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A B S T R A C T

Background and objective: The National Emergency X-Radiography Utilization Study (NEXUS) criteria are
used to assess the need for imaging to evaluate cervical spine integrity after injury. The aim of this study
was to assess the sensitivity of the NEXUS criteria in older blunt trauma patients.
Methods: Patients aged 65 years or older presenting between 1st July 2010 and 30th June 2014 and
diagnosed with cervical spine fractures were identified from the institutional trauma registry. Clinical
examination findings were extracted from electronic medical records. Data on the NEXUS criteria were
collected and sensitivity of the rule to exclude a fracture was calculated.
Results: Over the study period 231,018 patients presented to The Alfred Emergency & Trauma Centre, of
whom 14,340 met the institutional trauma registry inclusion criteria and 4035 were aged �65 years old.
Among these, 468 patients were diagnosed with cervical spine fractures, of whom 21 were determined to
be NEXUS negative. The NEXUS criteria performed with a sensitivity of 94.8% [95% CI: 92.1%–96.7%] on
complete case analysis in older blunt trauma patients. One-way sensitivity analysis resulted in a
maximum sensitivity limit of 95.5% [95% CI: 93.2%–97.2%].
Conclusion: Compared with the general adult blunt trauma population, the NEXUS criteria are less
sensitive in excluding cervical spine fractures in older blunt trauma patients. We therefore suggest that
liberal imaging be considered for older patients regardless of history or examination findings and that the
addition of an age criterion to the NEXUS criteria be investigated in future studies.
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Introduction

The overall prevalence of cervical spine injury among trauma
patients is estimated to be 2.8%-7.7% [1]. Timely and accurate
detection of injury is imperative, as early intervention can prevent
complications such as permanent neurological deficit/disability or
death [2–5]. Numerous guidelines exist to assist clinicians in
excluding cervical spine injury following blunt trauma [6–9].
Current best practice suggests the use of validated clinical decision
rules, of which the most commonly applied are the National
Emergency X-Radiography Utilization Study (NEXUS) criteria and
the Canadian C-spine Rule (CCR) [7,10,11]. These rules were
developed to safely increase the yield of cervical spine radiology,
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while aiming to decrease the extremely liberal use of radiography
by emergency clinicians [10,11].

The original validation studies for these clinical decision rules
were conducted over a decade ago when the imaging modality of
choice was primarily plain x-rays [10,11]. This varies significantly
from current practice, where more advanced imaging techniques
identify a greater proportion of missed cervical spine injury than
plain x-rays otherwise would, decreasing the sensitivity of the
clinical decision rules over time [12–16].

The original NEXUS criteria validation study reported a
sensitivity of 99.0% across a heterogeneous group of adult blunt
trauma patients [10]. However, missed cases of cervical spine
injury in the setting of the low-risk NEXUS criteria have been
reported in older patients, and serve as warning that injury may
exist in this population without associated clinical symptoms and
signs [17,18]. Previous attempts to validate the rule in older
patients have resulted in conflicting reports [18–21]. A thorough
exploration of the validity of the NEXUS criteria in this population
is indicated. At present, the unique assessment requirements of
 insufficient to exclude cervical spine fractures in older blunt trauma
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Fig. 1. Patient selection (E&TC = emergency and trauma centre, ATR = Alfred Trauma
Registry).
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older patients are not well addressed in cervical spine clearance
guidelines [22].

The aim of this study was to determine the sensitivity of the
NEXUS criteria to exclude cervical vertebral fractures among older
injured patients. We hypothesised that the NEXUS criteria are
inadequate for use in the older population and that reliance on this
approach will lead to a considerable rate of missed injuries.

Methods

Setting

The state of Victoria in Australia has one paediatric and two
adult Major Trauma Services located within the capital city of
Melbourne, that service a population of approximately 6,000,000
people. The Victorian State Trauma System was established in 2000
and mandates that 85% of major trauma patients receive early
definitive treatment at a Major Trauma Service. The Alfred Hospital
is the largest Major Trauma Service in the state and consistently
receives >50% adult major trauma. The Alfred Registry prospec-
tively records pre-hospital and hospital data on all cases meeting
the registry’s inclusion criteria, which includes all major trauma
patients, as well as a subset of minor trauma patients.

