Online tables
Table 1. Cohort Studies of incidence of whiplash-associated disorders (WAD), and factors associated with WAD

	Author(s), Year, Study Design
	Setting and Subjects,

Number (n) Enrolled
	Case Definition
	Incidence* 


	Risk Factors *



	Aldman et al.,  (1987)1 

Cohort (Phase 1) 


	Children age 0-14 years, occupants in passenger cars involved in motor vehicle collisions, and reported to Folksam insurance company during the period June 1, 1983 to Dec 31, 1984, (n=2,763 of which 295 were injured)


	AIS 1 neck injury /soft tissue to the neck


	N/A
	Type of restraint was not associated with differences in neck injuries.

0% of those in forward facing restraint sustained a neck injury, 1.28% un forward facing restraint sustained a neck injury, 1.93% of those using adult seat belts sustained a neck injury and 1.07% of those unrestrained sustained a neck injury. 

(p =0.11)



	Berglund et al., (2003)2
Cohort 
(Phase II)


	Car occupants, 18-65 years old; residing in Sweden; covered by Folksam Insurance during September 1, 1993 to August 31, 1994; and exposed to a collision in which at least one car occupant was injured. Excludes subjects in taxis; in vehicles with a drunken driver; deaths or severe injuries (AIS† 3+) and cases with unknown or undefined injuries.

(n=6,581)
	Soft-tissue injury to the neck (whiplash) defined as neck injury without fracture, luxation or damage of neural elements, classified as AIS 1.
	N/A‡
	Females were at greater risk for neck injury (RR§ =1.20,95% CI|| 1.16-1.25). Younger age 18-34 (RR=1.19, 95% CI 1.11-1.28) ages 35-44 (RR=1.14, 95% CI 1.06-1.23) for ages 45-54 (RR=1.10, 95% CI 1.02-1.18) compared to age 55+. Rear-end impact compared to side impact, (RR=1.82, 95% CI 1.68-1.96), frontal impact compared to side impact (RR=1.25, 95% CI 1.15-1.36) and other impacts (single vehicle collision) (RR=1.17, 95% CI 1.07-1.27) Drivers (RR=1.78 (95% CI 1.60-1.97)) front seat passenger (1.40 (95% CI 1.25-1.57)) compared to rear seat passenger 



	Björnstig et al., (1990)3
Cohort (Phase I)


	Patients with soft-tissue injury to the neck seen as in- or outpatient at the Regional Hospital in Umeå, Northern Sweden; April 1985-April 1986.  Excludes penetrating injuries and contusions to the neck. Would also exclude a small number of patients seen at private clinics. (n=139)


	Soft-tissue injury to the neck (whiplash) defined as neck injury without fracture, luxation or damage of neural elements, classified as AIS 1 .
	83 traffic related soft-tissue neck injuries /100 000 inhabitants. 

(121 per 100 000 all causes)

(reviewers calculation)
	The overall male/female ratio was 1:0.92, with the highest frequency in the 20-29 year age group. Traffic collisions accounted for 69% and falls for 17%. Rear-end collisions were responsible for 29 (39%) of the 75 car collisions. 

	Bring et al., (1996)4
Cohort (Phase I)


	Adult (15-65) population of 133,800 from two cities in northern Sweden from July 1988 to June 1990,  (n=1,568 injuries and 582 vehicle related neck injury cases)


	Patient seeking medical attention at hospital emergency room after vehicle related minor or moderate (AIS ≤2) neck injury


	Annual incidence rate of vehicle related neck injury was 142/100 000 inhabitants per year 

(reviewers calculation)


	Incidence of neck injury was similar for men and women. 

	Bylund and Björnstig, (1998)5
Cohort (Phase I)


	Car occupants, 16-64 years of age, who were injured in car crashes in the city of Umeå, Sweden (pop. 48,000 ages 16-64 in 1990) from January 1, 1990 to December 31, 1991 and reported to the hospital emergency room.  Would exclude those who seek other type of care and no care.(n=255)


	Cervical strain
	Of the 255 injuries, 141 had cervical strain (55.3%). (147cervical strains/100 000 inhabitants, (reviewer’s calculation)
	Of the 141 cervical strains, 84 (60%) were in rear-end collisions, 47 (33%) were in other types of collisions and 10 (7%) were single vehicle collisions. 

