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Abstract

Purpose Hypothesis that loss of integrity of the mem-

branes in the craniocervical junction might be the cause of

neck pain in patients with whiplash-associated disorders

(WADs) has been proposed. In recent years, with devel-

opment of more detailed magnetic resonance imaging

(MRI) techniques, morphologic changes of the ligaments

and membranes in the craniocervical junction, especially

alar and transverse ligaments have been discussed. A meta-

analysis was performed to evaluate the relationship of MRI

signal changes of alar and transverse ligaments and WADs.

Methods A systematic search of EMBASE, PUBMED,

and Cochrane Library and references from eligible articles

were conducted. Comparative studies reporting on evalu-

ating the relationship between MRI high-signal changes of

alar and transverse ligaments and WADs were regarded

eligible. A pooled estimate of effect size was produced.

Results Alar ligaments: Six studies (total n = 622) were

included. MRI signal changes of alar ligaments did not

appear to be related with WADs (P = 0.20, OR = 1.54,

95 % CI = 0.80–2.94). Heterogeneity was present

(I2 = 46 %, P = 0.10), which was eliminated upon sen-

sitivity analysis bringing the OR to 1.27 (95 %

CI = 0.87–1.86, I2 = 0 %). Transverse ligaments: Four

studies (total n = 489) were included. MRI signal changes

of transverse ligament did not appear to be related with

WADs (P = 0.51, OR = 1.44, 95 % CI = 0.49–4.21).

Heterogeneity was present (I2 = 77 %, P = 0.005), which

was eliminated upon sensitivity analysis bringing the OR to

0.79 (95 % CI = 0.49–1.28, I2 = 0 %).

Conclusion MRI signal changes of alar and transverse

ligaments are not supposed to be caused by whiplash

injury, and MRI examination of alar and transverse liga-

ments should not be used as the routine workup of patients

with WADs.

Keywords Magnetic resonance imaging �Alar ligaments �
Transverse ligament � Craniocervical junction � Whiplash-

associated disorders

Introduction

Whiplash-associated disorders (WADs), which describe a

variety of clinical manifestations resulting from whiplash

injury, have been extensively reported in patients exposed to

high-speed neck trauma, especially vehicle collision [1–4].

But the pathogenesis of whiplash complaints is still poorly

understood. Injury to longitudinal ligaments [5–7], facet

joints [7, 8], discs [7], spinal cord [9], or muscles [10, 11] has

been studied as possible sources of chronic pain. However,

no detectable findings are significantly different from

asymptomatic subjects, and there is no known association

between structure damage and symptoms.

At the craniocervical junction, the alar and transverse

ligaments provide much stability of the healthy spine. In

2008, a patient with persistent WADs was reported to have

alar and transverse ligaments injuries which were sup-

ported by patient’s history, examination findings, and

proton density-weighted MRI [12]. Biomechanical

and postmortem studies have also shown that the alar and
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transverse ligaments can be injured during neck trauma

[13–16]. So the hypothesis that loss of integrity of the

membranes in the craniocervical junction might be the

cause of neck pain in patients with WADs has been pro-

posed. These structures could be well visualized by mag-

netic resonance imaging (MRI) [17–19]. In recent years,

with the development of more detailed MRI techniques

morphologic changes of the ligaments and membranes in

the craniocervical junction, especially alar and transverse

ligaments have been discussed [18, 20–27]. However, most

of these studies include relatively small samples of patients

and thus their results were inconsistent and lacked statis-

tical strength. The aim of this meta-analysis was therefore

to assess whether MRI signal alterations of alar and

transverse ligaments could be responsible for complaints of

patients with WADs.

Materials and methods

Search strategy and selection of studies

We carried out a literature search using PUBMED,

EMBASE, and Cochrane Library to identify all compar-

ative studies and conference abstracts that evaluated the

relationship between MRI high-signal changes of alar and

transverse ligaments and WADs. No restrictions were

placed on the origin or language of the publications. Both

acute and chronic WADs were included in our study.

Search filters used were: (1) alar and transverse ligaments

(alar ligaments, transverse ligaments, craniovertebral/

craniocervical/atlanto-occipital junction, cervical spine/

vertebrae, neck); (2) WADs (whiplash injury, whiplash-

associated disorder); (3) magnetic resonance imaging.

