Table 1.  Non-invasive intervention studies of whiplash-associated disorders accepted in the best evidence synthesis: The Bone and Joint Decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders.
	Author et al. (Year)

Study Design

Access #
	Setting and Subjects

(Number enrolled)
	Intervention Groups

(n for each group)
	Outcomes measured and Follow-up
	Key findings

	Barnsley et al. (1994)1
2-arm RCT


	Patients over 18 years from tertiary referral center with neck pain for more than 3 months, proof of Z-joint as source of pain by selective blocking with both xylocaine and bupivicaine with relief of pain on both occasions when the joint was blocked; had to have a longer period of relief with bupivacaine than with lidocaine or an inordinately prolonged response to lidocaine or to both  (n=42).


	1. Corticosteroid injections into cervical zygapophyseal joint (n=21).

2. Bupivacaine injections into cervical zygapophyseal joint (n=20).
	Outcome: Time to return of pain to 50% of baseline.

Follow-up: 20 weeks.
	No benefit of corticosteroid over bupivicaine injection into the Z-joint; median time of return of 50% of baseline pain was 3 days in the corticosteroid group and 3.5 days in the anesthetic group (p=0.42).

	Borchgrevink et al. (1998)2
2-arm single-blind RCT


	Patients 18-70 years old presenting to emergency in Trondheim, Norway after whiplash injury; no concussion; car crash caused material damage (n=201; 23 lost to follow-up at 6 months).
	All patients received instructions for self-training of the neck and 5 days of NSAIDs. 

1. Act as usual group with no sick leave or collar, instructed to “act as usual” (n=82).

2. Immobilized group given soft collar for 14 days (told to wear 2 hours daily) and 14 days sick leave (n=96).


	Outcomes: Range of motion (Cybex), neurological examination, pain intensity (VAS and verbal rating scale) and extent (pain drawing), symptoms, self-rated global improvement, sick leave, and analgesic and alternative treatment use.

Follow-up: 14 days, 6 weeks and 6 months through self-report and physical examination.


	No differences in neck mobility and sick leave.  Both groups showed improvement over 6 months.  Statistically significant differences between groups on subjective symptoms and pain at 6 months, but clinical importance of these differences is unclear; no adjustment for baseline differences.

	Brison et al. (2006)3
2-arm RCT


	Consecutive English-speaking patients 16 years old or older presenting to four tertiary care emergency departments within 24 hours of a rear-end motor-vehicle collision in Ottawa and Edmonton, Canada, between June 2000 and May 2002 (n=405; 348 with data on primary endpoint).


	All patients received the usual clinical evaluation and care for the management of whiplash injuries in the emergency department by the primary care physician.

1. 20-minute educational video sent by courier to the subject’s home on the day of randomization; video content scripted based on best available evidence regarding WAD management (e.g., reassurance, advice about posture, early return to regular daily activities, range of motion exercises, and the use of pain relief methods including ice, heat, and analgesics (n=206).

2. Instructed to follow-up with their usual physician and not provided with any additional educational material (n=199).


	Primary outcome: Presence or absence of persistent WAD symptoms at 24 weeks (score 3+ vs. <3 on 0-5 ordinal pain scale reflecting frequency and severity of pain in neck, shoulder, and upper back.

Secondary outcome: Change in the ordinal pain score between baseline and 24 weeks.

Follow-up: 2, 6, 12 ,24 (primary), and 52 weeks following the initial emergency department visit.
	At 24 weeks, a greater proportion of control group patients than intervention group patients had persistent WAD symptoms (37.8% vs. 29.9%; difference=7.9, 95% CI=-2.0, 17.8); improvement in pain score was greater in the intervention group (median=3) than in the control (median=2), p=0.016.

	Bunketorp et al. (2006)4
2-arm RCT


	Whiplash trauma patients self- or provider-referred to an interdisciplinary rehabilitation center in Goteborg, Sweden, with post-whiplash symptoms lasting from 6 weeks to 3 months; musculoligamental sprain or strain of the cervical region with no fracture or dislocation, x-ray evidence of traumatic or severe degenerative lesions, unrelated disease or additional injury, previous neck pain causing more than 1 month sick leave or disablement pension in previous year, or inability to understand Swedish (n=49 randomized; 40 completed intervention; 47 in ITT analysis).


