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Magnetic Resonance Imaging Assessment of Craniovertebral
Ligaments and Membranes After Whiplash Trauma

Jostein Krakenes, MD, PhD,* and Bertel R. Kaale, MT†

Study Design. Review article.
Objectives. To review the literature on soft tissue le-

sions of the upper cervical spine in whiplash trauma with
focus on imaging.

Summary of Background Data. Whiplash injury is as-
sociated with chronic impairment in a substantial number
of patients. There are different opinions as to the nature
and prognosis of this condition, and the role of diagnostic
imaging is debated.

Methods. Review the literature on the anatomic
source of the chronic whiplash syndrome. Review the
literature on imaging of the upper cervical spine, empha-
sizing on the author’s own research.

Results. MRI shows structural changes in ligaments
and membranes after whiplash injury, and such lesions
can be assessed with reasonable reliability. Lesions to
specific structures can be linked with specific trauma
mechanisms. There is a correlation between clinical im-
pairment and morphologic findings.

Conclusion. Whiplash trauma can damage soft tissue
structures of the upper cervical spine, particularly the alar
ligaments. Structural lesions in this area contribute to the
understanding of the chronic whiplash syndrome.

Key words: alar ligament, transverse ligament, tecto-
rial membrane, posterior atlanto-occipital membrane,
whiplash injury, cervical spine, magnetic resonance im-
aging. Spine 2006;31:2820–2826

Whiplash is an acceleration-deceleration mechanism of
energy transfer to the neck, which in turn may lead to a
variety of clinical manifestations. It may result from rear-
end, frontal, or side impact motor vehicle collisions, but
also from fall traumas or other mishaps (whiplash-
associated disorders).1,2

Most investigators who have studied the natural his-
tory of whiplash patients have found long-term symp-
toms in 24% to 70%, among whom 12% to 16% are
severely impaired many years after the accident interfer-
ing with their job and everyday activities.3–6

Trying to understand the nature of chronic whiplash
syndrome, several cervical structures have been in focus.

The facet joints as an anatomic source of chronic pain
after whiplash trauma have been investigated in several
reports.7,8 These authors conclude that the prevalence of
cervical facet joint pain (C2–C3 or below) is 60%.9 The
morphologic correlate to such pain is not known. Post
mortem studies of traffic victims have shown that facet
joints as well as other structures are vulnerable to cervi-
cal trauma,10 and one may extrapolate that such injures
also may occur in whiplash trauma.

A few studies suggest that whiplash trauma causes
structural changes predisposing to premature degenera-
tive disc disease.11,12 Ovadia et al found that 10% of
patients with normal radiographic findings in the acute
stage of whiplash injury developed new degenerative
changes at 2- to 3-year follow-up.13 Micro-avulsions and
endplate clefts could possibly cause such degenera-
tion.10,14 Surgical fusion alleviated pain in some whip-
lash patients with presumed segmental instability com-
bined with disc protrusion.15

The value of flexion and extension views in chronic
whiplash syndrome has been evaluated in several re-
ports. Dvorak et al found slight hypermobility in the
upper and middle cervical levels in the late stage of whip-
lash injury compared with a healthy population.16 Such
increased angulation can be confined to certain segments
only.17,18 However, other studies showed significantly
decreased range of motion in chronic whiplash syndrome
compared with asymptomatic individuals.19–21

Whiplash injury is not a lethal entity, and its pathologic
anatomy cannot be studied directly. Current hypotheses on
etiology are based on clinical studies, postmortem studies,
and imaging studies. In this presentation, we review the
literature on soft tissue lesions of the upper cervical spine
focusing on imaging.

Craniovertebral Soft Tissue Structures
and Whiplash Trauma

CT Evaluation of Alar Ligament Insufficiency. The alar liga-
ments are the main restraints to axial rotation and lateral
bending in the upper cervical spine.22,23 In hyperexten-
sion-hyperflexion injuries, CT has been used to estimate
range of rotation in the craniovertebral joints. Increased
rotation toward one side was taken as a sign of insuffi-
cient alar ligament on the opposite side. In a study of 43
patients with clinically suspected rotatory instability af-
ter traffic accidents, 60% showed increased passive rota-
tion at C0–C1 and at C1–C2, strongly suggesting alar
ligament insufficiency.24 The same authors obtained
functional CT of 137 whiplash-injured individuals with
therapy-resistant neck pain and 35 healthy adults. A ro-
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tation at C0–C1 of more than 7° and at C1–C2 more
than 54° was regarded as pathologic. As much as 33% of
the whiplash group showed signs of increased rotation
between these segments.25 Antinnes et al25a found asym-
metric rotation reaching pathologic values at the level of
C0–C1 in 36% of 423 whiplash patients and postulated
that alar ligament lesions are responsible for this asym-
metry. Surgical fixation of the upper cervical joints has
been reported beneficial in selected patients, offering sup-
port to the hypothesis of instability of these joints.26

