Evidence Table for Assessment of neck pain in emergency settings.   *LR values are presented only when < 0.1 and > 10

	Author(s), Year (Number) Study Design,

Study Phase
	Setting,

Number (n) Enrolled, 

Language (only specified if other than English)
	Case Definition
	Diagnostic tool

Versus

Gold Standard
	Performance

	
	
	
	
	Rule In

-Sensitivity, PPV, +LR*


	Rule Out

-Specificity, NPV, -LR*

	Hoffman et al., 

2000 

Prospective observational study

Phase III

(authors’ data)
	Setting – 21 emergency departments in various types of hospitals across the United States

n=34,069
	All patients with blunt trauma who underwent cervical radiography (those with penetrating injury or c-spine radiography for any other reason were excluded)
	Clinical screening 

criteria

vs.

Plain film radiography
	All cervical spine injuries:

99.0 (98.0-99.6), 2.7 (2.6-2.8)

Clinically significant injuries:

99.6 (98.6-100), 1.9 (1.8-2.0)
	All cervical spine injuries:

12.9 (12.8-13.0), 99.8 (99.6-100)

Clinically significant injuries: 

12.9 (12.8-13.0), 99.9 (99.8-100)

	Streitwieser et al. 1983

Cross sectional study

Phase III

(authors’ data and NPTF calculations)
	Setting – 2 US hospitals 
n=71
	Adult (age not specified) cervical spine trauma patients with neurological deficit, severe neck pain or radiograph findings suggestive of cervical instability, suspicious findings or inadequately visualized anatomy
	Standard radiography

vs.

Thin film tomography


	CTLV radiographs

82% (67 – 92)

All 3 standard cervical spine views (CTLV, A-P open mouth and A-P views)

93% (79 – 98)
	CTLV radiographs

70% (50 – 86)

All 3 standard cervical spine views (CTLV, A-P open mouth and A-P views)

Specificity = 71% (49 – 87)

	Neifeld et al. 1988 

Prospective study

Phase III

n=886

(authors’ data and NPTF calculations)
	Setting: Emergency departments at 4 city hospitals

n=886

Language: English


	All patients evaluated for blunt head or neck trauma and had cervical spine radiographs in the ER

4 groups assessed1)

1) no neck pain on history or physical examination

2) lateral neck pain over the trapezius muscle on history or physical exam

3)central neck pain over the cervical spine

4)any of the following

a. not fully alert or oriented

b. clinically intoxicated

c. other painful or distracting injuries

d. focal neurologic signs 
	Clinical screening criteria

vs.

Radiographic examination of the cervical spine (5 views – AP, lateral, AP odontoid, and 2 obliques)


	Group1

0, 0

Group 2

0, 0

Group 3 

25% (9.0 – 41.0), 3.0%

Group 4

75 % (59.0 – 91.0), 5.1%

Group 1&2 versus Group 3&4

100% (85 - 100), 4% (3 - 6)


	Group1

89% (86.7 – 90.9), 96.4%

Group 2

83% (80.6 – 85.6), 96.2%

Group 3 

73% (70.2 – 76.2), 96.7%

Group 4

55% (51.6-58.2), 98.6%

Group 1&2 versus Group 3&4

28% (25 - 31), 100 (98 – 100)

	Hoffman et al., 1992 

Prospective study

Phase III

(authors’ data)
	Setting: City hospital emergency department 

n= 974


	Consecutive cervical spine blunt trauma patients for whom cervical spine radiographs were ordered
	Clinical screening criteria

vs.