These three concepts were separated by the boolean

‘‘AND’’ (details of search terms are provided in Appendix

1). The reference lists of key studies were manually

examined to find additional relevant studies. We also

performed a literature search for each author of the

included studies, to identify further studies on the same

topic.

While it is clearly preferable to include only random-

ized controlled trials in meta-analyses, the paucity of such

studies precluded the use of this standard. We screened all

studies and selected articles that satisfied the following

inclusion criteria: (1) comparative study (trials, cohorts,

case–controls); (2) the population study consisted of

adults with whiplash injury; (3) the study reported MRI

signal changes in normal and whiplash-injured patients.

The following were excluded: (1) letters, editorial, case

reports, guidelines and reviews; (2) animal or biome-

chanical studies; (3) studies containing previously pub-

lished data; (4) studies containing participants who had

undergone a previous cervical spine surgery or severe

head injury. Two reviewers independently assessed each

of the studies for eligibility for inclusion. If the title or the

abstract was judged by either reviewer to be potentially

eligible, the full article would be examined. All dis-

agreements were resolved by consensus. This meta-anal-

ysis was performed in accordance with Meta-analysis Of

Observational Studies in Epidemiology (MOOSE) guide-

lines [28].

Data extraction and study quality

From each eligible article, the two reviewers extracted

all pertinent information regarding participants, exami-

nation, and outcome. Participants’ data included age,

gender (the rate of males in all participants), WADs

grade according to Québec Task Force [29], mean

duration between injury and MRI examination, and

image evaluation criteria of ligaments. Examination data

were MRI scan protocol. Outcome date comprised the

number of ligaments with high-signal changes in both

WADs and control groups.

Newcastle–Ottawa scale was used for the assessment of

the methodological quality of each study. This assessment

was made by the two reviewers who were blinded

regarding the source institution, the journal, and the authors

for each included publication. Any disagreement was

resolved by discussion between the two reviewers.

Data analysis

All analyses were performed on STATA version 11.0

(Stata/MP, College Station, TX). Differences observed

between the two groups were expressed as the odds ratio

(OR) with its 95 % confidence interval (CI). Forest plots

were used to graphically present the results of individual

studies and the respective pooled estimate of effect size.

The impact of heterogeneity on the pooled estimates of

the individual outcomes of the meta-analysis was assessed

with the Cochran Q statistic and I2 test. As the Cochran

Q test has a low sensitivity for detecting heterogeneity, a

P value of\0.1 was considered significant for the presence

of statistical heterogeneity [30]. An I2 value more than

50 % was considered as evidence of high heterogeneity,

between 50 and 25 % as moderate heterogeneity, and less

than 25 % as low heterogeneity. In the low heterogeneity,

only the OR by the fixed-effect model is given in the

results. In case of lower P or higher I2 value indicating

significant heterogeneity, a DerSimonian and Laird ran-

dom-effect model was used for the analysis.

A priori potential sources of heterogeneity were identi-

fied as mean duration between injury and MR examination

(\2 weeks vs.[6 months), grade of WADs patients, image
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evaluation criteria of ligaments, and MRI scan protocol. If

heterogeneity was found, we assessed differences by ran-

dom-effects meta-regression using the above-mentioned

variables. Subgroup analyses were performed if the source

of heterogeneity was determined. If the source of hetero-

geneity was not identified by meta-regression, we per-

formed sensitivity analysis by eliminating one study at a

time checking for resolution of heterogeneity.

We checked for the presence of publication bias with the

Begg’s test and funnel plot [31]. A P value of \0.05 was

considered as evidence of significant publication bias.

Fig. 1 Outline of the literature

search and selection

Table 1 Characteristics of the included studies

Study Patient

no.

Mean age

(years)

Male

(%)

WADs

grade*

Mean duration between injury

and MRI examination

Evaluation criteria

for ligament changes

MRI scan protocol

Dullerud 55 37 45.5 NA [6 months Four-point grading

scale

1.5 T fast spin-echo proton

density-weighted sequences

Knackstedt 40 41.9 22.0 NA [6 months Four-point grading

scale

Fast spin-echo T2 and proton

density-weighted sequences

Krakenes 122 41.5 36.1 II [6 months Four-point grading

scale

1.5 T fast spin-echo proton

density-weighted sequences

Myran 116 37.9 45.7 I–II [6 months Four-point grading

scale

1.5 T fast spin-echo proton

density-weighted sequences

Vetti 271 38.9 48.3 I–II \2 weeks Four-point grading

scale

1.5 T fast spin-echo proton

density-weighted sequences

Wilmink 18 38.3 50 NA [6 months Another four-point

grading scale

0.5 T fast spin-echo proton

density/T2 weighted

sequences

WADs whiplash-associated disorders, MRI magnetic resonance imaging, NA not applicable

