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Abstract 
 
Whiplash injuries seem to have a substantial impact on health. Half the affected 
patients have persistent pain and disability and significant costs are incurred to 
society, mainly due to inability to return to work. The pathophysiology of the 
condition is largely unknown and there has been much debate on how whiplash-
associated disorders (WAD) should be treated. In this dissertation, the treatment of 
acute and chronic WAD has been elucidated. 
 

• The evidence basis of many commonly used treatments for patients suffering 
from WAD, both in the acute and chronic state was analyzed in a systematic 
literature review. Twenty-six randomized controlled trials (RCT) were identified 
through computer-assisted search of the databases Medline (from 1962 to May 
2003), CINAHL (1960 to 2003), Embase (1976 to 2003) and Psychinfo (1960 to 
2003) and manual check of the reference lists of relevant studies. Based on the 
degrees of evidence and the practical obstacles the following treatments can be 
recommended: Early physical activity in acute WAD, combination of cognitive 
behavioral therapy with physical therapy interventions and coordination exercise 
therapy in chronic WAD. 

 

• The long-term (3-year) efficacy of active intervention (early mobilization 
with/without McKenzie treatment) in patients with acute WAD compared with 
standard intervention (information broschure recommending initial rest and slow 
resumption of activity) and the effect of early versus delayed initiation of 
intervention was studied in an RCT. The active intervention was more effective 
in reducing pain intensity, sick leave and retaining/regaining total range of 
motion than the standard intervention. 

 

• The effectiveness of 10 weeks of twice-weekly, 90-minute sessions of either 
Exercise Therapy (general conditioning, coordination, strengthening of deep 
cervical flexors, stretching and relaxation) or Basic Body Awareness Therapy 
(training comfortable posture and use of the body, balance and relaxation during 
movement) for patients with chronic WAD was compared in an RCT. Basic 
Body Awareness Therapy resulted in slightly better effects on the physical 
functioning, social functioning and bodily pain domains of SF-36 and on pain 
frequency compared to Exercise Therapy at three months. 

 

• The applicability of the fear avoidance model of chronic pain (FAM) in patients 
with WAD and the inclusion of a measure of guarded movement in the model 
were studied in a cross-sectional trial. Statistically significant correlations 
between all measures of the FAM were found and these measures explained part 
of each other’s variance. Applying the FAM of chronic pain to patients suffering 
from chronic WAD appears valid. 
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1. Abbreviations 
 
 
WAD Whiplash Associated Disorders 
  
QTF Quebec Task Force 
  
BJD The Bone and Joint Decade 2000-2010 
  
RCT Randomized Controlled Trial 
  
FAM Fear-Avoidance Model 
  
MRI Magnetic Resonance Imaging 
  
EMG Electromyography 
  
ET Exercise Therapy 
  
BBAT Basic Body Awareness Therapy 
  
CCT Controlled Clinical Trial 
  
IMLB Instrument to Measure the Likelihood of Bias 
  
MAL Maastricht-Amsterdam List 
  
DL Delphi List 
  
SCM Sternocleidomastoideus Muscle 
  
AS Anterior Scalene Muscle 
 
 



 

2. Introduction 
”I was finding it very frustrating, because nobody had fixed me, and all I had was a 
car-accident and I should be okay by now, and I did not believe that I would have an 
injury that would last any length of time. I figured a couple of weeks I should be 
back to normal, back at work full time, no side-effects, nothing”. 
 
The above quote [1] comes from a person suffering from chronic whiplash-
associated disorder (WAD). Even though the patient’s description is very personal, it 
does capture the essence of the problem. Anyone that has met a person with this 
disorder can relate to the severity and complexity of the condition. Meeting patients 
with these disorders has often been a frustrating experience. Many times patients 
reported feeling an increase of pain after treatment and my clinical examination was 
hindered by all palpation being painful. I was tempted to steer my professional career 
away from chronic pain but for the influence of a few key individuals. It was through 
my contact with my mentors Mark Rosenfeld and Ronny Gunnarsson that I was 
given inspiration to conduct my doctoral thesis on the subject. 

2.1. Definition of whiplash 

It may seem obvious to experts what we mean by the term whiplash, but great 
confusion has existed in the scientific literature. The term “whiplash” has carelessly 
been used to describe the mechanism of injury, the injury itself, the consequences of 
the injury and the assorted signs and symptoms that patients present with. The first 
major step in clarifying the nomenclature was made by the Quebec Task Force 
(QTF) published in 1995 [2]. The current definition of whiplash is the one adopted 
by the QTF and reads as follows: 
 

“Whiplash is an acceleration-deceleration mechanism of energy transfer to the 
neck. It may result from rear-end or side-impact motor vehicle collisions, but can 
also occur during diving or other mishaps. The impact may result in bony or soft-
tissue injuries (whiplash injury), which in turn may lead to a variety of clinical 
manifestations (Whiplash-Associated Disorders).” 

2.2. The pathology of whiplash 

Barnsley et al [3] reviewed a range of biomechanical, experimental and cadaver 
studies that investigated the possible mechanisms of injury to the neck. They 
concluded that the neck could be subjected to forced flexion, extension, lateral 
flexion, and shear forces in a traffic collision. Another conclusion from the same 
review was that the structures most likely injured are the zygapophyseal joints, 
intervertebral discs, and upper cervical ligaments. More recent reviews, however, 
have challenged the premise that WAD can be linked to injury of specific structures. 
 

The international initiative of the Bone and Joint Decade 2000-2010 Task Force 
on Neck Pain and its Associated Disorders (BJD) published the results of its work in 
2008 [4]. The consensus reached by the BJD is that WAD probably results from 
cervical sprain or strain but that the exact pathophysiology is not known. Therefore 
there may or may not be damage to soft-tissue, including the joints, ligaments and/or 
muscles in the neck, posterior shoulder and upper thoracic regions. The BJD review 
also concluded that there is no gold standard diagnostic test to detect WAD [5]. 
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The only measurable alteration taking place after whiplash injury thus far has 

been a transient immune response associated with inflammation after soft-tissue 
trauma. This immune-response is present within 3 days of trauma but normalizes 
within 14 days [6]. This trauma-related activation of the immune system in WAD is 
similar to that activated in other minor trauma (ankle sprain) [7]. 

2.3. Assessment and examination of WAD 

Clinical evaluation of the musculoskeletal system includes inspection, range of 
motion, strength testing, palpation and additional tests. Following physical 
examination, radiological tests are often used to complement the diagnostic process 
[8, 9]. 
 

When clinicians meet patients with neck pain the first diagnostic concern will 
probably be to exclude underlying sinister causes of neck pain. The care setting 
(emergency or non emergency) is also likely to influence how assessment is 
conducted.  
 

The BJD concluded that there is strong evidence suggesting that either the 
Canadian C-spine Rules [10] (Figure 1) or the Nexus Low-risk Criteria [11] (Table 
1) are reliable to rule out the need for further imaging in adult patients at low risk of 
neck injury seeking emergency care [5]. Strong evidence also suggests that 
Computer Tomography (CT-scans) should be used instead of routine cervical spine 
radiographs in the evaluation of patients with traumatic high-risk neck injuries in 
emergency situations [5].  
 

1. Any High-Risk Factor Which

Mandates Radiography?
Age ≥ 65 years

or
Dangerous mechanism*
or
Paresthesias in extremities

For alert (Glasgow Coma Scale=15) and stable trauma patients where cervical spine injury is a concern.

2. Any Low-Risk Factor Which Allows

Safe Assessment of Range of Motion?
Simple rearend MVC**

or
Sitting position in ED
or
Ambulatory at any time
or
Delayed onset of neck pain***
or
Absence of midline c-spine tenderness

3. Able to Actively Rotate

Neck?
45°left and right

No Radiography

Radiography

Rule Not Applicable If:
- Non-trauma cases

- GCS < 15
- Unstable vital signs
- Age < 16 years
- Acute paralysis
- Known vertebral disease
- Previous C-spine surgery

* Dangerous Mechanism:
- fall from elevation ≥ 3 feet / 5 stairs
- axial load to head, e.g. diving
- MVC high speed (>100km/hr), rollover, ejection
- motorized recreational vehicles

- bicycle struck or collision
** Simple Rearend MVC Excludes:
- pushed into oncoming traffic
- hit by bus / large truck
- rollover
- hit by high speed vehicle
*** Delayed:
- i.e. not immediate onset of neck pain

Able

Yes
Unable

No

Yes

No

 Figure 1 - Canadian C-spine Rules 
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Table 1 – The Nexus low risk criteria 
 

 

No posterior midline cervical spine tenderness 
 Midline posterior bony cervical-spine tenderness is present if the patient reports pain 

on palpation of the posterior midline neck from the nuchal ridge to the prominence of 
the first thoracic vertebrae, or if the patient evinces pain with direct palpation of any 
cervical spinous process. 

  
No evidence of intoxication 
 Patients should be considered intoxicated if they either of the following: a recent 

history provided by the patient or an observer of intoxication or intoxicating 
ingestion, or evidence of intoxication on physical examination such as an odor of 
alcohol, slurred speech, ataxia, dysmetria, or other cerebellar findings, or any 
behavior consistent with intoxication. Patients may also be considered to be 
intoxicated if tests of bodily secretions are positive for alcohol or drugs that affect 
level of alertness. 

  
A normal level of alertness 
 An altered level of alertness can include the following: a Glasgow Coma Scale score 

of 14 or less; disorientation to person, place time, or events; an inability to remember 
three objects at five minutes; a delayed or inappropriate response to external stimuli; 
or other findings. 

  
No focal neurological deficit and 
 A focal neurological deficit is any focal neurological finding on motor or sensory 

examination 
  
No painful distracting injuries 
 No precise definition of painful distracting injury is possible. This category includes 

any condition thought by the clinician to be producing pain sufficient to distract the 
patient from a second (neck) injury. Such injuries may include, but are not limited to, 
any longbone fracture; a visceral injury requiring surgical consultation; a large 
laceration, degloving injury, or crush injury; large burns; or any other injury causing 
acute functional impairment. Physicians may also classify any injury as distracting if 
it is thought to have the potential to impair the patient’s ability to appreciate other 
injuries. 

 
From the perspective of assessing neck-pain in non emergency patients, the use of 

“Red Flag Symptoms” to screen for sinister pathology has been strongly encouraged. 
Unfortunately BJD found the available evidence insufficient to confirm the utility of 
“Red Flag Symptoms” for triaging non emergency neck patients [5]. 
 

There is little research on the validity and utility of self-reported history in 
evaluating neck pain disorders [5]. Routine clinical examination is more predictive at 
excluding (ruling out) structural lesion or neurological compression than at 
diagnosing any specific etiologic condition in patients with neck pain [5]. Manual 
provocation testing for nerve root compromise, however, has high sensitivity and a 
high positive predictive value and is therefore capable of ruling in radiculopathy [5]. 
Inspection of the neck patient for abnormal signs (e.g. muscle atrophy, swelling, 
redness, scars etc) has low to moderate interexaminer reliability [5]. Range of motion 
is moderately reliable regardless of how it is measured (active, passive, with/without 
a device, clinician assessed or self-described by the patient) [5]. Palpating “trigger 
points” around the neck in patients with neck pain has moderate to high predictive 
value for neck pain with or without radiculopathy but the distribution of “trigger 
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points” was not found to discriminate between neck pain alone, neck pain and 
radiculopathy or neck pain and MRI disc “bulging” [5].  
 

Beyond the physical examination, the BJD found no evidence that laboratory 
testing, sensory electrophysiological studies (surface, dermatomal or quantitative 
sensory testing) or plain radiographs provide any unique value or useful ancillary 
data [5]. Multiple studies have shown that neck pain without clear radiculopathy is 
not reasonably ascribed to specific common degenerative changes seen on MRI [5]. 
The degenerative changes that MRI can detect are common in asymptomatic subjects 
and increase significantly with age [5]. 
 

The role of MRI in the assessment of neck pain, according to BJD, is to aid 
clinicians in determining the site and level of neurological compression in 
combination with complaints of radicular symptoms in the patient interview, specific 
findings in the examination and possibly needle-EMG findings [5]. 
 

Other specialized techniques such as anaesthetic facet joint injections and 
provocative discography that aim to identify specific lesions causing neck pain were 
not supported by current evidence and were not recommended for routine clinical 
practice [5]. 

2.4. The classification of WAD 

A classification for grading symptoms following a whiplash injury was proposed in 
1995 by the QTF [2]. This classification has gained wide acceptance in the scientific 
community, as it is purely descriptive and free from supposed diagnoses (Table 2). 
 

Table 2 – The Quebec classification of WAD 
  

  

Grade 0 WAD refers to no neck complaints and no physical signs 
  
Grade I WAD refers to injuries involving complaints of neck pain, stiffness or 

tenderness, but no physical signs 
  
Grade II WAD refers to neck complaints accompanied by decreased range of motion 

and point tenderness (musculoskeletal signs). 
  
Grade III WAD refers to neck complaints accompanied by neurological signs such as 

decreased or absent deep tendon reflexes, weakness and/or sensory 
deficits 

  
Grade IV WAD refers to injuries in which neck complaints are accompanied by 

fracture or dislocation. 
 

Other symptoms such as deafness, dizziness, tinnitus, headache, memory loss, dysphagia and temporomandibular 
joint pain can be present in all grades. 

 
It is common to exclude Grades 0 (no WAD injury) and IV (fracture/dislocation) 

when studying samples of patients with WAD. Patients having spinal cord injury and 
bone tissue injury, such as neck fracture or dislocation are treated accordingly for 
those types of traumata and therefore also fall outside the scope of the research field.  
 

The BJD concluded that once serious neck conditions have been ruled out, WAD 
and other neck pain do not differ [5]. Therefore they proposed using a categorization 
system similar to the QTF classification for neck pain [4] (Table 3). Their goal was 
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to produce a severity classification system encompassing all neck pain syndromes, 
and relevant irrespective of the professional background of the health care provider 
and the circumstances surrounding the onset of pain (traffic collisions, sports, 
nontrauma, etc). 
 

Table 3 – The Bone and Joint Decade classification of neck pain 
  

  

Grade I Neck pain and associated disorders with no signs or symptoms suggestive of 
major structural pathology and no or minor interference with activities of 
daily living.  

  
Grade II No signs or symptoms of major structural pathology, but major interference 

with activities of daily living. 
  
Grade III No signs or symptoms of major structural pathology, but presence of 

neurologic signs such as decreased deep tendon reflexes, weakness, or 
sensory deficits. 

  
Grade IV Signs or symptoms of major structural pathology. 

 

Major structural pathologies include (but are not limited to) fracture, vertebral dislocation, injury to the spinal 
cord, infection, neoplasm, or systemic disease including the inflammatory arthropathies. 

2.5. Incidence 

The incidence of WAD varies but in North America and western Europe is 
considered at least 0.3% annually for all inhabitants [12]. There is consistent 
evidence that the incidence has increased in some western countries during the past 
30 years but it is still unclear if this represents a true population increase or a change 
in reporting [12]. 

2.6. Risk factors for developing WAD 

There is conflicting evidence for gender as a risk factor for seeking health care or 
making an insurance claim for WAD [12]. Studies with the highest methodological 
quality on this question all suggest that females have a slightly higher risk [12]. Neck 
pain is, however, more prevalent among females [13] which may confound the 
findings or constitute a risk factor for WAD in itself. 
 
 Having neck pain before a collision may be a risk factor for WAD but this is 
based on only one study and must be considered preliminary evidence at this point 
[12]. 
 
 Younger people also seem more likely to make insurance claims and/or seek 
treatment for WAD but the strength of this association is uncertain [12]. 
 
 In Saskatchewan, Canada, the insurance system was changed from “tort” (where 
compensation for pain and suffering is available through litigation) to “no-
fault”(where insurance benefits are increased but no compensation for pain and 
suffering is available). This change was studied as a population-based natural 
experiment and was found to be associated with fewer insurance claims for WAD 
[14]. This study indicates that the type of insurance system may affect the likelihood 
for insurance claims for WAD. 
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 There is also preliminary evidence that whiplash protection devices installed in 
cars reduce insurance claims for WAD but these findings need to be confirmed in 
larger studies with control of potential confounders [12]. 
 
 The BJD found no evidence on the effect of crash severity, awareness of 
impending collision, head position at the moment of collision or spinal degenerative 
changes on the onset of WAD [12]. 

