further supports its use in clinical practice. In a 
prospective cluster randomised controlled trial the CCR was identified to reduce imaging rates and therefore direct 
costs while not missing a clinically important cervical spine injury.  Overall imaging rates are reported to have been 
reduced by an average of 42% (range 0.6% to 75.4%). Only one direct comparison of the CCR and NEXUS has been 
completed. Based on this study the CCR should be recommend for use over the NEXUS as it is a more sensitive and 
specific rule. 
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FIGURE 2 – APPLYING THE CANADIAN C-SPINE RULE  
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NATIONAL EMERGENCY X-RADIOGRAPHY UTILISATION STUDY (NEXUS)15, 42-44 

Summary Statement:  

In 2000, Hoffman et al15, 42 published the results of a large multicentre prospective observational study that enrolled 
34,069 patients from 21 hospitals who presented to the emergency department with cervical spine symptoms 
following blunt trauma. These findings established the validity of the NEXUS criteria, a set of five clinical assessment 
items to identify patients at very low risk of cervical spine injury. Patients were considered to be at low risk of cervical 
spine injury if all of the criteria were fulfilled, in which case, clinical clearance of the cervical spine could occur without 
radiographic imaging. 

The outcome measure of this study was ‘clinically significant injury, which the authors defined as: 

“any injury except isolated injury in the absence of associated bony, ligamentous or spinal cord injury which would 
be unlikely to result in harm to the patient if undetected”. 

Such insignificant minor injuries were categorised as fracture of the spinous or transverse process, endplate or 
trabecular bone; osteophyte fracture exclusive of corner or teardrop configuration; vertebral body compression 
fracture with less than 25% loss of height; Anderson and D’Alonzo Type I odontoid process fracture,45 and avulsion 
without ligamentous involvement.42  

In this study, 2.5% of patients were found to be injured, and the use of the NEXUS criteria as the clinical decision tool 
resulted in an overall reduction in the ordering of x-rays by 12.6%. The reported sensitivity of these criteria of 99% 
(95% CI: 98.0-99.6) and negative predictive value of 99.8% (95% CI: 99.6-100) resulted in the uptake of the NEXUS 
criteria in many emergency departments internationally, despite the low specificity of 12.9%. Validation studies of 
NEXUS have found NEXUS is associated with a consistently high sensitivity that ranges between 0.82 to 1.0, while the 
specificity ranges between 0.13 and 0.46. Imaging rates have been reported in these studies to be reduced by an 
average of 30.9% (range 12.6% to 42.9%). 

The main limitations of NEXUS include the lack of precise definitions of the five criteria which may result in significant 
variability in the application of the tool. Whilst the definition of altered mental status is generally accepted to be a 
Glasgow Coma Scale (GCS) score of less than 15, the interpretation of intoxication46 and painful distracting injury47 
may vary considerably between emergency medicine physicians who are unfamiliar with how these were originally 
defined in the derivation study. 
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FIGURE 3 – THE NEXUS CLINICAL DECISION RULE 

Description of the four NEXUS Criteria 
(1) Altered neurological function is present if any of the following is present:  

a. Glasgow Coma Scale score of 14 or less; 
b. disorientation to person, place, time, or events; 
c. inability to remember 3 objects at 5 minutes; 
d. delayed or inappropriate response to external stimuli; or 
e. any focal deficit on motor or sensory examination. 

Patients with none of the individual findings should be classified as having normal neurologic function 
(2) Patients should be considered intoxicated if they have either of the following: 

a. a recent history of intoxication or intoxicating ingestion; or 
b. evidence of intoxication on physical examination. 

Patients may also be considered to be intoxicated if tests of bodily secretions are positive for drugs that affect level of 
alertness, including blood alcohol greater than 0.8 mg/dL. 
(3) Midline posterior bony cervical spine tenderness is present if the patient complains of pain on palpation of the 

posterior midline neck anywhere from the nuchal ridge to the prominence of the first thoracic vertebra, or if the 
patient evinces pain with direct palpation of any cervical spinous process. 

(4) Patients should be considered to have a distracting painful injury if they have any of the following:  
a. a long bone fracture; 
b. a visceral injury requiring surgical consultation; 
c. a large laceration, degloving injury, or crush injury; 
d. large burns; or 
e. any other injury producing acute functional impairment 

Physicians may also classify any injury as distracting if it is thought to have the potential to impair the patient’s ability 
to appreciate other injuries 

TABLE 2 - DESCRIPTON OF THE FOUR NEXUS CRITERIA15 
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HOW DO YOU DECIDE IF YOUR PATIENT WITH CERVICAL SPINE INJURY NEEDS IMAGING AND WHAT 
IMAGING TEST SHOULD YOU PREFORM DO IF THEY DO? 
STEP 1: Choosing a CDR: 

1. The Canadian C-Spine Rule (CCR) is the CDR of first choice because of its high sensitivity and specificity. You 
should use it as your first choice CDR if: 

a. the patient meets all inclusion criteria; AND 

b. the patient has no exclusion criteria that would prevent the use of the CCR. 

2. If the patient cannot have the CCR used, NEXUS should be used if 

a. the patient meets all inclusion criteria for NEXUS; AND 

b. the patient has no exclusion criteria for NEXUS. 

Key points: 

NEXUS has lower specificity than the CCR so if you use it in preference to CCR, you will probably perform more 
imaging on people without injuries. 

NEXUS has fewer inclusion and exclusion criteria than CCR so can be used in a wider range of patients, including 
patients who are excluded by the CCR like: 

x Pregnant women. 
x People with pre-existing spinal disease or prior surgery. 

STEP 2: How do I choose which imaging test to do first if my patient needs imaging? 

1. Patients with higher probability of injury should have CT. 

2. Patients with lower probability of injury should have plain radiography because of the considerably lower 
radiation dose. 

 

Please see flow chart on next page which shows the process for deciding if imaging is required and 
whether CT or Plain Radiography should be the first imaging test of acute cervical spine injury. 
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DOES THIS PATIENT WITH CERVICAL SPINE TRAUMA NEED ANY IMAGING?  

