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Post traumatiske nakkesmerter. Epidemiologiske, nevroradiologiske og kliniske
aspekter.

Nakkesleng (whiplash) er et akselerasjons/deselerasjonstraume med energi som overfores til
nakken, og som oftest oppstér ved trafikkulykker. Enkelte pasienter utvikler kroniske
nakkesmerter samt andre symptomer i forlgpet. Dette medferer store helsemessige og
okonomiske konsekvenser for bade pasienter og samfunnet. Det har vaert fremsatt ulike
hypoteser og det er gjort en rekke studier som sé langt ikke har gitt noen endelig avklaring pa
arsaken til utvikling av kroniske plager. I de senere ar har det veert rettet fokus mot
strukturelle forandringer i stettestrukturer i nakken som mulig forklaring pa hvorfor noen
pasienter far kroniske smerter etter whiplash. Utviklingen av avanserte MR teknikker har
gjort det mulig & se sma leddbénd i1 overgangen mellom hode og nakke. Resultatene av ulike
studier har imidlertid vert sprikende.

Formaélet med denne studien var & undersoke forekomst og helseplager hos pasienter med
selvrapportert whiplash i Helseundersekelsen i Nord-Trendelag fra 1995-1997. Videre var
formélet & bruke MR for & se pa om det var forskjeller i signalforandringer i alarligamentene
hos tre ulike grupper; pasienter med whiplash, pasienter med kroniske nakkesmerter uten
nakketraume og en gruppe med friske kontroller. Til slutt ensket vi & undersgke om det var
forskjeller i kliniske karakteristika som smerter, funksjon og psykiske plager relatert til MR
funn i de tre gruppene.

Hovedfunnene i avhandlingen:

1. De som rapporterte nakkesleng hadde betydelig mer hodepine og muskel-skjelettplager
enn de uten nakkesleng. Nakkeslengpasientene hadde mye nakkesmerter, men smertene
var ogsé dominerende i andre deler av muskel-skjelettapparatet som evre rygg, bryst og
mage.

2. Funn av hgysignal i alarligamentene pa MR var like vanlig i den friske gruppen og i
gruppen med kroniske nakkesmerter som i nakkeslenggruppen.

3. Nakkeslenggruppen hadde mer smerter, mer angst og depresjon samt darligere livskvalitet
enn de andre to gruppene, men det var ingen sammenheng mellom smerter, funksjon,
psykiske plager og grad av MR funn i de tre gruppene.

Resultatene fra dette arbeidet viser at nakkeslengpasientene er en gruppe med sammensatte
plager. MR undersakelse av ligamentene i gvre del av nakken etter nakkesleng har ikke vist
funn som kan forklare symptomer hos pasienter med kroniske nakkesmerter etter whiplash.
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ABBREVIATIONS AND ERRATA

Abbreviations

BAER Brainstem Auditory Evoked Responses
BPI Brief Pain Inventory

CI Confidence interval

CNP Chronic non-traumatic neck pain

CT Computer tomography

EEG Electroencephalography

EMG Electromyography

EQ 5D EuroQol 5D

EQ VAS EuroQol Visual Analog Scale

GAD Generalised Anxiety Disorder

HADS Hospital Anxiety and Depression Scale
HUNT Helseundersekelsen i Nord-Trendelag
MSC Musculoskeletal complaints

MRI Magnetic Resonance Imaging

OR Odds ratio

PTSD Post Traumatic Stress Syndrome

QTF Quebec Task Force

SD Standard deviation

SEP Somatosensory Evoked Potential

SPSS Statistical package for the social sciences®
T Tesla

VAS Visual Analog Scale

WAD Whiplash Associated Disorders

Errata

Paper II: page 2015, table 4. For interpreter 2, correct number of WAD patients that were
classified as Grade 2 to 3 is 42.4 % and not 57.6%, which is the number of WAD patients
classified as Grade 0 tol.
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1. INTRODUCTION

1.1. Definition and classification

Multiple anatomical structures in the neck have been proposed to be associated with the
complaints after whiplash injuries. However, the pathological basis for the clinical features of
whiplash associated disease (WAD) is not clear. In addition, the whiplash injury mechanism
has been difficult to define because the patients present a wide variety of subjective symptoms
and signs. This has lead to a wide range of interpretations and therefore a vague definition of

the term whiplash.

In clinical practice whiplash associated injuries are classified according to the International
Diagnostic Classification system ICD 10. The ICD 10 classification codes refer to symptoms,

location and injury mechanism (1).

A more useful classification was presented in 1995 by the Quebec Task Force (QTF) that
introduced the term “whiplash associated disorders” (WAD)(2). The QTF presented the
definition:

“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 sofi-tissue injuries (whiplash injury),
which in turn may lead to a variety of clinical manifestations (whiplash-associated

disorders—WAD) " .

The Quebec Task Force proposes a classification of WAD on clinical-anatomical findings
(grades 0-4) corresponding to the severity of the injury (Table 1). In the monograph they also
take into consideration a time axis. For duration of symptoms patients are categorized as acute
if symptom duration is less than four days from the time of injury, chronic if symptoms are

persistent after 6 months (2). The latter condition is also known as “late whiplash syndrome”.



Table I. The WAD classification system.

Grade Clinical presentation

0 No complaint about the neck. No physical sign(s)

1 Neck complaint of pain, stiffness or tenderness only. No physical sign(s)
2 Neck complaint and musculoskeletal sign(s)*

3 Neck complaint and neurological sign(s)b

4 Neck complaint and fracture or dislocation

“Musculoskeletal signs include decreased range of motion and point tenderness.

"Neurological signs include decreased or absent deep tendon reflexes, weakness

and sensory deficits.

A consensus from a Swedish medical task force finds that distinguishing whiplash trauma and
whiplash injury is essential in clarifying the definition of whiplash. They suggest whiplash
trauma as an indirect trauma to the cervical spine to better reflect the trauma mechanism. In
addition, they proposed deleting grades 0 and 4 in the QTF classification because individuals
lacking symptoms and findings do not have a WAD disorder, and because fractures and
dislocations are rare in indirect cervical spine trauma (3). The classification and definition of

whiplash is carefully discussed in this consensus.

1.2. Background

Whiplash injuries represent the largest proportion of all motor vehicle injuries in the western
world. This type of injury has been estimated to be present in between 60%- 85% of all
reported traffic accidents (3). Harold Crowe introduced the term “whiplash” in 1928 (4). The
first publication about the whiplash accident mechanism was published in Journal of the
American Medical Association (JAMA) in 1953 (5). Crowe first used the term to denote the
motion of the head and neck induced by forces of acceleration or deceleration. The term
gradually became more widely used, and it has since come to signify the injuries induced by
this motion. Despite a high number of scientific papers on the subject, there is a lack of
controlled studies, and the observers have commonly used methods that are not comparable.

In addition, the fact that patients with whiplash injuries are a heterogeneous group with a



variety of clinical manifestations makes it difficult to provide consistent figures for whiplash-
induced disability. A wide variety of studies have investigated different trauma-related causes
of the symptoms and functional impairment, but there is still no general agreement regarding

the cause of the late whiplash syndrome.
In recent years the ligaments in the craniocervical junction have been focused on in whiplash
injuries. In particular the alar ligaments have been subject for research. This thesis has main

focus on the alar ligaments. The normal anatomy of the alar ligament is well described (6).

Figure 1. Ligamenta alaria. Seen from dorsal (Sobotta, Atlas of Human Anatomy,Vol.1, 1982)

Alar ligaments

The alar ligaments are on both sides, approximately 1 cm in length, elliptical in cross-section
and the mean diameter is 3x6 mm. They originate from the posterior-lateral aspect of the dens
of C2, and insert on the occipital condyles (CO0). In the cervical spine the rotation between CO
and the C1, accounts for only 5% of the total rotation (7). Approximately 50% of the flexion
and extension of the cervical spine takes place in this joint. In the next joint, between C1 and
C2, 55% of the total rotation occurs. The rest of the rotation is distributed approximately
equally among the rest of the cervical joints. With the absence of intervertebral discs between
C0-C1 and C1-C2, and the presence of a flat shape of the articulate facets, the alar ligaments
may have a key role in stabilizing the C0-C2 complex (7, 8). The axial rotation is primarily

limited by ligamentous structures, of which alar ligaments are believed to be the primary



restraint. The rotation to the left is limited by the right alar ligament and vice versa. The

ligaments are most stretched when the head is both rotated and flexed (6).