2.7. Prognostic factors for recovery from WAD 

Age and gender have long been considered relevant to recovery from WAD but 
findings vary in the scientific literature. The effects of age and gender on outcome 
are modest (twofold increase at most) in studies that do report an effect [15]. 
 

Increased initial symptom severity (greater initial pain, greater number of 
symptoms, pain in more parts of the body, greater pain-related limitations, higher 
WAD classification) has been consistently shown prognostic of poorer outcome [15]. 
 

It is difficult to assess whether collision and vehicle-related factors are associated 
with recovery from WAD. Preliminary findings suggest that both the presence of a 
tow-bar on the struck vehicle in the collision and crashes with higher levels of mean 
acceleration are associated with a small negative effect [15]. Nevertheless, studies 
adjusting for the confounding effects of initial pain and symptom severity fail to 
demonstrate effects of collision-related factors on recovery [15]. Researchers in the 
majority of such studies collect data on collision-related factors by self-reports and 
are therefore subject to recall bias. 
 
 Studies of preinjury neck pain also present conflicting results and are susceptible 
to recall bias [15]. 
 
 Many different psychological constructs have been evaluated as prognostic of 
recovery from WAD and also found to affect it [15]. The psychological constructs 
investigated include coping strategies, helplessness in controlling the consequences 
of pain, depressed mood, fear of movement/(re)injury, pain catastrophizing and 
initial postinjury anxiety [15]. The major limitations placed on interpreting these 
results spur from the lack of uniformity in the studied psychological constructs and 
the lack of controlling for the effects of initial symptom severity. The latter may 
influence the demonstrated association between psychological factors and recovery 
from WAD. 
 

In a recently published study the best independent predictors for long term 
outcome were presence within 96 hours after injury of the two cognitive symptoms 
“being easily distracted” with an odds ratio for being on sick leave 2½-3 years after 
trauma of 8.7-50 and “easily irritated” with an odds ratio of 5.3-31 [16]. 
 
 Preliminary evidence suggests that the prevailing insurance system and litigation 
are prognostic but this remains to be verified in other jurisdictions [15].  
 
 Finally, there is some evidence that greater health utilization in the first month 
after injury was associated with slower recovery [17, 18]. This finding is not 
necessarily translatable to individual cases since this finding is based on a 

12



population-based study. It is likely that the optimal type and frequency of patient 
care depends on the individual patient’s characteristics. 

2.8. Posture in WAD 

Postural assessment and treatment have long been a part of physical therapy practice. 
The importance of normal upright posture has been proposed since the early 1900s 
[19]. Proper posture is believed to be a state of musculoskeletal balance that involves 
a minimal amount of stress or strain on the body [20]. The question remains as to the 
importance of maintaining normal postural alignment, if a link exists between 
postural abnormalities and neck pain and whether posture is a cause or an 
epiphenomenon. There are potentially several factors that can be conceptualized to 
affect posture such as age, sedentary lifestyle, work ergonomics, depression and lack 
of postural body awareness. 
 

Griegel-Morris et al [21] conducted a study of standing posture and 
musculoskeletal pain (thoracic, cervical and scapular) on 88 healthy volunteers and 
found that younger subjects did not differ from older subjects in incidence of postural 
abnormalities. No correlation was found between severity of postural abnormalities 
and severity of pain except in persons with the most severe postural abnormalities. A 
significantly higher incidence of pain, however, was found in subjects with more 
severe postural abnormalities. Forward head position was associated with higher 
incidence of neck pain, headache and interscapular pain while kyphosis was 
associated with higher incidence of interscapular pain. 
 

Patients with WAD have a significantly more forward head position (measured by 
goniometer) than volunteers without neck or shoulder pain [22]. Several studies have 
likewise established that subjects with non-traumatic neck pain have a more forward 
head position than asymptomatic subjects [23-25]. Forward head position is 
significantly correlated to neck pain severity and disability in patients with neck pain 
[26]. 
 

A factor that may influence forward head posture could be joint position sense 
(JPS) since patients with WAD also present impairments in head and neck position 
sense [27] and are often inaccurate in their assessment of the neutral neck position 
compared to healthy subjects [28].  
 

These patients also show deficits in JPS of the elbow when rotation of the head 
and neck to a midrange position (30o) is introduced [29]. This may explain the 
impairments in upper limb movement common in WAD [30] but also found in non-
traumatic neck pain [31]. These deficits in JPS are clinically relevant since they 
explain a substantial amount of the patients’ self-rated physical functioning (SF-36 
Physical Functioning, Social Functioning and Vitality domains), disability (Pain 
Disability Index) and ratings of functional self-efficacy (Self Efficacy Scale) [30]. In 
fact, greater JPS impairment is associated with higher scores on the Neck Disability 
Index [32], dizziness [33], upper limb radiculopathy symptoms and decreased active 
neck range of motion [34].  
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2.9. Muscle impairment in WAD 

Numerous studies have demonstrated a reduction in strength and endurance of the 
cervical flexor and extensor muscles in patient samples with various types of neck 
pain and/or headache [35].  
 

Further evidence implicating the cervical motor control, particularly the deep 
cervical flexors, comes from studies of cranio-cervical flexion. Both patients with 
idiopathic neck pain and WAD demonstrate a significantly inferior performance of 
these muscles [36, 37]. This impairment of the deep cervical flexors appears to be 
compensated by increased activity of the superficial cervical muscles such as 
sternocleidomastoideii (SCM) and anterior scalenii (AS) [38]. These superficial 
cervical muscles also show increased fatigability in chronic neck pain [39] which 
may be explained by the increase in fast-twitch Type II-B and decrease of slow-
twitch Type I fibres in the cervical muscles that occurs in patients with neck pain 
[40]. 
 

Patients with WAD also demonstrate higher co-activation of the upper trapezius, 
SCM and AS muscles compared to controls during a functional task and decreased 
ability to relax these muscles upon completion of this task [41, 42]. This impairment 
is not specific to WAD but rather a general sign in diverse neck pain syndromes [43]. 
 

Impairments in JPS and increased superficial cervical muscle activity were shown 
to be present in patients with WAD within 1 month of the injury in a prospective 
study of 66 volunteers with acute WAD [32]. Only patients with persistent 
moderate/severe disability at 3 months had impaired JPS at 1 month in the above 
study. Increased activity in the superficial neck flexor muscles persisted at 3 months 
regardless of whether the subjects were disabled or recovered. 
 

These findings indicate that patients with WAD exhibit unnecessary muscle 
activation in situations without biomechanical demand for it. These impairments of 
motor control could be a “learned guarding response” similar to that displayed in 
chronic low-back pain [44]. 
 

Interestingly, in a prospective study of patients with acute WAD from 1 to 24 
weeks post injury activity of the trapezius muscles decreased instead of increased 
[45]. Patients with greater disability showed lesser muscular activation during a 
functional task. This suggests that there are two different types of motor control 
impairments: 1) minimization of use of painful muscles as a response to injury and 2) 
elevated muscle activity as a response to long exposure to pain. 
 

A theoretical model that may explain this decrease in muscular activation is the 
cognitive-behavioral Fear Avoidance Model (FAM) [46]. FAM proposes that fear of 
movement/(re)injury leads to avoidance of physical activity to prevent anticipated 
increases of pain and results in physical deconditioning and impairments in muscle 
coordination. 
 

A prospective study of 92 patients with acute WAD up to 24 weeks after the 
accident has evaluated the role of pain and fear in the muscle activation pattern of the 
upper trapezius muscles during the transition from acute to chronic neck pain [47]. 
They showed that high pain intensity or fear of movement/(re)injury is associated 
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with decrease of muscle activity and that higher levels of pain result in a stronger 
effect of fear of movement/(re)injury. 
 

Another relevant finding comes from an MRI investigation of fatty infiltration in 
the cervical extensor muscles. Elliott et al [48] demonstrated a widespread increase 
of fatty infiltration in that study, particularly in the rectus capitis posterior minor, 
major and the deep cervical multifidii muscles. This is likely to be a consequence of 
generalized disuse, minor nerve injury or sequelae of an acute inflammatory process 
[48]. 

2.10. Implications for research 

FAM is a theoretical model that might provide guidance for development of future 
treatment models in patients with WAD. The relevance of FAM in patients with 
WAD should be elucidated. Treatment models for WAD built upon the framework of 
FAM should be further tested in patients with WAD. 

2.11. Aims of the dissertation 

2.11.1. General aims 

The aim of this dissertation was to evaluate the available evidence on the treatment 
of WAD. Furthermore the aim was to see if the available scientific findings could 
reasonably be accommodated in a theoretical model. 

2.11.2. Specific aims 

• Systematically review the scientific literature on treatment of acute and chronic 
WAD. 

• Compare the long-term efficacy of active versus standard treatment for acute 
WAD initiated within 96 hours or delayed 14 days in a two-factor randomized 
controlled trial. 

• Compare the efficacy of exercise therapy versus body awareness therapy for 
patients with chronic WAD. 

• Evaluate the relevance of the fear-avoidance model of chronic pain in data 
collected from patients with chronic WAD in a cross-sectional trial. 
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3. Methods 
The patient samples in study II-IV were collected from the county of Älvsborg in the 
southwestern part of Sweden, a mixture of urban, village, and rural populations. The 
regional ethics review board of Västra Götaland approved the research protocols. 
The trials were a joint effort between Southern Älvsborg Hospital, primary health 
care of Southern Älvsborg County and the University of Gothenburg, Sweden. 

3.1. A review of treatment interventions in WAD (I)  

3.1.1. Literature search 

The Medline database was searched for articles written between1962 and May 2003. 
The WebSPIRS 5.02 program was used to search the databases CINAHL (1960 to 
2003), Embase (1976 to 2003) and Psychinfo (1960 to 2003). The reference lists of 
relevant RCTs and controlled clinical trials (CCTs) were checked to identify 
additional published research not found in the computerized, bibliographic, 
databases. The search was conducted using the MESH term whiplash and the word 
whiplash in the abstract or title of the study. Titles and abstracts of identified, 
published articles were initially reviewed by one of the authors (AS). All intervention 
studies dealing with acute or chronic WAD were retrieved. 

3.1.2. Selection for quality assessment 

Studies were assessed if they met the following criteria: 1) The intended design was 
a prospective RCT; 2) The study population included patients with WAD; 3) The 
publication was in English. 

3.1.3. Quality Assessment of studies 

The methodological quality of the studies was independently assessed by two 
reviewers (AS and MR). The assessment was not performed under masked 
conditions. All studies received a score for each of the criteria lists IMLB, DL and 
MAL. In case of any disagreement between the two reviewers (AS and MR), a 
consensus method was used. If disagreement persisted, a third reviewer (RG) would 
make the final decision. A pilot assessment of one RCT (not included in the study) 
was conducted to familiarize the reviewers with the quality assessment lists. Prior to 
scoring, the reviewers discussed the available guidelines to ensure a common 
interpretation of the lists. After the individual assessment, the reviewers then agreed 
on a final score for each article. 
 

The IMLB consists of 3 items directly related to the reduction of bias, treatment 
allocation, follow-up/withdrawals and blinding (Table 4-5). The items are presented 
as questions to elicit yes or no answers. One point is awarded for each affirmative 
answer. Additionally, one point is added or deducted if the methods used were 
appropriate or not. This gives a numerical sum score of 0-5. 
 

The DL consists of nine items concerning study population, treatment allocation, 
outcome measures, blinding, and analysis (Table 4-5). All items have a yes/no/don’t 
know option. If bias is unlikely, the item is rated with one point. If information was 
unavailable or insufficient or if bias was likely, the item was rated with zero points 
for an overall numerical sum score of 0-9. 
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The MAL consists of 19 items related to population, treatment allocation, study 
design, intervention, outcome measures, follow-up/withdrawals, blinding, co-
interventions, side-effects, compliance and analysis (Table 4-5). It includes items 
similar to the IMLB and DL and unique items. The response options are similar to 
DL and the overall numerical score is 0-19. 

 
Table 4 – Domains included in the three methodological quality lists 
 

 

 Methodological quality score 
Domains of possible interest IMLBa DLb MALc 
 

 

1 Study question    
2 Population  x x 
3 Sample size and power calculations a priori    
4 Treatment allocation x x x 
5 Study design   x 
6 Ethics    
7 Intervention   x 
8 Outcome measures  x x 
9 Follow-up / withdrawals x  x 

10 Blinding x x x 
11 Co-interventions   x 
12 Side-effects   x 
13 Compliance   x 
14 Prognostic comparability    
15 Analysis  x x 
16 Conclusion    
17 Presentation    
 

 
a Likelihood of bias in pain research reports by Jadad et al 
b Delphi List by Verhagen et al 
c Maastricht-Amsterdam List by the back review group of the Cochrane Collaboration 

 
Detailed instructions on using these assessment scales have been published 

previously [49-51]. Differences exist in the assessment guidelines between the DL 
and MAL in three items. Thus, in these items, the same item on the two lists can 
have different scores:  
• “Were the eligibility criteria specified?” – DL requires inclusion and exclusion 

criteria while MAL only requires that the radiation pattern of the back pain and 
the duration of the disorder be described to score a YES. 

• “Was a method of randomization performed?” – DL requires that words such as 
random and randomization are used. MAL also requires that the randomization 
procedure is appropriate. This means that articles receiving a YES on DL could 
score DON’T KNOW on MAL when a description of the randomization 
procedure was lacking. 

• “Were the groups similar at baseline regarding the most important prognostic 
indicators?” – DL requires the reviewer to determine this item while MAL 
specifically requests adequate descriptions of age, duration of complaints, 
percentage of patients with radiating pain and main outcome measures to 
evaluate similarity. Also this item could elicit differing scores, though it exists on 
both lists. 
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Table 5 – Items included in the three methodological quality lists and the frequency of answers 
 
 

 Methodological quality score 

Domain
a Items  IMLB   DL

d
   MAL

d
  

 

 

2 Were the eligibility criteria specified?     20/6/0   8/17/1  
           

4 Was the study described as randomized b  25/1        
           

4 Was a method of randomization performed?     25/1/0   10/2/1
4 

 

           

4 Was the method of randomization described and 

appropriate?
 c 

 8/17/1        

           

4 Was the treatment allocation concealed?     4/5/17   4/5/17  
           

5 Were outcome measures relevant?        25/1/0  
           

5 Was the timing of the outcome assessement in both 

groups comparable? 
       24/1/1  

           

7 Were the experimental and control interventions 

explicitly described? 
       25/1/0  

           

8 Were the groups similar at baseline regarding the 

most important prognostic indicators? 
    17/3/6   5/4/17  

           

8 Were point estimates and measures of variability 

presented for the primary outcome measures? 
    20/6/0   20/6/0  

           

8 Was the sample size of each group described?        20/5/1  
           

9 Was there a description of withdrawals and/ 

dropouts?
b 

 16/10        

           

9 Was the withdrawal / drop-out rate described and 

acceptable? 
       16/9/1  

           

9 Was a short-term follow-up measurement performed?        22/4/0  
           

9 Was a long-term follow-up measurement performed?        15/11/
0 

 

           

10 Was the care provider blinded to the intervention?     7/18/1   7/18/1  
           

10 Was the patient blinded to the intervention?     8/18/0   8/18/0  
           

10 Was the outcome assessor blinded to the intervention?     16/2/8   16/2/8  
           

10 Was the study described as double blind?
b  8/18        

           

10 Was the method of blinding described and 

appropriate?
c 

 6/19/1        

           

11 Were co-interventions avoided or comparable?        15/8/3  
           

12 Were adverse effects described?        8/18/0  
           

13 Was the compliance acceptable in all groups?        10/0/1
6 

 

           

15 Did the analysis include an intention-to-treat 

analysis? 
    13/7/6   13/8/5  

 

 

a Domains described in Table 4 
b Number of Yes (1)/No (0) answers 
c Number of Appropriate (1)/Nothing (0)/Inappropriate (-1) answers 
d Number of Yes (1)/No (0)/Don’t know (0) answers 
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3.1.4. Best evidence synthesis 

A qualitative analysis (“best evidence synthesis”) was conducted using a rating 
system utilized by the Cochrane Collaboration Back Group [52]. It consists of the 
following degrees of evidence: 1 – Strong evidence: generally consistent findings in 
multiple high quality RCTs, 2 – Moderate evidence: generally consistent findings in 
multiple low quality RCTs and/or one high quality RCT, 3a – Limited evidence: only 
one low quality RCT, 3b – Conflicting evidence: inconsistent findings in multiple 
RCTs, 4 – No evidence: no RCTs and no double-blind trials. 
 