 
FIGURE 4 – PROCESS FOR DECIDING IF IMAGING IS REQUIRED AND WHETHER CT OR PLAIN RADIOGRAPHY SHOULD BE THE FIRST 
IMAGING TEST OF ACUTE CERVICAL SPINE INJURY. 
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IS CT SUFFICIENT TO EXCLUDE CLINICALLY IMPORTANT CERVICAL SPINE INSTABILITY DUE TO 
LIGAMENTOUS INJURY OR SHOULD YOU REFER THE PATIENT FOR MRI? 
Two recent meta-analyses and a review on this topic48-50 have indicated that normal cervical CT excludes clinically 
important instability even in obtunded patients and that MRI is not mandatory in this group before decisions 
regarding the removal of cervical immobilisation can occur.  

Prolonged cervical spine immobilisation in hospital has been associated with increased risk of: 

x aspiration pneumonia (due to patients who are supine fitted with a hard collar being unable to expel their own 
vomitus); 

x pressure injuries to the skin;  

x greater problems in nursing of patients in intensive care units; and 

x potential exacerbation of raised intracranial pressure in patients with coexistent head injury. 

So it is important, particularly in obtunded patients, for immobilisation to be removed as soon as fracture, dislocation 
and instability can be excluded with confidence. 

Key points 
x Whether CT or plain radiography is used, clinical evidence of a motor neurologic deficit and/or abnormal 

reflex(es) that could be attributable to spinal cord injury or compression should result in prompt referral to a 
major trauma service for clinical evaluation and urgent MRI.  
 

x Abnormal alignment of the cervical spine on plain radiographs or CT can be an indication of acute 
ligamentous injury and thus potential instability. However, in some patients, malalignment is the result of 
long standing or pre-existing degenerative changes. Therefore, this finding on CT or plain radiographs may 
warrant MRI to confirm or exclude ligamentous injury in selected cases. The decision about whether to 
perform MRI and its urgency if the patient is neurologically intact is not clear cut. It is a decision that is best 
made in consultation with a neurosurgical service. 

 
x Persistent neck pain or midline bony tenderness are not absolute indications for MRI in the presence of a 

normal CT scan. The likelihood of demonstrating clinically important ligamentous disruption with MRI in this 
situation is extremely low (see references above). 

x MRI can also be used to assess vascular dissection if infarction related to vertebral or carotid artery dissection 
may be the cause of neurological symptoms (such as nausea, vomiting, or dizziness suggesting cerebellar 
infarction, or hemiparesis or speech disturbance suggesting cerebral ischaemia).14 However, CT angiography of 
the neck is often used preferentially for this purpose as it can be performed rapidly immediately after cervical 
spine CT. 

x Normal plain radiographs or CT do not preclude the possibility of spinal cord injury in a patient with 
neurologic deficit (signs or symptoms). If spinal cord injury or compression is suspected based on clinical 
findings, normal plain radiographs or CT should not prevent urgent MRI being performed. 
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3. WHAT ELSE DO YOU NEED TO THINK ABOUT OTHER THAN PRE-TEST PROBABILITY 
OF A CONDITION, WHEN YOU ARE CONSIDERING PERFORMING DIAGNOSTIC IMAGING 
IN A PATIENT WITH BLUNT CERVICAL SPINE TRAUMA? 

URGENCY:  
x Immediate imaging is indicated in patients with severe and/or progressive neurologic deficit: 

Urgent imaging is indicated in all other cases. Cervical spine imaging needs to be completed as soon as possible 
to enable the spine to be cleared and immobilisation removed due to the risk of: 

o aspiration because the patient may not be able to easily expel their own vomitus while lying supine 
while immobilised in a rigid cervical collar; 

o possible risk of exacerbating raised intracranial pressure; 
o problems posed to those nursing the patient with regard to pressure injuries.  

Importantly, immobilisation in a cervical collar may also be inadequate to prevent secondary spinal cord injury. 

x Should anything be done while waiting for imaging: 

o Cervical immobilisation in a rigid cervical collar. 

o Anticoagulation – reversal of cessation may be considered in patients with neurological deficit 
depending on the reasons for anticoagulation and the results of imaging, including MRI. 
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MODALITY TABLE 

MODALITY STRENGTHS WEAKNESSES COMMENTS 

Plain radiographs 

Link –  

www.insideradiology.com.a
u/pages/view.php?T_id=24 

x Immediate, low risk in terms of radiation 
exposure, relatively inexpensive and 
readily available in all clinical settings. 

x Good visualisation of bony structures but 
no specific information about soft tissues. 

x Pre-vertebral soft tissue swelling is an 
insensitive and non-specific sign on plain 
radiography (x-ray) that may or may not 
indicate a fracture or ligamentous injury. 

x Plain radiography is less sensitive than CT. 
However estimates of the difference in 
sensitivity include patients with multiple 
fractures in whom plain radiographs 
detect one or some but not all of the 
injuries as well as patients with clinically 
non–significant injuries and patients 
whose radiographs have been interpreted 
by non-radiologist medical practitioners. 

x CT and MRI are unavailable in some centres (e.g. 
rural and remote centres), hence plain radiography 
(x-ray) is the most appropriate modality in these 
settings. 

x 5 views are the basic series that should be obtained 
and inadequacy of any of the views means that 
repeat radiographs or CT while maintaining cervical 
spine precautions/immobilisation is required. 

x 5 view radiographs are an appropriate first imaging 
test for patients who:  
o can have the Canadian Cervical Spine rule 

applied but who require imaging; 
o have no high risk features; 
o have at least one low risk feature; 
o cannot rotate their neck 45 degrees to each 

side. 

