From the Departments of Emergency
Medicine (1.G.S., J.R.W, G.G., M.R.) and
Epidemiology and Community Medicine
(G.A.W.), the Clinical Epidemiology Pro-
gram (C.M.C.), and the Division of Neu-
rosurgery (H.L.), University of Ottawa,
Ottawa, Ont.; the Division of Emergency
Medicine, University of British Columbia,
Vancouver (R.D.M., I.M.); the Department
of Emergency Medicine, Queens Universi-
ty, Kingston, Ont. (R.B.); the Division of
Emergency Medicine, University of Toronto,
Toronto (M.J.S., D.C,, J.S.L., G.B.); the Di-
vision of Emergency Medicine, University
of Alberta, Edmonton (B.H.R., B.H.); and
the Division of Emergency Medicine, Uni-
versity of Western Ontario, London (M.A.E.,
J.D.) — all in Canada. Address reprint re-
quests to Dr. Stiell at the Clinical Epidemi-
ology Unit, F657, Ottawa Health Research
Institute, 1053 Carling Ave., Ottawa, ON
K1Y 4E9, Canada.

N Engl ) Med 2003;349:2510-8.
Copyright © 2003 Massachusetts Medical Society.

2510

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

The Canadian C-Spine Rule versus the NEXUS
Low-Risk Criteria in Patients with Trauma

lan G. Stiell, M.D., M.Sc., Catherine M. Clement, R.N.,
R. Douglas McKnight, M.D., Robert Brison, M.D., M.P.H.,
Michael J. Schull, M.D., M.Sc., Brian H. Rowe, M.D., M.Sc.,

James R. Worthington, M.B., B.S., Mary A. Eisenhauer, M.D., Daniel Cass, M.D.,
Gary Greenberg, M.D., lain MacPhail, M.D., M.H.Sc., Jonathan Dreyer, M.D.,
Jacques S. Lee, M.D., Glen Bandiera, M.D., Mark Reardon, M.D.,

Brian Holroyd, M.D., Howard Lesiuk, M.D., and George A. Wells, Ph.D.

ABSTRACT

BACKGROUND

The Canadian C-Spine (cervical-spine) Rule (CCR) and the National Emergency X-Radi-
ography Utilization Study (NEXUS) Low-Risk Criteria (NLC) are decision rules to guide
the use of cervical-spine radiography in patients with trauma. It is unclear how the two
decision rules compare in terms of clinical performance.

METHODS

We conducted a prospective cohort study in nine Canadian emergency departments
comparing the CCR and NLC as applied to alert patients with trauma who were in stable
condition. The CCR and NLC were interpreted by 394 physicians for patients before ra-
diography.

RESULTS

Among the 8283 patients, 169 (2.0 percent) had clinically important cervical-spine in-
juries. In 845 (10.2 percent) of the patients, physicians did not evaluate range of motion
as required by the CCR algorithm. In analyses that excluded these indeterminate cases,
the CCR was more sensitive than the NLC (99.4 percent vs. 90.7 percent, P<0.001) and
more specific (45.1 percentvs. 36.8 percent, P<0.001) for injury, and its use would have
resulted in lower radiography rates (55.9 percentvs. 66.6 percent, P<0.001). In second-
ary analyses that included all patients, the sensitivity and specificity of CCR, assuming
that the indeterminate cases were all positive, were 99.4 percent and 40.4 percent, re-
spectively (P<0.001 for both comparisons with the NLC). Assuming that the CCR was
negative for all indeterminate cases, these rates were 95.3 percent (P=0.09 for the com-
parison with the NLC) and 50.7 percent (P=0.001). The CCR would have missed 1 pa-
tient and the NLC would have missed 16 patients with important injuries.