1.3. Epidemiology

The reported annual incidence of whiplash injuries varies between different countries, studies
and time periods. Due to the use of seatbelts and safer car designs, the fatal vehicle injuries
have decreased. However, the reported incidence of minor injuries and whiplash injuries has
increased over the past decades (9-11). Published reports from the Confederation of
Norwegian Enterprise comprising all the Norwegian insurance companies indicate that the
most common cause of whiplash, a rear- end collision, in year 2000 involved 54000 vehicles
(12). Half of these were hit from behind. Both chronic neck pain and chronic headache are
prevalent in the general population with prevalence estimates of respectively 14% and 2.5 %
(13, 14). Accordingly a large estimated numbers of subjects with pre-existing chronic neck
pain and headache will be involved in a rear-end collision. Over a 10 year period one can
calculate that approximately 270 000, i.e. 6% of the population, will be involved in such a
collision and have been exposed to a whiplash mechanism (15). However, the number of
people reporting whiplash injuries is much lower. In Sweden the annual incidence of whiplash
injuries ranges from 100-420 pr 100.000 (16, 17). In Canada and the USA an incidence of
between 100-700 per 100 000 is reported (2, 18). In total whiplash associated disorders
(WAD) are estimated to be 300-600 cases per 100,000 in North America and Western Europe
(9, 19, 20).

1.4. Pathological anatomy

It is not clear whether chronic pain originates from the acutely injured tissue or whether other
physiologic processes account for the persistence of pain (21). In an attempt to provide a
pathoanatomic explanation for WAD, the main attention has been directed toward injuries of
the cervical muscles, discs, facet joints and ligaments (21, 22). Pathoanatomical explanations
of the symptomatology are often based on experimental animal studies, cadaver studies, post-
mortem observations and findings at surgery (3, 23) and have proved difficult to confirm by
available imaging tools (24-26). The imaging findings may be normal variations that are
present to a similar degree in asymptomatic individuals (27-32). Furthermore, there is no
indication of neural injury in neurophysiologic studies (e.g. EEG, SEP, BAER, EMQG) (33-
36). To extrapolate the results of experimental animal and human cadaver studies to the

clinical situation is problematic (3). The difference between subjects with respect to
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anatomical and physiological conditions and the injury mechanism as well, are of importance

and complicate the evaluation and application of such findings.

Typically, the whiplash patient has neck pain and headache (37). The common understanding
of these symptoms is that they are attributed to a musculoligamentous sprain in the neck in the
acute whiplash state (23). From an experimental animal model muscle injuries varied in
severity from minor tears of the sternocleidomastoid muscle to more severe tears of the
longus colli muscle (38), although later studies could not find evidence of direct injury to
muscle (21, 39). In some whiplash patients elevated serum creatine kinase has been observed
24 hours post-injury, but not after 48 hours, despite neck pain extending beyond 3 months
(39). This work suggests that direct muscle injury may not be responsible for chronic
whiplash pain. The usual expectation after sprain or tears of muscles is that they heal in a
matter of weeks forming a scar, but leaving the patient with no residual pain (23). MRI
studies support the clinical experience that muscle injuries do not contribute to persistent

WAD symptoms (3, 25, 40, 41).

Studies using diagnostic facet joint blocks have demonstrated that the facet joint pain may be
a common cause of chronic neck pain after a whiplash injury (42-44). Excessive compression
of the facet joints and facet capsule strain have been proposed as likely injury mechanisms

(43, 44). A study on healthy volunteers investigating the mechanism of facet joint injury (45),

indicated that the lower cervical vertebra is the most likely site of injury.

Clinical evidence suggests that disc injury and degenerative changes are common in whiplash
patients (28, 40, 46, 47). A study concluded that degenerative changes occurred significantly
more in patients who had sustained soft- tissue injury than in a control population (47).
Injuries to the lower cervical ligaments have been observed in experimental studies. Often the
ligaments (the anterior and posterior longitudinal ligament, the ligamentum flavum, the
supraspinous and interspinous ligament) are at risk for injury due to excessive strain and
increased elongation (28, 38, 48-50). However, prospective clinical studies using MRI have

not found any lower ligament injuries in the acute stage after whiplash injuries (25, 40, 41).

In a MRI study of ligaments and membranes in the craniocervical junction in the late stage of
whiplash injury, Krakenes et al. found significantly more high-grade signal changes in the

whiplash group compared to asymptomatic controls for all structures in the region (51-53).
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These signal changes were interpreted as injuries to the ligament caused by a whiplash trauma
(54). The same group linked the signal changes to specific trauma mechanisms, e.g. head
position, and found a significant association between high-grade signal intensity changes in

the alar ligaments and rotated head position during the trauma (55).

1.5. Symptoms and pain mechanisms
Patients with the whiplash syndrome present with a variety of symptoms including neck pain,
headache, shoulder- and back pain, dizziness, paresthesias, vertigo and cognitive/

psychological symptoms (5, 56-58).

The relation between the acute whiplash injury and late whiplash syndrome is not clear. Both
psychological and psychosocial factors have been suggested (59-61). Some authors have
taken into consideration both cultural differences and differences between the insurance
system to explain long-term symptoms (62-67). Some studies strongly indicate that few or no
patients with acute pain develop chronic pain due to the whiplash trauma (70, 72).

It is difficult to find pathophysiological mechanisms for the development of persistent pain
specific to whiplash injury, but changes in the pain transmission do occur soon after a
whiplash injury (68, 69). The intensity and duration of acute pain in whiplash patients
depends to some extent on the degree of tissue injury (3). Other pain mechanisms like
peripheral and central sensitization as well as psychological mechanisms have been found to

influence both acute and chronic WAD (62, 73-75).

Peripheral sensitisation is a local reaction characterised by the release of pain-producing
substances at the site of an injury or inflammation that induce a sensitisation of peripheral
receptors (57). Sterling et al. reports that patients with whiplash injury who reported high
pain intensity and disability, showed signs of decreased pain thresholds for local pressure as a

results of peripheral sensitisation (61).

Central sensitisation is characterised by an increased distribution of the pain with a spread of
pain sensations to much wider body areas, distant from the site of injury/inflammation (62). A
number of mechanisms may contribute to such sensations (3). In whiplash patients it has been
demonstrated increased sensitivity to pain in other parts of the body quite distinct from the
originally painful area (61, 70). One study found that a mechanism of generalised central

hyperexcitability is involved in the whiplash syndrome (71). In the whiplash patients there
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was muscular hyperalgesia not only in the neck and shoulder, but also in distant areas where

the patient does not normally experience pain.

1.6 Psychological aspects

The psychological symptoms in whiplash patients do not differ from patients with other pain
syndromes (72, 73). Post traumatic stress syndrome (PTSD) is defined as stress-related
symptoms that last longer than 3 months after a trauma (3). The prevalence of PTSD in
whiplash injuries is 10-30%, the same as after a car accident in general (72, 74). Pain
catastrophising, reduced function and disability are factors that contribute to persistent PTSD
in WAD (75). As in PTSD, cognitive processes prove to play an important role in the
development and maintenance of chronic pain. Cognitive dysfunctions like impairment of
memory, concentration and attention have been reported both among whiplash patients but
also among patients with other conditions like PTSD, depression, sleep impairment and
anxiety (76). This coexistence of conditions seems to be a challenge in the treatment of pain
syndromes in general, and especially in the chronic whiplash syndrome which often leads to a

high degree of medical disability rate (3).

1.7. Prognostic factors

It is not clear which patients are at risk of delayed recovery following whiplash injury (9, 61).
Reports on the course of whiplash injuries show highly variable results, probably due to
differences in study populations and definitions of outcome (77). Some follow-up studies
report as much as 95% recovery within a few months (25, 26). Others report that 70 %
recover within a few days up to 2-3 weeks and around 20% have remaining symptoms after 1

year and 5-10 % have complaints that influence work ability or leisure activities (2, 17, 78).

Prospective studies found strong evidence that high initial pain intensity is an important
prognostic factor (77, 79). There is also strong evidence that high grades of WAD (grade 2-3)
are a warning sign of developing persistent complaints (17, 80). According to Sterner et al.,
factors like previous neck pain, low educational level and female gender are significantly
related to poor prognosis of disability after a whiplash trauma (17). Sterling et al. concluded
that the early presence of high levels of pain and disability, older age and post-traumatic stress

symptoms predict a poor outcome at 2-3 years post injury (60, 61).
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A follow-up study using standard cervical MRI found frequent pre-existing disc degeneration,
but this was not related to more intense pain at neither baseline nor follow-up (26). These
results were not in line with prior studies that concluded that pre-existing degenerative
changes relate to poor prognosis (81, 82).

In a study of the natural evolution of late whiplash syndrome, the risk of chronic neck pain
was equally frequent in patients with a history of whiplash and in normal controls (67). The
authors suggested that disabling or persisting symptoms do not occur as a result of whiplash,
but that the complaints represent symptoms that are prevalent in the normal population,
possibly worsened by the expectation of disability and attribution of pre-existing symptoms
to the trauma (67). The same group argues that in countries where the condition called late
whiplash syndrome is non-existent and where there is no financial compensation for whiplash
injuries, the symptoms after such injury are almost always short-term (65). In a population-
based study from Canada initial neck pain intensity and depressive symptomatology were
associated with poor expectations for recovery in a WAD population (83). The study supports
a biopsychosocial model in explaining the expectancies on recovery and their influence on

important health outcomes.