However, others have not been able to reproduce such
instability.27 The reason could be that functional CT is
difficult to standardize. The method depends on the pa-
tient’s ability to relax, which is difficult because rotation
of the head beyond its normal range causes pain and
dizziness.24

Postmortem Study of Craniovertebral Ligaments. Postmor-
tem studies of fatal head/neck injuries document that
craniovertebral ligaments are vulnerable to trauma even
though there is no dislocation. Saternus and Thrun re-
ported 11 alar ligament lesions of a total of 30 cases.28

Another study of 21 head-neck injuries also without dis-
location showed either laceration or sprain of the alar
ligaments in 20 cases. Thirteen of these had injury of the
dura mater and the tectorial membrane as well, either
lacerations, loosening from the clivus or from the C2
body. One had total rupture and one a partial laceration
of the transverse ligament.29

MRI of the Alar Ligaments. Several investigators have ex-
amined the alar ligaments with MRI. Willauschus et al
studied 8 healthy volunteers and 7 patients with severe
upper neck pain after trauma and found no signal
changes indicating a lesion, and no difference between
the groups.30 Wilmink and Patijn examined the alar lig-
aments in 12 patients with chronic whiplash syndrome
and 6 controls. The ligaments could be identified in all
cases, but alar ligament damage as a causative factor of
the impairment could not be proven.31

Looking for structural alterations in normal alar lig-
aments, Pfirrmann et al studied 50 asymptomatic indi-
viduals.32 They found asymmetric high signal intensity in
the majority of cases and concluded that since such al-
terations frequently were found in a noninjured popula-
tion and the clinical relevance of such structural changes
is limited. However, only 80% of the alar ligaments
could be visualized. Reasons for this low detection rate
could be inadequate imaging protocol: low spatial reso-
lution (slice thickness, 3–4 mm) and insufficient contrast
resolution (T1- and T2-weighted sequences).32 Studying
the alar ligaments in 15 young volunteers, Roy et al
found high signal intensity in one third of the ligaments.
The reliability in assessing signal abnormality was poor.
However, they used a 0.5T MR scanner with a vertical
open bore, which has low image quality compared with
conventional 1.5T scanners.33

Imaging Protocol for the Craniovertebral Junction. Searching
for a possible morphologic correlate to craniovertebral
instability,24,34 the authors of the present paper devel-
oped an imaging protocol specially designed for ligamen-
tous structures in the upper cervical spine. High spatial
resolution and good contrast between tissues were ob-
tained by using proton-density-weighted sequence with
2-mm-thick sections. Examinations were performed in
three orthogonal planes with the head fixed in neutral
position using a standard head coil. Axial sections cov-
ered from the foramen magnum to the base of the dens,
coronal sections from the anterior arch of the atlas and
halfway through the spinal canal, and sagittal sections
covering from one occipital condyle to the other. Imag-
ing parameters are given elsewhere.35

Study Population. We examined 92 whiplash injured in-
dividuals (33 males and 59 females with a mean age of 40
years; range, 14–61 years) sustaining a frontal or rear-
end collision 2 to 9 years (mean, 6 years) previously.
They were prospectively registered, but only those who
met the criteria for whiplash-associated disorder 2 (neck
pain, decreased range of motion, and palpation tender-
ness) after 3 months were included. Neck radiographs in
the acute phase were normal. Those with other neck
injuries of any kind were excluded. As a control group,
we included 30 individuals without any known neck in-
jury (11 men and 19 women; mean age, 46 years; range,
28–66 years).36

Image Interpretation and Grading Criteria. The whiplash
group and the control group were mixed in random or-
der and signal intensity within the ligaments was graded
twice at a 3-month interval by three radiologists blinded
to clinical information and which group they belonged to.
For the alar ligaments, we based our grading on the ratio
between any high-signal part and the total cross-
sectional area in sagittal sections (Figure 1). A lesion
should be seen in coronal images as well.36 The same
grading principle was used for the transverse ligament.37

A transverse ligament lesion should be seen in at least
two imaging planes. Depending on the sharpness of its
curvature around the dens, the high signal part of the
total cross-sectional area was assessed either in coronal
or sagittal section (Figure 2). Grading criteria are given in
Table 1.