CONCLUSIONS
For alert patients with trauma who are in stable condition, the CCR is superior to the
NLC with respect to sensitivity and specificity for cervical-spine injury, and its use would
result in reduced rates of radiography.
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MERGENCY DEPARTMENTS IN THE
United States and Canada annually treat
more than 13 million patients with trauma
who are at risk for cervical-spine injury.® Very few
of these patients have a cervical-spine fracture, and
the current pattern of use of radiography is not effi-
cient.211 There is considerable variation in pub-
lished guidelines and also among physicians with
respect to the use of radiography.12-15 Cervical-spine
radiography is a “little-ticket” item — a low-cost
procedure that adds substantially to health care
costs because of the high volume of its use. 1617 Fur-
thermore, patients are often immobilized on a back-
board for many hours while awaiting radiography,
leading to considerable discomfort and unneces-
sary use of space in crowded emergency depart-
ments.18-20
A clinical-decision rule is derived from original
research and is defined as a decision-making tool
that incorporates three or more variables from the
history, examination, or simple tests.21-25 Two de-
cision rules have been developed independently to
permit more selective ordering of cervical-spine ra-
diography, more rapid ruling out of injury to the cer-
vical spine for patients, and substantial health care
savings. The National Emergency X-Radiography
Utilization Study (NEXUS) Low-Risk Criteria (NLC)
include five items (Table 1) and were first described
in 1992.27:28 A subsequent validation study in the
United States involving 34,069 patients with trau-
ma showed that the NLC had a sensitivity of 99.6
percent and a specificity 0of 12.9 percent for cervical-
spine injury.26:29 This rule has been recommended
for use by emergency department physicians.13,14
More recently, our group developed the Canadian
C-Spine (cervical-spine) Rule (CCR), for use with
alert patients in stable condition, by evaluating 8924
cases.30-32 This rule is based on three high-risk cri-
teria, five low-risk criteria, and the ability of patients
to rotate their necks (Fig. 1). The goal of the current
study was to compare prospectively the accuracy, re-
liability, clinical acceptability, and potential effect of
the CCR and the NLC in alert patients with trauma
who were in stable condition — an important step
before using a decision rule in actual patient care.

METHODS

STUDY POPULATION

This prospective cohort study was conducted in the
emergency departments of nine Canadian tertiary
care hospitals. (The hospitals that were the sites for
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this study are listed in the Appendix.) We considered
for enrollment consecutive adults (defined as per-
sons 16 years old or older) with acute trauma to the
head or neck who were both in stable condition
and alert and who had either neck pain or no neck
pain but met all of the following criteria: they had
visible injury above the clavicles, were nonambula-
tory, and who had a dangerous mechanism of inju-
ry. Additional eligibility criteria were a Glasgow
Coma Scale score of 15 out 0of 15 (3 is the low end of
the scale, and 15 indicates alert and oriented), nor-
mal vital signs as defined by the Revised Trauma
Score (a combined score based on the Glasgow
Coma Scale, systolic blood pressure, and respirato-
ry rate),12 and injury within the previous 48 hours.
Patients were ineligible if they were under the age
of 16 years; had penetrating neck trauma, acute pa-
ralysis, or known vertebral disease; had been evalu-
ated previously for the same injury; or were preg-
nant. The research ethics board at each participating
institution approved the study and waived the re-
quirement for written informed consent.

Table 1. The NEXUS Low-Risk Criteria.*

Cervical-spine radiography is indicated for patients with trauma unless they
meet all of the following criteria:

No posterior midline cervical-spine tenderness, T
No evidence of intoxication,

A normal level of alertness,§

No focal neurologic deficit,§ and

No painful distracting injuries. |

* Criteria are from Hoffman and colleagues.26

7 Midline posterior bony cervical-spine tenderness is present if the patient reports
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.

i Patients should be considered intoxicated if they have either of the following:
a recent history provided by the patient or an observer of intoxication or intox-
icating ingestion, or evidence of intoxication on physical examination such as
an odor of alcohol, slurred speech, ataxia, dysmetria, or other cerebellar find-
ings, or any behavior consistent with intoxication. Patients may also be con-
sidered to be intoxicated if tests of bodily secretions are positive for alcohol or
drugs that affect the level of alertness.

§ An altered level of alertness can include any of the following: a Glasgow Coma
Scale score of 14 or less; disorientation to person, place, time, or events; an in-
ability to remember three objects at five minutes; a delayed or inappropriate
response to external stimuli; or other findings.