	Cassidy et al (2000)6
Cohort (Natural Experiment)


	Residents of Saskatchewan, Canada; aged 18 or older; who claimed or were treated for traffic related whiplash injury from July 1, 1994 to December 31, 1995.  (n=7,462)
	Whiplash defined by questionnaire as the presence of neck/shoulder pain caused by a collision and reduced or painful neck movement since the collision.
	Incidence during last 6 months of tort insurance period was 417/100 000 and decreased to 302 and 296/100 000 during the first two 6-month periods of no-fault insurance.  

	IRR¶=1.4 (95% CI 1.2-1.6) for tort versus no-fault insurance periods.
IRR =1.1 for females versus males during the last 6 months of tort insurance and IRR=1.6 and 1.7 during the first two 6 month periods of no fault insurance (reviewers calculation)

IRR =4.6 for age 18-23 years, during the last 6 months of tort insurance, IRR=3.3 for ages 24-29, IRR=2.4 for ages 30-39, and IRR=1.9 for ages 40-49, all compared to age 55+. 

IRR=3.5 for ages 18-23, during the first two 6 month periods of no-fault for ages  IRR=2.5 for ages 25-29, IRR=2.0 for ages 30-39, IRR=1.8 for ages 40-49, all compared to age 55+. (reviewers calculation)



	Farmer et al., (1999)7
Cohort

 (Phase I) 
	Rear-end collision driver claims from one US insurance company between January 1, 1993 and September 30, 1996. Excluded were collisions involving more than two vehicles, parked or unoccupied vehicles and claims from States with no-fault insurance. (n=5,083)


	Neck injury insurance claim.
	N/A
	For women, neck injury rates were less in good versus poorly-rated restraint positions (OR**=0.64, p<0.05). The difference was not significant for men (OR=0.90).

	Farmer et al., (2002)8  
Cohort (Phase I)


	Rear-end collision driver claims from three US companies during January 1999 to April. Excluded were collisions involving more than two vehicles, parked or unoccupied vehicles and claims from U.S. states with no-fault insurance. (n=2,641)


	Neck injury insurance claim.
	N/A
	Altogether, redesign of head restraints and/or seats were associated with a significant decrease in neck injury claims (OR=0.57, p<0.05), the effect was greater in female drivers (OR=0.45) than in males (OR=0.69 ns).



	Gustavsson et al.
(1987)9
Cohort (Phase 1) 


	Occupants in motor vehicle collisions reported to Folksam Insurance company during 1976 and 1980; (n=18,319 of which there were 982 children age 0-14 years old)

	AIS 1 neck injury to the neck
	In children the frequency of neck injuries was 8.9% of all injuries. In adults 24.0% of all injuries were neck injuries.


	

	Krafft et al., (2000)10
Cohort (Phase I)


	Insurance claimants with Folksam, Sweden; rear impact; random sample of injuries between 1990 and 1993.  For long-term portion of study, at least one passenger sustained loss of function, pain and/or mental dysfunction assessed at one year. (n=659 for short term and 501 for long term consequences)


	Neck injury insurance claims. AIS 1 neck injuries.

Short term consequences were defined as having symptoms from the injury during less than one year.
	N/A
	Presence of tow-bars on cars was not associated with short term consequences but well with long-term consequences.

	Obelieniene et al., (1999)11 

Cohort (Phase I)


	Residents of Kaunas, Lithuania, reporting traffic collision with rear end damage to police; over a 23-month period (dates not given); these persons identified others in the struck vehicle, (n=210). 

Comparisons were age and sex matched with no history of being in a traffic collision, sampled from the population registry of Kaunas. (n=210)


	Respondent cases defined by being in a collision involving being hit from behind in a rear-end collision (both injured and uninjured).  


