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Abstract—The objectives of this before-and-after study
f alert, stable adult patients presenting to the Emergency
epartment of Western Hospital with potential neck inju-

ies who were immobilized in hard cervical collars were to
etermine the impact of implementation of the Canadian
-spine rule on x-ray ordering rates and whether imple-
entation of the rule reduced time in hard collars for

atients with potential neck injury. Data collected included
emographics, mechanism of injury, x-ray rate, and time in
ard collar. Data analysis was by chi-square test for pro-
ortions and Mann-Whitney U test for continuous vari-
bles. There were 211 patients studied. The x-ray ordering
ate decreased from 67% to 50% (25% relative reduction, p

0.0187). Time in hard collar was also reduced from a
edian of 128 min to a median of 103 min (effect size 25.5
in), but this did not reach statistical significance. Imple-
entation of the Canadian C-spine rule reduced x-ray

rdering by 25%. © 2005 Elsevier Inc.

Keywords—x-ray; cervical spine; trauma; decision rules

INTRODUCTION

he evaluation of the cervical spine (c-spine) with x-rays
s a controversial area of trauma management (1,2).
-spine assessment continues to be driven by the fear of

he consequences associated with “missed” significant
njury (1–4). This has led to high c-spine x-ray ordering
ates, despite the low incidence of clinically significant
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CCEPTED: 11 August 2004

127
-spine injuries (2,5,6). However, for patients this means
nnecessary exposure to ionizing radiation, monetary
xpense, and lengthier immobilization in hard collars (7).

Recent efforts to address this have focused on the
evelopment and validation of clinical decision rules to
educe the need for x-rays in the assessment of the
-spine. Two such rules have been developed, the
EXUS guidelines and the Canadian C-spine Rule

CCR) (1,8–11). These studies report an expected reduc-
ion in c-spine x-ray ordering rates of 12.6% and 15.5%,
espectively, but this has not been evaluated in a site not
nvolved in the deriving studies (9,10).

This study aims to evaluate the impact of implemen-
ation of the CCR in an Emergency Department (ED)
etting with respect to c-spine x-ray ordering rates and
ime spent by patients in hard collars.

METHODS

his before-and-after study was conducted in the ED of
community, teaching hospital in Melbourne, Australia,
ith an annual census of approximately 34,000 adult
atients. All patients are treated in the pre-hospital set-
ing by a single ambulance service (Metropolitan Ambu-
ance Service, Victoria) and criteria for application of
ard collars to patients having sustained trauma is gov-
rned by a clinical practice guideline. The ED is staffed

y 2004;
22 Jul
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128 D. Kerr et al.
y a mixture of PGY1–3, training registrars in Emer-
ency Medicine, and specialist emergency physicians.
he study was approved by the institutional research and
thics committee.

The before component of the study was conducted by
etrospective, explicit medical record and ambulance
ase note review for eligible patients who presented in
he period 1 March to 31 May, 2002. Eligible patients
ere identified from the ED computer information sys-

em, using indicators of injury cause and ED discharge
iagnosis suggesting head and neck injury and indicators
f potential trauma. These were intentionally broad to
inimize the risk of missed cases. Patients were ex-

luded if there was no evidence of trauma in their record,
here was an isolated limb injury, where the record made
t clear that a c-spine injury was not of clinical concern,
r the patient did not meet the criteria for application of
he CCR (1). Patients were also excluded if they had
inor trauma and a hard collar was not applied, on the

522 Identified 

285 

237 No C-Spine Concern 

or Isolated Limb Injury 

106 were ineligible 

(unstable, not alert, 

age<16) 

17 presented >48hrs 

after incident 

5 presented for 

reassessment 

6 had incomplete 

records 

179 

162 

157 

151 

98 Included 

53 did not have a 

cervical collar applied 

igure 1. Derivation of before sample.
ssumption that this indicated that a significant c-spine F
njury was not of concern. Data collected included de-
ographic information, date and time of presentation to
D, mode of transport to ED, injury cause, CCR eligi-
ility criteria, whether or not a hard collar was applied
nd by whom as well as total duration of application in
he ED, whether an x-ray was ordered and the result. A
ignificant injury was defined as a fracture, dislocation,
r ligamentous instability of the cervical spine identified
y x-ray or computed tomography (CT) scan. Duration
f neck immobilization by hard collar was calculated as
he difference between the recorded time of application
nd time of removal of hard collar, both routinely doc-
mented by paramedics in the pre-hospital setting and
ursing staff in the ED. Ten percent of the records were
ndependently reviewed by a second researcher to assess
nter-observer reliability of data collection.