A financial compensation system in a state in Canada was changed from a system where
payment for pain and suffering was common to a system with no compensation in whiplash
injuries. This elimination of compensation caused a 28% reduction in the incidence of
whiplash claims and improved prognosis of whiplash injury. The conclusion was that the
type of insurance system has profound effect on the frequency and duration of whiplash
claims and that claimants recover faster if compensation for pain and suffering is not available

(62).

A recent review investigated prognostic factor for the development of chronic symptoms after
a whiplash trauma (84). The natural course for those that report symptoms after a whiplash
trauma will in most cases be rapid improvement of pain and disability the first three months.
Beyond three months there is usually little improvement. Despite a large volume of research,
they concluded that there is such diversity in the manner of measuring and reporting

prognostic associations that the interpretation of the literature becomes difficult (84).
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1.8. Radiological investigations in whiplash

Conventional radiography (plain x-ray and CT) of the cervical spine is indicated to locate
fractures or dislocations in whiplash patients with pre-existing risk (as in the case of
Bechterew's disease, rheumatoid arthritis and in patients aged 65 and over) of cervical spine
fractures after a whiplash injury. This is according to two large prospective studies referred to
as NEXUS and the Canadian C-spine Rule on guidelines for the use of cervical spine
radiography in patients with trauma (85, 86). For patients with pain and stiffness, but without
clinical findings in low-speed accidents, radiological investigation is not indicated. In high-
speed traumas, a CT examination is indicated. In patients with neurological deficit or

radicular symptoms an additional MRI examination may be justified.

The evidence of injury to the ligaments in the craniocervical junction in whiplash patients is
conflicting. Krakenes introduced high resolution proton-weighted MR images in three planes,
which give more detailed information of the small ligamentous structures in the craniocervical
junction (87). They investigated whether there are structural changes in the alar ligaments in
patients that have been exposed to a trauma with whiplash mechanism (52). The study report
findings in high-resolution proton density-weighted MRI (1.5 Tesla) for 92 patients who had
been involved in an accident with whiplash mechanism 2 to 9 years earlier. The results for
these patients were then compared with a control group of 30 age- and gender-matched
individuals without preceding head or neck trauma. Findings in the alar ligaments were
graded from 0 to 3 based on the ratio between areas of high signal intensity and the total cross
sectional area of the alar ligament. The main result was that 45 individuals (49 %) in the
whiplash group had alar ligaments graded 2 or 3, whereas not any of the 30 controls had such
ligament changes. The same group suggested that the transverse ligaments as well as tectorial

and posterior atlantooccipital membranes can be damaged by whiplash injuries (51, 53).

Using functional MRI, Volle included 200 patients in his first study. Among these 200
patients, 15% demonstrated complete or incomplete ruptured alar ligaments (88). Among 420
individuals in a later study, 5% had complete rupture and 12% had incomplete rupture of the

alar ligaments (89).

In contrast to Krakenes and Volle, several investigators were not able to find any difference in
the appearance of the alar ligaments in WAD patients and in healthy controls. In a Dutch MRI
study with 12 whiplash patients and 6 healthy subjects, both asymmetric alar ligaments and
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signal changes were found in both groups and there was no significant difference between the
groups (31). Another MRI study from Switzerland including 50 healthy subjects found signal
changes in 20 % of the subjects and asymmetric ligaments in 80% (29). Roy et. al included 15
healthy young individuals in a MRI study and found that 30% had high-signal changes in the
alar ligaments (32). In a non-controlled MRI study, 35% of the WAD patients had high signal
changes in the alar ligaments and 25% had high signal changes in the transverse ligaments
(90). Furthermore, a recent MRI study found high intensity signals in the alar - and transverse

ligaments in about 50% both among WAD patients and healthy control subjects (91).

1.9. Management of WAD
The aim of preventing chronic WAD is an important issue both from an individual and
socioeconomic point of view (92). The primary goals of treatment are a quick return to

normal daily activities and prevention of chronicity.

In the management of acute WAD, several randomized clinical trials recommend active
intervention in terms of continuing activity as usual, patient education and stressing the high
probability of recovery (93-95). Thus, immobilization and the use of neck collar should be
avoided (93, 96).

The management of chronic WAD is supposed to be a more complicated challenge.

Studies on active coping strategies and guidelines for physiotherapy in whiplash patients have
been provided. An early active strategy in both modalities is recommended to improve
functions, increase activities and prevent chronicity (97, 98).

A multimodal intervention programme on cognitive-behavioural treatment of pain
catastrophizing, fear of movement, perceived disability and physical activity reported a
significant increase in returning to work after long-standing pain in whiplash injuries (99).
However, in a hospital-based multidisciplinary treatment including somatic, psychological
and social aspects, doubt was raised about the effectiveness of the rehabilitation programme.
The patients in the intervention programme did not recover any faster than those receiving the
usual individual primary care (100). In a randomized study on neuromuscular control in
chronic whiplash patients, there was no statistical difference in pain, disability, psychological
distress and sick leave between traditional physiotherapy and a new sling exercise group with

or without home training (101). A recent Cochrane review concluded that there is little
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evidence concerning effective therapies for patients with acute, subacute or chronic WAD

grade I-1I (102).

There are still no general guidelines or scientific documentation to support any single
treatment following whiplash injury. The increase of whiplash injuries the last decades
reveals a substantial economic burden on the society. Therefore, studies on cost-effective

treatments for WAD patients have been proposed (103, 104).

1.10. Surgery for WAD I-II.
It has been suggested that instability in the craniocervical junction can be diagnosed in some

patients with chronic WAD by functional MRI (88). Images are taken during flexion and
extension as well as by laterally bending and rotating the head. After diagnosing incomplete
and complete ruptures in the alar ligaments using an open MRI, a new indication for
craniocervical fixation was introduced by Volle and Montazem (89). In the study including
420 individuals, they found 20 patients with complete rupture and 52 patients with incomplete
rupture of the alar ligaments. This study did not include a control group. Of these 72 patients,
42 patients were chosen to undergo occipitocervical fixation. The results after surgery were
reported as excellent in all of these patients. Up to 2003, the German neurosurgeon Montazem
operated 500 patients with chronic WAD (105). There is, however, no scientific evidence to

support such a drastic surgical procedure for this condition (106, 107).
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2. AIMS OF THE THESIS

One aim of the present thesis was to evaluate the life-time prevalence of self reported neck
distortion and the relationship to chronic musculoskeletal complaints (MSCs) and headache in
a large unselected adult population.

Another aim was to assess the signal intensity in the alar ligaments using MRI in a case
controlled designed study and to evaluate clinical characteristics, pain and disability in

relation to these MRI findings.

The aims of the individual studies were:

Paper I: To evaluate the life-time prevalence of self-reported whiplash and the relationship to

headache and musculoskeletal complaints.

Paper II: To evaluate MRI as a diagnostic method in assessing signal intensity areas in alar
ligaments and to evaluate the difference between a whiplash group, a group with chronic

neckpain and a healthy control group.
Paper III: To evaluate the clinical characteristics, pain and disability in relation to alar

ligament MRI findings in a whiplash group, in a group with chronic neckpain and in a healthy

control group.
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3. MATERIAL AND METHODS

The methods in this thesis are described in detail in each paper. Some general methodological

considerations are given below.

3.1. Study populations

3.1.1. Paper I

All inhabitants of the Nord-Trendelag County aged 20 years and older were invited to the
health survey in the two-year period from August 1995 to June 1997. Out of 92,936 eligible
for participation, a total of 59,104 individuals (63.6%) answered the question about neck
distortion (whiplash) and 58,803 also answered questions related to musculoskeletal
complaints and 47,107 to questions related to headache. In total 46,895 (79.3%) participants
responded to the questions of both musculoskeletal complaints and headache. A diagram
demonstrating the population according to participation in the HUNT 2 study is shown in

Figure 2.
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Figure 2. The population in the HUNT-2 study according to participation.

Subjects eligible in HUNT 2
92936

Subjects participating in HUNT 2
66140
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Subjects answering whiplash

questions
59104
- . Whiplash with answer on
Whiplash with - :
£l ol Whiplash with answer on musuloskeletal comlpaints and headache
musculoskeletal complaints
58803 headache 47107 46895

3.1.2. Paper II and III

The study population in study II and III consisted of three diagnostic groups; the WAD II group
(n=59), the chronic neck pain group (n=57) and the healthy control group (n=57). Study II is a
MRI study on the alar ligaments in these diagnostic groups. Study III is a clinical study where

pain and disability are related to the MRI findings in the alar ligaments.
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The inclusion criteria for each group are listed below.