The tectorial- and the posterior atlanto-occipital
membranes were evaluated on sagittal sections only. The
tectorial membrane is adherent to, and indistinguishable
from, the dura (Figure 3A). A normal membrane/dura
complex showed a mean thickness of 1.4 mm and a
transverse width of 15 mm.35 A membrane/dura com-
plex with reduced thickness, similar to that of the dura
alone, was regarded abnormal (Figure 3B). Grading cri-
teria were based on the fraction of the total transverse
width showing such reduced thickness.38

The posterior atlanto-occipital membrane appeared
as a dark band fused with the dura (Figure 3A). We based
our grading of the membrane/dura complex on struc-
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tural changes of the adjacent dura: dural hump, dural
ridge, or dural flap. Dural hump was interpreted as an
elongation of the dura and regarded as a sign of minor
sprain, whereas dural ridge or flap was regarded as major
sprain or rupture (Figure 3C).38 Grading criteria for both
membranes are given in Table 2.

Structural Changes in Injured and
Noninjured Individuals

Observer Variation. The consistency in grading varied
both between observers and for the different structures
evaluated. Generally, we found better intraobserver
than interobserver agreement. Using dichotomized
groups, we obtained good agreement between observ-
ers (kappa values) for the posterior atlanto-occipital
membrane (0.64 – 0.82), moderate to good for the alar
ligaments (0.46–0.65), and moderate for the transverse
ligament (0.43–0.46) and for the tectorial membrane
(0.41–0.56).36–38

MRI Findings: Whiplash Group Versus Control Group. We
found significantly more high-grade (2 or 3) changes in
the whiplash group compared with the control group for
all structures evaluated. The frequency of high-grade
changes was highest for the alar ligaments (66.3%) and
lowest for the tectorial membrane (17.4%).

There were no Grade 3 changes in the control group;
however, two alar ligaments were assigned as Grade 2.
These two ligaments showed intermediate signal inten-
sity, which did not apply to our grading criteria. Such
changes could either be due to loose fiber structure or
sprain. There were six Grade 2 transverse ligaments in
the control group. The majority of these cases showed

Figure 1. A, Coronal, 2-mm-thick proton density-weighted (PDW)
section (a) of normal alar ligaments extending from the upper tip
of the dens to the occipital condyles (arrows). Sagittal view (b) of
the right alar ligament (at the line in a) shows low signal intensity
in the cross-sectional area (arrowheads). B, An 18 year-old
woman sustaining rear-end collision 2 years previously. Both alar
ligaments (arrows) show high signal intensity in coronal view (a).
Sagittal view (b) of the right alar ligament (at the line in a) shows
high signal intensity in the entire cross-sectional area (arrow-
heads), classified as Grade 3.

Figure 2. A, Axial (2-mm-thick PDW) section of a normal trans-
verse ligament (arrows) arching around the dens axis (a). Sagittal
view (b) near the right insertion (at the line in a) shows low signal
intensity in the cross-sectional area (arrowheads). B, A 58-year-
old woman involved in a frontal collision 8 years previously show-
ing high signal intensity at the left insertion (arrow). Sagittal view
(b) near the left insertion (at the line in a) shows high signal
intensity in the entire cross-sectional area (arrowheads), classi-
fied as Grade 3.

Table 1. Grading Criteria for the Alar and
Transverse Ligaments

Grade Criteria

0 Low signal intensity throughout the entire cross section
1 High signal intensity in one third or less of cross section
2 High signal intensity in one third to two thirds of cross section
3 High signal intensity in two thirds or more of cross section

Criteria are based on the ratio between any high-signal part and the total
cross-sectional area of the ligament.
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decreased signal intensity in the anterior atlantal space
obscuring the ligament. Such changes could either be due
to degenerative or reparative changes. Details are given
in Table 3.39

Association Between MRI Findings and Head Position. A
total of 45 of the 92 whiplash patients had neutral and
47 had rotated head position at the moment of impact.42