	All patients were given a pamphlet focusing on reduction of fear and anxiety and encouraging self-management and physical activity.

1. Home training: instruction to do a home exercise program twice daily; exercises designed to increase circulation, range of motion and reduce muscle tension (n=25; 5 drop-outs).

2. Supervised training: attendance at the rehabilitation center for twice weekly, 90-minute individually-adjusted physiotherapy sessions focusing on neck and shoulder muscles and designed to overcome fear of pain and movement and to increase self-efficacy, range of motion, endurance, stabilization, coordination, and overall functional capacity (n=22; 2 drop-outs).


	Primary outcomes: Self-efficacy (Swedish version of Self-Efficacy Scale), fear of movement/(re)injury (Swedish version of the Tampa Scale for Kinesiophobia), and disability related to pain (Swedish version of the Pain Disability Index).

Secondary outcomes: Neck pain intensity (0 to 100 mm VAS), sensory and affective dimensions of pain and pain location (Painometer), muscle tenderness during palpation (palpometer), grip strength (Grippit), cervical mobility (measurement helmet with goniometer), sick leave (0 to 4 scale), and use of and frequency of analgesic consumption.

Follow-up: At end of 3-month intervention period and 6 months later (9 months post-baseline).


	At 3 months, supervised training resulted in greater reductions in analgesic use and greater improvements in self-efficacy, fear of movement, and pain-related disability than did the home training group; at 9 months, differences were less consistent, clinically negligible, and the groups had comparable rates of sick leave.

	Cassidy et al. (2007)5
4-arm population-based cohort study


	Saskatchewan residents 18 years or older who made an insurance claim within 42 days of their traffic injury resulting in whiplash between Dec. 1, 1997 and Nov. 30, 1999; excluded were deaths due to collision, workers’ compensation claims, those hospitalized for more than 2 days, and those unable to complete baseline questionnaire because of language and/or serious disease or injury (n=6021; 5047 with complete data).


	1. Usual care: unspecified care provided by physicians, chiropractors, massage therapists and physical therapists.

2. Usual care plus fitness training: usual care plus referral to health club that included instruction on aerobic exercises, group education and weight training (n=833).

3. Usual care plus outpatient rehabilitation: usual care plus referral to multidisciplinary outpatient rehab clinic focusing on physical symptoms and return to function (n=468).

4. Usual care plus inpatient rehabilitation: usual care plus referral to multidisciplinary inpatient health-care team focusing on physical, psychological, social, vocational, and lifestyle problems (n=135).


	Outcome: Self-report of improvement; recovery defined as feeling “all better (cured)” or “feeling quite a bit improved” with no recurrence of symptoms at subsequent follow up.

Follow-up: 1 year.
	The addition of fitness training or outpatient or inpatient multidisciplinary rehabilitation programs to usual care for whiplash resulted in similar or slower self-reported recovery rates than usual care alone.

	Côté et al. (2006)6
8-arm population-based cohort study

#1728


	Saskatchewan residents 18 years or older reporting traffic collision as cause of neck/shoulder pain or reduced neck movement and reporting it within 30 days to the Saskatchewan government insurance agency between July 1 and Dec. 31, 1994; no workers’ compensation, non-English speakers, multiple claims, fractures, dislocations, spinal cord injuries, and other injuries resulting in more than 2 hospital days, and claimants not fitting one of the 8 predefined patterns of care (n=1693).


	Patterns of care in the first 30 days following traffic collision:

1. Low utilization GP: 1-2 visits (n=650).

2. High utilization GP: >2 visits (n=295).

3. Low utilization DC: 1-6 visits (n=47).

4. High utilization DC: >6 visits (n=60).

5. Low utilization GP + DC: any GP visits and 1-6 DC visits (n=127).

6. High utilization GP + DC: any GP visits and >6 DC visits (n=120).

7. GP + specialist care: any GP and any specialist visits (n=108).

8. General MD care: any MD visits but no whiplash diagnosis (n=286).


	Outcome: Number of days between date of injury and date to closure of insurance claim (proxy for time to recovery).

