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MRI of the upper cervical spine
MRI OF THE CRANIO-VERTEBRAL JUNCTION: A VALUABLE TOOL TO EVALUATE “WHIPLASH”

Motor-vehicle accidents often
produce forceful back-and-forth dis-
placement (whiplash) of the head on
the neck. When the head moves
backward, the ligaments in the front
of the cervical spine are stretched
and the bones and joints in the back
of the neck are compressed. Forceful
forward movement of the head com-
presses the discs and may produce
considerable pain and instability.
Plain cervical radiographs are usual-
ly normal following whiplash injury.
The injuries are identified using
MRI techniques specifically
designed for the evaluation of post-
traumatic injuries. The exam, the
“MRI of the Cranio-Vertebral Junction,”
is a completely separate exam from a
routine cervical spine study.

A general biomechanical principle
includes the understanding that there is
a trade-off between mobility and stability.
The upper cervical spine and the cranial-
cervical junction are a mechanically
unique region of the spinal column.
They have greater vulnerability to injury
because, while 5 percent of the rotation
of the cervical spine occurs at the
Occiput-C1 joint and 40 percent of the
rotation of the cervical spine occurs at
C2-C7, 55 percent of cervical spine
(neck) rotation (turning to the right or
left) occurs at the atlas-axis joint (C1-C2).

This joint possesses great mobility,
but at a price of reduced stability and
increased vulnerability to injury. A main
stabilizing ligament of the cranial-cervical
region is the alar ligament. The alar liga-
ments connect the odontoid process
(dens) of the axis vertebrae (C2) to the
occipital condyles of the occiput bone of
the skull. Alar ligaments consist primarily
of collagen proteins with a few elastic
fibers.

In contrast to elastic fibers, which
can tolerate elongation up to 200 percent
before failure, collagen ligaments will fail
at only eight percent elongation; conse-
quently the alar ligaments are particular-
ly vulnerable to traumatic stretching

loads. The alar ligaments are particularly
vulnerable to neck trauma when the head

is rotated at the moment of impact.

When the head rotates, the alar liga-
ments twist around the dens. Reaching
90° rotation, these ligaments are maxi-
mally tightened and obtain an anteropos-
terior orientation. Such tightened,
anteroposteriorly-oriented alar ligaments
are more vulnerable to hyperextension-
hyperflexion trauma than relaxed, trans-
versely oriented ligaments. Acutely,
injured ligament permits influx of edema
or hemorrhage, which, on MRI, is seen
as bright areas interspersed within dark
collagen fibers.

Research studies

Numerous research studies have
looked at acute and long-term conse-
quences of whiplash injuries. Vetti, et al
(2009) showed that there is strong evi-
dence for causal relationship between trau-
ma and alar ligament lesions. Alar liga-
ment changes were unrelated to age and
type of trauma. Spinal degeneration and
signal lesions may persist for months to
years.

In a study looking at long-term sta-
tus of whiplash-injured patients (Gargan,
1990), researchers reviewed 43 patients
who had sustained soft-tissue injuries
of the neck after a mean 10.8 years. Of
these, only 12 percent had recovered
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completely and 88 percent suf-
fered from residual symptoms.
Of these residual symptoms, 28
percent were intrusive and 12
percent were severe, indicating
that 40 percent of whiplash-
injured patients continued to
suffer from significant residual
symptoms more than a decade
after being injured. In fact, after
two years, symptoms did not
alter with further passage of
time, remaining chronic.

A 1996 study by Squires, et
al. reviewed the long-term status
of whiplash-injured patients 15.5
years after injury. The authors
documented that 70 percent of the
patients continued to complain of symp-
toms referable to the original accident.

Bunketorp, et al. (2002) looked at
the health status of whiplash-injured
patients 17 years after injury. At the time
of publication, this was the longest fol-
low-up study on whiplash-injured
patients. The authors documented that
55 percent of the patients still suffered
from pain caused by the original trauma
17 years later.

Bannister, et al. (2009) reviewed
15 studies pertaining to whiplash-injury
outcomes and reported that whiplash-
injured patients are five times more likely
to suffer from chronic neck pain than
control populations. They also concluded
that the view suggesting a whiplash-
injured patient’s symptoms will improve
once litigation has finished “is unsup-
ported by the literature.”