	Of 210 respondent cases, 98 (46.7%; 95% CI 39.8-53.7) experienced pain after the collision, of which 59 (28.1%; 95% CI 22.1-34.7%) experienced neck pain. 


	The incidence of acute neck pain after the collision in those that reported more than 1 day/month of neck pain prior to the collision was 48% and 25% in those with rare or no neck pain before the 
collision (p<0.03).



	Otremski et al., (1989)12;

Cohort (Phase I) 
	Consecutive victims of road-traffic accidents n=1,197, presenting to the Accident Service, John Radcliffe Hospital, Oxford, UK; from Jan 1983 to March 1984.  

(n= 179 whiplash injuries)
	Whiplash defined as neck pain, with or without radiation of pain, or anterior or posterior cervical tenderness, or restricted cervical movements (with or without neurological deficits in the upper limbs). 


	27.8 /100 000 (95% CI 23.6-32.6) whiplash cases presenting to the regional Accident Service per annum. Only 5 patients had objective neurological signs. 15% of all injuries presenting to the Accident Service were whiplash.  


	Of the 179 cases, 92 were female and 87 male (p<0.01), and 126 were belted versus 53 not belted (p<0.05). The 40-49 year olds had the peak incidence of 25.9% (p<0.025). Of 136 whiplash cases where the direction of impact was know, 53% were rear end, 31% frontal, 12% rollovers and 4% side impacts. 



	Quinlan et al., (2004)13
Cohort (Phase I)


	Acute patients seeking medical care due to traffic related injury occurred when being occupant in a motor vehicle. A stratified sample of 66 emergency departments in US, July 1- Dec 31, 2000; 

(n =25,865 of which 7,277 were neck sprain/strain)


	Neck sprain or strain as diagnosed by treating physician as the most severe injury.  Traffic related was public road, street or highway. Motor vehicle was defined as automobile, van, sport utility vehicle or truck.

	The weighted annual incidence of neck sprain/strain was 328/100 000. 

266/100 000 in males and 387/100 000 in females.
	The female to male IRR was 1.45
(reviewers calculation)

	Sterner et al., (2003)14;

Cohort

	Acute patients seeking medical care at the emergency room‡ of the Regional Hospital in Umeå, Northern Sweden, and to general practitioners for whiplash trauma after a car or bus crash between January 1997 and February 1998. Excludes patients with head injury, unconsciousness and those not presenting to hospital or to general practitioners. (n=356)


	Québec Task Force definition used: WAD 0-3. (Spitzer et al., 1995)
	320/100 000 for WAD 1-3 per annum, and 100 per 100 000 for WAD 0 per annum.
Approximately 90% of the patients were attending to the emergency room and 10% to general practitioners.
	N/A

	Suissa et al., (1995)15
Cohort (Phase I)


	Residents of Québec, Canada; receiving compensation for a whiplash injury in 1987 (i.e. income replacement and/or reimbursement for expenses related to the traffic collision). 

(n=4,757 for incidence cohort)) 

Sub-cohort with collision-related data from a police report. 

(n=3,014 for risk cohort)


	Whiplash defined by ICD-9 ††; 847.0.
	70 cases of compensated whiplash/100 000 inhabitants/year: (males 54/100 000; female 86/100 000); 96/100 000 licensed drivers/year; and 131/100 000 vehicles/year.
	IRR=1.6 (95% CI 1.1-2.3) for female drivers versus male drivers 

	Tingvall, (1987)16
Cohort  


	Children age 0-14 years old; occupant in passenger cars involved in motor vehicle collisions reported to the police in Sweden during June 1 1983 to Dec 31 1984. (n=239) 


	AIS 1 neck injury to the neck 


	Of 239 injuries in 193 restrained children there were 46 (19%) AIS1 neck injuries


	N/A



	Versteegen et al., (1998)17
Cohort (Phase I)


	Patients presenting between 1970-1994 to University Hospital at Groningen, the Netherlands; sprain/strain to neck due to car crash.  Would exclude patients not presenting to the University Hospital. (n=694)
	ICD-9; 847.0 sprain and strain of the neck.
	The incidence of neck sprain/strain increased from 3.4/100 000 residents during 1970-74 to 40.2/100 000 residents in 1990-94. 
	The male female ratio over the study period was 1:0.98. The highest incidence rates occurred in the age groups 20-24 (27.1/100 000) and 25-29 (28.3/100 000). 427 of 694 (61.5%) presented with neck injury only, and the rest presented with multiple injuries. 