CT 

Link –  

www.insideradiology.com.a
u/pages/view.php?T_id=61 

x High sensitivity for fracture detection. 

x Clinically important ligamentous 
disruptions are manifest as non-
anatomical alignment of vertebral bodies 
and/or facet joints. 

x Cord injury, smaller disc herniations and 
epidural haematomas are not 
demonstrated by CT. 

x Much higher radiation dose to thyroid, 
upper aerodigestive tract, lung apex, 
and bone marrow than is delivered by 
plain radiographs. 

x CT should be used preferentially for patients who:  
o cannot have CDRs used due to having one or 

more exclusion criteria (e.g. abnormal motor 
signs, abnormal GCS, haemodynamic 
instability, pre-existing spinal disease, injury 
>48 hours earlier etc.); 

o are undergoing CT for multiple trauma or 
suspected head injury; 

o are at higher risk based on validated clinical 
decision rules (sensory symptoms, dangerous 
injury mechanism, older age); 

o are unable to co-operate with plain 
radiography due to being intoxicated or 
cognitively impaired. 

http://www.insideradiology.com.au/pages/view.php?T_id=24#.UmDI-dKnrlc
http://www.insideradiology.com.au/pages/view.php?T_id=24#.UmDI-dKnrlc
http://www.insideradiology.com.au/pages/view.php?T_id=61#.UmDJG9Knrlc
http://www.insideradiology.com.au/pages/view.php?T_id=61#.UmDJG9Knrlc
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MODALITY STRENGTHS WEAKNESSES COMMENTS 

MRI 

Link –  

www.insideradiology.com.a
u/pages/view.php?T_id=53 

x High sensitivity and specificity for all soft 
tissue abnormalities. 

x Does not use ionising radiation. 

x Indicated in patients with:  
o focal neurological deficit that may be 

referrable to the spinal cord or 
cervical nerve roots; 

o malalignment on CT scanning raising 
the possibility of unstable injury due 
to ligamentous disruption. 

x Fractures are not as well depicted by 
MR as CT so CT should be used prior to 
MR for this purpose. 

x MRI is not as widely available as CT and 
may require ambulance transfer and/or 
general anaesthetic services for some 
patients. 

x Availability limited in some settings (rural and 
remote centres), hence transfer to a trauma 
centre for MRI imaging is required if neurologic 
deficit is evident. 

x Expensive. 
x Time consuming (not ideal in emergency/acute 

situation). 
x Not appropriate for patients who are very obese, 

claustrophobic, those with metallic implants or 
pacemakers. 

x More difficult to monitor patients with major 
trauma in the MRI environment compared with 
CT. 

CT Angiography (CTA)/ 
MR Angiography (MRA) 
for evaluating suspected 
vascular injury 

x CTA – immediate availability wherever 
there is a CT scanner, moderate specificity 
and high sensitivity for vascular injury 
(occlusion, dissection, penetrating injury). 

x MRA – no radiation dose, allows 
evaluation of the spinal cord, ligaments 
and discs, and brain (looking for evidence 
of acute stroke) in patients with 
suspected vessel injury. 

x The necessity for administration of 
iodinated contrast media (CTA). 

x MRA requires an MRI scanner and the 
disadvantages of MRI in general apply 
to MRA as well. 

x Imaging of the vertebral and/or carotid arteries is 
required when index of suspicion for traumatic 
arterial dissection is high. 

TABLE 3 - MODALITIES FOR CERVICAL SPINE INJURY

http://www.insideradiology.com.au/pages/view.php?T_id=53#.UmDJMNKnrlc
http://www.insideradiology.com.au/pages/view.php?T_id=53#.UmDJMNKnrlc
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QUESTION 1. 
A 45 year old male presents to the Emergency Department of a major trauma hospital after being 
heavily ‘dumped’ by a wave while surfing. On admission, he reports severe neck pain and progressively 
worsening weakness in the upper and lower limbs.  
 
Given his mechanism of injury and presenting symptoms, what would be the most appropriate imaging 
for this patient will be? 
1A. Plain x-ray and CT of the cervical and thoracic spine. 
1B. Plain x-ray and CT of the thoracic spine. 
1C. Plain x-ray of the cervical spine. 
1D. CT and MRI of the cervical spine following urgent spinal immobilisation if this has not already 
occurred.  
1E. MRI and plain x-ray of the cervical spine. 

 

CORRECT ANSWER: 
The most appropriate imaging for this patient is: 
1D. CT and MRI of the cervical spine following urgent spinal immobilisation if this has not 
already occurred.  
 
FEEDBACK: The presence of progressive quadriparesis suggests spinal cord injury. This 
requires immediate investigation. CT is performed to assess this patient for fracture, 
dislocation and unstable injuries as this patient has clinical findings (upper and lower 
limb motor symptoms/signs) that preclude use of the Canadian C-Spine Rule and 
imaging is indicated based on neurological signs according to NEXUS. MRI is used to 
assess for spinal cord injury, cord compression by disc herniations, epidural haematoma, 
fractured or dislocated vertebrae and also to assess the discs and ligaments for 
injury/disruption that can predispose to instability. Instability puts the patient at risk for 
further/later injury to the spinal cord. 
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QUESTION 2. 
An 80 year old woman, who takes regular warfarin and antihypertensive medication, presents after 
tripping on a rug in her home, and falling to the floor. She has an obvious swelling in the left occipital 
region but her GCS is 15.  
She complains of gradually worsening neck pain but reports that movement of her neck does not 
exacerbate the pain. She also reports increasing weakness and tingling in her arms and legs. On 
examination, you note that she has mild midline cervical tenderness. Glasgow Coma Scale (GCS) score is 
15, there is no evidence or suggestion of alcohol or drug use and she has no other injuries.  
 
PART 1 – Which of the following is true? 
2.1A. The Canadian C-Spine Rule cannot be applied in this patient because of her age.  
2.1B. NEXUS cannot be applied in this patient because of her age. 
2.1C. NEXUS cannot be applied in this patient because she is anti-coagulated. 
2.1D. None of the above. 
 
PART 2 – What is the most appropriate course of action for this patient? 
2.2A. To remove the collar and send the patient home with analgesia for her neck pain because 

presentation and assessment suggest that cervical spine injury is unlikely.  
2.2B. To organise urgent neurosurgical referral and in the meantime refer the patient for CT of the brain 

and cervical spine.  MRI is likely to be required (after clinical evaluation and CT are completed), due to 
the likelihood of spinal cord injury and/or compression.  