A study was arbitrarily judged to be of high quality if the sum score in all three 
scales (IMLB, DL and MAL) was at least 50% of the total score. 

3.1.5. Statistical methods 

The outcome of quality assessment and best evidence synthesis is presented. Kappa 
is calculated to estimate interobserver reliability of quality assessment. 

3.2. Active Intervention in Patients with acute WAD (II) 

From March 1995 to March 1996, consecutive patients exposed to whiplash trauma 
in motor vehicle collisions seeking health care were asked to participate in the study. 
The patients were referred to the study from the southern half of Elfsborg County in 
the southwestern part of Sweden, a mixture of urban, village, and rural populations. 
The study was single-blinded. Different personnel performed randomization, 
measurement, and intervention. The personnel performing measurements were 
unaware of intervention assignment and those randomizing patients were unaware of 
the outcome of initial measurements. The Ethics Committee, Göteborg University, 
approved the study. 

3.2.1. Selection of Patients 

Physicians in 29 primary care units, three emergency wards and several private 
clinics selected patients consecutively. Criteria for inclusion were exposure to 
whiplash trauma caused by rapid movements of the head resulting from acceleration 
forces in any vector produced in a motor vehicle collision. Cervical spine 
radiography was performed on all patients. Patients with cervical fractures or 
dislocations (WAD 4), neurological deficit (WAD 3), head injury, previously known 
symptomatic chronic neck problems, alcohol abuse, dementia, serious mental 
diseases, or diseases that could be expected to lead to death before the study’s 
completion were not included. Patients that could be randomized within 96 hours 
after collision were referred to the study. 

3.2.2. Randomization of Patients 

Following initial measurements, patients were randomized to one of four intervention 
groups; active intervention initiated within 96 hours following collision (group 1), 
standard intervention initiated within 96 hours (group 2), active intervention initiated 
with a delay of 14 days after collision (group 3), and standard intervention initiated 
with a delay of 14 days (group 4). Sequentially numbered, opaque, sealed envelopes 
were used to conceal study group assignments. Patients in intervention groups 3 and 
4 received no intervention known to this study during the delay period of 14 days 
apart from any instructions given by the physician initially referring them to the 
study. 
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3.2.3. Measurements 

The patients were assessed at six months and three years for intensity of combined 
head, neck or shoulder pain at the time of examination (“your pain now”) with a 
visual analogue scale (VAS) [53, 54]. 
 

Cervical range of motion (CROM) was assessed by a medical laboratory 
technologist, registered nurse, or physical therapist. A cervical measurement system 
(CMS, Kuntoväline Oy, Oltermanninlie 00620, Helsinki, Finland) was used to 
measure lateral flexion, extension/flexion, and rotation. The CMS utilizes an 
inclinometer to measure CROM in the sagittal and frontal planes, and a compass to 
measure cervical rotation [55]. At the follow-ups, patients were asked to report the 
extent of sick leave due to WAD during the previous half-year [56]. Furthermore, at 
the six-month follow-up, patients were asked if they had received additional 
interventions from sources outside the control of this study. Personnel carrying out 
the measurements and interviewing patients were unaware of the patient’s 
intervention group assignment. 

3.2.4. Active Intervention 

The active intervention is an active exercise protocol incorporating the idea of early 
and repeated movement based on Salter's work on continuous passive motion [57]  
and components consistent with McKenzie´s principles [58]. The active intervention 
consisted of two phases: 1) an initial phase given to all patients including 
information, postural control, and cervical rotation exercises; and 2) a second phase, 
if symptoms were unresolved, of evaluation and treatment according to McKenzie 
principles [58]. The same physical therapist (MR) treated all patients receiving the 
active intervention ensuring strict adherence to the protocol with no additional 
interventions. Treatment by the physical therapist was terminated six weeks after the 
initiation of active intervention or earlier if symptoms resolved. 
 

In the initial phase, guidelines were provided to encourage safe, home exercising 
while teaching patients to identify and heed signs (new or increased symptoms) that 
might aggravate the condition. Patients were instructed to perform gentle, active 
cervical rotational movements from the neutral position, 10 times in one direction 
and 10 times in the opposite direction. Movements were performed to maximum 
comfortable range every waking hour. Patients were instructed to perform exercises 
in the sitting position if tolerated. The unloaded, supine position was recommended if 
the sitting position proved too painful. If rotation exercises were not tolerated, 
intervention was not discontinued but adjusted by either reducing the amplitude of 
the movements or by reducing the number of movements or both. 
 

If symptoms persisted 20 days after the motor vehicle collision, the patients were 
then re-examined using a dynamic mechanical evaluation according to the McKenzie 
system. The McKenzie system classifies spinal-related disorders on the basis of the 
mechanical (such as CROM) and symptomatic (such as pain) responses to repeated 
movements, positions and activities derived from the history and assessment [58]. 
Treatment is predicated on these responses and emphasises self-care. The program 
consisted of movements such as cervical retraction, extension, flexion, rotation, or 
lateral flexion depending on which were beneficial and safe during the assessment. 
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3.2.5. Standard Intervention 

Standard intervention consisted of written information on injury mechanisms, advice 
on suitable activities and postural correction. This leaflet was used by the Neck 
Injury Unit, Orthopedic Clinic, Sahlgrenska University Hospital, Göteborg, Sweden. 
The advice provided in this leaflet was to rest the neck during the first weeks 
following trauma and that a soft collar could provide comfort as well as prevent the 
neck from excessive movements. However, no data was collected on the use of a 
collar. Furthermore, patients were instructed to perform active movements, two or 
three times daily a “few weeks” after trauma. The recommended movements were: 
elevation of shoulders, retraction of shoulder blades, rotation of torso, lateral flexion 
of the head, rotation of the head, and combined flexion-rotation of the head. 

3.2.6. Control Group 

At the three-year follow-up, all remaining patients were individually matched by 
gender and age with individuals unexposed to collision and without neck pain. 
Unexposed persons were students, teachers, office workers and personnel working in 
health care. Inclusion criteria were; absence of current neck pain, pain medication, 
major illnesses, history of neck operation, previous chiropractic or physical therapy 
to the neck, history of neck trauma requiring medical care, nervous tics, shoulder 
pain, and known cervical spondylosis or osteoporosis. No pregnant females were 
recruited. Informed consent was obtained from all individuals. The difference in 
cervical range of motion between patients and matched unexposed individuals was 
calculated. 

3.2.7. Statistical Analysis 

Analysis was by intention to treat. Differences in initial measurements between the 
four groups (Table 11) were analyzed with one-way ANOVA for continuous 
variables with equal variances between groups. Kruskal-Wallis one-way analysis of 
variance was used for continuous variables with statistically significant differences in 
variance between groups and for variables measured with an ordinal scale such as 
VAS. Differences in variance between groups were tested using Bartlett’s test for 
homogeneity of variance. Chi-square was used for dichotomous variables such as 
gender. 
 

At the six-month (Table 12) and three-year (Table 13) follow-up, changes over 
time in CROM and the extent of reported sick leave during the previous half-year 
were analyzed with a two-way ANOVA (Table 14). Friedmann’s test was used for 
skewed data (Table 14). Change in pain intensity (VAS) was calculated by the raw 
differences between baseline and follow-up measurements. Furthermore, raw 
differences were transformed to “improvement”, “worsening” or “unchanged”, given 
the values +1, -1 and 0 respectively. For changes in pain intensity, ANOVA and 
Friedmann’s test were applied to raw differences (Table 14). Friedmann’s test was 
also used to analyze transformed differences (Table 14). 
 

Comparison in CROM between patients and unexposed individuals was made by 
Student’s t-test one sample (Table 15). To evaluate the effect of different 
interventions in restoring CROM compared to the unexposed individuals, two-way 
ANOVA was used (Table 16). 
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All P values less than 0.05 were considered statistically significant. The computer 
program Epi Info version 6.04c (CDC, Atlanta) was used for one-way ANOVA, 
Kruskal-Wallis one-way analysis of variance, Bartlett’s test for homogeneity of 
variance, Chi-square and Student’s t-test. The computer program SAS version 6.11 
(SAS-institute) was used for two-way ANOVA and Friedmann’s test. 

3.3. Basic body awareness therapy compared to exercise therapy 
for patients with chronic WAD (III) 

3.3.1. Study site 

The trial was a joint effort between Southern Älvsborg Hospital, primary health care 
of Southern Älvsborg County and the University of Gothenburg, Sweden. Southern 
Älvsborg County is in southwest Sweden with a mixture of urban, village, and rural 
populations. The treatment center was located in Borås, the largest city in the county. 
The enrolment period was from March 2008 to February 2009. The study protocol 
was approved by the regional ethics review board (DNR 500-06) on September 9, 
2006. The protocol has been registered (in Swedish) with the Swedish National 
Registry of Research and Development Projects since November 2006 (available on-
line at http://researchweb.org/is/sverige/document/1436).  

3.3.2. Participants 

A feasibility study conducted in a fairly large primary health care center showed that 
only 26% of patients attending primary health care after whiplash injury were given a 
formal diagnosis of whiplash injury. Thus, we chose to retrieve patients by extracting 
all patients with a formal diagnosis of whiplash injury and/or the term whiplash 
mentioned anywhere in the electronic medical record. The extraction dates were set 
to several years before the beginning of the trial to ensure that only patients suffering 
from chronic WAD were identified. 
 

Patients were then identified through the electronic medical records of all 30 
primary health care centers in Southern Älvsborg County by an automated search 
procedure. Information on all patients visiting any of the primary health centers 
between 2001 and 2005 was extracted. 
 

To be eligible for inclusion patients were required to have had a whiplash injury 
with WAD grade I, II or III using the Quebec classification and report currently 
experiencing pain. Patients were not eligible if they (1) suffered from known or 
suspected serious illness, (2) had contraindications to exercise and (3) had poor 
comprehension of the Swedish language because of the importance of understanding 
instructions during treatment. 
 

The distance to Borås could be great depending on where in Southern Älvsborg 
County participants resided. To compensate for travelling costs reimbursement for 
fuel costs was provided as recommended by the regional ethics review board. 

3.3.3. Randomization 

Baseline assessment was performed by one physical therapist (AS) who was also the 
outcome assessor. After completing the baseline assessment patients were randomly 
allocated to ET or BBAT using block randomization. Blocking was made in pairs of 
two so that group size could never differ by more than one patient. Someone 
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uninvolved in the trial created the allocation schedule by computer-generation and 
placed it in sequentially numbered, sealed, opaque envelopes. The outcome assessor 
(AS) handed the next numbered envelope to the patient at the end of the baseline 
assessment. The patient then opened it out of view of the assessor and contacted the 
trial coordinator (PO) by phone to schedule treatment appointments. Patients were 
considered to have entered the trial at the end of the baseline assessment 
appointment. This process ensured that the allocation was concealed to the outcome 
assessor. Participants were instructed to keep the treatment they were receiving 
secret to the outcome assessor at all follow-ups. 

3.3.4. Treatments 

Each treatment had its own responsible physical therapist (not AS). Patients and 
physical therapists could not be blinded to treatment as neither ET nor BBAT can be 
administered in a blinded fashion. Treatment compliance was measured by recording 
the number of appointments attended. The patients were not discouraged from 
seeking other health-care during treatment. Patients that discontinued treatment were 
encouraged to return for follow-up assessments. All patients were encouraged to take 
walks in their free time and instructed in the beneficial effects of living a physically 
active life. Both treatments consisted of two 90-minute sessions each week for 10 
weeks. Both treatments used the same location during the same hours of the day but 
on different days of the week. 

3.3.5. Exercise Therapy 

Patients in the ET group were under the supervision of a physical therapist with 
experience and training in leading exercise groups. All patients trained as a group to 
encourage social interaction and take advantage of group dynamics. The exercise 
program was designed to include 70 minutes of muscle strengthening (whole body 
and targeting deep neck flexor muscles), aerobic exercise, coordination exercises, 
and stretching, and then 20 minutes of progressive muscle relaxation at the end of 
training. The goal was body conditioning and increased fitness. 

3.3.6. Basic Body Awareness Therapy 

Patients in the BBAT group received a treatment program carried out under the 
supervision of a BBAT physical therapist. The physical therapist was accredited by 
the Institute for Body Awareness Therapy – the agency responsible for all training 
and accreditation of BBAT practitioners in Sweden. Patients trained as a group for 
the same reasons as the ET group. The BBAT program consisted of exercises based 
on activities of daily living (sitting, walking, lying down and standing), meditation 
and exercises inspired by Tai Chi. The goal was to become aware of how one uses 
the body and rediscover comfortable posture and efficient movement patterns 
striving toward stability, mindfulness and uninhibited breathing. 

3.3.7. Outcome measures 

The outcome assessor was blinded to allocation when conducting assessments. The 
patient reported outcomes (PROs) were posted in the form of a survey and collected 
by the outcome assessor. Clinical examinations and PROs were collected three times 
for each patient: (1) prior to the beginning of treatment (baseline), (2) at the post-
treatment follow-up and (3) three months after treatment termination. 
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The clinical examinations were administered by the blinded outcome assessor 
while the PROs were self-assessed therefore complete assessor blinding was not 
possible. 

 
Both groups underwent the following clinical examinations: cervical range of 

motion measured with a Cervical Range Of Motion Device (CROM), head position 
measured standing with the goniometer procedure described by Nilsson et al [22], 
posture and quality of movement pattern measured by the Body Awareness Scale 
observation (BAS observation) and the subjective experience of posture and quality 
of movement measured by the Body Awareness Scale interview (BAS interview) 
[59]. 
 

The following PROs were collected: disability with the Neck Disability Index 
(NDI), health-related quality of life with the Short Form 36 version 2 (SF-36), pain-
related fear of movement with the Tampa Scale of Kinesiophobia (TSK), pain 
frequency (“how often do you have pain in your shoulder, head or neck nowadays?”) 
and intensity (“if you answered that you have pain in shoulder, head or neck how 
intensive is this pain?”) with labelled categorical scales. 
 

The primary outcome measures were BAS (observation and interview), NDI, SF-
36 and TSK. The secondary outcome measures were pain frequency, pain intensity, 
CROM and head position. Information on adverse effects was sought from all 
subjects by using open-ended questioning by telephone. Use of treatment outside the 
study was collected at the post-treatment and three month follow-ups. 

3.3.8. Statistical analysis 

Sample size in each group for a power level of 80% at an alpha of 0.05 was 
calculated to 51 for NDI, 25 for TSK and 46 for BAS. In the Swedish manual and 
interpretation guide for SF-36 second edition the sample size per group was 
estimated at 34-118 depending on domain. The sample size was planned at 60 for 
each group to cover most items in primary outcome measures and allow for some 
loss to follow up. Data was analyzed by intention to treat. 
 

Sum scores for NDI, TSK and SF-36 were calculated as described in their 
respective manuals. For BAS there is no consensus on constructing subscales or sum 
scores. We calculated a sum score that was the sum of responses for all items. 
 

A raw measure of change in outcome measures was calculated by subtracting 
baseline outcome scores from scores at follow-up. This was done for the post-
treatment follow-up and the three-month follow-up. Mean changes between groups 
were compared by calculating p-values using t-test and effect size represented by 
Cohen’s d [60]. Cohen’s d expresses the standardized effect size and is defined as the 
difference between two means divided by a pooled standard deviation for the data. 
One feature of an effect size is that it can be directly converted into statements about 
the overlap between two samples in terms of a comparison of percentiles. Cohen’s d 
is exactly equivalent to a z-score of a standard normal distribution: e.g. a score of 0.8 
means that the average person in group A is 0.8 standard deviations above the 
average person in group B. For Cohen’s d an effect size of 0.2 to 0.3 may be 
considered a “small” effect; around 0.5 is a “medium” effect and 0.8 to infinity is a 
“large” effect. 
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Although we prefer using parametric testing as described above, there is some 

debate on how to make group comparisons when using data measured by an ordinal 
scale. Some consider it mathematically incorrect to apply subtraction to data 
measured by ordinal scale, as they do not have equidistant scale steps. Thus, raw 
change was also transformed to “improvement”, “worsening” or “unchanged” and 
given the values +1, -1 and 0 respectively. Besides using t-test and Cohen’s d we 
also analyzed the raw and transformed changes by Mann-Whitney U test. 