* Classified according to Québec Task Force WAD grade

Table 2 Methodologic quality of the included studies (Newcastle–

Ottawa Scale)

Study Selection Comparability Exposure

Dullerud qqqq qq qqq

Knackstedt qqq q qqq

Krakenes qqqq qq qq

Myran qqqq qq qq

Vetti qqqq qq qqq

Wilmink qqq qq qq
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Results

The search revealed 545 citations, but only 9 were selected

for further text review to determine eligibility for the meta-

analysis. One study was further excluded after detailed

screening of full text articles because the comparison was

performed in quantitative date of signal alterations of the

transverse ligament [32], not qualitative date in other

studies. Another two papers by the same authors, evaluat-

ing alar and transverse ligaments, respectively, shared the

same subjects, thus were combined and considered as one

study [20, 23]. Because MRI scan protocol and evaluation

criteria for ligament changes used in the paper by Lindgren

et al. [24] (1.5 T dynamic kine MRI and two-point grading

scale and movement) was completely different from other

six papers (1.5 T fast spin-echo proton density-weighted

sequences and four-point grading scale), this paper was

excluded in order to minimize clinical bias. In total, data

from six retrospective case–control studies involving 622

patients were included in our analyses [20, 22, 23, 25–27,

33] (Fig. 1). The characteristics of the included studies

were shown in Table 1 and the scores of the study quality

were shown in Table 2. Patients were classified according

to Québec Task Force WAD Grade [29]. Ligaments were

considered to be injured with grade 2 or 3, according to a

four-point grading scale based on maximal cross-section

involvement in proton density-weighted images (0, low

signal throughout the entire cross-section area of the alar

ligaments; 1, high-signal in less than one-third of the cross-

section; 2, high-signal in one-third–two-third of the cross-

section; 3, high-signal in more than two-third of the cross-

section) [20, 22, 23, 25, 26, 33], with grade 3 or 4

according to another four-point grading scale based on uni-

lateral thinning or interruption of the ligament (1, clearly

normal; 2, probably normal; 3, probably abnormal; 4, clearly

abnormal) [27].

Fig. 2 Forest plot with risk

ratios and 95 % CI of the meta-

analysis evaluating: a alar

ligaments, excluding the study

by Krakenes and coworkers;

b transverse ligaments,

excluding the study by

Krakenes and coworkers
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Alar ligaments

Six studies (total n = 622) were included in the analysis

related to alar ligaments evaluation. The pooled estimate of

effect size demonstrated that MRI signal changes of alar

ligaments were not associated with WADs (P = 0.20,

OR = 1.54, 95 % CI = 0.80–2.94). Moderate statistical

heterogeneity was detected (I2 = 46 %, P = 0.10). Meta-

regression with the a priori variables demonstrated none of

them to be significantly associated with the outcome. Upon

sensitivity analysis, removal of the study by Krakenes and

co-workers eliminated heterogeneity (I2 = 0 %,

P = 0.96), and no statistically significant difference was

documented between WADs and control groups with

regard to alar ligaments injury (P = 0.22, OR = 1.27,

95 % CI = 0.87–1.86) (Fig. 2a). We found no evidence of

publication bias by means of Begg’s test (P = 0.64) and

visual inspection of the Begg plot (Fig. 3a).

Transverse ligament

Four studies (total n = 489) were included in the analysis

related to transverse ligament evaluation. The pooled

estimate of effect size demonstrated that MRI signal

changes of transverse ligament were not associated with

WADs (P = 0.51, OR = 1.44, 95 % CI = 0.49–4.21).

High heterogeneity was detected (I2 = 77 %, P = 0.005).

Meta-regression with the a priori variables demonstrated

none of them to be significantly associated with the out-

come. Upon sensitivity analysis, removal of the study by

Krakenes and coworkers eliminated heterogeneity

(I2 = 0 %, P = 0.79) and no statistically significant dif-

ference was documented between WADs and control

groups with regard to transverse ligament injury (P = 0.34,

OR = 0.79, 95 % CI = 0.49–1.28) (Fig. 2b). We found no

evidence of publication bias by means of Begg’s test

(P = 0.58) and visual inspection of the Begg plot

(Fig. 3b).