9 A focal neurologic deficit is any focal neurologic finding on motor or sensory
examination.

| No precise definition of a painful distracting injury is possible. This category
includes any condition thought by the clinician to be producing pain sufficient
to distract the patient from a second (neck) injury. Such injuries may include,
but are not limited to, any long-bone fracture; a visceral injury requiring surgi-
cal consultation; a large laceration, degloving injury, or crush injury; large
burns; or any other injury causing 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.
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Any high-risk factor that mandates
radiography?
Age =65 yr or dangerous mechanism
or paresthesias in extremities

I
No

+ Yes
Any low-risk factor that allows safe

assessment of range of motion? \
Simple rear-end motor vehicle .
collision or sitting position in the No—=|  Radiography
emergency department or ambulatory
at any time or delayed (not immediate) /

onset of neck pain or absence of
midline cervical-spine tenderness

T Unable
Yes

L

Able to rotate neck actively?
45° left and right

I
Yes

i

No radiography

Figure 1. The Canadian C-Spine Rule.

For patients with trauma who are alert (as indicated by a score of 15 on the
Glasgow Coma Scale) and in stable condition and in whom cervical-spine in-
jury is a concern, the determination of risk factors guides the use of cervical-
spine radiography. A dangerous mechanism is considered to be a fall from an
elevation =3 ft or 5 stairs; an axial load to the head (e.g., diving); a motor ve-
hicle collision at high speed (>100 km/hr) or with rollover or ejection; a colli-
sion involving a motorized recreational vehicle; or a bicycle collision. A simple
rear-end motor vehicle collision excludes being pushed into oncoming traffic,
being hit by a bus or a large truck, a rollover, and being hit by a high-speed ve-
hicle.

ASSESSMENTS

2512

All assessments of the patients were made by attend-
ing or resident emergency medicine physicians,
who were trained by means of a one-hour lecture
session that did not involve testing of knowledge.
After assessment and before radiography, the phy-
sicians recorded their findings and interpretations
of the rules on data forms. The wording of the NLC
was finalized with consultation and approval from
the NEXUS investigators (Table 1).26 When feasible,
some patients were assessed independently by a sec-
ond emergency medicine physician, and interob-
server agreement was determined.

OUTCOME MEASURES
The primary outcome, clinically important cervical-
spine injury, was defined a priori as any fracture, dis-
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location, or ligamentous instability demonstrated
by imaging. All injuries were considered clinically
important unless radiography demonstrated one of
the following isolated clinically unimportant frac-
tures: osteophyte avulsion, a transverse process not
involving a facetjoint, a spinous process not involv-
ing lamina, or simple vertebral compression of less
than 25 percent of body height. This definition had
been standardized previously on the basis of a for-
mal survey of 129 spine surgeons, neuroradiolo-
gists, and emergency physicians.33 Patients under-
went standard plain radiography according to the
judgment of the treating physicians, who were cau-
tioned not to order radiography according to the de-
cision rules. Radiographs were interpreted by staff
radiologists who were provided with routine clinical
information but not the contents of the data forms.
Additional views and investigations were ordered at
the discretion of the treating physician. All patients
with an identified injury underwent computed to-
mographic (CT) scanning.

We could not request radiography for all pa-
tients, since the practice at the study hospitals was
that only 70 percent of eligible patients (those who
met the study criteria) routinely underwent cervical-
spine imaging. Consequently, patients who did not
undergo radiography were evaluated with the use of
the Proxy Outcome Assessment Tool. A study nurse
contacted these patients by telephone and classified
them as having no cervical-spine injury if they met
all four of the following criteria at 14 days: mild
neck pain or none, mild neck-movement restriction
or none, neck collar not used, and a return to usual
occupational activities. Patients who did not fulfill
these criteria were recalled for cervical-spine radi-
ography. The validity of these criteria to rule out
acute cervical-spine injury had previously been de-
termined by having the questionnaire applied to a
random sample of patients in a derivation study who
had all undergone radiography.3+ The criteria were
100 percent sensitive for identifying 66 cases of cer-
vical-spine injury among 389 patients.

STATISTICAL ANALYSIS

The performance of the two rules in classifying pa-
tients according to whether or not they had acute
cervical-spine injury was assessed for sensitivity and
specificity. The final interpretation of the rules (i.e.,
whether the outcome was positive or negative for in-
jury) was made by an adjudication committee, which
reviewed the patients’ medical records and the phy-
sicians’ responses to the data forms. Interobserver
agreement for each variable and for interpretation of

DECEMBER 25, 2003

Downloaded from www.nejm.org at AZIENDA OSPED UNIV on February 28, 2005 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



CANADIAN C-SPINE RULE VERSUS NEXUS CRITERIA FOR TRAUMA

the rules was measured with the kappa coefficient.
All reported P values are two-tailed. Proportions
were compared between the CCR and NLC by means
of unadjusted chi-square analysis. We estimated that
asample 0of 8000 patients would be required to yield
120 cases of clinically important injury.