* Estimates directly from the publications or calculated from data provided in the publication

† AIS is Abbreviated Injury Scale

‡ N/A no data given 

§ RR: relative risk

|| CI: confidence interval 

¶ IRR: incidence rate ratio

** OR: odds ratio

†† ICD-9: International Classification of Disease 9th Edition

Table 2.  Factors investigated for associations with onset of WAD, in 
12 cohort studies. 

	Factors
	Associated with WAD onset

Yes = association found

No = no association found

	Female gender
	No 3;4;17 

Yes 2;13;15 

No (under ‘tort’ insurance system); yes (under ‘no fault’ insurance system)6

	Younger ages 
	Yes2;6

	Prior neck pain
	Yes11

	Being the driver ¶
	Yes2

	Being the front seat passenger¶ 
	Yes2

	Rear-end collision*
	Yes2

	Frontal collision*
	Yes2

	Single vehicle collision*
	Yes2

	Seated in a car equipped with a tow bar
	No10

	Type of child restraint in cars 
	No1

	Entitled to compensation for pain and suffering
	Yes6

	Seated in a car without active whiplash safety devices
	Yes7;8


¶ compared with rear seat passenger, *compared with side impact

Table 3. Experimental studies of Whiplash-associated disorders (WAD)

	Author(s), Year, Study Design
	Setting and Subjects,

Number (n) Enrolled
	Case Definition
	Exposure


	Findings

	Brault et al., (1998)18
Cohort 
(Phase I)


	Volunteers recruited through advertisements, 21-40 years of age, equal numbers of males and females; Canada, (n= 42)
	Self report of WAD symptoms defined by McGill pain questionnaire and by clinical examination. 

Symptoms were recorded within the first 24 hours
	Rear-end collision with 4 km/h and 8 km/h  speed change 
	Approximately 29% and 38% reported WAD symptoms, with cervical symptoms and headache as predominating. Similar incidence and severity of symptoms in males and females. No differences in incidence or severity between 4km/h and 8Km/h speed differences. Duration of symptoms was short (median 2-24 hours). No consistent differences between gender or speed change.

 

	Castro et al., (2001)19
Cohort 
(Phase I)


	Volunteers recruited through advertisements; 18-65 years of age; 

Germany;( n=51)
	Self report of WAD symptoms defined by questionnaire and clinical examination

Symptoms were recorded immediately after the collision, 1-3 days after and 4-28 days after the collision 
	Sham rear-end collision 
	Seven reported neck stiffness/neck pain within 36 hours after the experiment and 3 reported other collision related symptoms. The symptom duration varied between 0 and 70 hours.  Four of these also reported new /recurrent symptoms with onset within 0-14 days after the experiment and with duration between 2 and 28 days. One person reported onset of low back pain, 27 days after the experiment with duration on 1 day. 


Table 4. Other studies of neck pain and associated disorders in WAD* 

	Author(s), Year, Study Design
	Setting and Subjects,

Number (n) Enrolled
	Outcome 
	Findings 

 

	Ferrari et al., (2005)20
Descriptive study
	Saskatchewan residents, aged 18 years or older that filed a claim for neck injury after motor vehicle collision, from July 1994 trough December 1995, to the Governmental Insurance, Saskatchewan, Canada.  (n=7,462)


	Neck injury defined by questionnaire as the presence of neck/shoulder pain caused by a collision and reduced or painful neck movement since the collision.