Plain film radiography
	Midline neck tenderness or altered level of alertness (A) 

93% (76-99) 

(A) or other severely painful injury (B) 

96% (81-100)
(B) or intoxication (C) 100% (87-100)

(C) or midline neck pain (D)

100% (87-100) 

Any of midline neck tenderness or altered level of alertness or intoxication but exclude all patients with whiplash mechanism

100% (87-100)

>10% pretest clinical prediction of fracture 93% (77 – 100)

>50% pretest clinical prediction of fracture

56% (35-75)

>90% pretest clinical prediction of fracture 

7% (1 – 24), 60.0%, 52.61


	Midline neck tenderness or altered level of alertness (A) 

50.6% (47.3-53.8) , 99.6% (98.5-100)
(A) or other severely painful injury (B) = 41.8% (38.6-45), 99.7% (98.6-100)
(B) or intoxication (C) 37.3% (34.2-40.5) , 100% (99.0-100)
(C) or midline neck pain (D) 

12.5% (10.4-14.7) , 100% (96.9-100)
Any of midline neck tenderness or altered level of alertness or intoxication but exclude all patients with whiplash mechanism

52.2% (48.9-55.4), 100% (99.3-100)

>10% pretest clinical prediction of fracture 69.6% (66.6-72.5), 99.4% (99.0-100)
>50% pretest clinical prediction of fracture 98.5% (97.6-99.2), 98.7% (97.8-99.3)

>90% pretest clinical prediction of fracture 99.8% (99.2-100), 97.4% (96.2-98.3)

	Annis et al. 1987

Retrospective study

Phase III

(NPTF calculations)
	Setting – Emergency department 

n=897


	Patients who presented with an acute trauma, pain or symptoms and underwent cervical spine radiography (AP, lateral, and open-mouth views
	Staff and junior radiologists

vs.

Consultant radiologist
	Comparison of casualty officers and consultant radiologist

21.7% (8.3-44.2), 33.3% (13.0-61.3), 12.1 (4.6-33.4)

Comparison of junior radiologist and consultant radiologist

29.4% (11.4-56.0), 62.5% (25.9-89.8), 42.0 (11.6-171.2)
	Comparison of casualty officers and consultant radiologist

98.2% (96.7-99.1), 96.9% (95.0-98.1)

Comparison of junior radiologist and consultant radiologist

99.3% (97.9-99.8), 97.4% (95.4-98.6)

	Jaffe et al. 1987 

Retrospective study

Phase III

(authors’ data and NPTF calculations)


	Setting – Pediatric hospital emergency room

n=206


	All child trauma cases from birth to age 16 who had cervical radiographs for that episode
	Clinical screening criteria

vs.

Radiography
	Eight value clinical algorithm (history of neck trauma, neck pain, abnormal sensation, abnormal reflexes, limitation of neck mobility, neck tenderness, abnormal strength and abnormal mental status) 

98% (89.7 – 99.9)

Seven variable model (from logistic regression)

95% (84.9 – 98.7)

Eight variable model (from logistic regression)

97% (87.3 – 99.4)
	Eight value clinical algorithm 

54% (45.4 – 61.9), 98.8 (92.3 – 99.9)

Seven variable model (from logistic regression)

60% (52.1 – 68.4), 96.7 (90.1 – 99.2)

Eight variable model (from logistic regression)

8.2% (4.5 – 14.1), 85.7 (56.2 – 97.5)

	Stiel et al. 2003 

Phase III

Prospective cohort study

(authors’ data and NPTF calculations)
	Setting – 9 Canadian emergency departments at tertiary care hospitals

n= 8948


	Consecutive adults (> 16 years old) with acute trauma to the head and neck who were stable and alert, with or without neck pain, who met specific criteria
	1) C-spine plain film standard radiographs with staff radiologists with routine clinical information but not the content of data forms containing physician interpretation of the Canadian C-spine Rule (CCR) and Nexus Low Risk Criteria (NLC)

2) A proxy outcome assessment tool which involves a study nurse
	CCR 

99.4% (96-100.0), 3.9% (3.3 – 4.5)

NLC

90.7% (85-94), 3.1% (2.6 – 3.6)

CCR if indeterminate cases were Positive

99.4% (96-100)

NLC if indeterminate cases were Positive

90.5% (85-94)

CCR if indeterminate cases were Negative

95.3% (91-97)


	CCR 

45.1% (44-46), 99.9%  (99.8-100)

NLC

36.8% (36-38), 99.4% (99.1-99.7)

CCR if indeterminate cases were Positive

40.4% (39-42)