WAD group
e The patients with whiplash associated disorders (WAD) II were classified according to

the Québec Task Force criteria.

e They all suffered from neck pain with or without headache after a car collision where
they had either been the driver or a passenger of a motor vehicle.

e A post-injury symptom duration of at least 6 months, but not more than 10 years.

e An onset of symptoms within 48 hours after the accident.

Chronic neck pain group

The chronic pain group consisted of subjects without any previous history of neck trauma or
any known systemic disease that could explain their complaints.

e They were recruited from local physiotherapists and primary care doctors.

e Pain duration of at least six months and not more than 10 years

e Alternatively the subjects could have repeated episodes of pain of at least one week

duration per three months during the last two years.

Asymptomatic control group

e The control group consisted of subjects without neck pain or previous neck trauma.
e They were recruited from different workplaces and educational institutions in order to

secure a wide range of educational and occupational backgrounds.

Exclusion criteria
e Subjects were excluded if they had WAD grades III-IV, severe head injury or previous
cervical spine surgery.
e They were also excluded if they had a history of similar symptoms previous to the
accident or any known systemic disease that could explain their symptoms. If there

were contraindications to MRI examination the subjects were excluded from the study.
3.1.3. Ethics

The HUNT 2 study was approved by the Regional Committee for Medical Research and
Ethics, and by the Data Inspectorate of Norway (paper I).
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For the MRI study and the clinical study (paper II and III), the patients were given oral and
written information before consenting to participate in the study. A written form of consent
had to be signed when they attended the clinical examination. The study protocols were
approved by the Regional Committee for Medical and Health Research and by the Norwegian

Social Science Data Services.

3.2. Statistical analysis

3.2.1. Paper 1

Differences between means were tested with unpaired t-tests. P-values < 0.05 were considered
statistically significant. Using logistic regression, we estimated prevalence odds ratios (OR)
with 95% confidence intervals (CI) for the association between neck distortion and headache

as well as chronic MSCs. Potential confounders were adjusted for as described in paper I.

3.2.2. Paper II and IIT

In study II, Pearson’s chi-square, were used to assess between group differences. Kappa-
coefficients were used to evaluate pair-wise interobserver agreement and intraobserver
agreement. Linear weighted kappa were calculated on basis of all four MRI gradings, and
when the groups were dichotomised (grade 0-1 and grade 2-3), ordinary kappa coefficients

were calculated in terms of Cohen’s kappa.

In study II1, Pearson’s chi-square test, Kruskall-Wallis test and pair wise comparisons (Dunn
procedure), were used to assess between group differences. Spearman’s rho was used to
assess the correlation between the alar ligament changes and the respective measures for
clinical characteristics and disability. In addition regression analyses were performed with
BPI intensity and interference score, EQ-5D, EQ VAS, HADS anxiety or depression as
dependent variables, and MRI grading as covariate. The analyses were adjusted for potential

confounders such as described in paper III.

Statistical analyses were performed using SPSS (Statistical package for the social sciences®).
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3.3. Outcome variables and questionnaires

3.3.1. Paper I

Two questionnaires including more than 200 health-related questions were administered to
the participants. The included questions about MSCs were adopted from the Standardized
Nordic Questionnaire (108). The Standardized Nordic Questionnaire has been evaluated and
found to give reliable estimates for low-back pain, and upper limb and neck discomfort (109,
110). Participants who responded “yes” to the question “Have you during the last year
continuously for at least three months suffered from pain or stiffness in muscles and joints?”
were defined as having chronic MSCs. These individuals were then asked to indicate
locations by “yes” or “no” responses to the following areas of the body: neck, shoulders,
elbows, wrist/hands, chest/abdomen, upper back, low back, hips, knees, and/or ankles/feet.
The prevalence and incidence of these complaints in the current population has been

published previously (111).

Subjects who answered 'yes' to the question 'Have you suffered from headache during the last
12 months?' were classified as headache sufferers. Based on data from the subsequent 12
headache questions, they were classified into two groups of either migraine or non-
migrainous headache. The diagnoses were mutually exclusive. The classification of the
subjects has been described in detail previously, and has been validated by interview

diagnoses (112).

Whiplash injuries where investigated with the following question: “Have you ever had neck
distortion (whiplash). Out of 92,936 eligible for participation, a total of 59,104 individuals
(63.6%) answered the question about neck distortion (whiplash). Among these, 46,895
(79.3%) responded to the questions of MSCs and headache. The subjects were classified into

four groups based on the presence of headache and chronic MSC.

3.3.2. Paper II and paper III
All subjects included were asked to fill in questionnaires about pain, health and
anxiety/depression in connection with the clinical examination. In addition demographic data

were registrated.
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Brief Pain Inventory

The Brief Pain Inventory (BPI) is designed to measure two targets; the subjective intensity of
pain and the impairment caused by pain. The BPI, which has been validated in Norwegian,
consists of 4 questions related to pain severity and 7 questions related to pain interference
with function (113). The pain severity items are presented as numeric rating scales, from 0
(no pain) to 10 (pain as bad as you can imagine). The BPI asks the patients to rate their pain at
the time of responding to the questionnaire (pain now) and pain at its worst, least, and average
for the last 24 hours. In our study III we used a modified BPI asking for an average pain the
last 2 weeks. This was done because of the long duration of symptoms in the groups. A pain
severity index is calculated by adding the scores on the pain severity items. The 7 items of
pain interference with patient function are also presented as numeric rating scales, from 0
(does not interfere) to 10 (interferes completely). The questions about interference relate to
how pain interferes with general activity, mood, walking, work, relations with others, sleep,
and enjoyment of life. A function interference index is calculated by adding the scores of the

interference items.

EuroQol 5D
The EuroQol 5 D (EQ-5D) is a generic health-related quality of life instrument. Extensive

cultural and language evaluations have been made and a validated Norwegian version was
used in the present study (114). EQ-5D evaluates five dimensions: mobility, self-care
activities of daily life, pain, anxiety and depression. Each dimension is described by three
possible levels (no, mild to moderate and severe)so that there are 3° or 243 possible health
states (115). For each of these combinations, one can assign health- state utility indices which
are based on different value sets. Respondents’ answers to different hypothetical choices are
translated into a preference based score, yielding an index score based on a scale from 0
(death) to 1.0 (perfect health).

The EuroQol Visual Analog scale (EQ VAS) forms the second part of the EQ-5D
questionnaire. The patients rate their health-state by drawing a line from a box marked “Your
health state today” to the appropriate point on the 20 cm VAS scale, which ranges from 0-100
(worst to best imaginable health)(115).

The Hospital Anxiety and Depression Rating Scale

The Hospital Anxiety and Depression Rating Scale (HADS) is a two-dimensional, self-rating

instrument for anxiety and depression. It consists of 14 items and all items are scored at a 4-
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point scale from 0 (not present) to 3 (maximally present), to assess anxiety and depressive
symptoms during the last week. The seven depression items (HADS-D) are related to
anhedonia, lowered mood, and psychomotor retardation, and assess some of the depressive
symptoms that are part of the diagnostic criteria of depression in ICD 10 and DSM IV. The
seven anxiety questions (HADS-A) cover some of the criteria of generalized anxiety disorder
as described in both these diagnostic manuals. Psychometrics for the Norwegian version of

HADS have been reported previously (116).

3.4. MRI protocol

MRI was performed at 1.5 tesla (T) using a Siemens Symphony magnetic resonance system
(Siemens Medical, Erlangen Germany). The patients and controls were scanned in the supine
position using both the neck coil and the attachable anterior element from the head coil. The
scan protocol of the craniocervical junction consisted of proton-weighted fast spin-echo
sequences in three planes. In the sagittal plane 16 interleaved, contiguous slices with 2 mm
slice thickness were obtained with TR/ TE/ ETL/ NEX/ FoV/ band width/ acquisition time
3290ms/ 13ms/ 13/ 4/ 20cm / 130Hz/pixel/ 7.05min and a matrix of 291x512 giving a pixel
size of 0.6x0.4 mm. The sagittal slices covered the area between the occipital condyles
including the insertions of the alar ligaments. In the axial plane 17 interleaved contiguous
slices with 2 mm slice thickness were obtained with TR/ TE/ ETL/ NEX/ FoV/ band
width/acquisition time 3520ms/ 14ms/ 13/ 4/ 20cm/ 130Hz/pixel/ 5.43min and a matrix of
291x512 giving a pixel size of 0.6x0.4 mm. The axial images covered the area from the base
of the dens axis to the foramen magnum. In the coronal plane 19 interleaved contiguous slices
with 1.5 mm slice thickness were obtained with TR/ TE/ ETL/ NEX/ FoV/ band
width/acquisition time 3090ms/ 15ms/ 9/ 5/ 20cm/ 136Hz/pixel/ 7.02min and a matrix of
227x384 giving a pixel size of 0.7x0.5 mm. The coronal images covered the area from the
anterior arch of the atlas to the middle part of the spinal canal and the images were angulated
parallel to the anterior border of dens axis. Total examination time for all three imaging

sequences including localizer scans was approximately 25 min.