RESULTS

From May 1999 to April 2002, 8283 eligible patients
were enrolled and had complete outcome assess-
ments; an additional 3603 eligible patients were not
enrolled by the physicians, and another 635 had data

forms but no outcome assessments. A total of 394
physicians participated. Tables 2 and 3 show the
characteristics of the study patients; 169 (2.0 per-
cent) had clinically important cervical-spine injuries,
all of which were identified in the emergency de-
partmentwithout the use of the Proxy Outcome As-
sessment Tool. The characteristics of the eligible
patients who were not enrolled were almost identi-
cal to those of the enrolled patients. The character-
istics of the 635 patients without outcome assess-
ments were similar to those of the enrolled subjects,
but this group did not undergo radiography.

In 845 patients (10.2 percent), physicians did not

Table 2. Characteristics of the 8283 Study Patients.*

Other sports

Head struck by other object
Hit head on an object
Other

Admitted to hospital — no. (%)

Characteristic Value Characteristic
Age —yr Characteristics of motor vehicle collision — no. (%)
Mean 37.6£16 Simple rear-end collision
Range 16-100 Ejection from vehicle
Male sex — no. (%) 4328 (52.3) Rollover
Mechanism of injury — no. (%) Death of other(s) in same collision
Motor vehicle collision 5564 (67.2) Head-on collision
Motorcycle collision 78 (0.9) Time from injury to assessment (hr)
Collision involving other motorized vehicles 3 (0.6) Arrived at hospital by ambulance — no. (%)
Pedestrian struck and thrown (1.3) Transferred from another institution — no. (%)
Pedestrian struck (1.9) Cervical-spine radiography performed — no. (%)
Bicycle struck 96 (1.2) Telephone follow-up required — no. (%)
Bicycle collision 61 (0.7) Acute cervical-spine injury — no. (%)
Other bicycle accident (1.3) Fracture
Fall from elevation >10 ft (3 m) or down >15 stairs (2.2) Dislocation
Fall from elevation of 3 to 10 ft (1 to 3 m) or down 4.2) Ligamentous instability
5 to 15 stairs
Fall from elevation <3 ft (1 m) or down <5 stairs (7.7) “Clinically important” cervical-spine injury — no. (%)
Assault with a blunt object (0.9) Development of neurologic deficit — no. (%)
Assault with fist or feet (2.4) Stabilizing treatments — no. (%)
Diving (0.3) Internal fixation
Fall onto head (axial load) (0.4) Halo
Contact sports (axial load) (1.1) Brace
Heavy object onto head (axial load) (0.9) Rigid collar
2.0
13
1.2
03

263 (3.2)

41£16.2
5210 (62.9)
476 (5.7)
5936 (71.7)

* Plus—minus values are means +SD.

T “Clinically important” cervical-spine injury was defined as any injury except an isolated avulsion fracture of an osteophyte; an isolated fracture
of a transverse process not involving a facet joint; an isolated fracture of a spinous process not involving lamina; and a simple compression
fracture with less than 25 percent loss of vertebral body height. All clinically important injuries were detected at the initial visit to the emergency