Inclusion criteria

Patients aged �65 years of age admitted to <Name blinded>
from 1st July 2010 to 30th June 2014 were retrospectively
identified from the Alfred Trauma Registry. These patients were
categorised as “elderly” for the purpose of this study in accordance
with current trauma literature [23]. Those who had sustained a
cervical spine fracture were included in the study. Cervical spine
fracture was defined according to formal computed tomography
(CT) or magnetic resonance imaging (MRI) findings, as reported by
a radiologist. The Alfred Hospital Research and Ethics Committee
approved this study.

Data

Patient demographic data, admission source, mechanism of
injury, admission vital signs and pathology results were extracted
from the The Alfred Trauma Registry. The site of injury and the
NEXUS status of the patient were extracted from the medical
records. In cases where NEXUS status had not been documented, or
had been documented incompletely, the records were assessed for
the presence of documentation of midline cervical tenderness,
focal neurologic deficit, altered level of consciousness, evidence of
intoxication or painful distracting injury in order to determine the
NEXUS status retrospectively [10]. The primary outcome measure
was the sensitivity of the NEXUS criteria.

Analysis

Cases with clear documentation of the presence of any one or
more of the NEXUS criteria were considered NEXUS positive. Cases
with clear documentation of the absence of all the NEXUS criteria
were considered NEXUS negative. Cases in which NEXUS status
could not be determined due to information which was incom-
plete, missing or difficult to interpret (e.g. jargon, acronyms, poor
quality photocopies, and indecipherable handwriting) were
considered undocumented.

To calculate the point estimate of the sensitivity of the NEXUS
criteria among included patients, undocumented cases were first
handled by list-wise deletion (complete case analysis). The
calculation was then repeated for two possible scenarios (one-
way sensitivity analysis) in order to assess the impact that
Please cite this article in press as: G. Paykin, et al., The NEXUS criteria are
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undocumented cases would have on the previously calculated
point estimate. Firstly, all undocumented cases were considered
NEXUS positive then, all undocumented cases were considered
NEXUS negative.

Descriptive analysis of the patient cohort was conducted.
Continuous variables were expressed as mean and standard
deviation for normally distributed variables, and median and
interquartile range for non-normally distributed variables.
Analysis was conducted using Stata v13.0 (College Station, Texas,
USA). A p-value of <0.05 was considered statistically significant.

Results

Over the 4-year data collection period, there were 231,018
presentations to The Alfred Hospital Emergency and Trauma
Centre. Of these, 14,349 met the Alfred Trauma Registry inclusion
criteria and 4035 patients were aged �65 years. Among these, 468
elderly patients with cervical spine fractures were identified and
these formed the study sample (Fig. 1).

Patient injury and demographic data are described in Table 1.
The majority of patients (n = 232 patients (49.6%)) were diagnosed
with fractures of the second cervical vertebra (C2). The most
common injury involved odontoid process fracture (n = 140 (30%)).
Low falls from �1 m were the most common mechanism,
accounting for 243 (51.9%) of cases.

There were 21 (4.5%) cases that were NEXUS negative, i.e.
documented absence of all NEXUS criteria in patients with cervical
vertebral fractures. In addition, there were 381 (81.4%) cases that
were NEXUS positive and 66 (14.1%) cases that were considered to
have their NEXUS status undocumented. A comparison of NEXUS
negative and NEXUS positive patients is presented in Table 1.

Using complete case analysis, the point estimate of the
sensitivity was calculated to be 94.8% [95% CI: 92.1%–96.7%].
When all undocumented cases were considered NEXUS positive,
the upper sensitivity limit was calculated as 95.5% [95% CI: 93.2%–
97.2%]. In the second scenario where all undocumented cases were
considered NEXUS negative, the lower sensitivity limit was
calculated as 81.4% [95% CI: 77.6%–84.8%] (Fig. 2).
 insufficient to exclude cervical spine fractures in older blunt trauma
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Table 1
Patient and injury characteristics.