We found significantly more high-grade (2 and 3) alar
ligament lesions among those with rotated head position
(85.1%) than among those with neutral head position
(46.7%, P � 0.001). A total of 61.7% of those with
rotated head position had alar ligament Grade 3,
whereas only 4.4% had Grade 3 in the group with neu-
tral head position. The association between rotated head
position and high-grade lesions was more pronounced
after rear-end than after frontal collision (93.8% vs.
31.8%, P � 0.001). There was no such association for
the other structures (Table 4).39

Figure 3. Midsagittal (2-mm-thick, PDW) sections of the cranio-
vertebral junction. A, Normal anatomy. The tectorial membrane
(arrows) is fused with the dura mater and extends from the C2
body to the clivus. The posterior atlanto-occipital membrane (ar-
rowheads), also fused with the dura mater, extends from the
posterior arch of the atlas to the occipital bone. B, A 40-year-old
woman sustaining frontal collision 4 years previously. Upper part
of the tectorial membrane (arrows) is absent; only the dura is
shown. C, A 46-year-old woman sustaining rear-end collision 11
years previously. The flap combined with thinning of the atlanto-
occipital membrane/dura complex was classified as Grade 3 (ar-
rowheads).

Table 2. Grading Criteria for the Tectorial and the
Posterior Atlanto-Occipital Membranes

Grade Criteria

Tectorial membrane
0 A membrane/dura complex thicker than

the dura alone in all sagittal sections
1 Only the dura seen in one third or less

of transverse width
2 Only the dura seen in one third to two

thirds of transverse width
3 Only the dura seen in two thirds or more

of transverse width
Posterior atlanto-occipital

membrane
0 Smooth and well-defined membrane/dura

complex
1 A dural hump traversing the membrane/

dura complex
2 A tent-shaped dural ridge traversing the

membrane/dura complex
3 A dural flap traversing the membrane/

dura complex

Table 3. MRI Grading in the Control Group and in the
Whiplash Group

MRI Grade
Control Group

�no. (%)�
WAD Group

�no. (%)�
� 2

Test (P)

Alar ligaments* �0.001
0–1 28 (93.3) 31 (33.7)
2–3 2 (6.7) 61 (66.3)

Transverse ligament 0.044
0–1 24 (80.0) 55 (59.8)
2–3 6 (20.0) 37 (40.2)

Tectorial membrane† 0.016
0–1 29 (100.0) 76 (82.6)
2–3 0 (0.0) 16 (17.4)

Posterior atlanto-occipital
membrane†

0.014

0–1 28 (96.6) 70 (76.0)
2–3 1 (3.4) 22 (24.0)

*Highest assigned grade if different between right and left.
†One missing value in the control group (not examined).
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Association Between MRI Findings and Impact Direction. A
total of 54 of the 92 whiplash patients sustained a frontal
and 38 a rear-end collision. High-grade changes in the
transverse ligament were significantly more common in
frontal than in rear-end collision (61.1% vs. 10.5%, P �
0.001). That was true for the atlanto-occipital mem-
brane as well (37.1% vs. 5.3%, P � 0.001). There was
no such difference for the alar ligaments or for the tecto-
rial membrane (Table 4).39

Association Between MRI Findings and Disability. The 92
whiplash patients and 30 control persons completed the
Neck Disability Index (NDI) score, a modification of the
Oswestry Low Back Pain Index, comprising 10 single
items related to activity of daily living. This score re-
flected either degree of neck pain or difficulties perform-
ing certain activities.40

We found significantly higher NDI score in the whiplash
group than in the control group for all items, particularly
for neck pain, head ache, reading abilities, concentration,
car driving, and activity level in general (P � 0.001). In the
whiplash group NDI score increased significantly with in-
creasing MRI grading for the alar ligaments (P � 0.002).
The same tendency was found for the transverse ligament
(P � 0.059), but not for the membranes.

