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ABSTRACT

Objective: The purpose of this study was to establish consensus on a radiographic definition for cervical instability
for routine use in chiropractic patients who sustain trauma to the cervical spine.

Method: We conducted a modified Delphi study with a panel of chiropractic radiologists. Panelists were asked to rate
potential screening criteria for traumatic cervical spine instability when assessing cervical spine radiographs. Items
rated as important for inclusion by at least 60% of participants in round 1 were submitted for a second round of voting
in round 2. Items rated for inclusion by at least 75% of the participants in round 2 were used to create the consensus-
based list of screening criteria. Participants were asked to vote and reach agreement on the final screening criteria list
in round 3.

Results: Twenty-nine chiropractic radiologists participated in round 1. After 3 rounds of survey, 85% of participants
approved the final consensus-based list of criteria for traumatic cervical spine instability screening, including 6 clinical signs
and symptoms and 5 radiographic criteria. Participants agreed that the presence of 1 or more of these clinical signs and
symptoms and/or 1 or more of the 5 radiographic criteria on routine static radiographic studies suggests cervical instability.
Conclusion: The consensus-based radiographic definition of traumatic cervical spine instability includes 6 clinical
signs and symptoms and 5 radiographic criteria that doctors of chiropractic should apply to their patients who sustain
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trauma to the cervical spine. (J Manipulative Physiol Ther 2018;41:156-163)
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INTRODUCTION

Each year, emergency departments in the United States
and Canada manage more than 13 million trauma patients at
risk of cervical spine injury.'” In the United States, an
estimated 11000 cervical spinal cord injury cases are
diagnosed annually and approximately 800000 cervical
spine radiographs are ordered to screen for cervical spine
injury.’> Adults with blunt trauma have an annual
incidence of cervical spine injury of 2% to 6%, and 0.2%
to 0.6% are purely ligamentous injuries.

The evaluation of cervical spine radiographs can be
challenging because no standardized definition of traumatic
cervical spine instability (TCSI) is available to clinicians.
Although several clinical and radiological definitions are
available,™"* there is a lack of consensus among experts
about their validity. '* For example, little is known about the
screening and diagnostic accuracy of the commonly used
definition proposed by White and Panjabi'"'*: “Clinical
instability [as] the loss of the ability of the spine under
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physiologic loads to maintain its pattern of displacement so
that there is no initial or additional neurological deficit, no
other major deformity, and no incapacitating pain.” The
absence of information on the reliability and validity of
these definitions limit their clinical utility.

Validated prediction tools, such as the Canadian C-Spine
Rule and the National Emergency X-Radiography in the
Emergency Room Utilization Study (NEXUS) low-risk
criteria, are available to clinically screen patients who
sustained blunt trauma.' The purpose of these tools is to
inform whether radiographs or computed tomography (CT)
scans should be ordered in the emergency room for patients
with acute cervical spine trauma. However, these tools do
not provide criteria to evaluate cervical spine radiographs.

Although most radiographs reveal no signs of traumatic
lesions, any delay in recognizing a cervical fracture/
dislocation and segmental instability can lead to catastroph-
ic damage'>'® including sensory impairment (monoparesia,
hemiparesia), motor deficit (tetraplegia), microfractures, and
dislocations (“subluxations”) >3 mm.'” Although screening
guidelines for imaging are available, no consensus or
standardized criteria exist to diagnose TCSI on radiographs.
In fact, it is estimated that 4% to 23% of patients experience a
delay in their diagnosis because of inadequate radiographic
evaluation, misinterpretation, or misdiagnosis.3 Therefore, a
standardized TCSI definition is needed to improve agreement
among chiropractic clinicians and radiologists. The objective
of this study was to develop a consensus-based radiographic
definition of cervical instability for routine use in patients
who sustain trauma to the cervical spine.

METHODS

Study Design, Participants, and Data Collection

We conducted a modified Delphi study. The Delphi
method is useful to collect expert opinions and create
consensus. ' *2® We recruited a panel of North American
chiropractic radiologists certified by the American Chiro-
practic Board of Radiology. All potential participants
attended the annual American Chiropractic College of
Radiology conference in September 2014 and our work-
shop on TCSI. To be eligible, participants had to (1) have an
active radiology practice; (2) be in practice for at least 5
years; (3) routinely interpret cervical spine series; (4) have
screened or diagnosed TCSI; (5) write their radiological
reports in English; and (6) have written communication
skills and computer literacy. All participants gave consent
to participate in this study, which was approved by the
Research Ethics Board of the Canadian Memorial Chiro-
practic College (No. 1408X02).