NLC if indeterminate cases were Positive

33.0% (33-35)

CCR if indeterminate cases were Negative

50.7% (50-52)

 

	Blackmore et al., 1999 

Retrospective study, Cost analysis

Phase 1

(authors’ data)
	Setting – radiology department, university hospital, USA

n=603
	Patients who are screened for possible cervical spine fractures in trauma centers of emergency departments, who are scheduled for head CT (divided into high, moderate and low risk groups)
	CT

vs.

radiography


	Radiology

(92-96)

CT

(96-100)

 Note: Main findings do not fit structure of this table. The authors report that CT is the dominant strategy for high- risk patients. In low- risk patients, CT screening helps prevent cases of paralysis, but the incremental cost-effectiveness ratio is high (greater than $80,000 per quality-adjusted life year)
	Radiology

(78-89)

CT

(90-100)

	Pollack et al 2001 

Prospective observational study

Phase III 


	Setting – 21 emergency departments in the US

n= 34,069


	All patients with blunt trauma who underwent imaging studies in the participating ER
	Flexion-extension radiographs of the cervical spine

vs.

Combination of all obtained imaging studies
	Flexion/Extension Films 

97.0% (93.3 – 100.7), 99.4%

Standard 3 view films

99.5% (99 – 100)
	Flexion/Extension Films

88.9 % (59.9 – 117.9), 61.5%, 0.03

Standard 3 view films

Cannot calculate with available data

	Diaz et al. 2003

Prospective study 

Phase II

(authors’ data and NPTF calculations)
	Setting – Level I trauma center

n=1006


	All blunt trauma patients (> 16 years) with altered mental status who underwent cervical CT scan or plain film radiography of the cervical spine
	Five view radiographs (CSX)

vs.

CT scan (Occiput – T1) (CTS)
	CTS

97.4% (92.1 – 99.3), 100% (95.9 – 100.0)

CSX

44.0% (34.9 – 53.5), 100% (91.3 – 100.0)
	CTS

100% (99.5 – 100.0), 99.7% (98.9 – 100.0)

CSX

100% (99.5 – 100), 93.2% (91.4 – 94.7)

	Griffen

 et al. 2003 

Retrospective study

Phase III

(NPTF calculations)
	Setting – trauma center

n=1199


	All adult blunt trauma patients with physical findings of posterior midline neck tenderness, altered mental status or neurological deficit.
	Plain radiography

vs.

CT of the cervical spine
	64.7% (55.2-73.2), 100% (93.9 – 100)
	100% (99.6 – 100) 96.3%  (95.0 – 97.3)

	Browne et al. 2003 

Clinical descriptive study

Phase II

(NPTF calculations) 
	Setting – Emergency department, pediatric hospital, Australia

n=200


	All consecutive pediatric trauma cases with potential cervical spine injury
	Modified adult clearance protocol

vs.

time to clearance, of the cervical spine, length of stay in the emergency department and in-patient admission
	Time to clearance (compliance versus noncompliance i.e. of those not clearing within 1 hour, 23.5% were non-compliant with protocol)

23.5% (16.9-30.0), 77.6% (63.0 – 87.8)

Length of stay (compliance versus noncompliance)

45.7% (38.0-53.3), 80.4% (70.6 – 87.7)

Admission (compliance versus noncompliance)

27.8% (20.9-34.7), 72.6% (61.5 – 83.7)
	Time to clearance (compliance versus noncompliance)

75.6% (63.0-88.1), 21.5% (15.1 – 27.9)

Length of stay (compliance versus noncompliance)

60.0 (45.7-74.3), 23.5% (15.7 – 31.2)

Admission (compliance versus noncompliance)

62.2% (48.1-76.4), 19.3% (12.9 – 25.7)

	Zabel et al. 1997 

Retrospective study

Phase I

(author’s data and NPTF calculations)
	Setting – level I trauma center

n=353
	Blunt trauma patients who met specific triage criteria, >15 years and Glasgow Coma Scale score >13
	Lateral cervical spine radiography

vs.

