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Abstract BACKGROUND CONTEXT: Craniocervical dissociation is a rare but serious condition, and missed
injuries have been associated with poor neurologic outcomes and deterioration. A fluoroscopic trac-
tion test is employed to interrogate the craniocervical ligaments when clinical and imaging findings
are equivocal. However, no specific protocol or known parameters with respect to traction or force
applied have been established.
PURPOSE: This study sought to define the parameters of the radiographic traction test with se-
quential sectioning of the primary ligamentous restraints under controlled distraction of the craniocervical
junction in a biomechanical model.
STUDY DESIGN: This is a cadaveric biomechanical study.
METHODS: A custom loading apparatus applied traction forces in six specimens (O-C3) and the
following ligaments were sectioned: alar, tectorial membrane, and occiput-C1 capsules to simulate
varying degrees of craniocervical dissociation. Traction was applied 0 to 20 lb with fluoroscopy. Digital
image analysis quantified the relative displacements of C0–C1, average craniocervical excursion, and
under what load could a 2-mm craniocervical displacement be reproducibly recorded.
RESULTS: Aweight-distance table was produced and showed a marked loss of stability with sec-
tioning of the ligaments and across all specimens in a similar pattern. Minimal translation was noted
with sectioning of two of three ligaments in any order (<1–2 mm). All specimens exhibited a firm
restraint to dissociation until the last of the three stabilizers was sectioned. Thus an “all-or-none”
restraint to instability is present. All specimens failed at a weight of 5–10 lb (>2 mm).
CONCLUSIONS: The current knowledge base of craniocervical injuries is very limited. This study
shows that the key restraints to craniocervical instability are the alar ligaments, tectorial membrane,
and the atlantooccipital joint capsules. Dissociation requires the complete incompetence of all three.
The craniocervical traction test reliably demonstrates instability and requires no more than 5–10 lb
of traction to perform. © 2016 Elsevier Inc. All rights reserved.
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Introduction

The craniocervical ligaments, both principal and acces-
sory, have been described in the anatomical and orthopedic
literature, and craniocervical dissociation has been increas-
ingly reported in case series suggesting that decreased mortality
may be due to improved recognition [1–3]. Craniocervical,
occipitocervical, and atlantooccipito dissociation are all syn-
onymous terms to describe a complete lack of ligamentous
stability between the skull (cranium) and the cervical spine.
Internal decapitation has been popularized in the media to
describe the condition. Spine consultation for patients with
potential craniocervical dissociation where the mecha-
nisms, symptoms, clinical examination, and imaging findings
are suggestive but equivocal pose a diagnostic challenge. In
these instances, a fluoroscopic traction test may be em-
ployed to interrogate the craniocervical ligaments. However,
no specific protocol or known parameters for traction
weights have been established. Missed craniocervical inju-
ries have been associated with poor neurologic outcomes and
deterioration [1].

In conjunction with the pioneering biomechanical studies
by Dvorak et al. [4,5], much has been learned of the rela-
tionship between the structural ligaments and the traumatic
instability of the craniocervical region [4–7]. Perhaps the most
detailed classic studies of the craniocervical ligaments were
performed by such masters of anatomy as Humphrey and es-
pecially Henry Morris more than a century ago. This
articulation was nicely reviewed by Cave in 1933. But a review
of the pathoanatomy of traumatic craniocervical dissocia-
tion in the contemporary literature is lacking [8–10]. The
Harborview Classification of Craniocervical Injuries (see
Table 1) established a role for the manual traction test in its
stage 2 injuries where baseline craniocervical joint align-
ment (C0–C1) is within 2 mm but magnetic resonance imaging
suggests injury to the osteoligamentous structures. However,
no specific protocol or known parameters for traction weights
have been established.

Harborview Medical Center has the largest running case
series of craniocervical dissociation in the spine literature
[1]. Our institution (Harborview Medical Center) is cur-
rently looking at a series of 49 patients with documented

craniocervical dissociation (unpublished data) who have
magnetic resonance imaging (MRI) to determine the status
of the craniocervical ligaments. This study will comple-
ment the traction test above and has provided
guidance for the sequence and occurrence of ligamentous
instability. The hypothesis of the current study is that there
is a defined maximum weight that would show sufficient
sensitivity and specificity to yield a positive test. Defining
this weight limit would enable practitioners to better diag-
nose an unstable craniocervical interval (ie, all subjects
demonstrated greater than 2 mm of distraction at “X” lb,
therefore testing need not exceed “Y” lb). Furthermore,
sectioning of ligaments sequentially would show the rela-
tive value of each ligament in maintaining the structural
integrity of the craniocervical interval. This study seeks to
define the parameters of a positive traction test with sequen-
tial sectioning of the primary ligamentous restraints under
controlled distraction of the craniocervical junction. Simply,
this study aims to find how much force is required to test
the patient and what structures keep the cranium attached to
the spine.

Methods

This study was performed at the University of Washing-
ton Applied Biomechanics Laboratory. Six fresh frozen
(unembalmed) human head-neck specimens were obtained
from an approved biospecimen provider (American Associ-
ation of Tissue Banks). All tissues were stored frozen (at
−20°C) until use and handled in accordance with the Uni-
versity of Washington’s procedures for biohazard control
(University of Washington Biosafety Manual). For assess-
ment of the ligamentous integrity and displacement of the
atlantooccipital joint, each cadaver specimen (skull to C5) was
prepared with the cervical vertebrae C2–C5 potted in a poly-
methyl methacrylate base. The cervical spine underwent gross
dissection to remove the soft tissues (musculature) while pre-
serving the osteoligamentous structures (vertebrae, ligaments,
and intervertebral discs) and insertion of metal screws and
stainless steel wire reinforcement of the C2–C5 vertebral
bodies and processes to strengthen the potted base. Care was
taken to ensure that only the inferior half of the C2 vertebra
was embedded in the urethane resin base potting com-
pound, and that the C0–C2 segments were exposed and free
to articulate.

The cranium was sectioned above the temporalis fossa
leaving adequate bone to accommodate Mayfield traction
three-point tongs or similar traction fixture. The mandible
was removed to provide improved C0–C2 imaging, and all
central neural elements were removed leaving the principle
ligaments under study intact. Radiographic fiducial (indica-
tor) markers were affixed to C0–C1–C2 vertebrae of the
specimen in the mid-sagittal plane along with a radiopaque
scale to facilitate digital image analysis of fluoroscopic images
to establish the relative distraction across C0–C1–C2. A
custom bench-top test apparatus was used to apply traction

Table 1
Harborview classification of craniocervical injuries

Stage Description of injury

1 Magnetic resonance imaging of injury to craniocervical
osteoligamentous stabilizers. Craniocervical alignment within
2 mm of normal, distraction of 2 mm or less on provocative
traction radiographs

2 Magnetic resonance imaging of injury to craniocervical
osteoligamentous stabilizers. Craniocervical alignment within
2 mm of normal, distraction of more than 2 mm on provocative
traction radiographs

3 Craniocervical malalignment of more than 2 mm on static imaging
studies
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