Discussion

Whether MRI signal changes of the alar or transverse lig-

aments could be responsible for complaints of patients

having whiplash injury in the upper cervical spine was still

controversial. Assumption that MRI signal changes of alar

and transverse ligaments were due to a whiplash injury was

not supported by our results.

MRI signal changes of alar and transverse ligaments

were usually expected to reflect structure alternation.

However, not only trauma but also degeneration, edema,

bleeding, and inflammation could cause structure alterna-

tion of ligaments. It is well documented that degeneration

of tendons and anterior cruciate ligaments could cause

high-signal changes on MRI [34–36]. Although Vetti et al.

[37] reported that high-signal changes were not related to

age and spinal degeneration in their study, histological

degeneration of ligaments that were not supposed to

increase by age [38, 39] still could be a potential reason of

MRI signal changes. Except for trauma, any factors that

cause edema, bleeding, or inflammation of surround

structure of alar or transverse ligaments could also lead to

signal changes and create a disturbance on ligament eval-

uation between WADs patients and control group. MRI

artifacts and the magnetic field strength may also influence

the image quality of small structural changes in the liga-

ments. Using high-resolution sequences in three orthogonal

planes could reduce MRI artifacts and provide detailed

structural information [40]. Since above influencing factors

exist, high-signal intensity changes among asymptomatic

individuals were not rare [17, 41], and MRI signal changes

of alar and transverse ligaments were not significantly

associated with clinical test [42] and prognosis of acute

whiplash injury [43].

The main limitation of this meta-analysis is the presence

of statistical and clinical heterogeneity, although we did try

to compensate for the statistical heterogeneity using a

Fig. 3 Begg’s funnel plot with 95 % CI for publication bias of: a alar

ligaments, and b transverse ligaments

18 Eur Spine J (2013) 22:14–20
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random-effects model and perform meta-regression and

sensitivity analysis. Ideally a meta-analysis should be

considered only when the individual studies are sufficiently

homogeneous in terms of participants, interventions, and

outcomes, so that one can reasonably expect the same

magnitude of effect across the range of patients, interven-

tions, and outcomes of the various studies. However, one

can also argue that since clinical diversity always occurs in

any two studies included in a meta-analysis, statistical

heterogeneity is inevitable. Since the six included studies

differed with respect to definition of WAD, evaluation

criteria for ligament changes and MRI scan protocol, sig-

nificant heterogeneity was observed in this meta-analysis.

We have to admit that the retrospective case–control

studies could be responsible for biased and flawed results.

However, a meta-analysis of such studies might still be

useful in discovering the relationship between WADs and

MRI signal changes of alar and transverse ligaments.

Conclusion

Based on the results of this meta-analysis, MRI signal

changes of alar and transverse ligaments are not supposed

to be caused by whiplash injury, and MRI examination of

alar and transverse ligaments should not be used as the

routine workup of patients with WADs. The clinical rele-

vance of these findings is unknown and causation should be

evaluated in prospective designed studies.

Conflict of interest None.

Appendix: Search terms

PUBMED

((((‘‘Ligaments’’ [Mesh] OR ‘‘Ligaments, Articular’’

[Mesh]) OR ligament*) AND (alar OR transverse)) OR

(craniovertebral OR craniocervical OR (Atlanto*Occipital)

OR cervical* OR neck)) AND (MRI OR (Magnetic Res-

onance) OR (‘‘Magnetic Resonance Imaging’’ [Mesh]))

AND ((whiplash) OR (‘‘Whiplash Injurie’’ [Mesh]))

EMBASE

craniovertebral OR craniocervical OR cervical* OR

‘neck’/exp OR neck OR atlanto*occipital OR ‘cervical

spine’/exp OR (‘alar’/exp OR alar OR transverse AND

(‘ligament’/exp OR ‘ligament’ OR ligament*)) AND

(‘mri’/exp OR mri OR (magnetic AND resonance

AND (‘imaging’/exp OR imaging))) AND (‘whiplash

injury’/exp OR whiplash)

Cochrane library

(ligament* OR craniovertebral OR craniocervical OR

(cervical spine) OR neck OR (Cervical Vertebrae) OR

(Atlanto*Occipital)) AND (MRI OR (Magnetic Resonance

Imaging)) AND whiplash
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