3.4.1. Image evaluation.

All MRI examinations were independently evaluated on a radiological work-station by two
experienced neuroradiologists (interpreter 1 and interpreter 2). The images from patients and
controls where presented in random order and the interpreters were blinded to original

evaluation, patient data, history and group allocation. In case of disagreement between the
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interpreters, those images were re-evaluated and a consensus was reached for the respective
study participants (n=88). One of the interpreters (interpreter 1) re-evaluated the MRI from 50
patients and controls after six months and was blinded to the results from the first evaluation.
The alar ligaments were evaluated according to a 4-point grading scale proposed by Krakenes
et al. (52). In this grading system low signal throughout the entire cross-section area of the
alar ligament was graded 0, high signal in less than 1/3 of the cross-section was graded 1,
high signal in 1/3-2/3 of the cross-section was graded 2 and high signal in more than 2/3 of
the cross-section was graded 3. In some examinations the alar ligaments were overall grey.
These ligaments were graded as 2. In the evaluation of the alar ligaments the images in the
sagittal plane were most useful since the cross section could easily be evaluated. In the lateral
part of the ligament care was taken to avoid misinterpretation of partial volume effects from
the fatty bone marrow in the occipital condyle as high signal intensity in the ligaments. Before
the final grading the findings in the sagittal images were compared to the coronal images and
particularly in the areas close to the dens axis and the occipital condyles this comparison was

useful.
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4. RESULTS

4.1. Paper I

Headache and musculoskeletal complaints among subjects with self reported neck
distortion. The HUNT-study.

We evaluated the life-time prevalence of self reported neck distortion (whiplash) and the
relationship to chronic musculoskeletal complaints (MSCs) and headache in a large
unselected adult population. The subjects were classified into four groups based on the
presence of headache and chronic MSC.

The conclusion is that subjects with self reported neck distortion had significantly more
headache and musculoskeletal complaints than those without and may in part be due to
selective reporting. The association was not restricted to the neck region, but was also seen in
other anatomical sites and was even stronger in some areas other than the neck. Our findings
correspond to other cross-sectional studies, which reports a wide range of symptoms in
whiplash patients. The life-time prevalence of self-reported whiplash was 2.9%, which was
much lower than other strictly comparable studies. It is likely that whiplash traumas were
grossly underreported in the present study and that selective reporting among those with

complaints may be present.

4.2. Paper 11

Magnetic resonance imaging assessment of the alar ligaments in whiplash

injuries. A case-control study.

A case-control designed study of 173 subjects included a group with persistent WAD grade II
after a car accident (n=59), a group with chronic non-traumatic neck pain (n=57) and a group
without neck pain or previous neck trauma (n=57). The MR images were independently
evaluated by two experienced neuroradiologists who were blinded to patient history and
group allocation. The alar ligaments were seen on both sides in all subjects. Areas of high
signal intensity (grade 2-3) were found in at least one alar ligament in 49 % of the patients in
the WAD grade II group, in 33 % of the chronic neck pain group and in 40% of the control
group (Chi-square, p=0.22).

Our conclusion is that high-signal intensity changes in the alar ligaments are not only seen

among whiplash patients, but also with similar frequency in patients with chronic neck pain
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and in healthy controls. The use of MRI for the evaluation of signal intensity changes in the

alar ligaments after whiplash is questionable.

4.3.Paper 111

Clinical characteristics, pain and disability in relation to alar ligament MRI findings.
We used the same diagnostic groups, MR imaging protocol and MRI classification system on
the alar ligaments as in study II. Pain and disability were assessed by using the Brief Pain
Inventory, the EuroQol and the Hospital Anxiety and Depression Rating Scale. With respect
to BPI and HADS, the scores were highest in the WAD group, intermediate in the chronic
non-traumatic neck pain group, and lowest among controls. EuroQol scores were lowest in
the WAD group, intermediate in the chronic non-traumatic neck pain group, and highest
among controls (p<0.001, Kruskall-Wallis test). There was, however, no significant
correlation (Spearman’s tho) between the alar ligament changes and measures for pain and
disability.

The study shows that the WAD group reports more pain, more anxiety and depression and
lower quality of life than the chronic neck pain group and the healthy control group, but there
is no association between degree of signal changes in the alar ligaments on MRI with respect

to pain and disability.
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5. DISCUSSION

Study I is based upon cross-sectional data from the HUNT-2 study, and shows that the
prevalence of headache and musculoskeletal complaints is higher among subjects with self-
reported neck distortion than those without. The significant association was not restricted to
the neck region, but was also seen in all anatomical sites and was even stronger in some areas
other than the neck. These results are in accordance with other studies reporting an
association between whiplash and a wide variety of symptoms and pain in other areas not
restricted to the head and neck region (94, 117-123). The results from this cross-sectional
study must be evaluated with caution. Even though the high participating rate in this
unselected population and the large sample size decreased the risk of chance findings, the
study design cannot address the causal relationship, i.e. whether neck distortion causes MSCs
or headache. The wide range of data made it possible to adjust for potential confounding
variables, but one cannot rule out that other risk factors or a shared susceptibility causes the
associations observed. The use of validated questionnaires reduces the risk for
misclassification, but there is a possibility of non-differential misclassification that might
weaken real associations, but we think this is a minor problem as the prevalence of headache
and MSC in the current population is consistent with data from other population-based studies
in the Western countries (124, 125). The higher prevalence of MSCs and headache among
those with self-reported neck distortion might be due to recall bias, i.e. that individuals with
pain are more likely to remember and report a previous neck trauma than those without
complaints (126). In addition studies dealing with subjective complaints like headache and
musculoskeletal pain may be influenced by a tendency to answer in a similar way all
questions regarding complaints (“reporting bias”) (127), which may create strong associations
that may reflect personality traits rather than biological mechanisms (128). The life-time
prevalence of self reported whiplash in our study was 2.9 %, which is much lower than the
15.9 % reported in another population-based cross-sectional in Canada (19). Based upon the
published reports from the Confederation of Norwegian Enterprise the percentage who have
sustained on an accident with whiplash mechanism within a relevant time period is probably
much higher than the 2.9% who self report a whiplash injury (15). It is very likely that
whiplash traumas were grossly underreported in the study, and that selective reporting, e.g.

among those with complaints may be present.
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In study II and III we compared MRI findings in the alar ligaments, clinical characteristics,
pain and disability in three study groups. The results show that high signal intensity changes
on MRI are not a specific finding only in WAD patients, but is seen in similar frequency also
among patients with chronic neck pain without any known previous neck injury and healthy
control subjects. In addition, there was no association between the degree of MRI findings
and pain, quality of life and psychological problems measured by BPI, EuroQol and HADS.
MRI findings could not explain the high pain score, the high disability score and the low
quality of life score in the WAD group.

One strength of the study is that patients with chronic neck-pain without a previous neck
trauma were included. In addition, all the MR images were investigated by two experienced
radiologists, who where blinded to original evaluation, patient data, history and group
allocation. Comparing the alar ligaments in a whiplash group with two control groups
strengthens our conclusion. Finally, we have used well validated questionnaires like BPI,

Euro Qol and HADS.

A symptom duration of at least 6 months was used in the present study, because the QTF
classification system includes a time axis; a post-injury symptom duration of 6 months is
designated as late whiplash syndrome (2). The upper limit of 10 years symptom duration was
chosen in order to compare the results with a previous study that included WAD patients
injured up to 9 years earlier (52). The mean duration of the post-injury symptoms was 4.3

years in the present study.

Patients in the chronic neck pain group without any previous neck injury were recruited from
local physiotherapists and primary care doctors. Despite the fact that chronic neck pain is a
common symptom in the general population (5, 6), the process of recruiting persons in this
group was time-consuming and one cannot rule out the possibility of selective participating,

i.e. that those with most complaints were more likely to participate.

The healthy controls were recruited from different workplaces and educational institutions in
order to secure a wide range of educational and occupational backgrounds. None of them
were on sick leave or out of work in the study period. A confounding factor may be that the

socioeconomic status is above normal, but as earlier stated, they were from different
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workplaces, and we suppose they represent the general population. The control group

consisted of subjects without neck pain or previous neck trauma.

In the cervical spine standard MRI allows evaluation of at least the anterior and posterior
longitudinal ligament, skeletal structures including the uncovertebral and facet joints, the
spinal cord and the cervical discs. The tectorial membrane can be evaluated as well on sagittal
images as a continuation of the posterior longitudinal ligament toward the clivus. Evaluating
the alar ligaments and the other small ligaments in the craniocervical junction requires
additional imaging series in several imaging planes with thinner sections (3). The
development of a more advanced MRI technology has made it possible to assess

morphological changes in ligaments and membranes in that region.