3.4. Applying the fear-avoidance model to patients with chronic 
WAD (IV) 

The research was conducted in Borås, the largest city in Southern Älvsborg county. 
Patients were recruited from a mixture of urban, village, and rural populations. The 
study was made in cooperation with Southern Älvsborg Hospital, primary health care 
of Southern Älvsborg County and the University of Gothenburg, Sweden. The 
regional ethics review board approved the study on September 9, 2006 (DNR 500-
06). Patients were recruited between March 2008 and February 2009. 

3.4.1. Participants 

Only 26% of patients attending primary health care after whiplash injury had been 
given a formal diagnosis of whiplash injury according to a feasibility study 
conducted at a primary health care center in Borås. 
 

The electronic medical records from all 30 primary health care centers in Southern 
Älvsborg County were included in an automated search procedure. Patients 
diagnosed with whiplash injury or where the word whiplash was mentioned in the 
records were extracted. The extraction dates were set to several years earlier (2001 – 
2005) to ensure that only patients suffering from chronic WAD were identified.  
 

A random sample of the extracted patients was recruited from a primary health 
care setting for a randomized controlled trial. Eligibility for inclusion was WAD 
grade I, II or III according to the Quebec classification and current pain in the neck, 
head or shoulders as a result of a whiplash injury. Patients were ineligible if they (1) 
suffered from known or suspected serious illness, (2) had contraindication to exercise 
or (3) had poor comprehension of the Swedish language. 

3.4.2. Measures 

The study included both patient reported outcomes (PROs) and a clinical 
examination. The PROs were sent in the form of a postal survey and collected by the 
outcome assessor. 
 

The following PROs were collected: health-related quality of life with the Short 
Form 36 version 2 (SF-36), fear of movement/(re)injury with the Tampa Scale of 
Kinesiophobia (TSK) and pain intensity (“if you answered that you have pain in 
shoulder, head or neck, how intensive is this pain?”) with a 5-point, labelled, 
categorical scale. For SF-36 the mental composite score (MCS) and physical 
composite score (PCS) were used. 
 

The clinical examination of posture and quality of movement patterns used the 
Body Awareness Scale observation (BAS). Deviations in head posture and 

25



movement patterns were operationally defined as guarded movement in the current 
study. 

3.4.3. Statistical analyses 

A correlation matrix with Pearson’s correlation coefficients was constructed for the 
variables considered component elements in FAM.  These variables were pain, 
guarded movement (BAS), fear of movement/(re)injury (TSK), mental health (MCS) 
and physical health (PCS). 
 

A two-step, multiple linear regression model was used to adjust for the effect of 
age and sex. The choice of variable as dependent or independent was made by 
following the predictions of FAM. In the first step, age and sex were entered as 
independent variables. In the second step, a third independent variable was added 
and the change in R square was registered. 
 
SPSS v15.0 was used for all statistical analyses. 
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4. Results 
 

4.1. A review of treatment interventions in WAD (I)  

In the literature search, 1726 studies were found. 56 were intervention studies and 33 
were CCTs. Seven CCTs did not use randomization, while 26 studies were RCTs that 
subsequently were quality assessed. 
 

The interobserver reliability in quality assessment between the two independent 
reviewers was very good (κ=1) for IMLB and good for DL (κ=0.76) and MAL 
(κ=0.74). There was no need for the third reviewer to arbitrate. 
 

The median scores (interquartile range) were for IMLB 2 (1-3), for DL 5 (4-6) 
and MAL 9.5 (8-12). Studies evaluating orthopedic surgery were often scored higher 
than studies investigating effects of chiropractic, drug therapy, physical therapy, or 
multimodal interventions (Table 6-8). The three most prevalent shortcomings were 
lack of information on patient and/or care provider blinding, lack of information on 
concealment of treatment allocation and lack of description of adverse effects (Table 
5). 
 
Table 6 – Scores received on the instrument for measurement of likelihood of bias (IMLB) 
stratified after type of study 

  
  

 Type of Studya 
IMLBb 
Scoring 

Chiropractic 
intervention 

Drug therapy Orthopedic 
surgery 

Physical 
Therapy 

Multimodal 
interventionc 

      

      
0-25% 0/2 0/1 0/0 3/2 0/1 

26-50% 0/0 0/1 0/0 5/1 0/1 
51-75% 0/0 0/1 0/0 2/0 0/0 

76-100% 0/0 1/1 0/3 1/0 0/0 
      

Total 0/2 1/4 0/3 11/3 0/2 
      
      

a In each column studies focusing on acute/chronic WAD 
b Instrument for measuring the likelihood of bias 
c Combination of physical therapy and psychological support 
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Table 7 – Scores received on the Delphi List (DL) stratified after type of study 

  
  

 Type of Studya 
DLb 

Scoring 
Chiropractic 
intervention 

Drug therapy Orthopedic 
surgery 

Physical 
Therapy 

Multimodal 
interventionc 

      

      
0-25% 0/0 0/0 0/0 1/0 0/1 

26-50% 0/1 0/1 0/0 3/2 0/0 
51-75% 0/1 0/2 0/1 5/1 0/1 

76-100% 0/0 1/1 0/2 2/0 0/0 
      

Total 0/2 1/4 0/3 11/3 0/2 
      

      
a In each column studies focusing on acute/chronic WAD 
b Delphi list 
c Combination of physical therapy and psychological support 
  

 
 
Table 8 – Scores received on the Maastricht-Amsterdam List (MAL) stratified after type of study 

  
  

 Type of Studya 
MALb 

Scoring 
Chiropractic 
intervention 

Drug therapy Orthopedic 
surgery 

Physical 
Therapy 

Multimodal 
interventionc 

      
      

0-25% 0/0 0/0 0/0 0/0 0/0 
26-50% 0/1 0/1 0/0 6/3 0/2 
51-75% 0/1 0/3 0/1 4/0 0/0 

76-100% 0/0 1/0 0/2 1/0 0/0 
      

Total 0/2 1/4 0/3 11/3 0/2 
      
      

a In each column studies focusing on acute/chronic WAD 
b Maastricht-Amsterdam List 
c Combination of physical therapy and psychological support 
  

 
Evaluated therapeutic interventions and their degree of evidence according to the 

Cochrane Collaboration Back Group system [52] are presented in Table 9. An 
overview of all references is presented in table 10. 
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Table 9 – Treatment interventions and the degrees of evidence in their support 
 
 

  Degree of  
Evidencea Claim Referencesb 

 

 

1 Radiofrequency neurotomy reduces pain and 
psychological distress in patients with chronic WAD and 
zygapophysial joint pain 

Lord 1996, Wallis 1997 

2 Melatonin therapy advances melatonin onset and sleep-
wake rhythm in patients with chronic WAD and delayed 
melatonin onset 

van Wieringen 2001 

2 High-dose methylprednisolone therapy administered 
within 8 hours of injury reduces sick leave 

Pettersson 1998 

2 Intra-articular corticosteroid therapy lacks effect in 
patients with chronic WAD and zygapophysial joint pain 

Barnsley 1994 

2 Electromagnetic Field therapy reduces pain and increases 
cervical range of motion in patients with acute WAD 

Foley-Nolan 1992, Thuile 
2002c 

2 Early physical activity reduces pain, increases cervical 
range of motion and reduces sick leave in patients with 
acute WAD 

Bonk 2000, Borchgrevink 
1998, Gennis 1996d, 
McKinney 1989, Mealy 
1986, Pennie 1990, 
Söderlund 2000, Rosenfeld 
2000e, Rosenfeld 2003e 

2 Cognitive behavioural therapy combined with Physical 
therapy reduce pain and sick leave in patients with 
chronic WAD 

Johansson 1998, Provinciali 
1996, Söderlund 2001 

2 Coordination exercise therapy reduces pain in patients 
with chronic WAD 

Fitz-Ritson 1995f, 
Humphreys 2002 

3a Ultra-reiz current therapy combined with physical therapy 
reduces pain and cervical range of motion in patients with 
acute WAD 

Hendriks 1996 

3a Spinal manipulation therapy reduces pain and increases 
cervical range of motion in patients with neck pain with 
radiation to the trapezius musclef 

Cassidy 1992 

3a Fluoxetine therapy provides similar pain reduction to that 
of Amitriptyline therapy in patients with chronic WAD 

Schreiber 2001 

3b Subcutaneous sterile water injection therapy reduces pain 
and increases cervical range of motion in patients with 
chronic WAD 

Byrn 1993, Sand 1992h 

 

 

a Rating system derived from the system utilized by the Cochrane Collaboration Back 
Group52 (See methods-section) 

b Studies presented by first author in alphabetical order where appropriate. Bold references 
denote studies defined as high quality. 

c It was unclear if patients in this RCT suffered from acute or chronic WAD. 
d The results of this RCT conflict with the claim. 
e The two articles by Rosenfeld are based on the same data and should therefore be 

regarded as one RCT. 
f The groups in this RCT were different at baseline. 
g The claim refers to effects immediate following treatment. Long-term effects have not 

been studied. 
h This RCT conflicts with the claim and the study population is heterogeneous. 
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Table 10 – Overview of all evaluated RCT 

     

     

  -- Scalesa -- 

Articles sorted after first author T
b
 IMLB DL MAL 

     

     

Barnsley et al [61]. 
Double-blind comparison of intraarticular corticosteroid 
(Betamethasone) injection therapy with local anesthetic 
(Bupivacaine) injection therapy. Neither treatment provided lasting 
pain-relief. The median time for return to 50% preinjection level of 
pain was 3 days in the Betamethasone group and 3,5 days in the 
Bupivacaine group. 

C 5 8 16 

     
Bonk et al [62]. 
Comparison of active therapy (3 weeks of active and passive 
mobilization, postural exercises and advice) with collar therapy (3 
weeks wearing collar). Patients receiving active therapy were 
significantly improved in pain intensity and cervical range of 
motion and comparable to a control group of unexposed individuals 
at 6 weeks. At 12 weeks the collar therapy group did not differ from 
the control group of unexposed individuals either. Outcome 
assessors were not blinded. 

A 2 3 8 

     
Borchgrevink et al [63]. 
Single-blind comparison. All patients received instructions for self-
training of the neck beginning on the first day of treatment and a 5-
day prescription of NSAIDS before being randomized to act-as-
usual group (advice to act as usual, no sick-leave, no collar) or 
immobilized group (14 days sick-leave, soft neck collar). Patients 
in the act-as-usual group had greater improvements in subjective 
symptoms, including pain localization, pain during daily activities, 
neck stiffness, memory and concentration and pain and headache 
intensity.  

A 2 6 11 

     
Byrn et al [64]. 
Double-blind comparison of subcutaneous sterile water injection 
therapy with saline injection therapy. Patients receiving active 
treatment improved in minimum and maximum pain intensity, neck 
mobility and self-assessment of improvement. Therapist blinding 
failed because sterile water injection therapy was painful to the 
patient. The eligibility criteria for inclusion were not specified. 

C 1 5 11 

     
Cassidy et al [65]. 
Single-blind comparison of manipulation with mobilization of the 
neck. Patients receiving manipulation had greater improvements in 
pain intensity and cervical range of motion. Evaluation was 
conducted immediately post treatment without long-term follow-up. 

C 1 5 13 

     
Fitz-Ritson [66]. 
Comparison of chiropractic therapy plus either standard exercise 
program or “phasic” exercise program. Patients doing “phasic” 
exercises improved in measures of Neck Disability Index. The 
groups were dissimilar in age, gender distribution and previous 
injuries. Blinding of the outcome assessor inadequate. 

C 1 3 9 

     
Foley-Nolan et al [67]. 
Placebo-controlled double-blind trial of high-frequency pulsed 
electromagnetic therapy. Patients receiving active treatment 
improved in measures of pain intensity at 2 and 4 weeks but not at 

A 4 7 15 
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12. Cervical range of motion was initially worse in the active 
treatment group but became significantly better than that of the 
placebo treatment group at 12 weeks. Patients in the active 
treatment group used significantly less analgesics at 2, 4 and 12 
weeks. 
     
Gennis et al [68]. 
Trial of the effect of soft cervical collars. Patients were assigned to 
either soft cervical collar or no collar groups. Both groups were 
advised to rest. The groups showed no difference in pain scores at 6 
months. The randomization procedure was flawed and blinding of 
the outcome assessor unknown. 

A 1 3 6 

     
Hendriks et al [69]. 
Comparison of ice treatment, neck exercises and advice on neck 
care, posture and use of collar with/without ultra-reiz current 
therapy. Patients receiving ultra-reiz current therapy significantly 
improved in pain intensity and cervical range of motion at 6 weeks. 
Blinding of outcome assessor unknown. 

A 1 4 8 

     
Humphreys et al [70]. 
Trial of the effect of coordination exercises. Four groups: chronic 
neck pain or asymptomatic individuals assigned to coordination 
exercises or non-exercise group. Individuals with chronic neck pain 
assigned to coordination exercise group experienced reduction in 
pain intensity. Both coordination exercise groups exhibited an 
increase in head repositioning accuracy. Blinding of outcome 
assessor unknown. 

C 1 4 8 

     
Johansson et al [71]. 
Trial of the effect of a 4-week cognitive behavioral pain 
management program. Patients were randomized to treatment group 
or waiting list control group. Patients participating in the program 
had decreased catastrophizing and pain behaviors and greater 
activity level in the spare time post-treatment. At the 1-month 
follow-up they still had greater activity level in the spare time and 
were more often in occupational training. Not reported whether the 
outcome assessors were blinded and whether the groups were 
similar at baseline. 

C 2 2 8 

     
Lord et al [72]. 
Placebo-controlled double-blind trial of percutaneous 
radiofrequency neurotomy. Patients receiving active treatment 
improved in measures of McGill Neck Pain Questionnaire and pain 
intensity.  

C 5 8 17 

     
McKinney et al [73]. 
Single-blind comparison of outpatient physiotherapy (treatment 
could include heat, cold, short-wave diathermy, hydrotherapy, 
traction, McKenzie assessment and treatment, Maitland 
mobilization, postural correction and home exercises) with standard 
therapy (rest and analgesia, general advice on mobilization after 10-
14 days) and home mobilization (instructions on postural 
correction, use of analgesia and collar, use of heat sources and 
muscle relaxation, mobilizing exercises). Both patients receiving 
outpatient physiotherapy and patients receiving home mobilization 
improved in cervical range of motion and pain intensity more than 
patients with standard therapy. There was no difference in 
effectiveness between outpatient physiotherapy and home 
mobilization. 

A 3 5 10 
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Mealy et al [74]. 
Single-blind comparison of standard treatment (rest, initial 
immobilization with soft cervical collar for 2 weeks, gradual 
mobilization) with early active mobilization (ice in the first 24 
hours, Maitland mobilization, daily neck exercises every hour). 
Patients in the early active mobilization group had greater 
improvements in pain intensity and cervical range of motion at 8 
weeks. 

A 2 5 8 

     
Pennie et al [75]. 
Comparison of standard treatment (2 weeks of rest in soft collar, 
then exercise therapy) with active treatment (traction, advice on 
neck care and sleeping posture, neck and shoulder exercises). No 
differences were found between the two treatments at 6-8 weeks or 
5 months in pain intensity, neck mobility or time off work. The 
randomization procedure was flawed and blinding of the outcome 
assessor unknown. 

A 1 1 6 

     
Pettersson et al [76]. 
Placebo-controlled double-blind trial of high-dose 
Methylprednisolone therapy administered within 8 hours of injury. 
Patients receiving active treatment exhibited reduction in sick leave 
at the 6-month follow-up. 

A 4 8 16 

     
Provinciali et al [77]. 
Single-blind comparison of multimodal treatment (postural training, 
manual technique, psychological support) with control treatment 
(physical agents only, such as electrical or sonic modalities). 
Patients receiving multimodal treatment had greater improvement 
in pain levels, return to work delay and self-rating scores of 
treatment efficacy. Neck mobility increased equally in both groups.   