	The median time between injury and completion of the questionnaires were 10 days.  Eighty-three percent of the injury claimants reported a neck injury; 41% were rear-end collisions and 26.4% frontal collisions; 60.7% of the neck injury claimants were females. Females were also more often front seat passengers and less often drivers, compared to men; females more often reported other pain associated symptoms such as headache, (86.1% verses 78.4%) numbness in arms (46.4% verses 37.8%), numbness in legs (28.3% verses 23.5%) and nausea (33.9% verses 21.6%); females also reported higher pain intensity and higher prevalence of mental problems before the collision.



	Guéz et al., (2005)21
Cross-sectional 
	Patients referred to Umeå University Hospital, Sweden, years1997 through 2001, because of chronic neck pain after non-impact WAD in car collision. Pain duration: 6.5 years (SD‡

 4.7 years) (n=21)

Matched controls with non-traumatic chronic neck pain, from the Orthopedic department,  Pain duration: 7.6 years (SD 3.0), (n=21)

All patients in both group had work disability
	Personality traits with the Minnesota Multiphasic Personality Inventory-2 (MMPI-2)

Neuropsychological test battery, from traumatic brain and brainstem injuries, focusing on memory and concentration abilities. 


	Subjectively the WAD patients reported more forgetfulness and poor concentration, than did the comparison group, but there were no differences between WAD and non-trauma neck pain patients with respect to neuropsychological functioning.  There was no evidence for neuropsychological dysfunction in any of the groups. 

Both groups had elevated scores on the MMPI-2 compared to the normative sample, and the WAD patients differed from the non-traumatic group in that they had higher scores on 9 of the 12 sub scales. There was no evidence of malingering in any of the groups.



	LaChapelle et al., (2001)22
Descriptive study


	Patients diagnosed with cervical sprain injury, referred for assessment by Saskatchewan Government Insurance, to an interdisciplinary pain clinic in Regina, Saskatchewan, Canada. Pain duration: 9 months (3-22 months). Study time was not reported, but inception, was within one year period, (n=136)


	Chronic Pain Coping Inventory (CPCI)


	Greater pain interference was associated with greater use of strategies such as resting, guarding, asking for assistance, seeking social support, and coping self-statements.

Greater negative affect was associated with lower usage of task persistence

Greater perceived control was associated with greater usage of asking for assistance, seeking social support and coping self-statements.

Pain severity was not associated with any of the coping strategies. 



	Matsumoto et al., (1998)23
Cohort


	Acute WAD patients attending a hospital in Japan, between 1994 ad 1997, (n=488); compared with healthy volunteers from the study investigators, medical- and high-school students, (n= 495). 


	Assessed within 2 weeks after the whiplash trauma.

Cervical non-lordosis and angular kyphosis based on radiograms and binomially classified according to a pre-defined protocol.


	No relationship between WAD and loss of cervical lordosis or angular kyphosis.  Authors conclude that the loss of cervical lordosis and angular kyphosis observed in acute WAD are normal variations rather than pathological findings.



	Olsnes et al., (1989)24
Cross-sectional 

	Injured Group: Patients with chronic symptoms 6 to 18 months after whiplash injury from car collision. (n=34).

Comparison Group: Subjects on sick leave for chronic neck and arm pain, no history of trauma, (n=21).

Oslo, Norway.

Study time period not reported.

	Outcome assessed 6 to 18 months after the injury for WAD patients, after “some months” of sick leave for comparison group.

Outcome: A series of a total of 48 neuropsychological cognitive tests from 7 different test batteries.


	Patients with WAD poorer than uninjured comparison group on 4 of 48 tests; 1 of these 4 tests was still within the normal range. The authors conclude no evidence of brain damage occurring as sequelae of whiplash injury.



	Peolsson & Gerdle, (2004)25
Cross-sectional
	Patients with chronic pain and work disability referred to a rehabilitation clinic in Linköping, Sweden, (n= 275)

Study time not reported


	Quality of Life with the LiSat-11§, SF-36, and EuroQual|| 


	Associations were found between on one hand depression, catastrophizing and coping strategies and on the other hand health related quality of life. 

	Probert et al., (1994)26
Cohort 
	Claimants to the Transport Accident Commission, Victoria Australia, reporting a neck injury after traffic collision during the year 1987,  (n=2,198) 


	Temporomandibular pain (TMPD) dysfunction defined as those who were diagnosed by the treating dentist. 