We found high-signal changes both in the WAD group, in the CNP group and in the healthy
control group, respectively 49%, 33% and 40% (129). The percentage of high signal changes
in the alar ligaments was higher in controls than among subjects with chronic neck pain,
respectively 40% and 33%. This finding can not explain the proposal that signal changes
could represent adaptive changes in the presence of chronic neck pain (130, 131). If adaptive
changes are the explanation of the high-signal changes, there should be no such changes in the
healthy control group. Our results suggest that the high-signal changes in the alar ligaments

represent normal morphological variation in a population.

In the Krakenes study the findings that were interpreted as lesions in the alar ligaments were
graded from 0 to 3 and were based on the ratio between any high signal part and the total
cross sectional area of the alar ligament (52). The main result was that 45 individuals (49 %)
in the whiplash group had a lesion grade 2 or 3 (27 persons with lesion grade 2 and 18
persons with lesion grade 3) whereas no such lesion were found in any of the 30 controls.
These results are in great contrast to previous MRI studies of symptom free individuals. One
study reported a wide variation of segmental motion in the upper cervical spine without
correlation between segmental rotation and morphological characteristics of the craniocervical
joints or ligament structures (132). Furthermore, it has been impossible to demonstrate that
lesions of the alar ligaments should be the cause of WAD (31). It is also important to mention
that asymmetry of alar ligaments, craniocervical junction and of the facet joints in the neck as
well as joint effusions are frequent findings in asymptomatic subjects (29). However we

found no asymmetry indicating rupture of the alar ligaments in the study. In addition, Roy et
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al. found high signal changes in about one third of the asymptomatic controls (32). It is
important to consider that these studies used different MRI-protocols and/or different grading
systems. In addition to different MRI protocols and different grading systems the magnetic
field strength may influence the image quality and is important in the ability to detect small
structural changes in the ligaments. In some studies low field magnetic strength (0.2-0.5 T)
has been used (31, 89). Other studies have been performed on high field magnetic strength
(1.0-1.5T) (29, 32, 52, 90, 91).

Three studies used the same MRI protocol and the same grading system as we did (52, 90,
91). Vetti et al. did a prevalence study on 1266 individuals with WAD I-II, and did not
include a control group. They found a considerable lower prevalence (35.5%) of high signal
changes in the alar ligaments in the WAD patients than Krakenes (49%) (52, 90). Dullerud et
al. reported high signal changes in about 50 % both among patients and controls (91), which

is in accordance with our results.

In our study the interobserver agreement for both th e right and the left alar liga ment was
moderate, 0.42 and 0.48, respecti vely. The respective values fo r weightened kappa indicated
better agreement, 0.57 and 0.62, respectively. In  the study by Krakenes (52) the inter- and
intra observer values were rather similar to those presen ted in our stud y. However, the inte r-
and intraobserver agreem ent improved in both studies when the groups were dichotom ized
into low-grade (grade 0-1) and high-grad e (grade 2-3). One study noticed significant
interobserver disagreement (32), which is in accordance with a recen t MRI study that found
poor interobserver agreem ent both for the alar  ligament and the transverse ligam ent (91).
Accordingly the use of MRI for the evaluation of signal intensity ch anges in these ligam ents
in W AD patients in daily clin ical practice is highly questionable, and the Consensus Euro
Spine 2008 proposes that MRI exam ination with special reference to the ligaments in the

craniocervical junction should only be performed in clinical research (3).

The questionnaires used in study III are well validated. Both HADS and EuroQol are used in
previous whiplash studies (121, 133, 134). In addition we used the well validated BPI in
assessing pain and impairment caused by pain (113, 135-137). We did not find that BPI was
used in earlier whiplash studies and there was not a neck specified pain question in BPI, but
the patient entered the pain localization on a body drawing. To address the neck pain

properly, we used a visual analog scale (VAS) asking for an average neck pain the last two
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weeks. The pain intensity was graded in a 100-mmVAS, end points being no pain and worst
imaginable pain. This score corresponded to the BPI intensity score. However, issues
concerning on how pain interferes with the patients function in respect to general activity,
mood, walking, work, relations with others, sleep and enjoyment of life is addressed in the
questionnaire. The EuroQol is a well validated generic quality of life instrument and the
questionnaire has been used in a previous whiplash study (134). The findings indicated a
lower quality of life in patients with depression and a high pain score after a whiplash injury.
Wallin et al. used SF-36 as a quality of life measurement in chronic WAD patients and found
quality of life significantly lower in all SF-36 scales, when compared to healthy pain-free
subjects (138). Another study is in accordance with our findings, i.e. that WAD patients report
lower quality of life than healthy controls (139).

The neck disability index (NDI) is a condition specific instrument (140), but was not
linguistically validated in Norwegian until 2007. In addition the reliability and validity of the
NDI is still lacking. Furthermore, issues concerning emotional and social functioning are not
addressed in the NDI questionnaire, which is important in WAD patients (141). In a previous
study NDI was used to assess disability in whiplash patients, and they reported that the NDI
score increased significantly with increasing MRI grade (Krakenes classification, grade 0-3)
(142). They concluded that subjects with MRI grade 2-3 reported more difficulties in daily
living than subjects with grade 0-1 signal changes or normal controls. Furthermore, they
reported an increase in NDI with increasing number of structures (all ligaments and
membranes) with MRI grade 2-3. This is in great contrast to findings in our paper I1I. We
found no association between the degree of MRI findings and pain, quality of life and
psychological problems measured by BPI, EuroQol and HADS. MRI findings could not
explain the high pain score, the high disability score and the low quality of life score in the
WAD group.

Intervention with craniocervical fixation has been done in over 500 subjects with symptoms
after whiplash injury (89, 105). The German neurosurgeon Montazem reported incomplete
and complete ruptures in the alar ligaments, and introduced a new indication for
craniocervical fixation (89). Craniocervical fixation is major surgery with a moderate level of
perioperative complications. There is also a theoretical risk of increasing the degenerative
process in the level below the fixation (106, 107). The surgical method of choice is

incorporating C3 lateral mass screws, transarticular screws from C1 and C2 and screws in the
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occipital bone. The screws are connected to rods which fuse occiput to the upper cervical
vertebrae. The surgeon uses a bone graft from the iliac crest to fuse the occiput to C1 and C2.
The usual indications for craniocervical fixation are serious conditions like instability caused
by rheumatic arthritis, tumours and fractures. The scientific evidence for introducing a new
indication for craniocervical fixation is lacking, and craniocervical fixation in WAD I — 11

must be considered experimental surgery (106, 107).

The fact that the outcome of an acute whiplash injury is benign in countries like Litauen,
Greece and Germany, and causes epidemic proportions of chronic pain in countries in North
America and Europe, has lead to a biopsychosocial approach in the explanation of the late
whiplash syndrome (59). The descriptive validity of the WAD classification is questionable
(37), because the symptoms reported after a whiplash injury are nonspecific and also highly
prevalent in the general population (3, 13, 14, 59, 143). The biopsychosocial model is also
supported by the fact that the whiplash syndrome does not have clinical or other findings that
are distinct from those of other patients with head and neck pain. Then a reasonable
explanation for the complaints may be that the symptoms are caused by other mechanisms
than the whiplash injury and that the mechanism for the chronic pain is multifactorial.

In a cross sectional study on symptom-profile in patients with self-reporting whiplash,
Wenzel reports a wide range of symptoms in chronic WAD, in fibromyalgia and in
rheumatoid arthritis compared to controls (122). The chronic WAD group had a higher
prevalence of both psychological and physical symptoms than the controls and a more similar
symptom profile to patients with fibromyalgia than to patients with rheumatoid arthritis. This
also included symptoms from body parts which should have no relation to the whiplash
trauma, e.g. the hips and the gastrointestinal tract and included also other symptoms than pain
symptoms. Both in North America and in Scandinavia, there is an expectation of potential
symptoms after whiplash, which may lead persons to attribute all their symptoms to a car
collision. The patients’ behaviour in response to the injury may often be amplified by the
circumstances of the collision where paramedics apply a neck collar and tell the person not to
move, and the treatment and attention after the injury. This triad of expectation, amplification
and attribution seems to be important factors in the explanation of the late whiplash syndrome

(59, 83).