C 1 5 8 

     
Rosenfeld et al [78]. 
Single-blind comparison of standard intervention (initial rest, 
recommended use of soft collar, gradual mobilization) with active 
intervention (frequent active cervical rotation, McKenzie 
assessment and treatment) either within 96 hours or after 14 days. 
Patients receiving active intervention had a greater reduction in 
pain intensity at the 6-month follow-up. There were no differences 
in cervical range of motion. Active intervention gave better results 
when administered within 96 hours.  Standard intervention gave 
better results when administered after 14 days. 

A 2 5 8 

     
Rosenfeld et al [79]. 
Single-blind comparison of standard intervention (initial rest, 
recommended use of soft collar, gradual mobilization) with active 
intervention (frequent active cervical rotation, McKenzie 
assessment and treatment) either within 96 hours or after 14 days. 
Pain intensity, cervical range of motion and sick leave were 
significantly lower for patients receiving active intervention at the 
6-month and three-year follow-up. Cervical range of motion at the 
three-year follow-up was similar to that of a control group of 
unexposed individuals if active intervention was received within 96 
hours. 

A 3 7 12 

     
Sand et al [80]. 
Double-blind comparison of intracutaneous sterile water injection 
therapy with saline injection therapy in patients with cervicogenic 
headache. No benefit was observed for either treatment on either 

C 2 3 8 
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pain or neck mobility. Not all patients in the sample suffered from 
whiplash-associated disorders. 
     
Schreiber et al [81]. 
Single-blind comparison of Fluoxetine therapy with Amitriptyline 
therapy. Both groups decreased in pain intensity. The between 
group differences were not significant. Not all patients in the 
sample suffered from whiplash-associated disorders. No long-term 
follow-up. 

C 3 5 11 

     
Söderlund et al [82]. 
Single-blind comparison of coordination exercise therapy. Patients 
were randomized to regular treatment (advice on posture and being 
active, neck and shoulder exercises) or additional treatment group 
(as previous plus a coordination exercise). Patients in the additional 
treatment group had not improved more than patients with regular 
treatment at 6 months. 

A 2 5 11 

     
Söderlund et al [83]. 
Single-blind comparison of individualized physiotherapy 
management (treatment could include stabilization exercises, 
coordination exercises, muscle stretching, body posture training, 
strengthening exercises, relaxation training, TENS, acupuncture, 
heat) with individualized physiotherapy management integrating 
cognitive behavioral components (learning, application and 
generalization of basic skills in everyday activities. Basic skills 
could include muscle stabilization techniques, relaxation training, 
reeducation of humeroscapular rhythm and exercises aimed to 
increase neck range of motion, coordination and endurance of neck 
muscles. Patients whose physiotherapy included cognitive 
behavioral components reported less pain and better performance of 
daily activities at 3 months. 

C 2 5 9 

     
Thuile et al [84]. 
Comparison of low-energy low-frequency magnetic field treatment. 
Patients received standard treatment (diclofenac and tizanidine 
therapy) with or without magnetic field treatment. Patients 
receiving magnetic field treatment improved in pain intensity and 
neck mobility. Blinding of outcome assessor unknown. Uncertain 
whether the patients suffered from acute or chronic WAD. 

C? 1 4 7 

     
Van Wieringen et al [85]. 
Placebo-controlled double-blind trial of Melatonin treatment. 
Patients with delayed Melatonin onset receiving active treatment 
exhibited advances in Melatonin onset and sleep-wake rhythm. 
Other sleep parameters, pain, quality of life, cognitive processing 
speed and vigilance were not influenced by one month of treatment. 

C 5 8 14 

     
Wallis et al [86]. 
Double-blind placebo-controlled trial  of percutaneous 
radiofrequency neurotomy. Patients receiving active treatment 
improved in measures of pain intensity and exhibited resolution of 
their pre-operative psychological distress. No report on whether the 
groups were similar at baseline. 

C 4 6 12 

     

     

a
 IMLB = Instrument for measuring the likelihood of bias, DL = Delphi list, MAL = 

Maastricht-Amsterdam list. 
 

b
 Timing when intervention is initiated. A = Acute (WAD persisting < 3 months), C = 

Chronic (WAD persisting ≥ 3 months) 
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4.2. Active Intervention in Patients with WAD (II) 

Of 102 consecutive patients randomized, five patients were excluded when 
discovered they did not fulfil the inclusion criteria (Figure 2). Of these patients, two 
had chronic neck pain and three had injury mechanisms other than motor vehicle 
collisions. Of the remaining 97 correctly included, 88 (91%) could be followed up at 
six-months. Seventy-three (75%) participated in the three-year follow-up. Drop-outs 
are presented in figure 2. 

4.2.1. Baseline Differences 

The small differences between the four groups in age, sex, initial pain intensity, 
lateral flexion, flexion, extension, flexion + extension, rotation or total CROM were 
not statistically significant (Table 11). 
 

Table 11 – Baseline values for patients analyzed at six months 
     

     

 Group 1 Group 2 Group 3 Group 4 
Intervention Active Standard Active Standard 
Intervention initiated < 96 hours < 96 hours > 2 weeks > 2 weeks 
     

     

Number  21 23 22 22 
     

Mean age–years (SD) 39 (16) 33 (11) 32 (12) 38 (14) 
     

Sex (male/female) 8/13 8/15 8/14 5/17 
     

Initial pain intensitya 37 (24,64) 
43 (24.4) 

30 (12,55) 
34 (23.8) 

35 (16,52) 
40 (25.8) 

39 (19,52) 
42 (29.1) 

     

No initial painb 1 2 0 1 
     

Low initial painc  1 5 0 4 
     

High initial paind 0 0 1 2 
     

Flexione 40.4 (17) 44.5 (14) 49.8 (13) 41.3 (17) 
     

Extensionf 50.0 (17) 51.4 (16) 49.1 (16) 48.1 (18) 
     

Flex.+Ext.g 90.4 (30) 95.9 (24) 98.9 (23) 89.4 (32) 
     

Total Lat. Flex.h 65.2 (22) 66.2 (14) 64.2 (11) 53.7 (17) 
     

Total Rotationi 114 (38) 119 (21) 121 (24) 101 (31) 
     

Total CROMj 270 (81) 282 (50) 285 (49) 244 (75) 
     
     
a Visual Analogue Scale (VAS) indicating levels of pain intensity. Length 0-100 mm. Higher 

values indicate higher pain intensity. First line is median change in VAS (25th and 75th 
percentile). Second line is mean change (SD). 

 

b Number of patients reporting 0 in VAS. 
 

c Number of patients reporting 0-10 in VAS. 
 

d Number of patients reporting ≥90 in VAS. 
 

e Flexion in the cervical spine. Mean values (SD). 
 
f Extension in the cervical spine. Mean values (SD). 

 
g Extension+Flexion in the cervical spine. Mean values (SD). 

 

h Lateral Flexion in the cervical spine. Mean values (SD). 
 

i Rotation in the cervical spine. Mean values (SD). 
 

j Total Cervical Range of Motion (CROM) in the cervical spine. Lateral Flexion, 
Extension/Flexion and Rotation were combined. Mean values (SD). 

34



A
v
a
il

a
b

le
 f

o
r 

a
n

a
ly

s
is

 a
t 

6
 m

o
n

th
s
 (

n
=

2
4
)

A
n
a
ly

s
e
d
 a

t 
6
 m

o
n

th
s
 (

n
=

2
2
)

E
xc

lu
d
e
d
 f

ro
m

 a
n
a
ly

s
is

 (
n

=
2

)
E

x
c
lu

d
e

d
 d

u
e
 t

o
 n

o
n

-t
ra

ff
ic

 i
n

ju
ry

 (
n
=

2
)

A
v
a
il

a
b

le
 f

o
r 

a
n

a
ly

s
is

 a
t 

3
 y

e
a
rs

 (
n

=
2
0

)
A

n
a
ly

s
e
d
 a

t 
3
 y

e
a
rs

 (
n
=

1
8
)

E
xc

lu
d
e
d
 f

ro
m

 a
n
a
ly

s
is

 (
n

=
2

)
  

  
 E

x
c
lu

d
e

d
 d

u
e
 t

o
 n

o
n

-t
ra

ff
ic

 i
n

ju
ry

 (
n
=

2
)

A
ll

o
c

a
te

d
 t

o
 e

a
rl

y
 s

ta
n

d
a
rd

 i
n

te
rv

e
n

ti
o

n
 (

n
=

2
6
)

R
e
c
e
iv

e
d

 a
llo

c
a
te

d
 i
n
te

rv
e
n
ti
o
n
 (

n
=

2
6
)

D
id

 n
o
t 

re
c
e
iv

e
 a

llo
c
a
te

d
 i
n
te

rv
e
n
ti
o

n
 (

n
=

0
)

A
ll

o
c

a
te

d
 t

o
 e

a
rl

y
 a

c
ti

v
e
 i

n
te

rv
e
n

ti
o

n
 (

n
=

2
5
)

R
e

c
e
iv

e
d

 a
llo

c
a
te

d
 i
n
te

rv
e

n
ti
o
n
 (

n
=

2
4

)
D

id
 n

o
t 

re
c
e

iv
e
 a

llo
c
a
te

d
 i
n
te

rv
e
n
ti
o

n
 (

n
=

1
)

  
  

 E
x
c
lu

d
e

d
 d

u
e

 t
o

 n
o
n

-t
ra

ff
ic

 i
n
ju

ry
 (

n
=

1
)

  
  
 

E
x

c
lu

d
e

d
 (

n
=

1
6

)

N
o

t 
m

e
e
ti
n
g
 i
n
c
lu

s
io

n
 c

ri
te

ri
a
 (

n
=

7
)

P
re

v
io

u
s
ll
y
 i
n

ju
re

d
 (

n
=

1
)

N
o
n

-t
ra

ff
ic

 i
n
fj
u
ry

 (
n

=
1

)

>
9

6
h
o

u
rs

 a
ft

e
r 

 t
ra

u
m

a
(n

=
5
)

O
th

e
r 

re
a
s
o

n
s
 (

n
=

9
)

N
o

-s
h

o
w

s
 (

n
=

3
)

R
e
fu

s
e

d
 p

a
rt

ic
ip

a
ti
o

n
 (

n
=

6
)

A
s

s
e

s
s

e
s

 f
o

r 
e

li
g

ib
il

it
y
 (

n
=

1
1

8
)

A
ll

o
c
a
te

d
 t

o
 d

e
la

y
e

d
 s

ta
n

d
a

rd
 i

n
te

rv
e
n

ti
o

n
 (

n
=

2
5
)

R
e
c
e
iv

e
d
 a

llo
c
a
te

d
 i
n
te

rv
e
n
ti
o
n
 (

n
=

2
5
)

D
id

 n
o
t 

re
c
e
iv

e
 a

llo
c
a
te

d
 i
n

te
rv

e
n

ti
o
n
(n

=
0
)

  
  

R
a

n
d

o
m

is
e

d
 (

n
=

1
0

2
)

A
ll

o
c

a
te

d
 t

o
 d

e
la

y
e
d

 a
c
ti

v
e
 i

n
te

rv
e
n

ti
o

n
 (

n
=

2
6
)

R
e
c
e
iv

e
d

 a
llo

c
a
te

d
 i
n
te

rv
e

n
ti
o
n
 (

n
=

2
2
)

D
id

 n
o
t 

re
c
e

iv
e
 a

llo
c
a
te

d
 i
n
te

rv
e
n
ti
o

n
(n

=
4
)

E
xc

lu
d

e
d

 d
u
e

 t
o

 n
o
n

-t
ra

ff
ic

 i
n
ju

ry
 (

n
=

2
)

R
e
fu

s
e
d

 p
a
rt

ic
ip

a
ti
o

n
 (

n
=

1
)

M
o

v
e

d
 a

b
ro

a
d
 (

n
=

1
)

L
o

s
t 

to
 6

 m
o

n
th

 f
o

ll
o

w
 u

p
 (

n
=

2
)

D
is

c
o
n
ti
n

u
e
d
 i
n
te

rv
e
n
ti
o

n
 (

n
=

0
)

O
th

e
r 

re
a
s
o
n
s
 (

n
=

2
)

R
e

fu
s
e

d
 p

a
rt

ic
ip

a
ti
o
n

 (
n
=

1
)

N
o

t 
re

a
c
h

e
d
 (

n
=

1
)

L
o

s
t 

to
 6

 m
o

n
th

 f
o

ll
o

w
 u

p
 (

n
=

2
)

D
is

c
o
n
ti
n

u
e
d
 i
n
te

rv
e
n
ti
o

n
 (

n
=

1
)

C
o

u
ld

 n
o
t 

b
e
 r

e
a
c
h

e
d
 (

n
=

1
)

O
th

e
r 

re
a
s
o
n
s
 (

n
=

1
)

M
o

v
e

d
 a

b
ro

a
d

 (
n
=

1
)

L
o

s
t 

to
 6

 m
o

n
th

 f
o

ll
o

w
 u

p
 (

n
=

1
)

D
is

c
o
n
ti
n

u
e
d
 i
n
te

rv
e
n
ti
o

n
(n

=
1
)

R
e

fu
s
e

d
 p

a
rt

ic
ip

a
ti
o

n
 (

n
=

1
)

L
o

s
t 

to
 6

 m
o

n
th

 f
o

ll
o

w
 u

p
 (

n
=

3
)

D
is

c
o
n

ti
n
u
e
d
 i
n

te
rv

e
n

ti
o
n
 (

n
=

0
)

O
th

e
r 

re
a
s
o
n

s
 (

n
=

3
)

R
e

fu
s
e

d
 p

a
rt

ic
ip

a
ti
o

n
 (

n
=

3
)

A
v
a
il

a
b

le
 f

o
r 

a
n

a
ly

s
is

 a
t 

3
 y

e
a
rs

 (
n

=
1
9
)

A
n
a
ly

s
e

d
 a

t 
3
 y

e
a
rs

 (
n
=

1
6
)

E
xc

lu
d

e
d
 f

ro
m

 a
n

a
ly

s
is

 (
n

=
3
)

E
x
c
lu

d
e

d
 d

u
e
 t

o
 c

h
ro

n
ic

 n
e

c
k
 p

a
in

 (
n

=
1

)

E
x
c
lu

d
e

d
 d

u
e
 t

o
 r

e
in

ju
ry

 (
n
=

2
)

A
v
a
il

a
b

le
 f

o
r 

a
n

a
ly

s
is

 a
t 

3
 y

e
a
rs

 (
n

=
2
1

)
A

n
a
ly

s
e
d
 a

t 
3
 y

e
a
rs

 (
n

=
2
1

)
E

xc
lu

d
e
d
 f

ro
m

 a
n
a
ly

s
is

 (
n
=

0
)

A
v
a

il
a
b

le
 f

o
r 

a
n

a
ly

s
is

 (
n

=
2

1
)

A
n
a

ly
s
e
d
 a

t 
3

 y
e
a
rs

 (
n
=

1
8
)

E
x
c
lu

d
e
d

 f
ro

m
 a

n
a
ly

s
is

 (
n
=

3
)

E
xc

lu
d

e
d

 d
u
e

 t
o

 n
o
n

-t
ra

ff
ic

 i
n
ju

ry
 (

n
=

1
)

E
xc

lu
d

e
d

 d
u
e

 t
o

 c
h
ro

n
ic

 n
e

c
k
 p

a
in

 (
n

=
1

)
E

xc
lu

d
e
d

 d
u
e

 t
o

 r
e
in

ju
ry

 (
n

=
1

)

L
o

s
t 

to
 3

 y
e
a
r 

fo
ll

o
w

 u
p

 (
n

=
3
)

O
th

e
r 

re
a
s
o
n
s
 (

n
=

3
)

U
n

a
b

le
 t

o
 f
in

d
 t

im
e

 f
o

r 
fo

llo
w

-u
p
 (

n
=

1
)

N
o

t 
re

a
c
h
e

d
 f

o
r 

fo
ll
o
w

-u
p

 (
n
=

2
)

L
o

s
t 

to
 3

 y
e
a
r 

fo
ll
o

w
 u

p
 (

n
=

4
)

D
is

c
o
n
ti
n

u
e
d
 i
n
te

rv
e
n
ti
o

n
 (

n
=

0
)

O
th

e
r 

re
a
s
o
n
s
 (

n
=

4
)

  
  