Over a 2-month period, staff were educated in groups
nd individually about the CCR and its application. In
ddition, staff were provided with a reminder card con-
aining the CCR and exclusion criteria, which attached to
heir identification badge. The CCR was formally
dopted as ED policy for the assessment of potential
eck injuries on 1 November, 2002.

132 Identified 

131 

1 No C-Spine Concern or 

Isolated Limb Injury 

5 were ineligible 

(unstable, not alert, 

age<16) 

1 presented >48hrs after 

incident 

1 had an incomplete 

record 

126 

125 

124 

113 Included 

11 did not have a cervical 

collar applied 
igure 2. Derivation of after sample.
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CCR Implementation 129
Before the evaluation phase, medical staff, particu-
arly at registrar and specialist levels, were generally
ware of the NEXUS guidelines and the CCR (1,8–10).
here was considerable variability in practice, with more

unior staff routinely x-raying all patients in hard collars
nd more senior staff being more selective, based on
linical assessment rather than one of the above guide-
ines. There was no standard protocol in place to guide
ractice.

The evaluation phase (after phase) commenced 1
onth after the education period had been completed, to

llow staff to gain experience in using the rule. It covered
he period 29 November, 2002 to 7 March, 2003. Eligible
atients were identified by nursing and medical staff and
ncluded patients with a suspicious mechanism of injury
motor vehicle accident, motor bike accident, fall, pedal
yclist, pedestrian, collision with person or object) where
here was clinical concern about a potential cervical
pine injury. The following information was collected on
data form: demographics, CCR eligibility and exclu-

ions, application of the CCR items, whether x-ray was
rdered and additional comments, in particular if the rule
ad been overridden and why. Medical records of en-
olled patients were reviewed for additional information
ncluding eligibility, time in hard cervical collar, whether
n x-ray was performed and the result.

The outcomes of interest were comparison of the
roportion of patients investigated using c-spine x-rays
nd comparison of time in a hard collar between the
ohorts.

To calculate sample size, we estimated before the
tudy that x-ray ordering was 85%. We hypothesized that
pplication of the CCR would reduce x-ray ordering by
5%. Using a power/sample statistical package calcula-
or (http://www.univie.ac.at/medstat/) for a two-tailed

able 1. Comparison of Demographics, Mode of Arrival, Inju
Clinically Important Injury Between Cohorts

Before (n � 9

ge: median (range) 33 (16 to 83)
ender (male): n (%) 62 (64.3)

njury Cause: n (%)
MCA 50 (51)
Collision/struck-by object and/or person 21 (21.4)
Fall 13 (13.3)
MBA 8 (8.2)
Pedal cyclist 4 (4.1)
Pedestrian 2 (2.0)

rrived by ambulance: n (%) 83 (84.7)
ard collar fitted pre-hospital: n (%) 79 (80.6)
linically significant C-spine injuries: n (%) 3 (3.1)

CA � Motor Car Accident; MBA � Motor Bike Accident.
est, with power of 0.8 and a p value �0.05, it was f
etermined that a sample of 118 patients for each phase
ould be needed.
Data were analyzed using the Analyse-IT™ statistical

ackage, an expansion for Microsoft Excel, using de-
criptive statistics, chi-square and odds ratio for compar-
son of proportions, and Mann-Whitney U test for com-
arison of continuous variables. Inter-rater reliability
as assessed using weighted kappa statistics.

RESULTS

or the before phase, 522 eligible patients were screened;
24 were excluded, leaving a sample of 98 patients
Figure 1). Inter-observer reliability with respect to in-
lusion was assessed for 56 (10.7%) patients with good
greement (weighted kappa 0.65). For the after phase,
32 patients were enrolled; 17 were excluded, leaving a
ample of 113 patients (Figure 2).

The before and after groups are compared for demo-
raphics, injury cause, application of hard collars, and
revalence of clinically significant injuries in Table 1.
ore patients in the after phase had collars applied in the

re-hospital setting (p � 0.0434). There were three clin-
cally significant c-spine injuries in the before phase and
ne in the after phase, which was correctly detected by
he CCR. This study was not designed to identify missed
ractures.