Potential participants attended a 1-hour workshop on
TCSI, which was led by the principal investigator (S.D.). At
the workshop, potential study participants were asked to
complete a survey, which was used to collect baseline data
and confirm eligibility (the inclusion criteria were collected
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on the survey). Data collected in the baseline survey
included age, sex, year of certification as a chiropractic
radiologist (ie, having Diplomate, American Chiropractic
Board of Radiology [DACBR] certification), current
practice location, full-time or part-time practice, type of
practice (private practice, chiropractic college, retired),
number of cervical spine radiographs interpreted per week,
and number of traumatic cervical spine imaging cases
interpreted per year.

Questionnaire Development

The baseline questionnaire included 62 clinical symptoms
and radiographic findings commonly used to assess and
define TCSI based on information taken from various
authors."”"'*?7 The feasibility of administering the baseline
questionnaire to chiropractic radiologists was pilot-tested in a
sample of 3 experienced chiropractic radiologists (who did
not participate in the main study). Pilot testing was done to
ensure that the questionnaire was clear and easy to complete.
Minor edits and modifications were made afterward based on
feedback from the pilot test. For example, a “positive stretch
test” was removed as a possible item for inclusion because
that test is no longer clinically used.

Modified Delphi Methodology

The baseline questionnaire for the first round was
distributed to participants at the workshop. Participants
were asked to rate the importance of including items as
criteria used to define TCSI when assessing cervical spine
radiographs. Response options were based on a Likert scale
and ranged from 1, indicating that it was the least
important, to 5, indicating that it was the most important
option. Items had to be rated as “important” or “most
important” (4/5 or 5/5) by the majority of participants to be
included in the consensus list of criteria.***° Participants
were also asked to suggest additional items that should be
included in the definition; these additional items were
included in the next round for voting.

Items that were rated as important for inclusion in the list
of criteria by at least 60% of the participants in round 1, as
well as new items suggested by participants, were submitted
for a second round of voting in round 2. The items rated as
important for inclusion by at least 75% of the participants in
round 2 were used to create the consensus-based list of
screening criteria for round 3. During the last phase of the
study (round 3), we asked participants to vote on whether
they approved the list of consensus screening criteria. We
also asked participants to indicate whether or not flexion
and extension radiographs should be obtained in patients
with chronic neck pain who may have TCSI (this question
was asked because some radiologists and clinicians still
routinely order flexion and extension radiographs).
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Table |. Demographic Information on the Consensus Panelists (n = 29)

Mean age, y

Sex

Countries of practice

Mean number of years in practice

Type of practice
Full time
Part-time
Interpret images in a private practice
Interpret images in a clinical practice at an institution
Combination of interpreting images and clinical chiropractic practice

Combination of interpreting images in a clinical practice and teaching courses at an institution

Number of cervical spine radiographs interpreted per week
0-5
5-10
10-15
>15

Number of acute or chronic TCSI cases suspected per year
0-5
5-10
10-15
>15

54.1 (range: 35-65)
72.4% male; 27.6% female
Canada, United States, and Australia

19.9 (range: 5-38)

44.8%
55.2%
58.6%
31.0%
20.7%
27.6%

0%
24.1%
10.3%
65.5%

13.8%
13.8%
17.2%
51.7%

TCSI, traumatic cervical spine instability.

We performed a sensitivity analysis to assess the lack of
clarity related to inclusion criteria with overlapping response
options for 1 of our participants (ie, the 0-5 response
category overlapped with the 5-10 response category for the
number of cervical spine radiographs interpreted per week
and the number of traumatic cervical spine imaging cases
interpreted per year).”*>' The overlap in response options
was due to a typographical error when preparing our baseline
questionnaire. We assessed if our results changed when the
lower of the overlapping response categories were excluded
(ie, results were compared with and without voting responses
of participants in the 0-5 response category).

RESULTS

Participants

In 2014, the total number of chiropractic radiologist
active members with the American Chiropractic Board of
Radiologists was 200. Ninety-five chiropractic radiologists
and residents attended the workshop and were invited to
participate in the study. Forty-six percent of attendees (44/
95) were interested in participating, and 29 of those met the
inclusion criteria. Reasons for exclusions were not being a
DACBR (1/15); being in practice less than 5 years (6/15);
not routinely interpreting cervical spine series (8/15); not
having evaluated TCSI (7/15); and not being in clinical
practice (2/15). Some participants had more than 1 reason
for exclusion.

Seventy-six percent of round 1 participants (22/29)
participated in round 2, and 69% (20/29) participated in
round 3. The mean age of participants was 54.1 years
(range: 35-65), and most participants were male (Table 1).
Participants practiced in 3 countries and were in practice for
an average of 19.9 years (range: 5-38).