department.
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Table 3. Univariate Correlation and Kappa Values for Individual Variables
in the NEXUS Low-Risk Criteria and the Canadian C-Spine Rule, According to
the Presence or Absence of Clinically Important Cervical-Spine Injury.
Cervical-  No Cervical- Kappa
Spine Injury Spine Injury Value
Findings* (N=169) (N=8114) PValue (N=142)
percent
NEXUS Low-Risk Criteria
Midline neck tenderness+ 84.0 60.2 <0.001  0.52
Unreliable because 10.1 4.1 <0.001 0.72
of intoxication
Motor or sensory deficit 12.4 3.4 <0.001  0.64
in extremities
Distracting painful injuries 13.6 6.7 0.02 0.63
Canadian C-Spine Rule
Age 65 or older 243 7.2 <0.001 NA
Dangerous mechanism 69.2 18.3 <0.001 NA
Paresthesias in extremities 22.5 12.2 <0.001 0.81
Simple rear-end motor 0 329 <0.001 097
vehicle collision:
Supine position during 94.1 65.4 <0.001  0.70
examination
Ambulatory at any time 40.8 62.2 <0.001 0.86
Immediate onset of neck 814 61.8 <0.001 0.74
Able to rotate neck 7.7 55.9 <0.001  0.49
Other findings
Posterior neck pain 91.7 86.6 0.05 0.53
Visible facial or head injuries ~ 49.1 28.1 <0.001  0.82
Able to flex neck 4.1 51.6 <0.001  0.45

* The definitions of the variables are as follows: midline neck tenderness was
defined as tenderness in a 2-cm-wide strip from the occiput to the level of T1;
unreliable because of (suspected ethanol or drug) intoxication meant that the
clinical assessment was judged to be unreliable because of the patient’s con-
dition; distracting painful injuries meant that there were other injuries, such
as fractures, that were so severely painful that neck examination was unreli-
able27; able to rotate neck meant that the patient could turn left and right, to
45 degrees from midline, regardless of pain; and able to flex neck meant that
the patient was able to touch chin to chest, if upright, or to lift the head 8 cm
from the stretcher, if supine. NA denotes not assessed.

i Midline neck tenderness is also among the criteria in the Canadian C-Spine
Rule.
I There were 1812 simple rear-end motor vehicle collisions out of a total of 5564

cases involving motor vehicle collisions.
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evaluate range of motion, as required by the CCR;
therefore, the CCR assessment for these patients
was later categorized by the investigators as “inde-
terminate.” The characteristics of these 845 patients
were very similar to those of the other enrolled pa-
tients except for higher rates of radiography (98.8
percent) and lower rates of injury (0.8 percent) —

probably reflecting a cautious approach by physi-
cians who were not comfortable testing range of
motion in some cases. Seven of these 845 patients
had clinically important cervical-spine injuries, and
4 were transferred with “presumed cervical-spine
fracture.”

The accuracy of the two rules is compared in Ta-
ble 4 for 7438 cases, excluding the 845 indetermi-
nate cases. The sensitivity of the CCR was 99.4 per-
cent (95 percent confidence interval, 96 to 100), as
compared with 90.7 percent (95 percent confidence
interval, 85 to 94; P<0.001) for the NLC. The respec-
tive specificities were 45.1 percent (95 percent con-
fidence interval, 44 to 46) and 36.8 percent (95 per-
cent confidence interval, 36 to 38; P<0.001). For 45
cases of clinically unimportant injuries, the sensitiv-
ity of the CCR was 97.8 percent, as compared with
80.0 percent for the NLC.

We performed secondary analyses involving all
8283 patients to determine the potential effect of in-
determinate cases. When the CCR was assumed to
be positive for all indeterminate cases, the sensitivity
was 99.4 percent (95 percent confidence interval,
96 to 100), as compared with 90.5 percent (95 per-
cent confidence interval, 85 to 94) for the NLC; the
specificities were 40.4 percent (95 percent confi-
dence interval, 39 to 42) and 33.0 percent (95 per-
cent confidence interval, 33 to 35), respectively
(P<0.001 for both comparisons). When the CCR
was assumed to be negative for all indeterminate
cases, the sensitivity was 95.3 percent (95 percent
confidence interval, 91 to 97; P=0.09) and the spec-
ificity was 50.7 percent (95 percent confidence in-
terval, 50 to 52; P=0.001).

Table 5 displays the characteristics of potentially
missed cases. The single important case not identi-
fied by the CCR involved a man (Patient 4) who was
injured in a motor vehicle collision but who could
still walk and whose radiographs at the initial emer-
gency department visit were normal. He returned
one week later, CT scanning was performed, and he
was found to have a type II odontoid fracture. The
patient was assessed by a neurosurgeon, prescribed
ahard collar, discharged directly home, and had no
sequelae at a follow-up visit one year later. Of the
other 15 cases not identified by the NLC, 14 metone
or more CCR criteria and 1 was indeterminate.