Cervical symptoms
	Including technically inadequate studies

67.0% (35.9 – 97.5)

Excluding technically inadequate studies

33.0% (1.8 – 87.5)

Presence of symptoms versus injury

89% (50.7 – 99.4)
	Including technically inadequate studies

58.0% (52.6 – 63.1)

Excluding technically inadequate studies

90.0% (86.6 – 94.3)

PrPresence of symptoms versus injury

8   81% (77.4 – 85.3)

	Dwek et al. 2000 

Retrospective study

Phase I

(NPTF calculations)
	Setting – Emergency department, children’s hospital 

n=247


	All consecutive patients (0-18) who presented with a history of trauma who underwent static cervical spine radiography and cervical spine flexion-extension radiography
	Flexion-extension radiographs

vs.

Standard x-rays
	100%, 52.2%, 21.36


	95.3% (92.6-98.0), 100%, 0.00



	McCulloch et al. 2005 

Retrospective cross sectional study

Phase II

(authors’ data and NPTF calculations)
	Setting-Level 1 trauma center

n=407
	Patients (>18 years) who presented to a level 1 trauma center with priority I and II trauma to the cervical spine and an acute process 
	Helical CT

vs.

x-ray


	Helical CT scan

98% (90 - 100), 89% (78 – 95)

Plain x-ray

45% (32 – 58), 74% (60 – 89)

adequate x-ray

52% (32 – 72), 81% (54 – 95)
	Helical CT scan

98% (96 – 99), 99.7% (98.1 – 100)

x-ray

97% (95 – 99), 91% (88 – 94)

adequate x-ray

98% (94 – 100), 93% (88 – 96)

	Holmes et al. 2005 

Systematic Review with Meta-analysis

(authors’ data)
	Setting – Meta-analysis

n=3834


	All patients with cervical spine injuries due to blunt trauma determined to require screening radiography
	Variable Gold Standards used in primary studies
	Plain radiography (pooled)

52% (47-56)

CT (pooled)

98% (96-99)


	Could not be calculated due to limitations in the data as reported by the author

	Suzuki et al., 2004 

Retrospective study

Phase I

(NPTF calculation)


	Setting –Not described, Japan

n= 200
	Patients with cross table lateral cervical (CTLC) radiography indicating injury were compared with patients with blunt trauma with neck symptoms or mental changes but no injuries
	CTLC with injury

vs.

CTLC without injury


	88% (81.6-94.4), 75.9% (68.1 – 83.6)
	72% (63.2-80.8), 85.7% (78.2 – 93.2)

	Panacek et al. 2001 

Prospective Observation Cohort 

Phase III

(authors’ data)


	Setting – 21 emergency rooms in the US

n=34,069


	All patients with blunt trauma who underwent cervical spine radiography in participating emergency departments at the discretion of the treating physicians
	All patients with blunt trauma 

vs.

All 5 Nexus criteria
	Operator characteristics for detecting any injury using only four of five criteria (note, the omitted criterion is listed)

a) Tenderness 81.4, 2.2

b) Altered alertness 97.4, 2.7

c) Distracting injury 93.5, 2.6

d) Intoxication 97.7, 2.7

e) Focal neurological changes 96.2, 2.6

Operator characteristics for detecting only significant injuries using only four of five criteria (note, the omitted criterion is listed)

a) Tenderness 81.0, 1.6

b) Altered alertness 98.3, 1.9

c) Distracting injury 92.9, 1.8

d) Intoxication 98.8, 1.9

e) Focal neurological changes 97.1, 1.9
	Operator characteristics for detecting any injury using only four of five criteria (note, the omitted criterion is listed)

a) Tenderness 12.9, 96.6

b) Altered alertness 12.9, 99.5

c) Distracting injury 12.9, 98.8

d) Intoxication 12.9, 99.6

e) Focal neurological changes 12.9, 99.3

Operator characteristics for detecting only significant injuries using only four of five criteria (note, the omitted criterion is listed)

a) Tenderness 12.8, 97.5

b) Altered alertness 12.8, 99.8

c) Distracting injury 12.8, 98.1

d) Intoxication 12.8, 99.8

e) Focal neurological changes 12.8, 99.6

	Touger et al. 2002 

Retrospective study

Phase I

(authors’ data and NPTF calculation)
	Setting - 21 emergency departments in various types of hospitals across the United States

n= 34,069 (31,126 non geriatric and 2,943 geriatric)

	All patients with blunt trauma to the head or neck who underwent cervical spine radiography at each participating center
	Clinical screening criteria in geriatric and non-geriatric samples

vs.