2.2C. To refer the patient for plain x-ray and CT of the cervical spine because you suspect that the patient 
has sustained a cervical spine fracture.  

2.2D. To keep the spinal immobilisation in place and investigate later for suspected cervical spine injury 
because the patient’s condition is only semi-urgent.  

2.2E. To refer her for plain radiographs of the cervical spine and CT of the brain. 

 

CORRECT ANSWERS 
PART 1 - The following is true: 
2.1D. None of the above 
 
FEEDBACK:  None of the statements is correct as her age and anti-coagulation therapy 
are not exclusion criteria for either the Canadian C-Spine Rule or NEXUS. 
 
PART 2 - The most appropriate course of action is: 
2.2B. To organise urgent neurosurgical referral and in the meantime refer the patient for 

CT of the brain and cervical spine.  MRI is likely to be required after clinical 
evaluation and CT, due to the likelihood of spinal cord injury and/or compression.  

 
FEEDBACK: The patient’s worsening neck pain was not exacerbated by movement, and 
the anticoagulation suggests that epidural haematoma should be considered as a 
possible cause of the progressive neurologic deficit, in preference to fracture, the pain 
from which would worsen with movement. However, fracture and dislocation need to 
be excluded in a patient of this age with neck pain following a fall from a standing 
position. A plain radiograph series is not required prior to CT being performed as it does 
not add additional useful information. A neurological deficit, progressive or otherwise, is 
an indication for urgent imaging. It is more efficient to perform cervical spine CT when 
patients with suspected cervical spine injury require both cranial and cervical spine 
imaging. 
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QUESTION 3. 
A 53 year old woman presents following a motor vehicle accident in which a vehicle travelling at an 
estimated speed of 30 kph collided with the rear end of the patient’s stationary vehicle at the traffic 
lights. The patient reports mild neck pain and has no midline tenderness on palpation.  
 
Which of the following information would NOT be helpful in deciding whether you can use the 
Canadian C-Spine Rule to determine if cervical spine imaging is required? Please give the single BEST 
answer. 
3A. Her current GCS score. 
3B. Whether she has had previous cervical spine surgery.  
3C. Whether she is hypotensive or tachycardic due to other injuries. 
3D. Whether she is able to move her neck 45 degrees to the left and right without limitation.  

 

CORRECT ANSWER: 
The following would NOT be helpful: 
3D. Whether she is able to move her neck 45 degrees to the left and right without 

limitation.  
 
FEEDBACK: The ability of the patient to rotate the neck should be tested only once you 
have established that; the Canadian C-Spine Rule can be applied AND that there are no 
high risk features present AND that at least one low risk feature is present that allows 
the collar to be removed to test neck rotation. 
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QUESTION 4. 
While changing a light bulb, a 66 year old previously well man slipped from the top of a 5 step step-
ladder and fell onto a carpeted surface. He has no significant medical or surgical history, and is not 
taking any medication. On presentation, he has focal mild to moderate midline cervical tenderness, and 
reports that his neck pain is aggravated by neck movement. The patient is fully alert, has no pain 
elsewhere and is neurologically intact.  
 
PART 1 – Which of the following clinical decision rules would be best in the current situation? 
4.1A. The Canadian C-Spine Rule. 
4.1B. NEXUS.  
4.1C. Neither is applicable. 
4.1D. Either one could be used. 
 
PART 2 - What is the most appropriate next step in investigation and/or management? Choose the 
single BEST answer. 
4.2A. Discharge the patient home in a collar with an appointment for review in the outpatient clinic in 6 

weeks, because the patient‘s condition is not urgent. 
4.2B. Remove the cervical collar and discharge the patient with analgesia for neck pain. No follow-up is 

required as there is no suspicion of injury. 
4.2C. Keep the cervical collar insitu and refer the patient for CT of the cervical spine.  
4.2D. Keep the cervical collar in situ and request plain x-ray (5 views) of the cervical spine as the patient is 

at an increased risk of a clinically important cervical spine injury.  
4.2E. C or D depending upon what is available and whether the patient is known to have cervical spine 

degenerative disease. 

 

CORRECT ANSWERS: 

PART 1 - The following clinical decision rule would be best in the current situation: 
4.1A. The Canadian C-Spine Rule. 

 

FEEDBACK: The patient is 65 or over and this represents a higher risk factor when using 
the Canadian C-Spine Rule, thus imaging is indicated. Application of the NEXUS criteria 
would result in imaging being indicated based on midline tenderness. The Canadian C-
Spine Rule is more specific than NEXUS and so should be used when the patient satisfies 
inclusion criteria and has no criteria that would prevent it being applicable. 

 

PART 2 - What is the most appropriate next step in investigation/management? Choose 
the single BEST answer 
4.2C. Keep the cervical collar insitu and refer the patient for CT of the cervical spine.  
 
FEEDBACK: Although plain radiographs are an acceptable alternative here if CT is not 
available, this patient has higher risk factors (age, dangerous mechanism) according to 
the Canadian C-Spine Rule and older individuals more often have equivocal plain 
radiographs due to coexisting osteoporosis and underlying degenerative changes. In 
addition, they are less sensitive to the effects of ionising radiation, in regard to cancer 
induction, than are young people. Finally, the same mechanical impact to the cervical 
spine of an older person is more likely to produce a fracture than in a young adult due to 
loss of bone density with age. Therefore, the examination of choice is a CT if it is 
available in this this case. 
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QUESTION 5. 
Which of the following patients presenting to your emergency department should have their 
requirement for imaging assessed using the Canadian C-Spine Rule? Assume in all cases that the 
patients are haemodynamically stable and alert with no motor weakness or paralysis (Hint: check the 
exclusion criteria for the Canadian C-Spine Rule). 
 