The kappa value for interobserver agreement in
the interpretation of the overall rules in 142 cases
was 0.63 (95 percent confidence interval, 0.49 to
0.77) for the CCR and 0.47 (95 percent confidence
interval, 0.28 to 0.65) for the NLC. A value greater
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than 0.60 is generally considered to reflect reason-
able agreement.

Clinical acceptability was assessed in two ways.
On a five-point Likert scale (ranging from “very un-
comfortable” to “very comfortable”), physicians in-
dicated that they would have been “uncomfortable”
or “very uncomfortable” in applying the CCR in 8.0
percent of cases and in applying the NLC in 7.1 per-
cent (P=0.03). Physicians misinterpreted the rules
as not requiring radiography on the data forms, in
contrast to the interpretation of the subsequent in-
vestigator that radiography was indicated, in 5.2
percent of cases evaluated with the use of the CCR
(which could, theoretically, have led to 8 missed in-
juries) and 2.9 percent of those evaluated with the
use of the NLC (which could have led to 14 missed
injuries).

The potential effect on radiography was evaluat-
ed by estimating the proportion of patients who
would require radiography according to the rules.
For the CCR, the rate was 55.9 percent (95 percent
confidence interval, 55 to 57), and for the NLC, 66.6
percent (95 percent confidence interval, 66 to 68;
P<0.001). Secondary analyses that included the 845
indeterminate cases yielded potential radiography
rates of 66.6 percent for the NLC, 50.2 percent if the
indeterminate cases were considered to be negative
according to the CCR, and 60.4 percent if the inde-
terminate cases were considered to be positive ac-
cording to the CCR. The potential effect on crowd-
ing in the emergency department was assessed by
determining the mean length of stay in the emer-
gency department for patients without injury. The
mean length of stay for the 4608 patients who un-
derwent radiography was 232.9 minutes, as com-
pared with 123.2 minutes for the 1997 patients who
did not undergo radiography (P<0.001).

DISCUSSION

We found that the CCR was highly sensitive for clin-
ically important cervical-spine injuries, identifying
161 0f 162 cases in patients in whom the range of
motion was evaluated. If the findings of the original
derivation and current validation studies were com-
bined, involving 16,363 patients, the CCR would
have identified 312 of 313 clinically important cases,
a sensitivity of 99.7 percent (95 percent confidence
interval, 98 to 100).3° In contrast, the NLC had low-
er sensitivity than previously demonstrated, essen-
tially missing 1in 10 important injuries. Our results
also showed the CCR to be more specific than the

N ENGL J MED 349;26 WWW.NEJM.ORG

Table 4. Sensitivity, Specificity, and Negative Predictive Value of the Two Rules
for 162 Cases of “Clinically Important” Injury among 7438 Patients.*

Result of Assessment Canadian C-Spine Rule NEXUS Criteria
Injury No Injury Injury No Injury

Positive (no.) 161 3995 147 4599

Negative (no.) 1 3281 15 2677

Sensitivity (%)
Specificity (%)

Negative predictive value

(%)

99.4 (95% Cl, 96-100)F
45.1 (95% Cl, 44—46)1
100

90.7 (95% Cl, 85-94) 1
36.8 (95% Cl, 36-38) 7
99.4

* Atotal of 845 cases were classified as indeterminate and are therefore omitted
from this analysis.
T P<0.001. CI denotes confidence interval.

NLC and, consequently, likely to have a greater effect
in reducing unnecessary use of radiography and the
need for immobilization. These findings raise ques-
tions about the safety and efficiency of applying the
NLC in clinical practice.

The reliability of the physicians’ interpretations
appeared to favor the CCR over the NLC. However,
physicians were slightly less comfortable and accu-
rate using the CCR, and the potential effect of the
CCR was diminished by the fact that range of mo-
tion was not always evaluated. We believe this hap-
pened primarily because some physicians were not
always comfortable testing range of motion. For
some physicians, this was a new procedure, and we
note that the rate of indeterminate cases was high-
est during the first seven months of the study,
reflecting an apparent learning curve. Secondary
analyses incorporating indeterminate cases indicat-
ed that the CCR might have a lower sensitivity than
suggested by the main analyses, although sensitivity
still remained high, and specificity remained signif-
icantly higher than that of the NLC.