Round |

In round 1, 75% of the panel agreed that 8 of 45 clinical
history, 3 of 12 radiographic, and 1 of 5 measurement method
items should be included in the consensus-based TCSI screening
list of criteria (Table 2). Of patients with acute symptoms (1-14
days) and suspicion of TCSI, 89% rated flexion/extension
radiographs as important. Similarly, 82% of participants rated
magnetic resonance imaging (MRI) as important in evaluating
patients with acute symptoms (1-14 days) who are suspected of
having TCSI. In patients suspected of having TCSI with chronic
symptoms (>3 months), 100% of the panel recommended that
flexion/extension radiographs be used in the assessment.

Inround 1, 6 0f 45 clinical history items, 3 of 12 radiographic
criteria, 1 of 5 measurement criteria, and 2 of 8 diagnostic
imaging modalities in a chronic context of suspected TCSI
achieved more than 60% agreement among the panel (Table 3).

Participants recommended 3 new items/symptoms in
round 1 for voting:

1. Assessment of the shape of the curve (C-curve or
reserved, S-shaped, straight, lordotic).
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Table 2. Results From Round 1 (N = 29)

Proportion of Participants Who

Item Rated Item for Inclusion as Criterion (%)
Signs and symptoms (8/45)

Spinal cord symptoms with neck movement 98

Myelopathy 93

Dangerous mechanism of injury 89

Radiculopathy 84

History of Ehler-Danlos, Marfan, or Down syndrome 82

Painful distracting injury 77

Incapacitating pain 77

Paresthesias in extremities 77
Radiographic criteria (3/12)

Horizontal translation of 1 segment over the other on neutral lateral 98

cervical spine radiographs of >3.5 mm

Angular deformity on neutral lateral cervical spine radiographs of >11° 91

Abnormal movement or alignment on flexion/extension radiographs 91

Measurement method criterion (1/5)
Horizontal displacement of 1 vertebra in relation to an adjacent vertebra, anteriorly or posteriorly: Lines 82
are extended perpendicularly from the endplates at the posterior-inferior aspect of the vertebra above
and of the posterior-superior aspect of the vertebra below

Table 3. Results From Round 1 With Criteria With 60% and 75% Agreement

Result With >60% of Agreement % Result With >75% of Agreement %
Signs and symptoms Neck gets stuck or locks with movements 63.9  Painful distracting injury 77
Unwillingness, apprehension or fear of movement 69.4  Dangerous mechanism of injury 89
Feeling that head is disconnected from the neck  63.9  Incapacitating pain 77
Feeling of instability/shakiness or lack or control 61.1  Radiculopathy 84
Fatigue and inability to hold head up 69.4  Myelopathy 93
Vertebrobasilar insufficiency symptoms 72.2  Paresthesias in extremities 77

Spinal cord symptoms with neck movement 98

History of Ehler-Danlos, Marfan, or Down syndrome 82

Radiographic criteria Kyphotic deformation >11° 69.4  Horizontal translation of >3.5mm 98

Interlaminar space widening 72.2  Angular deformity on neutral lateral 91
cervical spine >11°

Interspinous widening 69.4  Abnormal movement or alignment on 91
flexion/extension radiographs

Measurement method Interspinous widening 63.0  Horizontal translation 82

Diagnostic imaging modalities in a Magnetic resonance imaging 63.9  Flexion/extension radiographs 100
chronic condition
Flexion/extension magnetic resonance imaging 66.7

2. Prevertebral soft tissues: The soft tissue in front of inferior corners of the axis and C3; the superior
the vertebral bodies and behind the air shadow of the corner of C4; and the inferior corners of C5, C6, and
pharynx, larynx, and trachea is measured. The body C7.%?

landmarks are the anterior arch of the atlas; the 3. Anterior-posterior open mouth lateral bending.



Dion et al
Screen for Traumatic Cervical Spine Instability

Table 4. Results From Round 2 (n = 22)

Items %

Signs and symptoms (7/14)

Spinal cord symptoms with neck movement 90.5
Dangerous mechanism of injury 85.7
Feeling of instability/shakiness or lack of control 81.0
Incapacitating pain 76.2
History of Ehler-Danlos, Marfan, or Down syndrome 76.2
Neck gets stuck or locks with movement 76.2
Myelopathy 76.2
Radiographic criteria (5/6)
Horizontal translation of 1 segment over the 90.5
other on neutral lateral cervical spine
radiographs of >3.5 mm
Angular deformity on neutral lateral 90.5
cervical spine radiographs of >11°
Abnormal movement or alignment on 81.0
flexion/extension radiographs
Interspinous widening 81.0
Kyphotic deformation of >11° 76.2

Round 2

In round 2, 75% of the panel rated 7 of 14 clinical history
items, 5 of 6 radiographic criteria, and 2 measurement methods
(horizontal displacement and interspinous widening) as
important to include in the consensus-based criteria for TCSI
(Table 4). The panel recommended using flexion/extension
radiographs (90.5%) only when assessing chronic stages of
TCSI. No new items were suggested for voting in round 2.

