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Vacuum Phenomenon as a Sign of an Ununited, Unstable

Dens Fracture

Alan L. Williams," Guillermo F. Carrera," John P. Grogan,' and Donald P. Ullrich?

Gas within a degenerated intervertebral disk (vacuum phe-
nomenon) or within a synovial joint subjected to traction is a
common radiographic finding [1-6]. Gas produced by bacte-
rial action has been described as a sign of osteomyelitis or
soft-tissue infection [7]. Intraosseous gas as a physical phe-
nomenon has also been identified in patients with ischemia or
malignancy [8-10]. The purpose of this report is to describe
gas within an ununited dens fracture and to suggest that this
“vacuum phenomenon” represents radiographic evidence of
instability.

Case Report

A 45-year-old man presented with neck pain after a minor accident
in which his automobile was struck from the rear by another car.
Aside from mild cervical muscle spasm, physical examination was
normal. Cervical spine radiographs suggested an oblique fracture
through the inferior dens. When questioned, the patient recalled being
in a severe automobile accident 25 years earlier in which he sustained
a cervical spine injury that was treated with body-jacket immobiliza-
tion. A CT scan of the craniocervical junction confirmed an oblique
dens fracture with sclerotic margins and gas within the fracture defect
(Fig. 1). Lateral cervical radiographs in flexion demonstrated 3-mm
anterior displacement of the dens upon the body of C2. Because the
patient was symptomatic and had radiographic evidence of an unsta-
ble, ununited fracture, a C1-C2 stabilization procedure (wiring of the
posterior arch of C1 and vertebral arch of C2) was performed. On a
postoperative CT scan gas was no longer present at the fracture site
(Fig. 2). Flexion and extension radiographs demonstrated no move-
ment of the dens upon the body of C2. Two months after surgery
the patient was asymptomatic.

Discussion

Gas is frequently seen radiographically in degenerated inter-
vertebral disks (vacuum phenomenon) [1], in normal joints
under stress [1-4], and in degenerated facet joints [11]. This
intradisk or intraarticular gas is composed primarily of nitrogen
(90-92%) as well as oxygen, carbon dioxide, and other trace
gases [1]. It has been suggested that when opposing joint
surfaces are distracted, the intraarticular pressure is reduced,

causing dissolved gases in the surrounding extracellular or
synovial fluid to leave solution and enter the joint space [1, 3,
4]. Although gas has also been described in necrotic femoral
heads [5], collapsed vertebral bodies [9, 10], and acute
traumatic avulsion of a cervical disk from adjacent endplate
[12], a literature search failed to yield a description of gas
associated with an ununited spinal or long-bone fracture.
Vacuum phenomena have been described in association with
pseudoarthroses in a failed lumbar fusion [13].

A clinically stable fracture may exist in the absence of
radiographic evidence of bony union [14]. Thus, the radio-
graphic demonstration of a nonacute fracture line does not
necessarily indicate instability. However, gas in a fracture line
suggests distraction forces similar to those recognized with
a “vacuum joint,” and thus instability. The detection of intraos-
seous gas by CT has been described as a sign of osteomye-
litis [7]. In most cases osteomyelitis is accompanied by fever,
bone destruction, and adjacent soft-tissue mass. Penetrating
injury and iatrogenic introduction as well as infection should
be considered when gas within an osseous or soft-tissue
structure is identified radiographically.

In summary, this case describes a “vacuum phenomenon”
associated with a chronic, ununited, unstable dens fracture.
When gas is observed radiographically in association with a
nonacute fracture, additional evaluation including dynamic
studies may be indicated. Patients with an unstable dens
fracture are at risk for severe neurologic injury and must be
managed cautiously.
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Fig. 1.—A, Axial 1.5-mm-thick CT section through atlas demonstrates gas collection (arrow)

associated with dens.

B, Sagittal reformatted image shows oblique fracture (small arrows) through dens and gas (large

arrow) within fracture line.
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Fig. 2.—Reformatted sagittal CT image from
scan obtained 2 months after operative stabiliza-
tion shows persistent fracture line (black arrows)
through lower dens. However, no gas is identified
within fracture line. Note stabilizing wires poste-
riorly (white arrows).
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