This prospective validation study was designed
and conducted according to strict methodologic
standards.21,22:35-37 The outcome, clinically impor-
tant cervical-spine injury, was carefully defined and
is of considerable clinical importance. Patients were
selected according to strict criteria rather than on
the basis of subjective decisions by physicians to or-
der radiography. A large number of patients with
injuries reflecting a wide spectrum of severity were
enrolled, but children were excluded, because we
believe that pediatric cases require distinct criteria.
Also evaluated were other important measures in
addition to accuracy, including interobserver agree-
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Table 5. Characteristics of Patients with Cervical-Spine Injury Not Identified by Decision Rules.
Patient Age Sex  Mechanism of Injury CCR-Positive Criterion Injury Hospitalized Treatment
yr
Clinically important
injuries
1 21 M Heavy object fell on head Dangerous mechanism Cl arch fracture No Hard collar
2 67 M Motor vehicle collision,  Age =65 yr, dangerous  C2 odontoid fracture Yes Halo
head-on mechanism
3 42 M Fall>10ft (3 m) Dangerous mechanism C7 body fracture Yes Hard collar
4 18 M Motor vehicle collision None C2 odontoid fracture No Hard collar
5 71 F Pedestrian struck and Age =65 yr, dangerous  C4 pedicle fracture Yes Hard collar
thrown mechanism
6 36 M Motor vehicle collision,  Dangerous mechanism, C7 body or pedicle fracture Yes Internal
rollover, ejected paresthesias fixation
7 50 M Fall >5 stairs Dangerous mechanism, C5-C6 perched facet Yes Hard collar
paresthesias
8 20 M Contact sports, axial load Dangerous mechanism, C7 pedicle fracture Yes Hard collar
paresthesias
9 24 M Fall>10ft (3 m) Dangerous mechanism C7 compression fracture Yes Internal
fixation
10 18 M Motor vehicle collision,  Dangerous mechanism C2 hangman’s fracture Yes Halo
rollover, ejected
11 71 M Fall>10 ft (3 m) Age =65 yr, dangerous  C6—C7 facet fracture Yes Hard collar
mechanism
12 29 M Contact sports, axial load Dangerous mechanism C5-C6 perched facet Yes Halo
13 31 M All-terrain vehicle, ejected Dangerous mechanism Cl arch fracture Yes Hard collar
14 56 M Motor vehicle collision,  Dangerous mechanism C7 bilateral laminar fracture Yes Hard collar
rollover
15 49 F Fall >5 stairs Dangerous mechanism C1 arch facet fracture Yes Hard collar
16 35 M Motor vehicle collision, None — CCR C1-C2 ligamentous No Hard collar
head-on indeterminate instability
Clinically unimportant
injuries
1 20 M Pedestrian struck Dangerous mechanism C7 spinous-process fracture No None
2 35 M Fall >5 stairs Paresthesias C7 spinous-process fracture No Hard collar
3 22 M Fall>10ft (3 m) Dangerous mechanism C1 body avulsion fracture Yes Hard collar
4 75 M Motor vehicle collision,  Age =65 yr, dangerous  C2 body avulsion fracture Yes Hard collar
high speed mechanism
5 58 M Fall,3to10ft (1to3m) Dangerous mechanism C6 osteophyte fracture No None
17 M Motor vehicle collision ~ None C3 body avulsion fracture No Hard collar
7 21 Motor vehicle collision,  Dangerous mechanism C5 body avulsion fracture No None
head-on
94 F Fall<3ft(1m) Age =65 yr C3 spinous-process fracture No None
9 73 M Fall >5 stairs Age =65 yr, dangerous  C2 spinous-process fracture No None
mechanism
ment, clinical acceptability, and potential effect on tected, and the characteristics of enrolled and non-
practice. enrolled patients were similar. Some patients could
This study has limitations, although mostapply notbe reached for follow-up, but it is highly unlike-
equally to both rules. Although not all eligible pa- ly that any of these patients had a missed injury be-
tients were enrolled, no selection bias could be de- cause none returned to the treating hospital or any
2516 N ENGL J MED 349;26 WWW.NEJM.ORG DECEMBER 25, 2003

Downloaded from www.nejm.org at AZIENDA OSPED UNIV on February 28, 2005 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



CANADIAN C-SPINE RULE VERSUS NEXUS CRITERIA FOR TRAUMA

other local neurosurgical center. A small proportion
of patients had been transferred to the participating
hospital, and it could be argued that physicians al-
ready knew that these patients had cervical-spine
injury. However, less than 20 percent of transferred
patients ultimately proved to have a cervical-spine
injury.