Based on the voting results from round 2, the
consensus-based list of criteria included the following items:

® Signs and symptoms: Spinal cord symptoms with neck
movement; a dangerous mechanism of injury; feeling
of instability/shakiness or lack or control; incapacitat-
ing pain; a history of Ehler-Danlos, Marfan, or Down
syndrome; neck get stuck or locks with movement and
myelopathy.

® Radiographic criteria: Horizontal translation of 1 segment
over the other on neural lateral cervical spine radiographs
of >3.5 mm, angular deformity on neutral lateral cervical
spine radiograph of >11°, abnormal movement or
alignment on flexion/extension radiographs, interspinous
widening, and a kyphotic deformation of >11°.

Round 3

Eighty-five percent of the participants approved the final
consensus-based list of criteria (Fig 1). This represents 10%
of all the certified DACBRs in 2014 (20/200). The final
consensus-based criteria for TCSI include 6 clinical signs
and symptoms and 5 radiographic criteria. If 1 or more of
the signs and symptoms are present in the history or if 1 or
more of the radiographic criteria are present on the
radiographic study, chiropractors and chiropractic radiolo-
gists should suspect TCSI.
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Participants who disagreed with the final consensus-
based list of criteria gave the following reasons for
disagreement: (1) Dangerous mechanism of injury and
incapacitating pain were not defined in Round 1; (2)
patients often exaggerate symptoms for a variety of reasons;
(3) a history of a connective tissue disease or a syndrome is
not necessarily associated with traumatic instability; and
(4) the radiographic criterion “abnormal movement or
alignment on flexion/extension radiographs” is vaguely
described, and “interspinous widening” should be removed.

Our sensitivity analysis indicated that our results did not
change when the lower overlapping response categories
were excluded. Therefore, we presented our results
including all participants.

DISCUSSION

This is the first consensus-based study to offer a
radiographic definition of cervical instability for routine
use in chiropractic patients who sustain trauma to the
cervical spine. The participants agreed that the presence of 1
or more of the 6 clinical signs and symptoms or 1 or more of
the 5 radiographic criteria on routine static radiographic
studies suggests TCSI. The panel also agreed that flexion
and extension radiographs should be obtained for patients
with chronic neck pain and a past history of trauma.

Our results differ from the list developed by White and
Panjabi.'"'? In 1975, White and Panjabi conducted the first
biomechanical investigation designed to analyze clinical
stability. The definition was amended in 1990: “Clinical
instability is the loss of the ability of the spine under
physiologic loads to maintain its pattern of displacement so
that there is no initial or additional neurological deficit, no
matter major deformity, and no incapacitating pain.”
Although their definition was not validated, it became the
most commonly used definition for cervical instability. In
contrast to the list proposed by White and Panjabi, our
consensus-derived criteria do not include 2 elements
(positive stretch test and flexion/extension studies) because
these items were eliminated during pilot testing of the
baseline questionnaire. A positive stretch test and flexion/
extension studies may not be compatible with the current
standards of practice when assessing patients with traumatic
brain or cervical spine injuries. Our definition also differs
from that of White and Panjabi because we considered only
static routine radiographs, whereas they considered both
static and flexion/extension radiographs. Finally, abnormal
disk narrowing and a developmentally narrow spinal canal
were eliminated in round 1, and nerve root damage was
eliminated in round 2 of our consensus process. The clinical
criteria that our expert panel retained from the definition of
White and Panjabi are spinal cord damage and a dangerous
loading anticipated (similar to our criterion: dangerous
mechanism of injury). The panel agreed that horizontal
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Signs and Symptoms

=  Dangerous mechanism of injury
®* |ncapacitating pain

=  Mpyelopathy and spinal cord symptoms with
neck movement

= History of Ehler-Danlos, Marfan, or Down
syndrome

=  Neck gets stuck or locks with movement

=  Feeling of instability, shakiness, or lack of
control

®= |nachronic case of suspected TCSI, flexion and
extension radiographs should be performed