Follow-up: Variable (time to claim closure).
	General medical patients had the fastest time to claim closure; high utilization DC patients with GP visits had the slowest time to claim closure.  Adjusted hazard rate ratios (95% CIs) for recovery at 1 year, by group:

1. 1.0

2. 0.89 (0.74-1.05)

3. 0.81 (0.56-1.15)

4. 0.75 (0.54-1.04)

5. 0.74 (0.60-0.93)

6. 0.64 (0.50-0.83)

7. 1.03 (0.80-1.32)

8. 0.98 (0.82-1.17)

	Ferrari et al. (2005)8
2-arm RCT


	Consecutive WAD 1 or 2 patients presenting in 2003 to University of Alberta emergency department in Edmonton within 72 hours of collision; included if seated in vehicle at time of collision, no or less than 5 minutes’ loss of consciousness, and no objective neurologic signs or fracture/dislocation; excluded if consent not given, unable to communicate in English, admitted to hospital, or not from within the Capital Health region (n=112; 102 at 3-month follow-up).


	Intervention group: 1-page evidence-based whiplash prevention pamphlet (http://www.aemj.org/cgi/ content/full/12/8/699/DC1) based on The Whiplash Book and on current evidence, including the need for explanation and reassurance, importance of mobilization, and continuation of normal activities (n=55).

Control group: usual, standard emergency department care at discharge including an information sheet describing symptoms, possible treatments, and signs that should prompt return to the hospital, but without evidence-based advice (n=57).


	Primary outcome: Recovery according to response to the question, “How well do you feel you are recovering from your injuries?” (response options “all better” to “much worse;” those responding “all better” were defined as recovered).

Secondary outcomes: severity of various symptoms, need to modify leisure activities, limitation of daily activities, employment status, litigation status, and resource use.

Follow-up: 2 weeks and 3 months by telephone interviewer blinded to treatment allocation.
	At both 2 weeks and 3 months post-collision, reported complete recovery was similar between groups (2 weeks: 7.3% in intervention group vs. 8.8% in control; absolute risk difference, -1.5%, 95% CI -12.6%, 9.7%; 3 months: 21.8% in intervention group vs. 21.0% in control; absolute risk difference, 0.8%, 95% CI -14.4%, 16.0%); no important differences between groups in secondary outcomes.

	Foley-Nolan et al. (1992)9
2-arm double-blind RCT


	Emergency Departments of a Dublin Hospital serving 500,000 people with “injuries to the cervical spine resulting from rear-end collisions.

Subjects older than 18, less than 72 hours post injury, no other active disease of the cervical spine or fracture, loss of consciousness, or reflex impairment (n=40).
	Both groups received cervical collar.

1. Active Low Energy High Frequency Pulsed Electromagnetic device (PEMT) (n=20).

2. Inactive unit (n=20).

Collar to be worn 8 hours per day for 12 weeks;  if “unhappy” with progress at 4 weeks patients referred for PT.


	Outcomes: VAS (pain), cervical ROM, analgesic use and self-reported global assessment. 

Follow-up: 2, 4 and 12 weeks by self-report and ROM assessment.


	Significant therapeutic effect seen for pain and analgesic usage. Modest effect seen for motion at 12 weeks only.

Cannot determine efficacy of treatment from potential iatrogenic effects of collar use.

	Gennis et al. (1996)10
2-arm non-randomized trial


	Patients with neck pain presenting to emergency department of level I trauma center in U.S. within 24 hours of motor-vehicle crash between July 1 and Oct. 14, 1992 and between July 1 and Sept. 8, 1993; no cognitive impairment and no fracture or dislocation, focal neurologic findings, or other injuries requiring hospitalization (n=250; n=196 in analysis).


	All patients advised to rest and given analgesics (usually NSAIDS) at discretion of treating physician.

1. Soft cervical collar: patients instructed to wear collar as much as they could tolerate for 2 weeks (n=104).

2. Control group: no treatment (n=92).
	Outcomes: Degree of pain at 6+ weeks post-injury (recovered=no pain, improved=no pain or pain better, deteriorated=worse pain).