Select all which are true: 
5A. A 70 year-old male pedestrian involved in a low speed collision with a tram.  
5B. A 28 year -old motorcyclist who is brought to the emergency department by ambulance after being 

catapulted over the bonnet of a stationary vehicle following a collision at 60kph.  
5C. A 19 year-old female who was brought by ambulance to the ED following a fall from a first floor 

balcony onto lawn.  
5D. A 22 year old footballer who presents on Monday evening with neck pain and tingling in his forearms 

following a collision with an opponent during a match on Saturday afternoon  

 

CORRECT ANSWERS: 
The following statements are true: 
5A. A 70 year-old male pedestrian involved in a low speed collision with a tram. 
5B. A 28 year- old motorcyclist who was brought to the emergency department by 

ambulance after being catapulted over the bonnet of a stationary vehicle following a 
collision at 60kph.  

5C. A 19 year-old female who was brought by ambulance to the ED following a fall from 
a first floor balcony onto lawn. 

 
FEEDBACK: Only the patient with a delayed presentation of more than 48 hours after the 
accident cannot have his requirement for imaging assessed using the Canadian C-Spine 
Rule. 
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QUESTION 6. 
A 30 year old male cyclist with a history of haemochromatosis presents following a collision 
occurring when the driver of a parked car opened the driver’s door into the traffic. The bicycle 
impacted the car door, catapulting the cyclist onto the road onto his head. There was no loss of 
consciousness at the scene. A cervical collar was applied by paramedics, and full spinal precautions 
were instigated. The patient was alert with a GCS of 15 and haemodynamically stable on arrival in 
the emergency department. No paralysis was found on examination. 
 
PART 1 – Which of the following is the best cervical spine clinical decision rule for this scenario? 
6.1A. NEXUS criteria. 
6.1B. Canadian C-Spine Rule.  
6.1C. Either A or B. 
6.1D. Neither A nor B. 
 
On arrival by ambulance the patient entered the emergency department supine on a trolley with 
cervical spine immobilisation in place. He was alert and orientated, neurologically intact and there 
was no evidence of intoxication. (Hint: Use the calculator to help you decide: 
www.mdcalc.com/canadian-c-spine-rule/) 
 
PART 2 – Would you perform imaging on this patient? 
6.2A. Yes.  
6.2B. No. 
 
PART 3 – Which imaging test of the cervical spine would you perform? (Hint: See the flow chart at 
the beginning of this module (See Figure 4 on page 18) 
6.3A. Plain x-ray: AP, lateral and odontoid views.  
6.3B. Ultrasound of the neck. 
6.3C. CT including sagittal, coronal, and axial reformatted images. 
6.3D. MRI - sagittal and axial views. 

 

CORRECT ANSWER: 

PART 1 - The best cervical spine clinical decision rule for this scenario is:  
6.1B. Canadian C-Spine Rule.  
FEEDBACK: The Canadian C-Spine Rule incorporates the criterion of ‘dangerous 
mechanisms’ which includes bicycle collisions, and both CDRs include clinical factors as 
criteria, but the Canadian C-Spine Rule is more specific and when used is less likely to 
result in unnecessary imaging of a patient at low risk. As the patient satisfies inclusion 
criteria for either rule, the Canadian C-Spine Rule is the better choice. 

PART 2 - I would perform imaging on this patient:  
6.2A. Yes 
FEEDBACK: The Canadian C-Spine Rule would result in a recommendation to perform 
imaging based on the mechanism of injury (bicycle collision) and as this is a higher risk 
criterion based on dangerous mechanism of injury, CT is recommended as the first line 
investigation. 

PART 3 - I would perform the following imaging test of the cervical spine:  
6.3C. CT including sagittal, coronal, and axial reformatted images. 
FEEDBACK: CT delivers a significantly higher radiation exposure but is more sensitive and 
specific for fractures, subluxation, and dislocations than are plain radiographs. Based on 
the dangerous injury mechanism (a higher risk criterion based on the Canadian C-Spine 
Rule) CT is the first choice investigation if it is available, otherwise adequate 5 view plain 
radiography interpreted by a radiologist is an acceptable alternative. 

http://www.mdcalc.com/canadian-c-spine-rule/
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QUESTION 7. 
A 42 year old male fell 2m from a domestic ladder while changing a light bulb. He struck his occiput 
but there has been no loss of consciousness. At the scene, the patient reported mild weakness of 
upper and lower limbs. Cervical spine precautions with neck immobilisation were applied.  
The patient was brought in by ambulance and on admission was alert and orientated. He reported 
paraesthesia of the right middle finger, worsening lateral neck pain and pain radiating down his 
right arm. The limb weakness had resolved. The patient has a history of ankylosing spondylosis and 
radiculopathy at C6/7, and takes analgesics when required for pain.  
 
PART 1 – Which is the best cervical spine clinical decision rule for this scenario? 
7.1A. NEXUS criteria. 
7.1B. Canadian C-Spine Rule. 
7.1C. Either A or B. 
7.1D. Neither A nor B. 
 

PART 2 – Would you perform imaging on this patient? (Hint: Use the calculator to help you decide: 
www.mdcalc.com/nexus-criteria-for-c-spine-imaging/) 
7.2A. Yes.  
7.2C. No.  
 
PART 3 – Which of the following imaging tests would you perform? Select all possible answers. 
7.3A. Plain cervical spine x-ray. 
7.3B. Cervical spine CT. 
7.3C. Cervical spine MRI should be considered following cervical spine CT due to the neurological 

deficit.  

 

CORRECT ANSWERS: 
PART 1 - The best cervical spine clinical decision rule for this scenario is:  
7.1A. NEXUS criteria. 
 
FEEDBACK: The Canadian C-Spine Rule cannot be used due to the presence of ankylosing 
spondylitis, which is an exclusion criterion. 

PART 2 - I would perform imaging on this patient: 
7.2A. Yes.  
 
FEEDBACK: The patient needs imaging based on the presence of focal neurological 
symptoms and signs (NEXUS) indicating an increased risk of spinal cord compression or 
injury. 

PART 3 - I would perform the following imaging test of the cervical spine: 
7.3B. Cervical spine CT. 
7.3C. Cervical spine MRI should be considered following cervical spine CT due to the 

neurological deficit. 
 