NEXUS negative
(n = 21)

NEXUS positive
(n = 381)

NEXUS undocumented
(n = 66)

Age in years, mean (SD) 78.9 (9.1) 79.3 (8.0) 80.9 (7.9)
Male, No. (%) 10 (47.6) 204 (53.7) 36 (54.5)
GCS on arrival, median (IQR) 15 (15–15) 15 (14–15) 15 (15–15)
ISS, median (IQR) 14 (12–17) 12 (9–17) 9 (8–17)

Mechanism of Injury
Low fall (�1 m) 8 (38.1%) 201 (52.8%) 34 (51.5%)
Motor vehicle driver 5 (23.8%) 81 (21.3%) 16 (24.2%)
High fall (>1 m) 2 (9.5%) 37 (9.7%) 6 (9.1%)
Motor vehicle 4 (19.0%) 26 (6.8%) 3 (4.5%)

passenger 0 (0.0%) 13 (3.4%) 4 (6.1%)
Pedestrian 2 (9.5%) 23 (6.0%) 3 (4.5%)
Other

Vertebral level injureda

C1 6 (28.6%) 65 (17.1%) 10 (15.2%)
C2 11 (52.4%) 186 (48.8%) 35 (53.0%)

�Odontoid 8 111 21
process (38.1%) (29.1%) (31.8%)

C3 1 (4.8%) 36 (9.4%) 3 (4.5%)
C4 1 (4.8%) 35 (9.2%) 4 (6.1%)
C5 1 (4.8%) 66 (17.3%) 8 (12.1%)
C6 3 (14.3%) 86 (22.6%) 14 (21.2%)
C7 4 (19.0%) 84 (22.0%) 12 (18.2%)

SD = standard deviation, GCS = Glasgow Coma Scale, IQR = interquartile range, ISS = Injury Severity Score, C = cervical vertebra.
a Note: a number of patients had fractures at multiple vertebral levels; hence the percentages add up to over 100%.

Fig. 2. One-way sensitivity analysis.
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Discussion

In a high volume adult major trauma centre, the NEXUS criteria
performed with a sensitivity of 94.8% on complete case analysis, in
contrast to the 99% reported by the original NEXUS investigators
[10]. Further, the upper limit of the one-way sensitivity analysis,
95.5%, which represents the highest possible sensitivity, was
likewise lower than reported in the original NEXUS study.

This suggests that the NEXUS criteria have inadequate
sensitivity for the exclusion of cervical vertebral fractures in older
blunt trauma patients, and that the risk of missed injury in this
population may be high if relying on the NEXUS criteria alone to
diagnose cervical vertebral fractures. The elderly are more
vulnerable to the mechanical forces of trauma, and are thus more
susceptible to injury than their younger counterparts [22,24–28].
Previous studies have compared elderly trauma patients and
younger groups with the same injury mechanism and found that
elderly patients tend to sustain more severe injuries, have worse
clinical outcomes and disproportionately high healthcare costs
[29,30]. This is likely due to a combination of factors including, but
not limited to cognitive decline, musculoskeletal changes and
alterations in cardiovascular and respiratory function, which
influence the mechanism, distribution, assessment, severity and
outcome of injury in older patients [31]. In particular, clinical
Please cite this article in press as: G. Paykin, et al., The NEXUS criteria are
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assessment is directly affected by these factors, which most likely
explains the reduced sensitivity of the NEXUS criteria in this age
group.

These results indicate a need to maintain a high index of
suspicion and a low threshold to image in older blunt trauma
patients regardless of history or examination findings.
Undiagnosed/missed cervical spine injury can have devastating
consequences, including permanent neurologic deficit/disability
or death.

This study is consistent with emerging literature that suggests
that the NEXUS criteria may not provide adequate safety in ruling
out cervical spine injury in older patients. In their 2014 single
centre prospective study included 320 patients aged �65 years,
Goode et al. reported a sensitivity of 66% and claimed that the
NEXUS criteria are “no better than tossing a coin” regardless of age,
suggesting that all cases of injury sustained due to “severe”
mechanisms of injury require CT imaging of the cervical spine [18].
In light of the potential risks of radiation exposure to younger
patients, such absolute assertions are difficult to incorporate into
clinical practice. However, our results do echo a need to develop a
more liberal imaging strategy for older patients at risk of cervical
vertebral fractures.

Similarly, in their 2015 single centre prospective study of 169
patients over the age of 65 years, Denver et al. [19] reported that
the NEXUS criteria demonstrated 88.9% sensitivity in detecting
clinically significant cervical spine injury, and 81.8% sensitivity in
detecting any cervical spine injury. This study however only
included older patients presenting due to falls from sitting or
standing height.

