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EXTRAVERTEBRAL GAS AND FLUID EFFUSIONS ASSOCIATED WITH
VERTEBRAL COLLAPSE CONTAINING A VACUUM CLEFT POSSIBLY
RESULT FROM A PUMPING PHENOMENON: A NEW EVIDENCE OF THE
DYNAMIC HYDRO-PNEUMATICAL NATURE OF THE SO-CALLED VACUUM

PHENOMENON

B. Coulier’

We report two very unusual observations in which gas and fluid effusions were transiently and unexpectedly found
in the extravertebral spaces of patients presenting with painful necrotic vertebral collapse containing a vacuum cleft.
We hypothesize that gas and/or fluid which progressively may replace vacuum in vertebral compression fractures
could be secondarily pumped through extravertebral and retroperitoneal spaces.

Although being rare, these observations may represent a potential missing link in the imaging snapshots of the cyclic

and dynamic vacuum phenomenon.
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Although true physical-chemical
experimental proofs are lacking in
the literature, numerous clinical
reports have shown that many radio-
logical manifestations of the so-
called “vacuum phenomenon” (VP)
only represent snapshots of a com-
plex dynamic continuum extending
from true vacuum to gas and/or fluid
and vice versa (1).

We report two very unusual
observations in which gas and fluid
effusions were transiently and unex-
pectedly found in the extravertebral
spaces of patients presenting with
painful necrotic vertebral collapse
containing a vacuum cleft.

We hypothesize that gas and/or
fluid which progressively may
replace vacuum in vertebral com-
pression fractures could be second-
arily pumped through extravertebral
and retroperitoneal spaces.

Although being rare these obser-
vations may represent a missing link
in the imaging snapshots of the
cyclic and dynamic VP,

Cases reports

Case 1

An 81-year-old female was admit-
ted in the geriatric department for
impairment of general state and
severe lumbar pain relating to a
recent fall. Plain films of the lumbar
spine (not illustrated) showed a clas-
sical ischemic osteoporotic collapse
of the vertebra L1.

Laboratory results showed a
moderate inflammatory syndrome
with a CRP level at 53 mg/I.

Abdominal CT was performed to
rule out the hypothesis of any occult
inflammatory and/or tumoral pathol-
ogy.

Attention was unexpectedly
retained by the presence of unusual
extensive bilateral retroperitoneal
effusions (Fig. 1) extending from the
paravertebral to the retrorenal spaces
and along the psoas muscles. These
effusions were also extending under
both posterior hemi diaphragms and
within the retrocrural spaces of the
diaphragm. The epicentre of these
unusual effusions was constituted
by the osteoporotic collapse of the
L1 vertebra in which a vacuum cleft
was clearly visible.

A single gas bubble was also
found within the left paravertebral
root of the left psoas muscle (Fig. 1).

New plain films of the lumbar
spine were performed in upright
(Fig. 2) and supine position (Fig. 2).
Moreover lateral plain films (Fig. 2)
were also obtained during stress
hyperextension on a log in order to
appreciate the fracture reducibility.
The painful instable vertebral frac-
ture was finally treated by kypho-
plasty (Fig. 2).

The symptoms resolved in two
days. Postoperative abdominal CT
(Fig. 1) showed a complete re-
gression of the retroperitoneal
effusions.

From: Department of Diagnostic Imaging, Clinique St Luc, Bouge (Namur), Belgium.
Address for correspondence: Dr B. Coulier, M.D., Department of Diagnostic Radiology,
Clinique St Luc, Rue St Luc 8, B-5004 Bouge (Namur) Belgium.

E-mail: bcoulier@skynet.be

Case 2

A 64-year old male was admitted
at the emergency room with com-
plaints of acute lumbar mechanical
pain after a fall in his bathroom.
Supine X-rays of the thoracolumbar
spine were performed at admission.
They were first considered being
normal and the patient was dis-
charged (not illustrated).

Three days later, the patient was
readmitted for confusion which was
attributed to abuse of analgesics.
Severe diffuse lumbar pain was still
present and an inflammatory syn-
drome was associated.

Abdominal CT (Fig. 3) reveals the
presence of an intravertebral vacu-
um cleft within the vertebraT12 sug-
gesting an occult but typical
ischemic vertebral collapse. Gas
bubbles and edematous effusions
were also extensively found outside
the vertebra in the retrocrural
diaphragmatic spaces.

On sagittal MPR views the discor-
dance between massive intraverte-
bral VP and a normal height of the
vertebra suggested the probably
spontaneous reduction of the verte-
bral fracture in the supine position
(Fig. 3).