Lesions only to the alar ligaments (no other findings)
were associated with higher score than lesions only to the
transverse ligament. Lesions only to the atlanto-occipital
membrane showed the same score as those with abnor-
mal alar ligaments. Analysis with mutual adjustment for
all four structures showed that the strongest symptom
marker is high-grade lesion (Grade 2 or 3) in one or both
alar ligaments. Finally, we found a highly significant in-
crease in NDI score with increasing number of high-
grade lesions (P � 0.003).41

Discussion

The soft tissues of the craniovertebral joints have until
recently been unexposed to diagnostic imaging with the

exception of a few case reports of major disruption.42 By
use of high-resolution MR imaging, subtle structures of
this area are now available for morphologic assessment
with reasonable reliability.36–38 In a case-control study
of whiplash patients, a substantial number of high-grade
ligamentous lesions were discovered. Only minor
changes were found in the control group.39

This study confirms former hypothesis that the alar
ligaments are particularly vulnerable to neck trauma
when the head is rotated at the moment of impact.24

When the head rotates, the alar ligaments twist around
the dens. Reaching 90° rotation, these ligaments are
maximally tightened and obtain an anteroposterior ori-
entation. Not unexpected, such tightened anteroposteri-
orly oriented alar ligaments are more vulnerable to hy-
perextension-hyperflexion trauma than relaxed,
transversely oriented ligaments.41 Cadaver dissection
has shown that transection of the alar ligaments caused
increased rotation and lateral flexion in the upper cervi-
cal joints.43 Thus, there is reason to believe that MRI
verified alar ligament lesions could cause such instability.

The transverse ligament and the atlanto-occipital
membrane showed significantly more high-grade lesions
in frontal than in rear-end collision. In frontal collision,
an anterior translation of the head takes place,44 and this
trauma mechanism strains the transverse ligament. De-
spite the fact that extensive signal changes were found in
this ligament, we never saw anterior translation of the
atlas. However, flexion and extension views are neces-
sary to disclose such translation.

The atlanto-occipital and the tectorial membranes re-
strict hyperflexion in the craniovertebral joint.45 Both of
these membranes showed more lesions in frontal than in
rear-end collision, indicating that hyperflexion is the pre-
dominant trauma mechanism. The atlanto-occipital
membrane is elastic. When this membrane is stretched
beyond its elastic properties, the hyperflexion forces are

Table 4. MRI Classification of Ligaments and Membranes in 92 Whiplash Patients by Head Position and Impact
Direction at the Moment of Impact (P values for � 2 test between groups)

MRI Grade

Head Position Impact Direction

Neutral
�no. (%)�

Rotated
�no. (%)� P

Frontal
�no. (%)�

Rear-end
�no. (%)� P

Alar ligaments* �0.001 0.15
0–1 24 (53.3) 7 (14.9) 15 (27.8) 16 (42.1)
2–3 21 (46.7) 40 (85.1) 39 (72.2) 22 (57.9)

Transverse ligament 0.64 �0.001
0–1 28 (62.2) 27 (57.5) 21 (38.9) 34 (89.5)
2–3 17 (27.8) 20 (42.5) 33 (61.1) 4 (10.5)

Tectorial membrane 0.92 0.15
0–1 37 (82.2) 39 (83.0) 42 (77.8) 34 (89.5)
2–3 8 (17.8) 8 (17.0) 12 (22.2) 4 (10.5)

Posterior atlanto-occipital
membrane

0.71 �0.001

0–1 35 (77.8) 35 (74.5) 34 (63.0) 36 (94.7)
2–3 10 (22.2) 12 (25.5) 20 (37.0) 2 (5.3)

*Highest assigned grade if difference between right and left.
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transmitted to the adjoining dura, which can sprain or
even rupture.

NDI score increased significantly with increasing alar
ligament grading. The alar ligaments appeared to play a
major role also in combination with lesions in other
structures, which support former hypothesis that these
ligaments are important as a causative factor of pain and
disability in chronic whiplash syndrome.46

Conclusion

The number of high-grade changes in whiplash patients
compared with noninjured individuals indicates that
these lesions are indeed caused by a whiplash trauma.
The different spectrum of lesions in frontal versus rear-
end impacts and in neutral versus rotated head position
support this view. There is association between NDI
score and MRI findings, particularly for the alar liga-
ments. Our findings add support to the hypothesis that
injured soft tissue structures in the upper cervical spine,
particularly the alar ligaments, play an important role in
the understanding of the chronic whiplash syndrome.

Key Points

● By use of high-resolution MRI, it is possible to
assess ligaments and membranes in the craniover-
tebral junction with reasonable reliability.
● Significantly more high-grade lesions in a whip-
lash injured than in a noninjured population.
● There is association between high-grade changes
in the alar ligaments and clinical impairment.
● There is association between specific lesions and
specific trauma mechanisms.
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