 R
e
fu

s
e

d
 s

e
c

o
n

d
 e

v
a

lu
a

ti
o

n
 (

n
=

1
)

  
  

 N
o

t 
re

a
c

h
e
d

 (
n

=
3

)

L
o

s
t 

to
 3

 y
e
a
r 

fo
ll

o
w

 u
p

 (
n

=
2
)

D
is

c
o
n

ti
n
u
e
d
 i
n

te
rv

e
n

ti
o
n
 (

n
=

0
)

O
th

e
r 

re
a
s
o
n

s
 (

n
=

2
)

T
ra

v
e

lin
g

 (
n

=
1

)
N

o
t 

re
a
c
h
e

d
 (

n
=

1
)

A
v
a
il

a
b

le
 f

o
r 

a
n

a
ly

s
is

 a
t 

6
 m

o
n

th
s
 (

n
=

2
3

)
A

n
a
ly

s
e

d
 a

t 
6
 m

o
n
th

s
 (

n
=

2
2
)

E
xc

lu
d

e
d
 f

ro
m

 a
n

a
ly

s
is

 (
n

=
1
)

E
x
c
lu

d
e

d
 d

u
e
 t

o
 c

h
ro

n
ic

 n
e

c
k
 p

a
in

 (
n

=
1

)

A
v
a
il

a
b

le
 f

o
r 

a
n

a
ly

s
is

 a
t 

6
 m

o
n

th
s
 (

n
=

2
4
)

A
n
a
ly

s
e
d
 a

t 
6
 m

o
n

th
s
 (

n
=

2
1
)

E
xc

lu
d
e
d
 f

ro
m

 a
n
a
ly

s
is

 (
n

=
3

)
E

x
c
lu

d
e

d
 d

u
e
 t

o
 n

o
n

-t
ra

ff
ic

 i
n

ju
ry

 (
n
=

1
)

E
x
c
lu

d
e

d
 d

u
e
 t

o
 c

h
ro

n
ic

 n
e
c
k
 p

a
in

 (
n
=

1
)

E
x
c
lu

d
e

d
 d

u
e
 t

o
 r

e
in

ju
ry

 (
n

=
1
)

A
v
a
il

a
b

le
 f

o
r 

a
n

a
ly

s
is

 a
t 

6
 m

o
n

th
s

 (
n

=
2

3
)

A
n
a
ly

s
e
d
 a

t 
6
 m

o
n

th
s
 (

n
=

2
3
)

E
xc

lu
d
e
d
 f

ro
m

 a
n
a
ly

s
is

 (
n
=

0
)

L
o

s
t 

to
 3

 y
e
a
r 

fo
ll

o
w

 u
p

 (
n

=
4
)

D
is

c
o
n
ti
n

u
e
d
 i
n
te

rv
e
n
ti
o

n
 (

n
=

2
)

T
ra

v
e

lin
g

 (
n

=
)

L
o

s
t 

c
o

n
ta

c
t 
(n

=
1
)

 O
th

e
r 

re
a
s
o

n
s
 (

n
=

2
)

R
e

in
ju

ry
 (

n
=

1
)

U
n

a
b

le
 t

o
 f
in

d
 t

im
e

 f
o

r 
fo

llo
w

-u
p
 (

n
=

1
)

  
  

 
F

ig
u

re
 2

 –
 P

ar
ti

ci
p

an
ts

 f
lo

w
-c

h
ar

t

35



 

4.2.2. Treatment Sessions 

Of the patients receiving active intervention two received one instruction/treatment session, 13 
received two sessions, and 10 received three sessions. The remaining patients received more than 
three sessions. The mean number of instruction/treatment sessions in the active intervention 
groups was 3.95. Symptoms persisting more than 20 days were seen in 63% (27/43) of patients 
in the active intervention group. They were re-examined and treated as described previously. 
 

The number of patients receiving interventions from sources outside the control of this study 
did not differ statistically between the groups (Table 12). 

4.2.3. Active versus Standard Intervention 

Evaluation of the two interventions showed a reduction in pain intensity after six months (Table 
12) and three years (Table 13) in all patients. However, the reduction of pain intensity was 
greater and the need for sick leave was lower for patients receiving active intervention compared 
to standard (Table 14). 
 

The short-term effect of active intervention on CROM was not significant (Table 12 and 14). 
However, the three-year follow-up showed a trend (P=0.06-0.08) favoring active intervention 
over standard (Table 13 and 14). Patients receiving an early active intervention (Group 1) had a 
total CROM similar to matched controls at the three-year follow-up (Table 15). All other groups 
(Group 2-4) had decreased CROM compared to matched controls (Table 15). Active intervention 
significantly increases the chances for regaining/retaining CROM measured by comparing 
patients to unexposed healthy individuals (Table 16). 
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Table 12 – Six-month follow-up in patients exposed to whiplash trauma 
     

     

 Group 1 Group 2 Group 3 Group 4 
Intervention Active Standard Active Standard 
Intervention initiated < 96 hours < 96 hours > 2 weeks > 2 weeks 
     

     

Number  21 23 22 22 
     

Mean days to follow-up 
(SD) 

213 (41) 244 (100) 219 (48) 256 (77) 

     

Change in pain intensitya -27 (-14,-46) 
-29.6 (24) 

-6 (+24,-16) 
+0.74 (30) 

-11 (-5,-27) 
-15 (19) 

-8.5 (-2,-13) 
-7.1 (22) 

     

No pain at follow-upb 38% (8/21) 17% (4/23) 23% (5/22) 5% (1/22) 
     

Low pain at follow-upc 52% (11/21) 30% (7/23) 36% (8/22) 9% (2/22) 
     

Sick leave days for all 
patientsd 

15.1 (42) 10.3 (22) 11.5 (38) 28.9 (51) 

     

Sick leave days for 
patients 20-65 yearsd 

17.7 (46) 10.7 (23) 13.8 (42) 31.8 (52) 

     

Sick leave ≥30 days for 
all patientse 

2/21 3/23 1/22 6/22 

     

Sick leave ≥30 days for 
patients 20-65 yearse 

2/18 3/22 1/18 6/20 

     

Change in Flexionf +9.8 (18) -1.1 (16) +0.3 (17) +8.0 (18) 
     

Change in Extensiong +8.4 (15) +7.1 (14) +8.2 (15) +3.7 (16) 
     

Change in Flex.+Ext.h +18.2 (27) +6.0 (22) +8.5 (23) +11.7 (28) 
     

Change in total Lat. 
Flex.i 

+10.1 (18) +4.7 (16) +7.3 (12) +10.1 (18) 

     

Change in total Rotationj +23.6 (37) +14.4 (37) +7.5 (21) +22.8 (25) 
     

Change in total CROMk +51.9 (70) +25.2 (62) +23.3 (47) +44.6 (59) 
     

Received interventions 
from sources outside the 
control of this studyl 

3/21 9/23 5/22 9/21 

     

     
a First line is median change in Visual Analogue Scale (VAS) (25th and 75th percentile). Second line is 

mean change (SD). Negative values indicate a decrease in pain level. 
 

b Proportion of patients reporting 0 in VAS. 
 

c Proportion of patients reporting ≤10 in VAS (including those reporting 0). 
 

d Sick leave during the preceding six months as estimated by the patient. Mean number of working days 
(SD). 

 

e Number of patients reporting sick leave ≥30 days during the preceding six months due to whiplash 
injury. (after / no. of patients with sufficient data) 

 

f The mean change (SD) in flexion in the cervical spine. Positive values indicate increased range of 
motion. 

 

g The mean change (SD) in extension in the cervical spine. Positive values indicate increased range of 
motion. 

 

h The mean change (SD) in flexion + extension in the cervical spine. Positive values indicate increased 
range of motion. 

 

i The mean change (SD) in lateral flexion in the cervical spine. Positive values indicate increased range of 
motion. 

 

j The mean change (SD) in rotation in the cervical spine. Positive values indicate increased range of 
motion. 

 

k The mean change (SD) in total cervical range of motion (CROM). Positive values indicate increased 
range of motion. 

 

l The number of patients who received interventions from sources outside the control of this study. Data is 
missing from one patient in group 4. 
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Table 13 – Three-year follow-up in patients exposed to whiplash trauma 

     

     

 Group 1 Group 2 Group 3 Group 4 
Intervention Active Standard Active Standard 
Intervention initiated < 96 hours < 96 hours > 2 weeks > 2 weeks 
     

     

Number 18 21 18 16 
     

Mean days to follow-up 
(SD) 

1213 (110) 1240 (121) 1227 (129) 1234 (126) 
     

Change in pain intensitya 
-17 (-2,-28) 
-21 (27.6) 

-5 (+18,-23) 
-1.8 (29.7) 

-15.5 (-8,-28) 
-15.8 (22.4) 

-10 (+11,-20) 
-5.2 (27.3) 

     

No pain at follow-upb 33% (6/18) 33% (7/21) 44% (8/18) 31% (5/16) 
     

Low pain at follow-upc 39% (7/18) 43% (9/21) 61% (11/18) 31% (5/16) 
     

Sick leave days for all 
patientsd 

11.2 (44) 40.2 (71) 10.0 (42) 20.5 (50) 
     

Sick leave days for 
patients 20-65 yearsd 

13.6 (48) 42.2 (72) 12.9 (48) 21.9 (52) 
     

Sick leave ≥30 days for 
all patientse 

1/17 6/21 1/18 3/15 
     

Sick leave ≥30 days for 
patients 20-65 yearse 

1/14 6/20 1/14 3/14 
     

Change in Flexionf +17.7 (18) +6.2 (19) +3.8 (21) +5.9 (15) 
     

Change in Extensiong +8.9 (15) +1.4 (15) +6.9 (16) +3.8 (15) 
     

Change in Flex.+Ext.h +26.7 (27) +7.6 (27) +10.7 (30) +9.7 (22) 
     

Change in total Lat. 
Flex.i 

+8.8 (19) -3.2 (18) +4.2 (15) +3.9 (13) 
     

Change in total Rotationj +25.6 (34) +11.8 (32) +10.7 (22) +9.8 (17) 
     

Change in total CROMk +61.1 (61) +16.2 (67) +25.6 (60) +23.4 (43) 
     

Received interventions 
from sources outside the 
control of this studyl 

(Not asked for at three year follow-up) 

     

     
a First line is median change in Visual Analogue Scale (VAS) (25th and 75th percentile). Second line is 

mean change (SD). Negative values indicate a decrease in pain level. 
 

b Proportion of patients reporting 0 in VAS. 
 

c Proportion of patients reporting ≤10 in VAS (including those reporting 0). 
 

d Sick leave during the preceding six months as estimated by the patient. Mean number of working days 
(SD). 

 

e Number of patients reporting sick leave ≥30 days during the preceding six months due to whiplash 
injury. (after / no. of patients with sufficient data) 

 

f The mean change (SD) in flexion in the cervical spine. Positive values indicate increased range of 
motion. 

 

g The mean change (SD) in extension in the cervical spine. Positive values indicate increased range of 
motion. 

 

h The mean change (SD) in flexion + extension in the cervical spine. Positive values indicate increased 
range of motion. 

 

i The mean change (SD) in lateral flexion in the cervical spine. Positive values indicate increased range of 
motion. 

 

j The mean change (SD) in rotation in the cervical spine. Positive values indicate increased range of 
motion. 

 

k The mean change (SD) in total cervical range of motion (CROM). Positive values indicate increased 
range of motion. 

 

l The number of patients who received additional treatments from sources outside the control of this 
study. 
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Table 14 – Differences in outcome (P-values) active versus standard intervention 
     

     

 Six-month follow-up Three-year follow-up 
 Anovaa Friedmannb Anova Friedmann 
     

     

Change in pain intensityc 0.0004 0.0009 
(0.019) 

0.020 0.026 
(0.028) 

     

Sick leave days for all patientsd ----- NSe ----- 0.030 
     

Sick leave days for patients 20-65 
yearsd 

----- NS ----- NS (0.063) 

     

Change in Flexionf NS NS NS NS 
     

Change in Extensiong NS NS NS NS 
     

Change in Flex.+Ext.h NS NS NS NS (0.081) 
     

Change in total Lat. Flex.i NS NS NS NS 
     

Change in total Rotationj NS NS NS NS 
     

Change in total CROMk NS NS NS (0.092) NS (0.062) 
     

     

a In case of skewed data, the non-parametric test described by Friedmann was used. In such cases this 
is noted by ----- 

 

b Friedmann’s test is usually performed on raw data. In a visual analogue scale (VAS) it may also be 
performed on transformed data where improvement is coded as +1, worsening as –1 and unchanged 
as 0. The outcome of Friedmann’s test used on transformed data is given within parentheses. 

 

c The mean change in VAS 
 

d Mean number of days on sick leave during the preceding six months as estimated by the patient. 
 

e NS = Non-significant (p>0.05). P-values 0.05-0.1 presented in paranthesis. 
 

f The mean change in flexion in the cervical spine. 
 

g The mean change in extension in the cervical spine. 
 

h The mean change in flexion + extension in the cervical spine. 
 

i The mean change in lateral flexion in the cervical spine. 
 

j The mean change in rotation in the cervical spine. 
 

k The mean change in total total cervical range of motion (CROM). 
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Table 16 – Effect of intervention, time factor and their combined effect (p-values) on 
retaining/regaining cervical range of motion when comparing patients at three year 
follow-up to unexposed individuals 
 

 

 Interventiona Timeb Interactionc 
    

    

Flexion NSd NS NS 
    

Extension NS NS NS (0,053) 
    

Flexion + Extension NS NS NS (0.054) 
    

Total Lateral Flexion 0.0042 NS NS (0.063) 
    

Total Rotation 0.011 NS NS 
    

Total CROM 0.032 NS NS 
 

 
a Intervention = Active intervention versus standard intervention 
 

b Time = <94 hours versus  versus >two weeks 
 

c Interaction = Interaction between intervention and time 
 

d NS = Non-significant (P>0.05). P-values 0.05-0.1 presented in paranthesis. 

 

4.2.4. The Importance of the Time Factor 

The time factor, defined as initiating intervention immediately or with a delay of 14 days, did not 
by itself affect the outcome at either the six-month or three-year follow-up. 
 

Combining the intervention and time factor in a two-way factorial design showed, at six 
months, an interaction between type of intervention and timing on the reduction of pain intensity 
(P=0.04) and on the improvement of cervical flexion (P=0.01). When active intervention was 
applied it was better to receive it early and if standard intervention was given it was better to 
receive it late. No interaction effect was found at the three-year follow-up. 
 

Comparing the patients with individually matched unexposed controls showed a combined 
effect of timing and intervention on retaining/regaining CROM at the three-year follow-up 
(Table 16). CROM was greater retained/regained when active intervention was received early 
and when standard intervention was received late. 

4.2.5. No Initial Pain 

Four of 97 patients (4.1%, 95% confidence interval 0.15-8.0%) had no initial pain (WAD 0, 
VAS 0 mm of maximum 100 mm). One patient in group 1 had no pain at six months or at three 
years. The other three patients in group 2 and 4 had pain at six months (8-64/100) and two of 
them at three years (50-51/100). 
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4.3. Basic body awareness therapy compared to exercise therapy for 
patients with chronic whiplash associated disorders (III) 

4.3.1. Recruitment and follow-up of participants 

Details of patient recruitment and dropouts are shown in Figure 3. 3570 patients were identified 
in the electronic medical journals of all 30 primary health units in Southern Älvsborg County. A 
random sample of 1573 was selected to be contacted by mail. 1546 had an address in the 
Swedish personal address registry (SPAR) and received the mailed survey with PROs and 
consent information. 996 responded to the survey and 373 stated having chronic WAD and 
accepted participation. After baseline assessment 113 were randomly allocated to ET (n=57) or 
BBAT (n=56).  
 

All patients that underwent random allocation were analyzed according to group assignment. 
Thus, we attempted to follow up all 113 patients regardless of compliance. One patient in the ET 
group and three patients in BBAT group never came to any treatment appointment. 