New plain films (Fig. 4) of the lum-
bar spine were then carefully per-
formed in the upright position
unmasking the real amplitude of the
vertebral collapse. This collapse
immediately reduced on the oblique
views performed in the supine posi-
tion and this caused the reappear-
ance of an acute extensive vacuum
cleft (Fig. 4).

The patient was first treated con-
servatively with lumbar corset but
the prognosis of healing was consid-
ered poor because the fractured ver-
tebra was situated in the middle of a
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Fig. 1. — Case 1: Coronal MPR CT views (A to C) show a vacuum phenomenon (white arrow) in a severely collapsed L1 vertebra.
A gas bubble is also found in the adjacent root of the left psoas muscle (black arrow). More laterally extensive bilateral effusions are
found in retroperitoneal paravertebral (black arrowheads), sub diaphragmatic (grey arrowhead) and retrocrural (white arrowheads)

spaces. These effusions have completely disappeared two days after kyphoplasty (E, F).

stiff spine segment - due to DISH -.
In this condition the fracture site
could be subject to inappropriate
solicitation in any movement.

A new CT performed one month
later showed that paravertebral gas
collection had disappeared. The ver-
tebral vacuum had reduced but was
still present. The fracture lines had
progressed through the posterior
arch and epinous process of the ver-
tebra (Fig. 5). It was decided to treat
the patient with kyphoplasty and this
treatment quickly induced a substan-
tial reduction of the symptoms.

Discussion

Fick was the first to describe the
“vacuum phenomenon” in 1910
while he was studying joints under
traction (2). In 1937 Magnusson (3)
reported the same phenomenon in
intervertebral discs and postulated

that the creation of spaces, sub-
sequently filled by gas, required a
reduction of barometric pressure
within a joint and/or a disc up to
1/20 th atmosphere.

In current radiological practice, a
vacuum is the physical state of space
that is empty of matter. In a synovial
joint, a vacuum is produced when
the distraction of the articular sur-
face creates a space and there is not
enough intraarticular fluid to fill in
this space. The negative pressure
attracts gas from surrounding tis-
sues into the joint space, creating an
intraarticular distended gas pouch.
This mechanism is called the vacu-
um phenomenon. When the distrac-
tion of the articular surfaces stops,
the produced intraarticular gas may
persist.

Gas that forms in a disc was first
analysed by Ford in 1977 (4). It con-
tains 90-92% nitrogen combined

with oxygen, carbon dioxide and
other traces of gases. This composi-
tion was confirmed in 1997 by
Yoshida et al. who analysed an
intraspinal gaseous cyst (5).

VP and gas collections have been
described in every segment of the
spine including the disc space,
Schmorl nodes and vertebral struc-
tures, the epidural and intradural
spaces, synovial cysts and facet
joints (1). They have also been
described in numerous peripheral
joints or ganglion cysts (6-7), but
also in gallstones (8) and unicameral
bone cysts (9).

Since the first description by
Maldague et al. (6) the presence of
an intravertebral gas cleft in vertebral
compression fractures — also referred
to as “Kiimmell disease” (10-13) - is
considered indicative of osteonecro-
sis. It is now commonly regarded as
a specific sign for ischemic vertebral
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Fig. 2. — Case 1: Upright lateral plain film of the L1 vertebra (A) obtained just after abdominal CT: a major collapse of the verte-
bra is confirmed. A small vacuum cleft (white arrow) due to acute distraction of the collapse is found on the supine oblique view (B).
Stress lateral plain film obtained in hyperextension on a log (C) partially reduced the vertebral collapse and induced an extensive
vacuum (black arrow). Upright lateral plain film (D) obtained after kyphoplasty. At the time symptoms have disappeared.

collapse. The most important risk
factors for the development of an
intravertebral gas cleft are osteo-
porotic vertebral fractures, steroid
medication, trauma, and radiation
therapy (11).

Thus a vertebral compression
fracture seems to represent the
initial event (11). It is followed by a
delayed healing due to impaired
vascular proliferation and then by

osteonecrosis (11, 14). The succes-
sive flexions and extensions contin-
uously apply shearing forces to the
horizontal fracture line and maintain
the absence of fusion of bony
fragments. Thus the vacuum cleft
represents a peculiar type of verte-
bral pseudarthrosis.

The abnormal dynamic mobility
of the vertebral pseudarthrosis can
be demonstrated by a more pro-

nounced gas accumulation (or VP in
the acute phase) observed in exten-
sion or decompression, a condition
classically obtained in the supine
position. This can lead to a partial
restoration of the vertebral height as
illustrated in our reported cases
(Fig. 2C, 4, 5C,D).