FEEDBACK: The presence of a focal neurological deficit means that imaging is required 
based on NEXUS (see Figure 4 on page 18) and pre-existing spinal disease will make 
interpretation of 5 view plain radiography more difficult and thus more likely to be 
equivocal. The neurological deficit raises the possibility of spinal cord injury which is best 
investigated with MRI. 

  

http://www.mdcalc.com/nexus-criteria-for-c-spine-imaging/
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QUESTION 8 
A 64 year old woman was brought in by private car to the emergency department 
following a fall from standing height at a shopping centre. On examination, she has a 
GCS of 15, is complaining of some neck pain, does not appear to be intoxicated, has no 
additional injuries, and is neurologically intact. She does, however, have a history of 
smoking, hypertension and hypercholesterolaemia for which she is medicated. At 
present her BP is elevated to 140/90. 
 
PART 1 – Which is the best cervical spine clinical decision rule for this scenario? 
8.1A. NEXUS criteria. 
8.1B. Canadian C-Spine Rule. 
8.1C. Either A or B. 
8.1D. Neither A nor B. 
 
You examine this woman finding she can rotate her neck 45 degrees to each side 
without pain limiting her movement. (Hint: Use the calculator to enter her clinical 
information - www.mdcalc.com/canadian-c-spine-rule/) 
 
PART 2 – Would you perform imaging on this patient? 
8.2A. Yes.  
8.2B. No.  

 

CORRECT ANSWERS: 
PART 1 - The best cervical spine clinical decision rule for this scenario is:  
8.1B. Canadian C-Spine Rule.  
FEEDBACK: The Canadian C-Spine Rule is more specific than NEXUS and the patient 
meets inclusion and exclusion criteria. 

PART 2 - I would perform imaging on this patient: 
8.2B. No.  
FEEDBACK: The Canadian C-Spine Rule indicates for imaging would suggest the woman 
does not need imaging.  

  

http://www.mdcalc.com/canadian-c-spine-rule/
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APPENDIX ONE – EVIDENCE TABLE 
Author 
and date 

Name of 
CDR 

Derivation 
or 
validation 

Inclusion Exclusion Sensitivity 
(95%ci) 

Specificity 
(95% ci) 

LR- 
(95%CI) 

High 
performance
* (yes/no) 

Hierarchy** 

Hoffman 
et al., 
1998 and 
Hoffman 
et al, 
200015, 42 

National 
Emergency X-
Radiography 
Utilisation 
Study 
(NEXUS) 

Derivation All patients with blunt trauma who 
underwent radiography of the cervical 
spine in a participating emergency 
department were included. 

Total: n = 34,069 (including 818 with a 
radiographically documented cervical 
spine injury) 

Patients with penetrating trauma and those 
who underwent cervical spine imaging for any 
other reason, unrelated to trauma, were not 
eligible for inclusion. 

99% (98.0 – 
99.6) 

12.9% (12.8 
– 13.0) 

(1 – 0.99)/ 
0.129 = 
0.08 
unable to 
determine 
CI 

Using the 
lowest values 
of sensitivity 
and 
specificity, 
the likely 
highest 
possible value 
of the LR- is 
0.16. As this 
is greater 
>0.1. This is 
due to low 
specificity 
rather than 
poor 
sensitivity.  

Level II 

Stiell et 
al., 200334 

NEXUS 
Criteria 

Validation Adults (defined as >16 years of age) 

Acute trauma to the head or neck 

Stable (i.e. normal vital signs as per 
Revised Trauma Score) 

Alert (GCS = 15) 

Neck pain OR no neck pain but met the 
following criteria: 

x Visible injury above the 
clavicles 

x Non-ambulatory 

x Dangerous mechanism of 
injury 

Injury within previous 48 hours 

Total: n = 8283 eligible patients enrolled 
and had complete outcome assessments 

Patients <16 years 

No trauma to head and neck 

Ambulatory patients with no neck pain, minor 
head/facial injury and a low risk mechanism 

Major trauma 

Glasgow Coma Score <15 

Injury occurred >48 h previously 

Penetrating trauma 

Acute paralysis/paresis 

Vertebral disease 

Returned for assessment 

Pregnant 

90.7 (85-
94) 

36.8 (36-38 0.25 (0.16-
0.58) 

No N/A 
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Dickinson 
et al., 
200451 

NEXUS 
Criteria 

Validation 
(retrospective 
analysis) 

Blunt trauma 
Cervical spine radiography 
Total: n = 8924 

Penetrating trauma 
Cervical spine imaging unrelated to trauma 
No radiography 

93 (87-96) 38 (37-39) 0.18 (0.10-
0.35) 

No N/A 

Mahler et 
al., 200952 

NEXUS 
Criteria 

Validation 
(retrospective 
analysis) 

Patients presenting to emergency 
department of participating health service 

Blunt trauma deemed sufficient to 
warrant cervical spine immobilisation by 
an emergency physician or emergency 
medical technician 

Aged 18-65 

Acute alcohol or drug use (evidenced by 
self-admission, smell of alcohol, or 
behaviour consistent with intoxication) 

Computed tomography (CT) cervical spine 
imaging obtained 

Total: n = 202 (divided into group 1 
[patients reliable by Clinical Sobriety 
Assessment Tool that meet all 4 
remaining NEXUS criteria] and group 2 
[patients not reliable by CSAT or did not 
meet remaining criteria])  

Failure to meet inclusion criteria (no specific 
exclusion criteria identified in article) 

100 (not 
stated) 

42.2 (not 
stated) 

<0.1 
(unable to 
determine) 

No N/A 

Griffith et 
al., 201153 

NEXUS 
Criteria 

Validation 
(retrospective 
analysis) 

All cervical spine CT examinations 
between January and December, 2008 in 
a Level 1 trauma centre emergency 
department, for adult patients (> 18 years 
of age) with trauma 

 

Total: n = 1589 

CT examinations performed at satellite 
facilities that are not classified at Level I 
trauma centres 
Patient had no documented trauma despite 
indication given on CT request 
Patient presented as an outpatient or as an 
inpatient (i.e., not to the emergency 
department) 
Remote trauma (> 48 hours before 
presentation) 
Penetrating injuries 
Patient presented for follow-up examinations 
of a known fracture 

90.2 (not 
stated) 

Not stated  Insufficient 
data to 
calculate 
this. 