4.3.2. Baseline characteristics 

The groups were similar at baseline (Table 17). Patients had been suffering from chronic WAD 
for several years, had high levels of pain, were moderately disabled, and had high fear of 
movement. 
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Primary care visits coded whiplash 
(n=5613) 

Individuals in primary care coded 
whiplash (n=3570) 

Random sample (n=1573) 

Individuals with address in SPAR 
(n=1546) 

Individuals missing in SPAR (n=27) 

Survey responders (n=996) 

No reply (n=529), 
Deceased (n=2), 
Living abroad (n=2), 
Unknown addressee (n=17) 

Assessed (n=372) 

Declined participation (n=567) 
No whiplash trauma (n=17) 
Reply after deadline (n=11) 
Pain never/almost never (n=28) 
Failure to correctly include (n=1) 

Randomized (n=113) 

Unable to contact the patient (n=73) 
I have no time for this (n=62) 
Comorbidity that hinders participation (n=38) 
Can’t because of work (n=21) 
Recovered (n=15) 
Not interested (n=11) 
Treatment too intensive (n=10) 
Had trauma but no WAD (n=7) 
Declined (n=5) 
Other reasons (n=17) 

Exercise Therapy (n=57) 
Received treatment (n=56) 

Did not receive treatment (n=1) 
(Patient never came to treatment 

sessions) 

 

Basic Body Awareness Therapy (n=56) 
Received treatment (n=53) 

Did not receive treatment (n=3) 
(Patients never came to treatment sessions) 

 

Follow-up after treatment 
Complete evaluation (n=54) 

No examination (n=1) 
Neither examination nor questionnaires 

(n=2) 

 

Follow-up after treatment 
Complete evaluation (n=51) 

No examination (n=1) 
Neither examination nor questionnaires (n=4) 

 

3-month follow-up 
Complete evaluation (n=52) 

No examination (n=3) 
Neither examination nor questionnaires 

(n=2) 
 

3-month follow-up 
Complete evaluation (n=50) 

No examination (n=2) 
Neither examination nor questionnaires (n=4) 

 

Figure 3 – Details of patient recruitment and drop-outs 
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Table 17 – Baseline characteristics for exercise therapy (ET) and basic body awareness 
therapy (BBAT) groups [mean (SD) and median (interquartile range) or n (%)] 
   

   

 
ET 

(n=57) 
BBAT 
(n=56) 

   

   

Age, years 49 (11) 
47 (15) 

47 (13) 
49 (21) 

Female 
Male 

44 (77%) 
13 (23%) 

37 (66%) 
19 (34%) 

Duration of symptoms, years 9.3 (7.7) 
7 (8) 

10 (9.5) 
7 (9.3) 

WAD classification 1 
      2 
      3 

1 (2%) 
16 (28%) 
40 (70%) 

0 (0%) 
13 (23%) 
43 (77%) 

Pain intensitya 3.6 (0.71) 
3 (1) 

3.6 (0.78) 
3 (1) 

Pain frequencyb 4.2 (1.07) 
5 (2) 

4.2 (1.08) 
5 (2) 

Number of whiplash traumas 1.7 (1.2) 
1 (1) 

1.8 (1.4) 
1 (1) 

Days on sick-leave during past 6 months 62 (75.3) 
18.1 (137) 

69.7 (80) 
22.8 (182.5) 

Neck Disability Indexc 19 (7.6) 
18 (12) 

20 (8.9) 
20 (17) 

SF-36 v2 Physical functioningd 70 (17) 
75 (25) 

67 (21) 
75 (35) 

SF-36 v2 Role - physical 25 (37) 
0 (50) 

34 (39) 
13 (75) 

SF-36 v2 Bodily pain 35 (18) 
41 (19) 

34 (20) 
41 (20) 

SF-36 v2 General health 49 (19) 
50 (23) 

55 (22) 
57 (36) 

SF-36 v2 Vitality 35 (22) 
30 (38) 

39 (24) 
43 (44) 

SF-36 v2 Social functioning 59 (27) 
50 (44) 

60 (27) 
63 (25) 

SF-36 v2 Role - emotional 52 (45) 
33 (100) 

55 (42) 
67 (100) 

SF-36 v2 Mental health 63 (24) 
68 (44) 

66 (22) 
72 (31) 

Tampa Scale of Kinesiophobiae 35 (7.6) 
36 (10) 

37 (10) 
35 (13) 

Body Awareness Scale - observationf 
30 (6.5) 
31 (9.4) 

30 (7.5) 
29 (9.8) 

Body Awareness Scale - interviewg 
16 (7.3) 
17 (13) 

16 (6.3) 
15 (7.8) 

   

   
a “how often do you have pain in your shoulder, head or neck nowadays?” (1 representing 

never/almost never, 2 representing few times/month, 3 representing few times a week, 4 
representing few times a day, 5 representing constant pain) 

 

b “if you answered that you have pain in shoulder, head or neck how intensive is this pain?” (0 
representing no pain at all, 1 representing barely noticeable, 2 representing weak pain, 3 
representing moderate pain, 4 representing strong pain, 5 representing very strong pain) 

 

c Neck Disability Index score (0-50 scale, 10 items, higher scores represent greater disability) 
 

d Short Form 36 version 2 score (0-100 scale, 36 items, higher scores represent a better health state) 
 

e Tampa Scale of Kinesiophobia score (17-68 scale, 17 items, higher scores represent greater pain-
related fear of movement) 

 
f Body Awareness Scale observation score (0-63 scale, 21 items, higher scores represent lower 

quality of movement) 
 

g Body Awareness Scale interview score (0-51 scale, 17 items, higher scores represent experiencing 
lower quality of movement) 
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4.3.3. Compliance with treatment 

The mean number of treatment sessions attended was 13 (95% CI: 11 to 14) for the ET group 
and 14 (95% CI: 13 to 16) for the BBAT group. The range was 0 to 20 sessions for both groups. 
There were no statistically significant differences in compliance between groups. 

4.3.4. Additional treatment 

At first follow-up directly after the last treatment 25 patients (47%) in the ET group and 21 
patients (42%) in the BBAT group reported seeking additional treatment. At three months the 
corresponding figures were 29 patients (57%) in the ET group and 22 patients (45%) in the 
BBAT group (Table 18). 
 
 
Table 18 – Additional treatment reported at the post treatment and three month follow-up 
   

   

 Post treatment follow-up 3-month follow-up 
 ET (n=53) BBAT (n=50) ET (n=51) BBAT (n=49) 
     

     

No additional 
treatment 

28 29 22 27 
     

Physical and 
manual therapy 

6 8 11 9 
     

Massage 12 7 15 9 
     

Non-supervised 
physical activity 

9 12 3 9 
     

Medical device 2 2 6 4 
     

Dietary 
supplements and 
natural medicine 

1 0 3 0 

     

Surgery 0 2 1 0 
     

Miscellaneous 7 1 2 1 
     

     

 

4.3.5. Effectiveness of treatment 

The BBAT group had greater improvement than the ET group on most primary and secondary 
outcomes at the post-treatment follow-up. These differences in improvement were still evident at 
three months (Table 19a, 19b, 20a and 20b). 
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Analysis of primary outcome measures showed that BBAT had a large treatment effect on 

quality of movement pattern (BAS observation) and the subjective experience of quality of 
movement (BAS interview) compared to ET. Furthermore a moderate effect was observed on the 
physical functioning domain of SF-36. Also, another treatment effect on the social functioning 
and bodily pain domains of SF-36 appeared at three months. 
 

Analysis of secondary outcome measures showed that BBAT had a large treatment effect on 
improved head posture compared to ET and an additional moderate effect was seen in reduced 
pain frequency at three months. 

4.3.6. Adverse events 

One patient suffered a partial calf muscle rupture during assessment at the post-treatment follow-
up and was in need of medical attention. This minor injury subsequently healed and symptoms 
receded completely. 
No serious adverse events were reported during this trial neither during nor in connection with 
treatment. 105 of 113 patients were asked about adverse events (4 could not be reached by 
telephone and 4 did not participate in treatment at all). 21 of 53 patients in the ET group and 14 
of 52 patients in the BBAT group reported an adverse event. The main complaint was increased 
neck pain (28). Other adverse effects were fatigue (2), back pain (1), hip pain (1), increased 
migraine headache (1), nausea (1) and training soreness (1). 
 

4.4. Applying the fear-avoidance model to patients with chronic whiplash 
associated disorders (IV) 

4.4.1. Participants 

3570 patients were identified in the electronic medical journals from all 30 primary health units 
in Southern Älvsborg County. A random sample of 1573 patients was selected for further 
contact. 1546 were found in the Swedish personal address registry (SPAR) and received the 
survey with PROs and consent information. 996 patients responded and 373 stated having 
chronic WAD and accepted participation. Finally, 113 patients were available for analysis 
(Figure 3). 
 

The participating patients had suffered from WAD for several years and had high levels of 
pain, moderate disability and high fear of movement/(re)injury. Most were females (72%) and 
the mean age was 48 (sd=12; range 18 to 79). Additional descriptive information about scores on 
other variables is presented in Table 21. 
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Table 21 – Descriptive data of the 113 patients studied 
  

  

 
Mean (SD) 

Median (interquartile range) 
N (%) 

  

  

Age, years 48 (12) 
48 (18) 

Female 
Male 

81 (72%) 
32 (28%) 

Duration of symptoms, years 9.7 (8.6) 
7 (8.5) 

WAD classification 1 
      2 
      3 

1 (1%) 
29 (26%) 
83 (73%) 

Pain frequencya 4.2 (1.1) 
5 (2) 

Pain intensityb 3.6 (0.74) 
3 (1) 

Number of whiplash traumas 1.8 (1.3) 
1 (1) 

Days on sick-leave during past 6 months 66 (77) 
21 (183) 

SF-36 v2 Physical Health Composite Score c 35 (9.4) 
34 (14) 

SF-36 v2 Mental Health Composite Score 40 (14) 
41 (24) 

Tampa Scale of Kinesiophobiad 36 (9) 
36 (12) 

Body Awareness Scale - observatione 
30 (7.1) 
30 (9.4) 

  

  

a “how often do you have pain in your shoulder, head or neck nowadays?” (1 representing 
never/almost never, 2 representing few times/month, 3 representing few times a week, 4 
representing few times a day, 5 representing constant pain). 

 
b “if you answered that you have pain in shoulder, head or neck how intensive is this 

pain?” (0 representing no pain at all, 1 representing barely noticeable, 2 representing 
weak pain, 3 representing moderate pain, 4 representing strong pain, 5 representing very 
strong pain). 

 

c Short Form 36 version 2 composite scores (T-distribution with mean=50 and sd=10, 
higher scores represent a better health state). 

 

d Tampa Scale of Kinesiophobia score (17-68 scale, 17 items, higher scores represent 
greater pain-related fear of movement). 

 

e Body Awareness Scale observation score (0-63 scale, 21 items, higher scores represent 
lower quality of movement). 

 

4.4.2. Correlations 

A correlation matrix was constructed from the variables pain, guarded movement, fear of 
movement/(re)injury, mental health and physical health. All variables exhibited significant 
correlations (Table 22). The negative correlation coefficients in relation to MCS and PCS 
indicated that higher values of pain, guarded movement and fear of movement/(re)injury were 
associated with poorer mental and physical health. 
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Table 22 – Inter-correlations of component elements of fear-avoidance model 

       

       

 Range Pain BAS TSK MCS PCS 
       

       

Pain  1-5 - 
0.22 

0.019 
0.36 

3.2*10-14 
-0.38 

5*10-18 
-0.46 

1.4*10-26 

BAS 0-63  - 
0.37 

0.0001 
-0.32 
0.001 

-0.34 
0.0003 

TSK 17-68   - 
-0.46 

1.0*10-22 
-0.38 

2.1*10-15 

MCS 8.6-65    - 
0.14 

0.002 
PCS 17-58     - 

       

       

First line is Pearson correlation coefficient (r). Second line is p-value for r. 

 

4.4.3. Regression analyses 

Linear regressions of the variance explained were calculated adjusting for age and sex. All 
variables reached statistical significance with R square values ranging from 0.07 to 0.32 (Table 
23). For clarity, the findings of R square change are also graphically displayed with arrows of 
corresponding thickness (Figure 4). 
 
 
Table 23 – Linear regressions of component elements of fear-avoidance model after adjustment for age and sex 

    

    

Modela R square changeb 
Unstandardized regression 

coefficient β (SE) 
p-value for β 

BAS → Pain   0.080 0.032 (0.010) 0.003 

    

BAS → TSK 0.18 0.58 (0.12) 4,8*10-6 
    

BAS → MCS 0.18 -0.91 (0.18) 9.8*10-7 
    

BAS → PCS 0.11 -0.47 (0.13) 0.0004 
    

Pain → TSK 0.14 3.2 (0.37) 5.9*10-17 
    

Pain → MCS 0.18 -5.0 (0.47) 5.9*10-24 
    

Pain → PCS 0.30 -5.4 (0.34) 2.9*10-47 
    

TSK → MCS 0.22 -0.69 (0.061) 6.4*10-26 
    

TSK → PCS 0.17 -0.48 (0.049) 1.7*10-20 
    

PCS → MCS 0.054 0.29 (0.052) 5.3*10-8 
    

    

a Independent variable – Dependent variable 
b Increase in R square when the independent variable is entered after age and sex 
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Figure 4 – The fear avoidance model, FAM (arrow thickness represents R square change) 
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5. Discussion 
 

5.1. A review of treatment interventions in WAD (I)  

The main finding of this review was the large number of physical therapy articles on the subject. 
Apparently, this profession is often called upon to treat patients with WAD. The interventions 
for acute WAD that have the strongest scientific support are: early physical activity [62, 63, 68, 
74, 75, 78, 79, 82, 87] (degree 2), electromagnetic field therapy [67, 84] (degree 2) and high-
dose Methylprednisolone therapy [76] (degree 2). The interventions for chronic WAD with the 
strongest scientific support are: radiofrequency neurotomy [72, 86] (degree 1), combined 
cognitive behavioural therapy with physical therapy interventions [71, 77, 83] (degree 2), 
melatonin therapy [85] (degree 2) and coordination exercise therapy [66, 70] (degree 2). 
  
 Although radiofrequency neurotomy is described in a study of fairly high methodological 
quality score the method is only used in one place in Australia. Furthermore, sample size in that 
study was small and differences in baseline between groups were not adjusted for. Thus, it is 
doubtful if radiofrequency neurotomy really has enough evidence to be recommended. 

5.1.1. Methodological aspects 

The inherent risk of bias must be considered in this review. The selection process was limited to 
articles published in the English language. Therefore it is possible that relevant articles published 
in other languages have been missed. Trials with positive outcomes are more likely to be 
published, however it was noted that articles both in favor and in disfavor of interventions were 
identified. 
 
 It is the purpose of systematic reviews to pool, if possible, the results of trials. This can 
provide valuable information on size of treatment effect and clinical relevance. Nevertheless, 
intervention trials on WAD display heterogeneity of patient populations. This is, in part, due to 
differences in the definition of WAD, making pooling of results in practice, impossible. 

5.1.2. Scientific shortcomings with some types of interventions 

The lists commonly used for measuring methodological quality of RCTs have been developed 
for drug therapy rather than health sciences. This could lead to bias towards interventions of 
health sciences. In this review, physical therapy RCTs achieved consistently lower 
methodological scores compared to drug therapy and orthopedic surgery RCTs (Table 6-8). The 
interventions used by several health professions often cannot be administered in a double blind 
fashion. Therefore, they can never achieve full score. The authors recommend that reviews of 
such RCTs utilize modified methodological quality lists that disregard double blinding. 

5.1.3. Acute and chronic WAD 

Patients suffering from acute WAD differ from those suffering from chronic WAD. It is 
currently not possible to identify the injured structures in the acute stage. The available data [63, 
82, 88, 89] lead to the suggestion that the combination of the injury with psychological factors 
such as coping style [90] and explanatory style [91] may lead to chronic WAD. With this in 
mind and the evidence available, this review recommends that patients suffering from acute 
WAD be prescribed advice to ‘act-as-usual’ and early, controlled, physical activity to tolerance 
level. 
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5.1.4. Treatment of acute WAD 

Early physical activity reduces pain, increases cervical range of motion and reduces sick leave in 
patients with acute WAD. This is supported by one high quality study [79] and several low 
quality studies [62, 63, 73-75, 78, 82]. 
 

One high quality RCT suggests that high-dose methylprednisolone therapy within 8 hours of 
injury should be prescribed [76]. In the authors’ view, however, the practical difficulties of this 
treatment (8-hour limitation, 23-hour infusion, need for hospitalization, cost) only warrant its use 
on patients that run higher risk of developing chronic WAD. Findings that are associated with 
increased risk are neurological signs, initially reduced cervical range of motion  [92] and brachial 
plexus tension signs [93]. 
 