Some may be concerned about the use of clini-
cally important cervical-spine injury as the primary
outcome, although it was applied equally to both
rules. There has been very good acceptance of this
definition by Canadian academic spine surgeons,
neuroradiologists, and emergency department phy-
sicians, who consider it pragmatic and safe. Fur-
thermore, the CCR was more sensitive than the NLC
for clinically unimportant injuries.

Not all study patients underwent radiography,
because the Canadian clinicians in the study often
do notorder imaging when they consider patients to
be at low risk for spinal injury. Patients were classi-
fied as having “no important injury” only if they sat-
isfied all criteria on the 14-day, Proxy Outcome As-
sessment Tool, which was conducted by telephone,
has been validated, and was used equally for both
rules.

Some cases were indeterminate on the CCR and
could not be included in the primary analysis be-
cause the data forms did not include a physician’s
assessment of range of motion. Secondary analyses
suggest that the study findings are robust except in
the unlikely scenario that all indeterminate cases
would have been classified as negative with the use
of the CCR; in contrast, virtually all these patients
were sent for radiography. Failure to assess range
of motion in low-risk patients represents a cautious
approach by some physicians, and this reluctance
may be overcome by reassuring physicians that such
an assessment is safe.

There was a slightly higher rate of misinterpre-
tation for the CCR, which may reflect the fact that
this rule is more complex. However, the misinter-
pretation rates were low for both rules.

There are several factors that may account for
the current findings of lower sensitivity for the NLC
than was reported earlier.2° First, the NLC were de-
rived from a modest study of 27 cases of fracture
among 974 patients and, when first reported in
1992, were based on only four criteria.?” The fifth,
“no focal neurological deficit,” was added at a later
date without supporting evidence. The degree of in-
terobserver agreement on the NLC variables was not
evaluated until several years later.28 The data from

the CCR derivation and validation studies raise ques-
tions about the accuracy and reproducibility of some
NLC findings — namely “no distracting painful in-
juries,” “no evidence of intoxication,” and “no focal
neurological deficit.”30

Second, the criteria for selecting patients were
quite different in the NLC studies, which included
infants and children, as well as patients with cloud-
ed consciousness and multiple trauma, and which
enrolled only patients for whom radiography was
ordered by a physician. There were no explicitinclu-
sion and exclusion criteria that could be easily ap-
plied in other settings.

Third, the difference in the performance of the
two rules should not be surprising, since the com-
ponentclinical findings are quite different. One po-
tential concern is whether the Canadian physicians,
being more familiar with the CCR, could have un-
consciously biased their responses to favor the Ca-
nadian rule. We believe this is unlikely. The NLC
were accurately presented on the data forms after
considerable discussion with the NEXUS investiga-
tors, although it remains possible that the Canadian
physicians’ interpretation of some of these criteria
differed from that of their U.S. counterparts. Altered
level of alertness was not assessed, since this was an
explicit exclusion criterion. Furthermore, the re-
sponses for all cases were reviewed for accuracy by
the adjudication committee. In particular, the 25
cases of clinically important or clinically unimpor-
tant injury that the NLC failed to identify were care-
fully reviewed, and the findings were determined to
be accurate. These study results are very similar to
those of a Canadian retrospective validation study
that showed the NLC to have low sensitivity.38

Our study confirmed the high sensitivity, reliabil-
ity, and clinical acceptability of the CCR but failed
to do so for the NLC. In some cases, physicians
failed to evaluate range of motion as required by the
CCR — an omission that, depending on how inde-
terminate results were handled, might slightly lower
the sensitivity or specificity of the CCR in practice.
Nevertheless, the CCR has the potential to stan-
dardize practice and improve efficiency in the use of
cervical-spine radiography in most emergency de-
partments. This could lead to substantial health care
savings as well as reduced periods of immobiliza-

tion in crowded emergency departments.
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