The interpretation of signal intensity changes in the alar ligaments is difficult. The increased

signal in the ligaments may be due to atrophy of fibres and fat replacement due to the trauma
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(52). Fat and connective tissue interspersed between the ligament fibres have higher proton
density than the fibres themselves and can cause high signal on MRI (144). If the ligament
has high fiber density it will appear hypointense on MRI, whereas a ligament with loose fiber
density and interspersed fatty tissue will appear with high signal intensity. Another
explanation is that the alar ligaments are surrounded by high-signal epidural fat and partial
volume artefacts has been suggested as the cause of alar ligament changes (32). A fat
suppression technique is widely used in musckuloskeletal MRI. This technique suppress the
fatty tissue and fibrosis, while oedema retain high signal (145). Dullerud et al. used this
technique and propose fat-suppressed sequences in future studies of the craniocervical
junction due to the reduced abnormalities reported for e.g. the alar ligaments (91).
Accordingly, the use of fat-suppression in acute phase studies has to be considered in future

studies on WAD.
To improve image quality, the use of 3T MRI systems has been proposed. Our experience is

that 3T images do not improve image quality and that 3T images produces artefacts that

makes the interpretation difficult.
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. MAIN CONCLUSIONS

Subjects with self- reported neck distortion have significantly more headache and

musculoskeletal complaints than those without.
. The association between self reported neck distortion and musculoskeletal pain was not
restricted to the neck region, but was also seen in other anatomical sites and was even

stronger in some areas other than the neck.

. The high signal intensity changes in the alar ligaments on MRI are not specific findings

only found in WAD patients.

. The frequency of high signal intensity changes in the alar ligaments are similar in the

WAD group, the group with chronic neck pain and in the healthy control group.

. The WAD group has more pain, more anxiety and depression and lower quality of life

than the chronic neck pain group and the healthy control group.

. There is no association between signal changes in the alar ligaments on MRI and the

degree of pain and disability.
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7. AIMS OF FUTURE STUDIES

In order to address the causal relationship between a whiplash trauma and the multiple
complaints reported among patients with chronic symptomes, it is necessary to use prospective
designed case-control or preferable cohort studies. There are, however, several
methodological aspects and confounding factors that have to be considered in future studies.
The use of MRI in patients with whiplash associated disorders cannot at present be
recommended. There is, however, still a need to confirm our findings in future studies with
appropriate numbers of patients and controls. In addition there is a further need for
prospective designed studies including a thorough clinical assessment combined with MRI to
evaluate whether there are detectable changes in these ligaments in the acute phase after
injury and during follow up. Beyond this, reliability studies on MRI are needed before MRI
findings can be implemented in clinical studies. The reported interrater agreement rates in
study II and in previous studies indicate that using a 4 point grading scale is highly
questionable in clinical practice. Even the dichotomized inter — and intrarater kappa values
did not reach acceptable agreement for this rating scale to be clinically useful. Consequently,

a more reliable classification system is needed in future studies.
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ABSTRACT

Objective: To evaluate the life-time prevalence of self reported neck distortion and the
relationship to chronic musculoskeletal complaints (MSCs) and headache in a large unselected
adult population.

Methods: Between 1995 and 1997, all inhabitants 20 years and older in Nord-Trendelag county
in Norway were invited to a comprehensive health survey. Out of 92,936 eligible for
participation, a total of 59,104 individuals (63.6%) answered the question about neck distortion
(whiplash). Among these, 46,895 (79.3%) responded to the questions of musculoskeletal
complaints and headache.

Results: The total life-time prevalence of self reported neck distortion was 2.9%, for women
2.7% and for men 3.0%. There was a significant association between self reported neck
distortion and headache (OR =2.1; 95% CI 1.8-2.4), and chronic MSCs (OR=3.3; 95% CI 2.8-
3.8), evident for all ten anatomical sites investigated. The association was most pronounced for
those with a combination of headache and chronic MSC for both men (OR = 4.8; 95% CI 3.6-
6.2) and women (OR = 5.2; 95% CI 3.7-7.1).

Conclusions: Subjects with self reported neck distortion had significantly more headache and
musculoskeletal complaints than those without, and may in part be due to selective reporting.

The causal mechanism remains unclear and cannot be addressed in the present study design.



Introduction

Whiplash injury occurs due to an acceleration-deceleration energy transfer to the neck resulting
from motor-vehicle collisions, and the term whiplash associated disorders (WAD) was
introduced in order to describe the sign and symptoms associated with the injury *%.

The prognosis of whiplash injuries show highly variable results and may be due to differences
in study populations and definitions of outcome *°. Some follow-up studies report as much as

95% recover within a few months 27

, while others report that 70 % recover within a few days
up to 2-3 weeks, but around 20% have remaining symptoms after 1 year and 5-10 % have
complaints that influence work ability or leisure activities ******. It is not clear which patients
are at risk of delayed recovery following whiplash injury '®**, but a slow or poor recovery
seems to be associated with psychological factors, compensation or legal factors and initial self
reported symptom severity °. The construct validity of the whiplash syndrome is, however,
questionable *® | and several studies report an association between whiplash injury and a wide
variety of symptoms and pain in other areas not restricted to the head and neck region
6.8.10.11,15.23.28.33.394041 T4 studies have specifically evaluated the risk factors associated with
the occurrence of wide spread bodily pain after motor vehicle collision ***', but these studies
included insurance claimants and it is therefore not known whether there is an increased
prevalence of musculoskeletal complaints (MSCs) among subject with self reported neck
distortion in the general population. Thus the main purpose of the present study was to study

the relation between self reported neck distortion and chronic MSCs and headache in a large

unselected adult population.



Methods

In the years 1995 to 1997, all inhabitants aged 20 years and above in the County of Nord-
Trendelag of Norway were invited to participate in the Nord-Trendelag Health Study (HUNT-
2). Out of 92,936 invited individuals, 66,140 (71.2%) took part in the study. The target
population and the description of the participants and non-participants have been published
previously ', In short, two questionnaires including more than 200 health-related questions
were administered to the participants. The first questionnaire (Q1) was enclosed with the
invitation letter and delivered when attending the health examination. The second
questionnaire (Q2) was filled in after the health examination and returned by mail.

The Q1 included questions about MSCs adopted from the Standardized Nordic Questionnaire
' The Standardized Nordic Questionnaire has previously been evaluated and found to give
reliable estimates for low-back pain, and upper limb and neck discomfort, in particular for

symptoms during the past year ***

. In QI participants who responded “yes” to the question
“Have you during the last year continuously for at least three months suffered from pain or
stiffness in muscles and joints?”” were defined as having chronic MSCs. These individuals were
then asked to indicate locations by “yes” or “no” responses to the following areas of the body:

neck, shoulders, elbows, wrist/hands, chest/abdomen, upper back, low back, hips, knees, and/or

ankles/feet.

Subjects who answered 'yes' to the question 'Have you suffered from headache during the last
12 months?' were classified as headache sufferers. Based on data from the subsequent 12
headache questions, they were classified into two groups of either migraine or non-migrainous
headache. The diagnoses were mutually exclusive. The classification of the subjects has been

described in detail previously, and has been validated by interview diagnoses "°.



Whiplash injuries were investigated with the following question: “Have you ever had neck
distortion (whiplash). Out of 92,936 eligible for participation, a total of 59,104 individuals
(63.6%) answered the question about neck distortion (whiplash) in Q1. Among these, 46,895
(79.3%) responded to the questions of MSCs and headache. The subjects were classified into

four groups based on the presence of headache and chronic MSC, as shown in Table 1.

Statistical analysis

Between group differences for continuous and categorical variables were evaluated using
parametric and non-parametric tests. P-values < 0.05 were considered statistically significant.
Using logistic regression, we estimated prevalence odds ratios (OR) with 95% confidence
intervals (CI) for the association between self-reported neck distortion in relation to headache
and chronic MSCs. Potential confounders such as gender, age (10 years categories), duration of
education (<10, 10-12 and >12 years), anxiety and depression measured by Hospital Anxiety
and Depression Scale (HADS), use of pain medication, physical activity, smoking and body
mass index were adjusted for. Statistical analyses were performed using the Statistical Package

for the Social Sciences (SPSS), version 15.0 (SPSS Inc., Chicago, IL, USA).

Ethics

The HUNT study was approved by the Regional Committee for Medical Research and Ethics,

and by the Data Inspectorate of Norway.



Results

The total life-time prevalence of self reported neck distortion was 2.9%, for women 2.7%, and
for men 3.0%. As demonstrated in Table 1, there was a significant difference in age between
the diagnostic groups (One-way ANOVA, p<0.0001) and for all the different categorical
variables (Kruskall-Wallis test, p<0.0001). This was most pronounced for educational level,
smoking, analgesic use, physical activity, anxiety and depression among those with a
combination of headache and chronic MSC. Adjustments for all these confounders were made
in the final multivariate analyses. There was a significant association between neck distortion
and headache (OR =2.1; 95% CI 1.8-2.4), and chronic MSCs (OR=3.3; 95% CI 2.8-3.8). The
association was most pronounced for those with a combination of headache and chronic MSC
as shown in Table 2.

The association between self reported neck distortion and chronic MSC was evident for all ten
anatomical sites for both men and women (Table 3). Among women the strongest association
was found for pain in the chest and/or abdomen (OR=7.1, 95% CI 4.9-10.4), and for both
genders the association was not stronger for neck pain than upper back pain (Table 3).