The use of magnetic fields is not recommended by this review on the basis that the equipment 
used in the high quality RCT by Foley-Nolan [67] was collar-mounted, thus conflicting with the 
advice on early activity and negative effects of collars. It is possible that magnetic field therapy 
administered by other equipment is equally efficient but the authors did not locate any RCTs on 
the subject. 

5.1.5. Treatment of chronic WAD 

Knowledge of the origin of symptoms in the late stage is increasing. Thus, treatment 
interventions can be directed or developed in a purposeful manner. The identification of cervical 
zygapophysial joints as the symptom-giving structure in approximately 50% of the patients 
suffering from chronic WAD [94, 95] is an example. Interventions were evaluated on this 
condition and intraarticular corticosteroid injection therapy was discarded [61] in favor of 
radiofrequency neurotomy. This review recommends that patients suffering from chronic WAD 
be examined for cervical zygapophysial joint pain. In cases of such findings, radiofrequency 
neurotomy could be considered on the basis of two high quality RCTs [72, 86]. However, the 
technique is difficult even for experienced personnel [96]. 
 

The prescription of combined, cognitive, behavioral therapy and physical therapy 
interventions in chronic WAD could be recommended on the basis of three low quality RCTs. 
These interventions have respectively strong and moderate evidence of significant reductions in 
neck pain and sick leave in patients suffering from chronic WAD. 
 

Abnormalities in sleep quality have been reported in patients suffering from chronic WAD 
[97]. Melatonin therapy could be considered to improve melatonin onset and sleep/wake rhythm 
in patients exhibiting delayed melatonin onset and chronic WAD. This recommendation is based 
on one high quality RCT [85], although one month of treatment did not influence other sleep 
parameters, pain, quality of life, cognitive processing speed or vigilance. 
 

This review also cautiously recommends including coordination exercises in physical therapy 
interventions on the basis of two low quality RCTs. There is moderate evidence that coordination 
exercises significantly reduce neck pain in patients suffering from chronic WAD.  

5.2. Active Intervention in Patients with WAD (II) 

The main finding in this study was that an active intervention in patients with WAD resulted in a 
significantly greater reduction in pain intensity, a greater chance to retain or regain CROM and 
reduced sick leave compared to a standard intervention. These findings could have implications 
for the management of patients with WAD.  

55



5.2.1. Methodological Aspects 

It was estimated that the majority of patients exposed to whiplash trauma in this area fulfilling 
the inclusion criteria were included [78]. It is highly unlikely that patients randomized to 
standard intervention also received treatment outside the control of this study similar to the 
active intervention [78]. 
 

The last decade has seen a tendency from parametric to non-parametric statistical methods 
when analyzing VAS. However, opinions differ on comparing changes in VAS over time 
between groups. Some accept non-parametric methods applied to raw differences. Others state 
that common mathematical operations such as addition and subtraction are not defined in ordinal 
scales. Thus, raw changes in VAS were also transformed to –1, 0 or +1 as described previously. 
There is no international consensus in this matter, therefore changes in VAS are analyzed using 
the parametric ANOVA and the non-parametric Friedmann’s test applied to both raw and 
transformed differences, although the authors prefer the latter. When comparing changes in 
VAS, the results from all three statistical methods favor active intervention (Table 14).  
 

The two-factor design not only divides patients into groups, but also calculates p-values using 
a two-way-ANOVA or Friedmann’s test. In these statistical tests, all four groups are used 
simultaneously when calculating any p-value. Thus, the number used to calculate the p-values in 
table 4 are not 16 versus 21, or 18 versus 18, but simply 73. The two-factor design reduces the 
large numbers of patients required when several one-factor trials are used. 
 

Evaluating improvement of CROM in patients exposed to a whiplash trauma tells us if the 
patient is better but also utilizing a control group tells us if the patient is well. An unexposed 
control group is the only way to estimate pre-injury CROM in injured patients. This comparison 
has a clinical value and is the motivation for introducing unexposed individuals at the three-year 
follow-up. 
 

Information to patients before inclusion was not controlled. If some patients randomized to 
standard intervention prior to inclusion had been given advice similar to that given in active 
intervention, it would reduce our significant findings. This implies that differences between 
interventions might be even greater than those found in our study. 

5.2.2. Exposed to whiplash trauma and no initial pain 

A person exposed to a whiplash trauma initially not reporting symptoms may still bear a minor 
whiplash injury that might express symptoms later. At present, it is impossible to confirm or rule 
out an association between the trauma and delayed manifestations of whiplash-associated 
disorders. Thus, we have chosen to include all patients exposed to a whiplash trauma (caused in 
a motor vehicle collision) attending the health care system. In our study four patients were 
initially WAD 0 and three of these later developed manifestations. Interestingly, the only person 
not developing delayed manifestations belonged to the group receiving early active intervention 
while the three others received standard. 

5.2.3. Possible Mechanisms of the Active Intervention 

The most important elements of the active intervention were the high frequency and intensity of 
self-mobilization and the use of the McKenzie protocol for patients with unresolved symptoms. 
In short, the standard intervention emphasizes caution, whereas the active intervention 
encourages active movement. 
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To what extent chronic whiplash syndrome is functional (chronic illness behavior) or organic 
(persistent tissue injury) is unresolved. It was recently proposed in a clinical practice guideline 
that psychosocial factors may be present in delayed recovery [98]. 
 

Since pain lacks an external convention of reference it allows considerable room for 
interpretation and thus, the importance of cognitive processes in the pain experience is great 
[99]. Left unsupervised an exaggerated negative response to pain may develop. The resulting 
pain related fear is a strong factor in the development of illness behavior [99-101]. Prescribing 
immediate exercise within comfort limits may alleviate fear of serious injury [46, 102]. 
Continued supervision during the first weeks would provide ongoing reassurance of a 
satisfactory outcome, thus promoting wellness behavior. This interaction with a therapist 
prescribing activity was unavailable in the standard intervention. 
 

The organic aspect of WAD is dealt with by utilizing rotational exercises in the acute stage 
and repeated movements or positions based on the McKenzie evaluation in the sub-acute stage. 
Movement encourages regional blood flow and facilitates removal of exudate, thus allowing 
healing to occur by aiding nutrition of joint structures [103, 104]. 
 

It should be pointed out that neither fear-avoidance behavior nor regional blood flow was 
measured in this study. 

5.2.4. Why Cervical Rotation? 

Studies indicate that upper limb pain and paraesthesiae in patients with WAD may arise from 
hyperalgesic cervical or brachial plexus nervous tissue [93, 105]. Cervical spine rotation 
addresses this involvement by mobilizing the nerve structures on the contralateral side [106] thus 
preventing scar tissue from forming adhesions causing later dysfunction. Rotation avoids the 
longitudinal stress on the neural axis caused by flexion and lateral flexion [106]. Mobilisation 
may also affect possible inhibition of intraneural microvascular blood flow due to compression 
[107]. 

5.3. Basic body awareness therapy compared to exercise therapy for 
patients with chronic WAD (III) 

A 10-week treatment regimen of twice-weekly, 90-minute sessions of BBAT for patients 
suffering from chronic WAD produced better outcomes than ET of equal intensity and duration 
in this RCT. BBAT produced large effects in posture and quality of movement pattern and 
moderate effects in the physical functioning domain of SF-36 compared to ET. These effects 
remained significant at three months while additional moderate effects in the social functioning 
and bodily pain domains of SF-36 and reduced pain frequency appeared. This is the first RCT, to 
our knowledge, of the effect of BBAT on chronic WAD. 
 

We employed a trial coordinator responsible for tracking down and maintaining 
communication with patients. We also provided a great degree of flexibility in booking 
appointments in order to maximize the number of participating patients. Despite our rigorous 
efforts to recruit, many patients declined participation. This reflects the difficulty in recruiting 
patients with long-standing chronic pain to a clinical trial. This limitation must be kept in mind 
when interpreting the results of this study. 
 

A possible limitation may be the beliefs and attitudes of the treating physical therapist 
affecting their performance or the mood of the patients and thereby affecting the PROs. 
Compliance did not differ between groups but the effect of therapist-related variables on 
outcomes cannot be excluded in the current trial design. 
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New treatments are often evaluated along with a placebo or waiting list. In the current trial the 

comparison was made with an effective treatment. This was evident in that the ET group also 
improved on outcome measures. We presume that greater effects for BBAT would be evident in 
a comparison to placebo or waiting list. 
 

Although we prefer evaluating comparisons with effect size and t-tests others favour strictly 
non-parametric testing. Non-parametric testing was also provided in tables 19a, 19b, 20a and 
20b. It is important to keep in mind that sample size was calculated for parametric testing. Our 
sample size may have been too small to power non-parametric testing. 
 

The aim of BBAT is to improve posture and movement pattern. We assume that these 
improvements are a lifestyle change that will have positive consequences in the long run. Some 
support for this claim was found in our trial where improvement in additional outcomes was 
noted at three months. It is possible that improved quality of movement works as a “push in the 
right direction”. 
 

The effects on the Physical Functioning (PF) domain of SF-36 need to be interpreted in 
comparison with the findings on NDI. The items comprising PF involve activities of daily living 
while the NDI covers both symptoms and activities of daily living. BBAT appears to have 
primarily improved function in activities of daily living and not symptoms. 
 

While reduction in pain intensity did not differ between the groups at three months there was 
a difference in the Social Functioning (SF) domain of SF-36. SF is the extent and frequency with 
which physical health or emotional problems interfere with social activities. Being able to 
participate in social activities despite suffering from chronic WAD is an important finding likely 
to have bearing on these patients’ quality of life. 
 

The overall trend evident in tables 19a, 19b, 20a and 20b is in favour of BBAT. The data 
shows greater improvements in favour of BBAT for all outcomes irrespective of significance 
levels and effect size. 
 

Stewart et al [108] conducted an RCT comparing exercise to advice as treatment for patients 
with chronic WAD. Patients in that trial experienced clinically significant improvements in pain 
intensity in response to treatment with exercise compared to advice. These improvements were 
however no longer statistically significant at the 12-month follow-up as the patients in the advice 
group improved. This could indicate that the benefits of exercise diminish when exercise is no 
longer a regular part of a patient’s lifestyle. Their patients initially showed greater improvement 
in pain intensity and neck disability than we could observe in our trial. However, patients in our 
trial had a significantly longer duration of symptoms and were older. Thus, our findings support 
the hypothesis by Stewart et al that patients with a duration of WAD beyond 12 months may be 
less likely to respond to exercise treatment. 
 

The question whether these effects are worthwhile in terms of treatment and labor costs needs 
to be investigated in future trials. Further research is also needed to evaluate BBAT as a 
treatment for WAD of shorter duration (three to 12 months). Another research question arising 
from the reality of clinical practice is whether an intensive treatment incorporating both BBAT 
and ET would yield different results. 
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5.4. Applying the fear-avoidance model to patients with chronic WAD (IV) 

The FAM of chronic pain appeared valid for patients suffering from chronic WAD in this cross-
sectional analysis. Measures of pain, guarded movement, fear of movement/(re)injury, mental 
health and physical health were significantly correlated and the variables explained each other’s 
variance to a statistically significant degree. 
 

According to FAM, high levels of fear of movement/(re)injury are related to more guarded 
movement, greater disability and more pain [109]. Results from our analysis were consistent 
with this hypothesis. Wideman et al [110] conducted a prospective study of 121 individuals 
suffering from work-related musculoskeletal injury. Results from that study also corroborate the 
validity of FAM. However, only 2 individuals in their sample had suffered neck injury, making it 
difficult to extrapolate their findings to patients suffering from WAD. 
 

Pain catastrophizing is a concept that probably overlaps with fear of movement/(re)injury [46, 
109]. Pain catastrophizing contains both a primary appraisal of pain as a threatening experience 
and a secondary appraisal of perceived inability to cope with pain [111]. We did not include a 
direct measure of pain catastrophizing in our study. There are conflicting reports concerning the 
role of pain catastrophizing in FAM. In a study by Leeuw et al [112], fear of 
movement/(re)injury was not a mediator of pain catastrophizing in a non-clinical sample of 
people with low-back pain. In another study by Nieto et al [113], the effect of pain 
catastrophizing on disability was shown to be completely mediated by fear of 
movement/(re)injury in a study of 147 patients suffering from sub-acute WAD. The different 
findings might be explained by sample differences. 
 

Studies of FAM have been criticized for using samples of patients with chronic symptoms. 
This is valid criticism since it is perhaps more important to predict and prevent musculoskeletal 
injuries from developing into chronic conditions. This could perhaps be better achieved by 
studying acute or subacute patients or even individuals that have not yet developed symptoms. 
We must be similarly cautious when interpreting results from cross-sectional studies as they are 
of limited value in determining causation. The current way of describing FAM in diagrams [109] 
can be misleading since it is largely based on cross-sectional studies. There is, to our knowledge, 
no statistical method to guide us when choosing the direction of arrows between the component 
causes of chronic musculoskeletal disorders; thus, prospective study designs are preferable. 

 
Path analysis and structural equation modelling can provide some guidance in graphically 

depicting FAM but are only applicable in acyclic relations between causes. However, the 
component elements of FAM seem to significantly affect each other and there is no statistical 
method to study cyclical relations as far as we know. We are therefore sceptical to the notion that 
the current graphic illustrations of FAM indicates chronological order of the occurrence of the 
component elements [110]. In fact, Gheldof et al [114] found that fear of movement/(re)injury 
significantly predicted disability but was best modelled as a consequence of pain severity rather 
than as an antecedent. Perhaps regarding each component cause as a risk factor for the 
occurrence of chronicity would suffice. This highlights the need for epidemiological studies of 
these factors. 
 

The regression analyses in this study were statistically significant which speaks for the 
validity of FAM in chronic WAD. However the R square values were generally small. We 
interpret this as an indication that there are still many unknown factors that affect the elements of 
FAM. This could be partly due to the instruments used to measure each element and partly to 
other factors not currently included in FAM. 
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The current study is one of few that attempt to include a measure of guarded movement [115] 
in a model of FAM for chronic WAD. Nederhand et al [45, 47] studied 92 patients with acute 
WAD and found that both fear of movement/(re)injury and pain intensity were independently 
associated with a decreased level of muscle activation. Another finding from their study was the 
inverse relationship between the level of neck pain disability and muscle activation. These 
findings support FAM as decreased muscle activation is indicative of minimizing the use of 
painful muscles, which is, in effect, avoidance behavior. Pearson et al [116] found no correlation 
between maximal voluntary isometric neck strength and pain intensity, disability, pain 
catastrophizing and fear of movement/(re)injury. However, their study had a sample of only 14 
patients making it difficult to draw conclusions on any correlations. 
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6. Summary and conclusions 
Further prospective studies including acute and subacute patients are warranted when 
considering the crucial question of transition from acute to chronic symptoms. However, 
applying the FAM of chronic pain to patients suffering from chronic WAD appears valid. 
 

The active intervention in study II utilizes the ideas of FAM and addresses both organic and 
functional aspects of acute WAD, reducing cervical pain, need for sick leave and restoring 
impaired CROM. The main clinical implication is that patients with acute WAD 0, 1 or 2 should 
be instructed in self-mobilization as soon as possible. The emphasis should be on frequently 
repeated cervical rotation. Instructions should be repeated until comprehension and compliance 
is ensured. If symptoms persist more than 20 days after trauma patients should be referred to a 
health professional educated in mechanical diagnosis and therapy according to the McKenzie 
system. 
 

Some of the ideas in BBAT are compatible with the FAM. BBAT appears to be a slightly 
better alternative to ET for patients suffering from chronic WAD with several years duration. 
However, this should be confirmed in a long-term follow-up. 
 

Based on the degrees of evidence and the practical obstacles the following treatments can be 
recommended: 

→ Early physical activity in acute WAD. 
→ A combination of cognitive behavioral therapy with physical therapy interventions and 

coordination exercise therapy in chronic WAD. BBAT has the potential to become a 
valuable addition to the therapeutic arsenal for patients with chronic WAD. 

 
High quality RCTs are not common in the field of WAD. More research is needed, 

particularly on the treatment of chronic WAD. 
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