Chronic pain

Chronicity of symptoms for many
patients following whiplash trauma is sci-
entifically well established. Consequently,
numerous clinical investigations have
been performed in the assessment of the
tissue origin of these symptoms. These
investigations have included the careful
fluoroscopic insertions of anesthetic nee-
dles using gold-standard protocols and
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techniques. The majority of these studies
have focused on the tissues of the lower
cervical spine. In their 1993 study,
Bogduk and Aprill demonstrated that the
facet joints of the lower cervical spine
and the annulus of the disc are signifi-
cant tissue sources for chronic whiplash
injury symptoms.

More recently, researchers have
turned their attention to the tissues of
the upper cervical spine (C1-C2) as a
source of chronic symptoms following
whiplash trauma, especially if the symp-
tom complex includes headaches.
Because of the lack of a disc and the hor-
izontal nature of the facet joints, the sta-
bility of the atlanto-axial complex
depends mainly on the ligaments and
muscles. Cranial cervical junction liga-
ment injury may prove to be the structur-
al substrate for the chronic whiplash syn-
drome.

Specifically, these researchers have
focused on the alar ligaments since they
show the most consistency with disability
scores and it was the structure with the
most frequent high-grade MRI abnor-
malities. Recent advances in MR imaging
have enhanced the assessment of the
health of the alar ligaments. Structural
changes in the alar ligaments in the late
stage of whiplash injuries can be character-
ized and classified using high-resolution
proton density-weighted MRI.

The alar ligaments

The alar ligaments are the most
injured from neck trauma, especially if
the head is rotated at time of accident.
The alar ligaments could be irreversibly
overstretched or ruptured when the head
is rotated and bent by the impact of
whiplash trauma. An abnormal alar liga-
ment is the strongest predictor for severi-
ty of subjective symptoms and functional
disability in whiplash-injured patients.
Alar ligament damage can take up to
two years for complete healing.

Whiplash injury to the upper cervi-
cal spine can cause balance disturbance,
dizziness, visual problems and jaw prob-
lems. Chronic whiplash patient symp-
toms attributable to Occiput-C1-C2,
include, neck pain, headache, upper limb

symptoms, lower limb symptoms, loss of
balance, some tongue numbness. Women
appear to be more injured, perhaps due
to the fact that the neck muscles are
weaker in females, thus making their
neck structures more vulnerable when
under the influence of abrupt external
forces. (Krakenes, et al., 2002)

Alar ligament problems pose both
mechanical and proprioceptive problems
for the patient and treatment is often
sought. Ice to the neck helps reduce acute
pain and swelling. Painkillers or other
drugs including non-steroidal anti-inflam-
matory drugs (NSAIDs), like ibuprofen
(Advil, Motrin) or naproxen (Aleve) help
with pain and swelling. However, these
medicines or other prescription painkillers
and muscle relaxants can have side effects
and should not be taken unless under a
doctor’s supervision.

A neck brace or collar can add sup-
port, if a doctor recommends it; collars
are not recommended for long-term use
because they can actually weaken the mus-
cles of the neck. Moist heat to the neck
using warm, wet towels may help but only
after 2-3 days of icing it first. Heat should
be used on the neck only after the initial
swelling has gone down.

Chiropractic care

Experience indicates that carefully
applied chiropractic adjustments to this
sensitive spinal region can significantly
improve and help manage these other-
wise very difficult chronic injuries.
Chiropractors commonly employ different
chiropractic treatments for whiplash, often
including manipulation, muscle relaxation
and/or stimulation, various exercises,
ergonomic and lifestyle changes.

The primary whiplash treatment for
joint dysfunction, spinal manipulation,
and involves the chiropractor gently mov-
ing the involved joint into the direction in
which it is restricted. Also known as a chi-
ropractic adjustment, spinal manipulation
may involve the application of a short
thrust in that direction. In many cases,
instead of a thrust, a slow mobilizing
movement consisting of gentle stretches
to the muscle that has excessive tension
or repeated contractions of the muscle
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that is inhibited. If the muscle is very
tight, a more vigorous stretch may be
applied by the chiropractor. Gentle finger
pressure techniques may be applied to
trigger points to relieve the pain associat-
ed with the tight muscles.

Summary

Since the late 1980’s we have known
that the alar ligaments can be injured from
neck trauma. An abnormal alar ligament is
the strongest predictor for severity of sub-
jective symptoms and functional disability
in whiplash-injured patients. Alar ligament
injuries are often permanent. The best
diagnostic tool to assess soft-tissue injury to
the upper-cervical ligaments and mem-
branes is the proton density-weighted MRI
examination. The increasing severity of
MRI findings of soft-tissue structures in the
upper cervical spine is related to increas-
ing levels of neck pain and functional dis-
ability, as experienced by persons with a
diagnosis of whiplash injury.
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