Among those with chronic MSC, 39.3% of the subjects with neck distortion reported that these
complaints had a significant impact on their work ability compared to 25.5% of those with
chronic MSC but without self reported neck distortion (p<0.0001). There was also a significant
difference in impact on leisure activities between these two groups (75.4% versus 61.3%,
p<0.0001). There association between self reported neck distortion and headache was found for
both migraine (OR = 2.2; 95% CI 1.8-2.6) and non-migrainous headache (OR =2.1; CI 1.7-2.4)

for both genders (data not shown).



Discussion

In this large population-based, cross-sectional study, self-reported neck distortion was
associated with increased prevalence of headache and chronic MSCs, which was evident for all
anatomical sites. Individuals with a combination of headache and chronic MSC were five times
more likely to report neck distortion than those without any complaints.

The results from the present cross-sectional study must be evaluated with caution. Firstly, it
cannot be determined whether neck distortion causes neither MSCs nor headache, or whether
other risk factors or a shared susceptibility causes these associations. Secondly, since both
headache, chronic MSCs and neck distortion are based on self-report, individuals with neck
pain and other pain are more likely to remember and report a previous neck trauma than those
without complaints, i.e. differential information (recall bias) '®*. Thirdly, in studies dealing with
subjective complaints like headache, musculoskeletal pain and psychiatric symptoms the
results may be influenced by a tendency to answer in a similar way all questions regarding
complaints (“reporting bias”) **. This may create strong associations that may reflect
personality traits rather than biological mechanisms *°. Headache, neck pain and other
subjective complaints are common in the general population ”+'*'**”_ and both headache and
neck pain are equally frequent in patients with and without a history of whiplash **. One
population-based prospective study reported that the symptoms after a whiplash injury were
usually mild and disappeared in most cases after a few days *', which is supported by findings
from experimental studies >*. The occurrence of frequent neck pain and headache is also
common among untraumatised subjects *' and the course of WAD is very similar to the course
of neck pain in the general population *°.

Even though the use of validated questionnaires reduces the risk for misclassification, the

questionnaire-based diagnoses are not optimal when compared to interview diagnoses. There is



a possibility of non-differential misclassification of diagnosis that might weaken real
associations, but we think this is a minor problem as the prevalence of headache and MSC in
the current population is consistent with data from other population-based studies in the
Western countries '**”. In addition the large and unselected population and the high
participating rate, reduces the risk of selection bias. Selective participation was unlikely, since
neither headache, neck-distortion nor chronic MSCs were the main objectives. The impact of
non-participants has been discussed in more detail previously ', but the large sample size
decreased the risk of chance findings and the wide range of data made it possible to adjust for
potential confounding variables.

The life-time prevalence, however, of having sustained a whiplash traumas in our study was
2.9 % and is much lower than the 15.9% reported in a population-based cross-sectional study
among the Saskatchewan population °. Published reports from the Confederation of Norwegian
Enterprise comprising all the Norwegian government insurance companies indicate that the
most common cause of whiplash, a rear end collision, in year 2000 involved 54000 vehicles
and half of these were hit from behind, i.e. 27000 people. Over a 10 year period one can
calculate that approximately 270 000, i.e. 6% of the population, will be involved in such
collision. In addition comes all other traffic- and sport accidents. This means that the
percentage who have sustained on an accident with whiplash mechanism within a relevant time
period is probably much higher than the 2.9% who self report a whiplash accident *'. Tt is
therefore very likely that whiplash traumas were grossly underreported in the present study,

and that selective reporting, e.g. among those with complaints may be present.



Conclusions: Subjects with self reported neck distortion had significantly more headache and
musculoskeletal complaints than those without, and may in part be due to selective reporting.

The causal mechanism remains unclear and cannot be addressed in the present study design.



Table 1 Demographic data

Total number

Age (mean, SD)

Gender, female %

Years of education > 12 years (%)
Current smokers (%)

Analgesic use (%)*

HADS anxiety score >8 (%)
HADS depression score >8 (%)
Alcohol abstainers (%)

BMI > 25 (%)

High physical activity (%)**

No MSC or HA
17524
48.7 (17.6)
443

23.7

24.6

1.4

4.6

3.7

11.0

57.9

14.6

HA-no MSC
8096

40.8 (13.7)
63.3

27.4

28.1

53

9.6

4.8

8.2

52.6

11.7

MSC-no HA
11195
56.0 (15.6)
48.6

15.4

28.3

11.7

9.6

8.1

13.3

66.1

10.3

MSC and HA
10080
47.6 (14.0)
67.1

18.3

33.8

22.1

19.9

11.5

11.7

60.8

9.6

HA=Headache, MSC= Musculoskeletal complaints

* Analagesic use daily or almost daily

**> 3 hours/week with hard physical activity.



Table 2 Prevalence odds ratio (OR) of self reported neck distortion in relation to diagnostic

groups.
Men Women
Neck-distortion Neck-distortion
Total no % OR (95% CI) Total no % OR (95% CI)

MSC -/ HA - 9761 1.4 1.0 (ref) 7763 0.8 1.0 (ref)

MSC -/ HA + 2969 2.2 1.6 (1.1-2.2) 5127 1.6 1.3(0.9-1.9)
MSC +/HA - 5758 3.5 2.2(1.7-2.9) 5437 2.5 2.8(2.0-4.2)
MSC +/HA + 3315 8.1 4.8 (3.6-6.2) 6765 6.0 5.2 (3.7-7.1)

HA=Headache, MSC= Musculoskeletal complaints

Analyses adjusted for all variables in Table 1.



Table 3 Prevalence odds ratio (OR) of self reported neck distortion related to musculoskeletal

complaints.
Men Women
Location of MSCs Neck-distortion Neck-distortion
Total no* No (%)** OR (95% CI)  Total no No (%) OR (95% CI)

Neck 4347 384 (57.2) 5.4 (4.4-6.8) 7136 458 (66.9) 6.2 (4.9-7.9)
Shoulders 4957 326 (48.6) 3.7(2.9-4.6) 7675 425(62.0) 5.6 (4.4-7.2)
Elbows 1679 113 (16.8) 3.8(2.8-5.1) 2515 140 (204) 5.1(3.7-7.2)
Wrist/hands 2202 146 (21.8) 3.9 (3.0-5.1) 4577 251 (36.6) 4.9(3.7-6.4)
Chest/abdomen 972 68(10.1) 3.6(2.4-5.2) 1543 107 (15.6) 7.1 (4.9-10.4)
Upper back 1421 125 (18.6) 5.0 (3.7-6.7) 3361 235(34.3) 5.9 (4.4-7.8)
Low back 4476 255(38.0) 3.1(2.4-3.9) 6399 326 (47.6) 4.8(3.8-6.3)
Hips 2693 155(23.1) 29(2.2-3.9) 5554 260 (38.0) 4.8 (3.6-6.3)
Knees 2979 170 (25.3) 3.2(2.5-4.2) 4686 219(32.0) 4.7(3.5-6.3)
Ankles/feet 2179 115(17.1) 3.0(2.3-4.1) 3881 209 (30.5)  5.3(3.9-7.1)

HA=Headache, MSC= Musculoskeletal complaints. Analyses adjusted for all variables in Table 1.
*Total number of subjects with complaints in the population.
**Total number and percentage of subjects with compliants among those with self reported neck-distortion
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223.Solveig Tingulstad: CENTRALIZATION OF PRIMARY SURGERY FOR OVARAIN
CANCER. FEASIBILITY AND IMPACT ON SURVIVAL

224.Haytham Elogayli: METABOLIC CHANGES IN THE BRAIN CAUSED BY EPILEPTIC
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DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL
ADAPTATIONS TO EXERCISE TRAINING

263.Eszter Vanky: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT IN
PREGNANCY
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267 .Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART: A STUDY IN PATIENTS
UNDERGOING CORONARY REVASCULARIZATION

268.Bjorn Inge Gustafsson: THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL,
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IN THE POPULATION
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287.Agneta Johansson: GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE
PREVALENCE OF PATHOLOGICAL GAMBLING IN NORWAY
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291.Anne Engum: DEPRESSION AND ANXIETY — THEIR RELATIONS TO THYROID
DYSFUNCTION AND DIABETES IN A LARGE EPIDEMIOLOGICAL STUDY
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2000-01; THE NORD-TRONDELAG HEALTH STUDIES (HUNT)

316.Anne-Tove Brenne: GROWTH REGULATION OF MYELOMA CELLS
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331.Morten André Hoydal: CARDIAC DYSFUNCTION AND MAXIMAL OXYGEN UPTAKE
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346.Torun Margareta Melo: NEURONAL GLIAL INTERACTIONS IN EPILEPSY
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359.Kristoffer Haugarvoll: IDENTIFYING GENETIC CAUSES OF PARKINSON’S DISEASE IN
NORWAY
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HUMAN MONOCYTES AND EPITHELIAL CELLS
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371.Ane Cecilie Dale: DIABETES MELLITUS AND FATAL ISCHEMIC HEART DISEASE.
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