Follow-up: 6+ weeks.
	Negligible difference between groups in percent of patients reporting no pain (complete recovery) at 6+ weeks (41.3% in collar group vs. 33.7% in control group).

	Kongsted et al. (2007)11
3-arm RCT


	18 to 70-year-olds from four Danish counties who had been exposed to a rear-end or frontal car collision between May 2001 and June 2003, experienced symptoms within 72 hours and could be examined within 10 days, and were referred from emergency units or general practitioners to 2 university research centers; those with marked symptoms and an expected increased risk of developing persistent symptoms were included; no fractures/dislocations, amnesia/unconsciousness, injuries other than whiplash, self-reported average neck pain in past 6 months >2 on 0-10 scale, pre-existing somatic or psychiatric disease, alcohol or drug abuse, and  inability to understand Danish (n=458; 420 with complete data).


	All patients received a pamphlet with simple advice on use of ice and medications.

1. Immobilization in neck collar: rigid collar worn during all waking hours for 2 weeks, followed by active mobilization program for 4 weeks (2 treatments per week maximum) (n=156).

2. Act-as-usual: check-list-based information about handling pain aimed at reducing fear and resuming normal activities (n=153).

3. Active mobilization: Physiotherapist-conducted protocol using principles of Mechanical Diagnosis and Therapy® (MDT), based on repetitive movements directed by pain response; twice weekly for 6 weeks (n=149).
	Primary outcomes: Average neck pain and headache in past week at 1 year (0-10 scale; neck disability (15-item [0 to 30 point] Copenhagen Neck Functional Disability Scale).

Secondary outcomes: Changes in neck pain and headache from baseline to 1 year, medication use, and general health status (SF-36).

Follow-up: 1 year.
	No clinically meaningful differences were observed between the intervention groups in any of the primary or secondary outcomes at 1 year.

	McKinney et al. (1989)12
3-arm single-blind RCT


	Consecutive whiplash patients presenting to hospital in Belfast; no prior whiplash injury or prior degenerative disease (n=247).
	All patients given soft collar and analgesics. 

1. General advice about mobilization after 14 days rest (n=33).

2.  Outpatient physiotherapy (typically 3 sessions per week for 6 weeks) consisting of heat, cold, diathermy, hydrotherapy, traction and active and passive movements (n=71).

3. Advice, home exercises - one session of verbal and written instruction on posture, use of analgesia and collar, instructions on heat and muscle relaxation, encouragement to perform mobilizing exercises (n=66).


	Outcomes: ROM and pain severity (10 point VAS).

Follow-up: 1 and 2 months through self-report and physical examination.
	Rest group had less ROM and more pain than two treatment groups; no differences between physiotherapy and advice/home exercises groups.  Clinical importance of differences unclear.

	Mealy et al. (1986)13
2-arm RCT


	Consecutive acute whiplash patients presenting to emergency department in Ireland; no radiological evidence of fracture (n=61; n=51 in analysis).
	All patients given oral analgesia as required.

1. Active treatment: Maitland mobilization plus daily exercises of the cervical spine for 2 weeks (n=31).

2. Standard treatment: soft cervical collar plus advice to rest for 2 weeks (n=30).


	Outcomes: Pain intensity (0 to 10 scale) and cervical range of motion (goniometer).

Follow-up: 4 and  8 weeks.
	Mean pain less in the active group at 4 weeks (2.85 vs. 5.08) and 8 weeks (1.69 vs. 3.94); greater increase in cervical ROM in active group at 8 weeks (14.19 vs. 4.57).

	Oliveira et al. (2006)14
2-arm non-randomized trial


	Acute whiplash patients diagnosed with cervical strain by physicians in emergency departments and urgent care facilities in southern California; no fracture, dislocation, previous cervical spine pathology, loss of consciousness, history or symptoms of cardiovascular disease, or hospitalization for presenting complaints (n=126; 120 with follow-up data).