This study builds on the existing evidence by including patients
regardless of their mechanism of injury, avoiding the potential
selection bias of these two aforementioned studies [18,19].
Moreover, patients included in the study by Goode et al. were
assessed using a lower quality CT resolution to confirm injury. In
their study, Goode et al. used a 16-slice multi-detector CT with a
standard protocol that included 2-mm axial cuts performed at
2-mm increments with sagittal multi-planar reformatted images.
In our study, all patients were either transferred from a referral
 insufficient to exclude cervical spine fractures in older blunt trauma

http://dx.doi.org/10.1016/j.injury.2017.02.013


4 G. Paykin et al. / Injury, Int. J. Care Injured xxx (2016) xxx–xxx

G Model
JINJ 7091 No. of Pages 5
hospital with a confirmed diagnosis of cervical vertebral fracture or
had injury detected on a higher quality 64-slice multi-detector CT
in which the helical cervical spine images are acquired with a beam
of 40 mm, and detectors of 0.5 mm. The axial images are then
reformatted to 0.625–1 mm from C0-T4/5. Denver et al. did not
report the CT protocol used. This suggests that our institutional
imaging protocol is likely to detect a higher proportion of cervical
fractures, increasing confidence in our results.

Previous sub-group analyses of older blunt trauma patients
conducted by Touger et al. and Ngo et al. reported very high
sensitivities of 99% and 100% respectively [20,21]. These studies
are, however, limited by a reliance on post-hoc analysis of the
original NEXUS data, variation in imaging protocols across
participating sites, and a heavy reliance on plain x-rays for
confirmation of injury. Conversely, our study had a pre-specified
focus on older patients. Moreover, it is likely that current imaging
protocol used in our study identify more missed cervical spine
injury than plain film otherwise would, further explaining the
decrease in sensitivity of the rule over time.

In order to ensure accurate and timely identification of fracture
in older patients, we propose that extra care needs to be taken in
this age group and that the addition of an age criterion to the
NEXUS criteria be investigated in future studies. This is likely to be
an acceptable adjustment for clinicians balancing the risks of
missed diagnosis with those of additional testing. Though the
Canadian C-spine Rule (CCR) already has an age criterion
(age � 65 years), eliminating the need for such an adjustment,
several studies have noted that the CCR is more difficult to learn,
remember, and use than NEXUS. As a result, many hospitals,
including our institution, opt to incorporate the NEXUS criteria into
their cervical spine clearance protocols, despite the CCR having
higher sensitivity and specificity [32,33].

This study is limited by a sample comprised of patients
presenting to a single large major trauma service. Variability in
demographic and injury data across other sites may limit the
generalisability of our results to non-major trauma service
settings. However, the baseline patient and injury characteristics
in our study cohort indicate that the study population is most likely
representative of older cervical fracture patients presenting
elsewhere. In our population, >50% of cervical fractures were
sustained from low falls of �1 m. These findings are in agreement
with previous epidemiological studies, which indicate that falls,
usually from standing or seated height, are the most frequent
causative mechanism for cervical fractures in patients over 65
years of age [34–36]. Additionally, the high proportion of upper
cervical spine fractures in our population, as well as a high
incidence of odontoid process fractures, is consistent with
published studies which suggests that the upper cervical spine
is the most common site for cervical spine injury in this population
[29].

A further limitation of our study is that we did not examine
isolated discoligamentous injuries without fractures, which may
constitute selection bias. However, this is likely to result in a bias
towards higher sensitivity, which would further strengthen our
conclusion. Moreover, as the vast majority of cervical spine injuries
are fractures, the impact of this bias is likely to be minimal [20].
Likewise, we did not consider the clinical significance of injury.
Accurate detection of cervical fractures, regardless of significance, is
important for the prevention of secondary injury and complications.
Clinical decisions in cervical spine fracture management in older
patients should be balanced against potential harm from treatment,
but can only be made after accurate diagnosis of injury.

The retrospective design of our study resulted in a high
percentage of undocumented cases for which NEXUS status could
not be determined. Moreover, the quality of the study is limited by
the use of the list-wise deletion technique (complete case analysis)
Please cite this article in press as: G. Paykin, et al., The NEXUS criteria are
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for handling missing data. We reduced the impact of this constraint
by performing a one-way sensitivity analysis in order to assess the
impact of undocumented cases on the final sensitivity estimate.

Conclusion

Results of this analysis demonstrate that the NEXUS criteria do
not provide adequate safety in excluding cervical vertebral
fractures in older blunt trauma patients. We suggest that clinicians
maintain a high index of suspicion of cervical vertebral injury and a
low threshold to image older blunt trauma patients.
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