The x-ray ordering rate in the after phase was reduced
rom 67% to 50%, a 25% relative reduction (Table 2).
atients in the after phase were in hard collars for less

ime, but this difference did not reach statistical signifi-
ance (128.5 vs. 103 min, p � 0.3475).

Medical staff followed the directive of the CCR on
8% of occasions (76/113). Of the occasions where the
ule was overridden and an x-ray ordered, no patient was

use, Application of Cervical Collar, and Prevalence of

After (n � 113) p Value Odds Ratio (n, 95% CI)

38 (16 to 87) 0.2271 1.182 (0.678 to 2.062)
67 (59.3) 0.6540

0.1299
62 (54.9)
10 (8.8)
17 (15.0)
10 (8.8)
7 (6.2)
7 (6.2)

104 (92) 0.1450 0.479 (0.200 to 1.149)
103 (91.2) 0.0434 0.404 (0.178 to 0.916)

1 (0.9) 0.5183 3.537 (0.362 to 34.566)
ry Ca

8)
ound to have a clinically significant c-spine injury.

http://www.univie.ac.at/medstat/
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DISCUSSION

xtensive research has described high c-spine x-ray or-
ering rates for a comparatively low number (�2%) of
ignificant injuries (5,9,12,13). In Canada, the ordering
ate has been shown to vary between 58% and 68.9%,
ith clinically significant injuries of 0.9% to 1.7% (1,5).
his high x-ray rate consumes resources, exposes some
atients to unnecessary radiation, and may contribute to
D overcrowding as patients await x-rays and review.
aiting for an x-ray and its interpretation by a clinician

efore hard collar removal also increases time in uncom-
ortable hard collars for patients.

The development of clinical decision rules is one
pproach to rationalizing the use of resources by utilizing
vidence to improve health care management and clini-
al diagnostic accuracy (14,15). These clinical decision
ules undergo rigorous development and validation pro-
esses, but that does not guarantee their acceptance into
ractice.

Our study found a significant decrease (25% relative
eduction) in c-spine x-ray ordering. This amount of
eduction is both statistically and clinically significant
nd is larger than the reduction predicted by the rule’s
uthors (10). Implementation of the rule by clinicians
emonstrated a reduction in time for patients in neck
mmobilization with hard collars, although this did not
each statistical significance.

Attitudes towards clinical decision rules have been
ound to be positive but implementation into practice has
een quite variable, so it was pleasing that the CCR was
idely accepted and used by the treating clinicians

16,17). This is probably due to a number of factors,
ncluding leadership by senior clinicians, the robustness
f the CCR’s derivation and validation processes, and the
se of a reminder card that made application of the rule
t the bedside easy. The less vigorous medico-legal cli-
ate in Australia may also have enhanced acceptance.
onetheless, questions remain relating to the sustainabil-

ty of CCR utilization. Key issues are the number of
otating junior medical staff requiring education, limited
ducational resources, and the relative complexity of the
CR when compared with the NEXUS guidelines.

Future research might address whether the CCR can
e accurately applied by nurses and ambulance paramed-

able 2. Comparison of X-ray Ordering Rates and Time in H

Outcome Before (n � 98) After

ime in collars (min) median (range) 128.5 (13 to 690) 103
-ray ordering: n (%) 66 (67.3) 57
cs. This would allow fewer hard collars to be applied
with a significant resource saving) and further reduce
he time patients might be required to remain with a hard
ollar in situ.

The study had several limitations that should be taken
nto account when considering the results. The study was
onstrained by the time frame within which it could be
onducted. This limited sample size. Patient identifica-
ion, particularly in the before phase, was difficult. It
elied on computerized data so miscoding may have
esulted in missed cases. Data from the before phase are
lso subject to the limitations inherent in retrospective
ecord review, especially missing data. Outcome beyond
D discharge was not performed on patients who did not
ave an x-ray. It is possible that these patients had a
linically significant c-spine injury that was detected
fter hospital discharge. The study was conducted at a
ingle site, so generalizability to other settings cannot be
ssumed.

CONCLUSION

his study has demonstrated that the application of the
CR in a clinical setting can significantly reduce x-ray
rdering rates for stable and alert adult patients with
otential c-spine injury who have a hard collar applied.
dditionally, acceptance and application of the CCR was
igh.
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