	1. 12-minute cervical strain psycho-educational video via TV/VCR by patient bedside in urgent care or emergency department, followed by pain knowledge evaluation form and at discharge a neck strain aftercare instruction sheet; video script based on education provided at the Sharp Pain Rehabilitation program and Myopoint Pain clinic (n=63).

2. Usual care in urgent care or emergency department, plus pain knowledge evaluation form (n=63).


	Outcomes: Cervical strain neck pain (0-10 Verbal Rating Scale), dysfunction and bother (46-item Short Form Musculoskeletal Function Assessment), use of medications and health care, and patient satisfaction.

Follow-up: 1, 3, and 6 months.
	Compared with patients in usual care, viewers of the video had lower pain ratings at 1, 3, and 6 months, as well as lower rates of medication use and health-care utilization.



	Pettersson et al. (1998)15
2-arm double-blind RCT


	Patients treated between March 1994 and March 1995 for Grades II and III whiplash injury from a car crash according to the Quebec Task Force Classification; treatment (unspecified) began within 8 hours after injury; no prior history of neck injury or pain (n=40). 


	1. Infusion of methylprednisolone over 24 hours (n=20).

2. Infusion of sodium chloride (placebo) over 24 hours (n=20).
	Outcomes: Pain intensity (VAS), pain drawing, sick leave, self-reported symptoms, and neurological exam.  

Follow-up: At 2 and 6 weeks and 6 months.
	15 of each group recovered completely.  Placebo group had more sick days, disabling symptoms and sick-leave profiles. 

	Provinciali et al. (1996)16
2-arm RCT


	Consecutive patients with cervical acceleration-deceleration injury following a car accident less than 60 days after injury, and regular job performance prior to car accident; no infective, metabolic, or inflammatory bone disease, and no x-ray evidence of traumatic or severe degenerative C-spine lesions  (n=60). 


	1. Experimental multimodal treatment (relaxation training, active reduction of cervical and lumbar lordosis, psychological support, eye fixation exercises, manual treatment) (n=30).

2. Application of physical agents (TENS, ultrasound) (n=30).
	Outcomes: Cervical ROM, pain intensity by VAS, self-rated scale of outcome, time interval between injury and return to work.

Follow-up:  Assessments at completion of treatment and at 6 months.
	Pain occurrence decreased in both groups at a similar rate (21 vs. 0 cases);  greater improvement in VAS (p<0.01). Self-rated assessment of outcome showed a greater satisfaction for recovery in Group 1; quicker return to work in Group 1; no difference between groups in ROM.



	Rosenfeld et al. (2000)17
4-arm RCT  (6-month follow-up);

Rosenfeld et al. (2003)18
(3-year follow-up)

Rosenfeld et al. (2006)


	Patients referred from the southern half of Elfsborg county in southern Sweden.

Acute neck pain caused by whiplash following MVC; randomized within 96 hours of injury (n=102 randomized, 5 found ineligible; 73 at 3-year follow-up). 


	1. Active McKenzie type exercises within 96 hours of injury (n=21).

2. Standard intervention consisting of an advice leaflet within 96 hours of injury (n=23).

3. McKenzie type exercises after a 2-week delay (n=22). 4. Standard intervention after a 2-week delay (n=22).


	Outcomes: Self-reported pain (VAS from 0 – 100) and range of motion (inclinometer) in lateral flexion, extension, rotation right and left.

Follow-up: 6 months; 3 years (in Rosenfeld et al., 2003; 2005).
	Active intervention improved range of motion and reduced pain intensity and sick leave, with similar effects in early and late intervention. Standard intervention less effective than active, but late standard intervention more effective than early standard intervention.  Number of patients having no pain at 6 months in active vs. standard groups: 38% and 23% versus 17% and 5%; no difference in ROM.



	Scholten-Peeters et al. (2006)19
2-arm RCT


	18 to 55-year-old referrals from urban practices and emergency departments in the Netherlands between June 1999 and June 2002; WAD I or II as result of road traffic accident, symptoms within 48 hours of trauma and continuing for 4 weeks; no cervical herniation, past spondlyodesis, loss of consciousness, past head or neck injury in prior 3 years, or comorbidities (n=80).
	All patients treated according to a dynamic biopsychosocial treatment protocol for a maximum of 9 months.