Radiographic Criteria

=  Horizontal translation 23.5 mm as measured by
1 vertebra in relation to an adjacent vertebra,
anteriorly or posteriorly using this method:
Lines are extended perpendicularly from the
endplates at the posterior-inferior aspect of
the vertebra above and of the posterior-
superior aspect of the vertebra below

= Angular deformity of >11° formed between 2
adjacent inferior vertebral body endplates

= Kyphotic deformity of >11° measure at a single
level with persistent lordosis at adjacent levels

= Abnormal movement or alignment on
flexion/extension radiographs

= |nterspinous widening that is more than 2 mm
greater than the interspinous width at both
adjacent levels

Fig |. Consensus-based criteria of TCSI by chiropractic radiologists
(n = 20). TCSI, traumatic cervical spine instability.

translation of >3.5 mm and an angular deformity of >11°
were important radiographic criteria.

One criterion retained by our panel is controversial and
has been discussed widely in the literature. The panel voted
to recommend flexion/extension radiographs to assess
patients with chronic neck pain and a history of trauma.
However, recent studies suggest that flexion/extension
views are inadequate, unreliable, and inferior
compared with CT and MRI in detecting ligamentous
injury. Sim et al® conducted a review in 2013 with 355
flexion/extension views of patients presenting to emergen-
cy rooms and found that 51% had an incomplete
visualization of the CO to TI region. Moreover, they
reported that in those with appropriate visualization, there
was an insufficient range of motion (=30° of angulation in
both flexion and extension) in 44% of the studies. A recent
systematic review conducted to investigate whether flexion/
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extension radiographs add diagnostic value to CT or MRI in
the detection of cervical spine ligamentous injury conclud-
ed that flexion/extension radiography provides no addi-
tional information.® This evidence suggests that patients
with potential instability identified on static radiographs
should be referred for advanced imaging. This agrees with
the American College of Radiology appropriateness
criteria that conventional radiographs should be used as a
screening method for identifying potential cervical spine
trauma and flexion/extension views have a weak predictive
ability.*® If TCSI is suspected, the patient should be
referred to the closest imaging center to undergo advanced
imaging.

Strengths and Limitations

Our study had several strengths. First, we pilot-tested the
round 1 questionnaire with 3 experienced chiropractic
radiologists to ensure that the questionnaire was clear and
simple to complete. Second, we used a modified Delphi
technique to identify important clinical and radiographic
criteria and to reach a consensus among an expert panel by
surveying a panel of 29 chiropractic radiologists from
various educational facilities and with different training
backgrounds. Finally, we used a high threshold for
consensus (85%), which provides a high level of confidence
in the final list of criteria.

Limitations

We had 2 inclusion criteria with overlapping response
options (ie, 0-5 and 5-10 response options in items that
assessed potential frequency of screening for TCSI). However,
our sensitivity analysis suggests that this issue did not bias our
results. Second, the dropout rate was 24% in round 2 and 31%
in round 3. It is possible that loss of follow-up of participants
may have biased our results. As stated by Powell in 2003,
“respondents with more extreme views are more likely to drop
out of a Delphi study than participants with more moderate
views.”** Third, chiropractic radiologists do not practice in
emergency rooms, but rather in private practice, and consult
mostly for patients attending care by doctors of chiropractic.
Fourth, the list of signs and symptoms and criteria applied
through the modified Delphi process was obtained from
published literature, including literature from other clinical
professions. Therefore, all imaging findings assessed by
doctors of chiropractic and chiropractic radiologists must be
interpreted in the context of findings from the clinical history
and physical examination.

The panel recommended flexion and extension radio-
graphs for patients with chronic neck pain and a history of
trauma. However, the validity of this criterion is challenged
by recent evidence, which suggests that CT or MRI studies
should be ordered instead of flexion and extension views.
Future research is needed to assess the validity and reliability
of the consensus-derived criteria identified in this study.
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CONCLUSION

Our study provides a consensus-based definition of
TCSI. The screening criteria comprise 6 clinical signs and
symptoms and 5 radiographic criteria.
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Practical Applications

® The participants agreed that the presence of 1
or more of the 6 clinical signs and symptoms
or 1 or more of the 5 radiographic criteria on
routine static radiographic studies suggests
that there may be cervical spine instability.

® The panel also agreed that flexion and
extension radiographs should be obtained
for patients with chronic neck pain and a
history of trauma.

® In contrast to the list proposed by Panjabi and
White, our consensus-derived criteria do not
include a positive stretch test and flexion/
extension studies because of comments from
experienced chiropractic radiologists when
developing our questionnaire.
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