No N/A 

Migliore et 
al., 201154 

NEXUS 
Criteria 

Validation Patients presenting to an urban, 
academic, Level II emergency department 

Cervical spine pain following trauma 

Total: n = 80 patients enrolled 

Failure to meet inclusion criteria (no specific 
exclusion criteria identified) 

Not stated 
(unable to 
be 
determined 
from 
available 
data) 

Not stated 
(unable to 
be 
determined 
from 
available 
data) 

Not stated 
(unable to 
be 
determined 
from 
available 
data) 

Unable to 
determine 

N/A 
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Stiell et al, 
200112 

The Canadian C-
Spine Rule 

Derivation Adult patients (≥ 16 years old) 

Blunt trauma to head/neck 

GCS 15 (i.e. patient must be alert) 

Stable vital signs (defined as systolic 
blood pressure >90mmHg and 
respiratory rate between 10 and 
24/min) 

At risk of C-spine injury either 
because of: 

x Neck pain from any 
mechanism of injury, or 

x No neck pain but all of the 
following (some visible 
injury above the clavicles, 
had not been ambulatory 
since injury, had sustained 
a dangerous mechanism 
of injury) 

Patients transferred from other 
hospitals with C-spine injury were 
eligible for enrolment into the study 
provided that physicians completed 
the data form prior to reviewing 
radiographic films 

Total: n = 8924  patients eligible and 
enrolled (3281 eligible but not 
enrolled;577 excluded as radiography 
not undertaken and unable to follow 
up)  

< 16 years old 

Trivial injuries (e.g. Simple facial 
lacerations) and did not fulfil the “at risk” 
inclusion criteria 

GCS < 15 

Grossly abnormal vital signs 

Injury occurred > 48 hours prior 

Penetrating trauma 

Presented with acute paralysis 

Known vertebral disease (e.g. ankylosing 
spondylitis, rheumatoid arthritis, spinal 
stenosis, -or previous cervical surgery) as 
determined by the examining physician 

Returned to ED for reassessment of same 
injury 

Pregnancy 

 

100% (98-
100) 

42.5% (40-
44) 

<0.1 
(0.00-0.05) 

Yes Level  I 

Stiell et al., 
200334 

The Canadian C-
Spine Rule 

Validation Neck pain following acute blunt 
trauma to the head and/or neck 

No neck pain, non- ambulatory and 
evidence of injury above the clavicle 

Alert and stable (Glasgow Coma 
Score >15 with normal vital signs) 

Adult patients (≥ 16 years old) 

Injury sustained within the previous 
48 h 

Total: n = 7438 (excluding 845 cases 
which were indeterminate as the 
range of motion had not been 
assessed as required by the CDR) 

Patients <16 years 

No trauma to head and neck 

Ambulatory patients with no neck pain, 
minor head/facial injury and a low risk 
mechanism 

Major trauma 

Glasgow Coma Score <15 

Injury occurred >48 h previously 

Penetrating trauma 

Acute paralysis/paresis 

Vertebral disease 

Returned for assessment 

Pregnant 

99.4 (96-
100) 

45.1 (44-
46) 

0.01 (0.00 – 
0.09) 

Y N/A (see 
Stiell et al., 
2001) 
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Miller et al., 
200638 

The Canadian C-
Spine Rule 

Validation Adult patients (≥ 16 years old) 

Neck pain from any mechanism of 
injury or no neck pain but supra-
clavicular injury and non-ambulatory 

Dangerous mechanism of injury (RTA 
(including motorcycle, pedestrian and 
bicycle), fall of >3 feet/5 stairs or 
axial loading including diving) 

 

Total: n = 470 patients (of whom 16 
were excluded as ‘indeterminate’ due 
to incompletion of the CCR) 

<16 years 

Who do not satisfy the definitions of pain 
or 

injury above or 

Major trauma (i.e., major chest, 
abdominal, 

long bone or pelvic fracture) 

Glasgow coma scale <15 

Injury occurred >48 h prior to 
presentation 

Penetrating injury 

Acute paralysis 

Vertebral disease (ankylosing spondylitis, 
rheumatoid 

arthritis, spinal stenosis or previous 

spinal surgery) 

Have returned for assessment of the same 
injury 

Pregnant women 

100 (not 
stated) 

51 (46-56) < 0.1 
(unable to 
calculate) 

indeterminat
e as 95% CI is 
not stated for 
sensitivity 

N/A (see 
Stiell et al., 
2001) 

Rethnam et al., 
200855 

The Canadian C-
Spine Rule 

Validation 
(Retrospectiv
e analysis) 

All adult patients (≥ 16 years old) 
who had cervical spine radiographs 
for suspected injury to the neck (over 
a 3-month period) 

Total: n = 158 patients (including 44 
who were subsequently excluded; 86 
categorised as low-risk [74 of these 
incompletely assessed according to 
Canadian C-Spine Rule = 
indeterminate]). 