1. GP care: education and advice (n=42).

2. Physiotherapy: education, advice, graded activity, and exercise therapy including progressive loading exercises for muscle and articular functions, posture, and balance (n=38).
	Primary outcomes: Neck pain, headache intensity, and work activities in daily living (VAS from 0 to 100).

Secondary outcomes: Functional recovery (VAS), general health status (SF-36), cervical range of motion (device), fear of movement (Tampa Scale for Kinesiophobia), coping (Pain Coping Inventory), disability (Neck Disability Index), and disability in housekeeping and social activities (VAS).

Follow-up: 8, 12, 26, and 52 weeks after the trauma (baseline at 4 weeks after trauma).


	No clinically meaningful differences between groups on primary outcomes at any follow-up point; range of motion better in PT group at 12 weeks and some secondary outcomes favored GP group at 52 weeks (e.g., functional recovery, physical functioning, coping), though clinical significance of these findings is questionable.

	Stewart et al. (2007)20**

2-arm RCT


	Adult claimants with whiplash-associated disorder who presented for medical care in Sydney, Australia for WAD grades I-III within 1 month of accident between December 2001 and January 2004 and reported at least mild disability and scoring at least 20% on any of the primary outcome measures between 3 and 12 months after injury; no previous neck surgery, known or suspected serious pathology, nerve root compromise (current WAD grade III), contraindication to exercise, severe depressive symptoms, and current physiotherapy neck treatment (n=134; 132 and 125 at 6 and 52 weeks, respectively).

 
	1. Advice: Standardized education, reassurance, and encouragement to resume light activity; one physiotherapist consultation plus two follow-up telephone contacts (n=68; 66 at 6 weeks, 62 at 52 weeks).

2. Advice plus exercise: Advice (above) plus 6-week (12 1-hour sessions) physiotherapist-supervised graded exercise program using cognitive-behavioral principles designed to improve ability to complete functional activities, plus individualized home exercise program (n=66; 63 at 52 weeks).
	Primary outcomes: Neck pain intensity (0-10 box scale), bothersomeness of symptoms (0-10 box scale), and functional ability (Patient-Specific Functional Scale). 

Secondary outcomes: Neck-specific disability (Neck Disability Index), global perceived effect (11-point scale), health status (SF-36), and work status.

Follow-up: 6 and 52 weeks.


	Pain reduction greater, bothersomeness less, and function greater in exercise group than advice only group at 6 weeks (mean difference pain,  -1.1; 95% CI -1.8 to -0.3; bothersomeness, -1.0; 95% CI -1.9 to -0.2; function, 0.9; 95% CI 0.3 to 1.6), but differences between groups were negligible at 52 weeks; no clinically important differences in secondary outcome measures at either time point.

	Suissa et al. (2006)21
2-arm non-randomized intervention study


	Adults 18-65 years old diagnosed with new Grade 1, 2, or 3 WAD following motor vehicle crash in Quebec, Canada between March 1 and September 30, 2001 and still symptomatic after 8 days; no other soft-tissue injury or prior whiplash from which recovery was still taking place or second whiplash after study entry (n=2163).


	1. Experimental group: WAD patients presenting to one of 26 centers (7 hospitals and 19 clinics) treated according to Whiplash Management Model, a coordinated interdisciplinary approach including medical management, active physical therapy, home exercise program, and reassessments as necessary; treatment objectives and options discussed among team members with primary goal of return to work (n=288).

2. Reference group: WAD patients not living in target areas served by the experimental centers above were treated “by the usual approach” (n=1875).


	Outcomes: Time on compensation, time to file closure, and total direct costs.

Follow-up: 1 year.
	Reduced time on compensation (rate ratio 3.2, 95% CI 2.8-3.6), quicker time to file closure (rate ratio 1.5, 95% CI 1.2-1.8), and fewer average total costs (-876, 95% CI -1536 to -215 CAD) in experimental group than in reference group. 


** Published after deadline for inclusion in best evidence synthesis.
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