	A total of 11 (0.05%) cases of TMPD were found in association with the neck injury and 9 of these were women. 

	Schmand et al., (1998)27
Cross-sectional


	Consecutive neurological outpatients with late post-whiplash syndrome (n=108), patients with closed head injury (n=20) and normal comparison group (n=46). Patients recruited from the psychological department of a university hospital and a teaching hospital in Amsterdam, the Netherlands. Normal comparison group recruited from hospital staff, friends, relatives of study staff (altogether, n=174)

Study time not reported.
	Outcome assessed an average of 24 months post injury for whiplash group and 3.8 years post injury for head injured comparison group. 

Outcomes: a series of memory and concentration tests, including: verbal fluency, Trail making test, Stroop test, auditory verbal learning, logical memory. Malingering determined through use of a test to assess malingering and other types of suboptimal performance.

	Score on malingering test associated with litigating.  Malingering chronic whiplash subjects showed memory and concentration deficits similar to group with closed head injury.  Non-malingering chronic whiplash subjects showed deficits compared with normal comparison group, but fewer deficits than malingering chronic whiplash group.  Non-malingering chronic whiplash patient cognitive scores similar to those reported in the literature for chronic pain, chronic fatigue or depression.



	Sterling et al.; (2004)28
Descriptive study


	Whiplash patients attending hospital accident and emergency departments, primary care practices and recruited from advertisement in radio and print. 

(n=80).  Asymptomatic controls from general community via print advertisements. (n=20)

Queensland, Australia. Study time not reported.


	Testing within 1 month of injury.

Range of motion, joint position error, EMG¶ activity of superficial neck flexors, sensory hypersensitivity, psychological distress.
	The moderate and severe WAD groups demonstrated greater cervical joint position error, more generalized hypersensitivity, higher distress and greater fear of movement.  Severe group had higher depression and anxiety.  Weak relationships between psychological factors and hypersensitivity.



	Treleaven et al., (2005)29, Cross-sectional 
	Patients with WAD of at least 3 months duration, referred to a Whiplash Research Unit in Queensland, Australia, with dizziness at least twice a week, pain duration (years) 1.6 (SD 0.1) (n=50),

without dizziness pain duration (years) 1,4 (SD 0.1.) (n=50), 

Healthy controls recruited through local newspapers and University of Queensland campus, (n=50)

Study time not reported.


	Balance with the Clinical Test for Sensory Interaction in Balance.
	The energy sway signal was greater in the WAD group with dizziness compared to the WAD group without dizziness. The WAD ‘non-dizziness’ group had more balance disturbance than the control group.

	Wallis et al., (1998)30
Case Series 


	Patients referred to the Cervical Spine Research Unit for assessment, New Castle, Australia.  Neck pain duration more than 3 months, attributed to motor vehicle collision. WAD with headache as major complaint (n=55); WAD with no headache (n=29)

Study time not reported 

	A psychological symptoms list,(the SCL-90-R** inventory)
	No differences in psychological profile between WAD patients with neck pain and headache and those with neck pain and no headache.  Those with WAD-related headache had higher scores than normative sample on somatization, obsessive-compulsive, depression, hostility and global severity.

	Wenzel et al., (2002)31
Cross Sectional 


	Residents of 24 municipalities of Nord-Trondelag County, Norway.  (n=61,110) Case definition: In a survey responded yes to a question of lifetime history of whiplash. (n=1,704 reported a history of whiplash trauma)
	Hospital Anxiety and Depression Scale (HADS)
	A positive association was found between whiplash trauma more than 2 years ago and anxiety and depression.  Whiplash trauma less than 2 years ago was not associated with such mental problems.


* WAD: whiplash associated disorders

† SF-36: MOS 36-Item Short Form Health Survey

‡ SD; standard deviation

§ LiSat-11 : life satisfaction checklist

|| EuroQual: European quality of health

¶ EMG: electromygraphy

** SCL-90-R: symptom check list - Revised
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