Records not found (n = 6) 

> 48 hours since injury (n= 9) 

Foreign body neck (n= 5) 

Unstable patients (n= 6) 

< 16 years (n= 16) 
Neck pain not related to trauma (n= 2) 

100  
(not stated) 

not stated Insufficient 
Data 
available to 
calculate 
this entity 

indeterminat
e 

N/A  
(see Stiell et 
al., 2001) 
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Vaillancourt et 
al., 200940 

The Canadian C-
Spine Rule 

Validation Adult patients (≥ 16 years old) 
attending between 2002 and 2006 at 
7 participating clinical centres 

Transported by ambulance to 
participating hospital after acute 
blunt force trauma (< 8 hours prior)  

Potential injury to the neck (defined 
as either posterior neck pain, or no 
neck pain with some injury above the 
clavicles) 

Alert (GCS of 15) 

Stable (defined as normal vital signs 
as per the Revised Trauma Score, i.e. 
systolic blood pressure ≥90mmHg 
AND respiratory rate between 10 and 
24 breaths per minute on arrival) 

Cooperative (i.e. patient willingly 
follows commands and is not 
agitated) 

Total: n = 1949 patients (including 12 
cases of clinically important cervical 
spine injury) 

<16 years old 
Penetrating neck trauma 
acutely paralysed (paraplegia, 
quadriplegia) 
Known vertebral disease (e.g. ankylosing 
spondylitis, rheumatoid arthritis, spinal 
stenosis or previous cervical spine 
surgery) 

100 (74-
100) 

37.7 (36-
40) 

<0.1 
(0.00-0.72) 

N N/A  
(see Stiell et 
al., 2001) 

Coffey et al., 
201156 

The Canadian C-
Spine Rule 

Validation Neck pain following acute blunt 
trauma to the head and/or neck 

No neck pain, non- ambulatory and 
evidence of injury above the clavicle 

Alert and stable (Glasgow Coma 
Score >15 with normal vital signs) 

Adult patients (≥ 16 years old) 

Injury sustained within the previous 
48 h 

Total: n = 1420  patients (2796 
eligible but 1420 enrolled; imaging 
performed in 987) 

Patients <16 years 

No trauma to head and neck 

Ambulatory patients with no neck pain, 
minor head/facial injury, and a low risk 
mechanism 

Major trauma 

Glasgow Coma Score <15 

Injury occurred >48 h previously 

Penetrating trauma 

Acute paralysis/paresis 

Vertebral disease 

Returned for assessment 

Pregnant 

100  
(56-100) 

43  
(39-45) 

< 0.01  
(0.00 – 1.1) 

N N/A (see 
Stiell et al., 
2001) 
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Duane et al., 
201157 

The Canadian C-
Spine Rule 

Validation Adult patients ≥ 16 years old) 
presenting to Level I trauma centre 
between January 2008 and 
September 2010 

Sustained blunt trauma resulting in 
trauma team activation 

Complete cervical spine CT study 
performed 

Total: n = 3201 patients (including 
310 cervical spine fractures in 192 
patients) 

*Note: Active neck rotation was not 
performed in this study (although a 
usual requirement of the Canadian C-
Spine Rule) as the trauma faculty 
involved considered it too great a risk 
for c-spine injury. 

Those not satisfying the specified inclusion 
rules (see previous column) 

100 (not 
stated) 

0.60 (not 
stated) 

<0.1 
(unable to 
calculate)  

indeterminat
e 

N/A (see 
Stiell et al., 
2001) 

 

*High performance (Y/N) for the derivation study defined as: 
x Sens > 0.95; AND 
x Lower limit of 95%CI for sensitivity >0.95; AND 
x LR-<0.1; AND 
x Upper limit of LR-95% CI < 0.1. 

x Likelihood ratio for negative test result = proportion of patients WITH disease who have a negative test result (1 – SENSITIVITY)
proportion of patients WITHOUT disease who have a negative test result (SPECIFICITY)  =  

(1 – SENSITIVITY)
 (SPECIFICITY)  

**Hierarchy (see reference I. below) 
Level I: can be used in a variety of clinical settings and includes at least one validation study (external) and at least one impact analysis showing favourable change in clinician 

behaviour when the CDR is used/implemented. 
Level II: can be used in various setting with confidence about accuracy (1 prospective validation in heterogeneous population or several smaller ones). 
Level III: use with caution in narrowly defined group of patients (validated in one narrow prospective sample). 
Level IV: CDRs requiring more evaluation before they are implemented (no validation or only validated with statistical techniques or retrospective databases, or split samples). 

APPRAISAL TABLE REFERENCES: 
I. McGinn T, Guyatt G, Wyer P, Naylor C, Stiell I, Richardson W. Users' guides to the medical literature: XXII: how to use articles about clinical decision rules. Evidence-Based Medicine Working 

Group. JAMA. 2000; 284(1): 79-84. 
II. Pickering A, Harnan S, Fitzgerald P, Pandor A, Goodacre S. Clinical decision rules for children with minor head injury: A systematic review. Arch Dis Child. 2011; 96(5): 414-21. 
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APPENDIX TWO – PROCESS FOR DECIDING IF IMAGING IS REQUIRED 

 
  



Education modules for appropriate imaging referrals – Adult Cervical Spine Trauma 

©RANZCR£ 2015 QUALITY AND SAFETY PROGRAM 40 | P A G E  

APPENDIX THREE – CANADIAN C-SPINE RULE 
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APPENDIX FOUR – NEXUS CRITERIA 
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Description of the four NEXUS Criteria 

(1) Altered neurological function is present if any of the following is present:  
a. Glasgow Coma Scale score of 14 or less; 
b. Disorientation to person, place, time, or events; 
c. Inability to remember 3 objects at 5 minutes; 
d. Delayed or inappropriate response to external stimuli; or 
e. Any focal deficit on motor or sensory examination. 
Patients with none of the individual findings should be classified as having normal neurologic function 

(2) Patients should be considered intoxicated if they have either of the following: 
a. A recent history of intoxication or intoxicating ingestion; or 
b. Evidence of intoxication on physical examination. 
Patients may also be considered to be intoxicated if tests of bodily secretions are positive for drugs that affect 
level of alertness, including blood alcohol greater than 0.8 mg/dL. 

(3) Midline posterior bony cervical spine tenderness is present if the patient complains of pain on palpation of the 
posterior midline neck from the nuchal ridge to the prominence of the first thoracic vertebra, or if the patient 
evinces pain with direct palpation of any cervical spinous process. 

(4) Patients should be considered to have a distracting painful injury if they have any of the following:  
a. A long bone fracture; 
b. A visceral injury requiring surgical consultation; 
c. A large laceration, degloving injury, or crush injury; 
d. Large burns; or 
e. Any other injury producing acute functional impairment 
Physicians may also classify any injury as disgracing if it is thought to have the potential to impair the patient’s 
ability to appreciate other injuries 

 