Cervical imaging


	Total sample

-Overall

99.0% (98-99.6), 2.7% (2.6-2.8)

-Clinically significant injury

99.6% (98.6-100), 1.9% (1.8-2.0)

Geriatric cases

-Overall sensitivity

98.5% (94.8-99.7), 5.3% (5.2-5.3)

-Clinically significant injury

100% (97.1-100), 4.9% (4.9-5.0)

Non-geriatric cases

Overall

99.1% (98.1-99.6), 2.6% (2.6-2.6)

-Clinically significant injury

99.6% (98.4-99.9%), 1.6% (1.6-1.6)


	Total sample

-Overall 

12.9% (12.8-13.0), 99.8% (99.6-100)

-Clinically significant injury

12.9% (12.8-13.0), 99.9% (99.8-100)

Geriatric cases

-Overall

14.6% (14.5-14.8), 99.5 (98.3-99.9)

-Clinically significant injury

14.7% (14.6-14.7), 100% (99.1-100)

Non-geriatric cases

Overall

12.8% (12.7-12.9), 99.8% (99.7-99.9)

-Clinically significant injury

12.7% (12.7-12.7%), 99.9% (99.8-100)

	Hefferman et al. 2005 

Prospective observational study

Phase II

( NPTF calculations)
	Setting – Single center, not described

n= 406 
	Patients with blunt trauma and a minimum of three-view cervical spine x-ray series
	NEXUS criteria

vs.

X-ray
	Upper Torso

77.4% (62.7-92.1), 17.4% (11.1 – 23.7)

Lower Torso

100.0% (62.9 – 100), 31.0% (16.0 – 51.0)
	Upper Torso

53.8% (47.6-60.1), 95.0% (89.6 – 97.8)

Lower Torso

83.2% (76.5-89.97), 100.0% (95.3 – 100.0)

	Domeier et al. 2005 

Prospective study

Phase I

(author’s data)
	Setting – Suburban/rural EMS systems with 5 hospitals 

n=13,357


	Consecutive trauma patients 
	EMS screening

vs.

X-ray or specialist evaluation
	Spine injury assessment:

91.0% (88.3-93.8)

Immobilization protocol

92% (89.4-94.6)
	Spine injury assessment:

40.1% (39.2 – 40.9)

Immobilization protocol

40% (38.9-40.5)

	Stiel et al 2001 

Prospective cohort study

Phase III

(authors’ data and NPTF calculations)
	Setting – Ten emergency departments, Canada

n=8924


	Convenience sample of adults who presented to the emergency room with blunt trauma to the head or neck , stable vital signs and a Glasgow Coma Scale score = 15
	Clinical screening criteria

vs.

radiography, CT and structured follow-up telephone interview


	100% (98-100), 2.9% (2.5-.34)
	42.5% (40-44), 100 (99.9 – 100)

	Gale et al., 2005 

Retrospective

study

Phase 1

Author’s data
	Setting – University hospital trauma service, USA

n=1151
	All blunt trauma patients without penetrating mechanism of injury who had both cervical spine radiographs and cervical spine CT
	Cervical spine radiography vs the gold standard of CT scan


	31.6%, 66.7%
	99.2%, 96.7%

	Dickinson et al., 2004 

Retrospective study

Phase I

Author’s data
	Setting – 10 emergency departments, Canada

n=8,924
	Consecutive adult patients at risk of cervical spine injury after blunt trauma to the head or neck
	NEXUS criteria

vs.

Canadian C-spine rule for detection of clinically important cervical spine injuries
	92.7% (87-96)
	37.8% (37-39)
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