The VP is not a static phenome-
non. On the contrary, various
reports (1, 5, 15-18) have suggested



EXTRAVERTEBRAL GAS AND FLUID EFFUSIONS — COULIER 13

-

Fig. 3. — Case 2: A. Axial CT views, B, coronal and C, sagittal MPR views of the
thoraco-lumbar junction obtained during abdominal CT. Bilateral paravertebral
effusions and numerous gas bubbles are found in the paravertebral retrocrural spaces
(black arrowheads). Massive intravertebral vacuum is also found in aT12 vertebra of
apparently normal height (black arrows). Multilevel ankylosis of the lower thoracic
spine is found with typical fatty degeneration of some intervertebral disks (white

arrows).

or demonstrated that there was a
dynamic physical continuum
between true vacuum, gas but also
fluid. This continuum seems to
depend on the duration and intensi-
ty of mechanical stretching — sponta-
neous or induced by stress — of an
anatomical cavity, the variable
nature of neighbouring tissues and

the variable permeability of the
cavity walls. These reported observa-
tions are based on various cross-
checking clinical observations (1, 5,
15-18).

Malghem et al. (16) have very
recently demonstrated the possibili-
ty of directly generating intraarticu-
lar microbubbles by creating a tran-

sient VP during mechanical traction
on metacarpophalangeal joints. This
study confirms that the real vacuum
only represents a transitory state in
natural semi-permeable cavities.
Gas quickly created by VP replace
the transitory vacuum and may per-
sist up to 30 a minutes in suspension
in the viscous synovial fluid (16, 19).
Previously Malghem et al. also
described the progressive replace-
ment of gas by fluid on plain films
and MRI in patients presenting with
intravertebral vacuum (15). This
replacement was observed after
positioning the patients in the
supine position for a sufficiently long
time (15). The variable duration of
this replacement probably depends
on several factors: the duration of
the decubitus, the intensity of the
traction imposed on the spine on
stress views or simply by the exten-
sion resulting from the supine posi-
tion and finally the variable perme-
ability of the cleft walls. These obser-
vations have been corroborated by
others (20). The same phenomenon
of replacement of gas by fluid has
also been described in cases of
intradiscal vacuum during pro-
longed supine MRI studies (21).
Various observations have also
clearly demonstrated that gas accu-
mulating in joints or vertebral disks
could also be secondarily progres-
sively forced outside these struc-
tures. Gas from apophyseal joints
may be forced within cysts of the lig-
ament flava (22-23). Gas from verte-
bral disks may also be forced within
intraspinal gaseous cysts or gas-
containing herniations which may
produce compressive radicular
symptoms. Gas may also simply
migrate in the epidural space (5, 24-
25). In these gaseous cysts or hernias,
gas is generally injected under a
certain pressure which is obtained in
a stepwise fashion by a “ball-valve
effect” or a “valve-pump mecha-
nism” (1, 5). Gas — mixed with syn-
ovial fluid — may also be pumped in
periarticular synovial cysts (1, 6-7).
In our two cases a similar mecha-
nism could be evoked in which the
VP produces an accumulation or
gas/or fluid in the vertebral cleft due
to the negative pressure induced by
distraction of the vertebral cleft dur-
ing the supine position (suction
pumping mechanism). This gas/or
fluid collections may be secondarily
forced through the extravertebral
soft tissues when positive pressure
reappears in upright position (force
pumping mechanism).
These various but complementary
studies unequivocally emphasize the
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Fig. 4. — Case 2: A, B. Upright plain films of the thoraco-lumbar junction obtained just after the abdominal CT reveal an
unambiguous collapse of about 40% of the vertebraT12.
Acute intravertebral vacuum spontaneously (white arrows) reappears on the oblique plain films (C, D) obtained in supine position
during the same examination.

conclusion that VP is a dynamic
process. Thus when synovial, discal
or vertebral spaces are stretched,
vacuum phenomenon may be pro-
duced acutely and transiently. This
vacuum can secondarily progres-
sively be replaced by gas which may
persists some time (16). If distention
persists gas may be progressively
replaced by fluid.

Finally there is a question which
remains unanswered in cases of

ischemic vertebral collapses: where
goes the vertebral gas and/or fluid —
that has replaced the vacuum after
prolonged supine position — when
the collapsed vertebra is resubmit-
ted to compression especially when
a supine patient — with vertebral
collapse - is mobilized in upright
position. Probably this gas and/or
fluid may be resorbed by the walls of
the cleft. Nevertheless our two cases
seem to illustrate that this gas and/or

fluid could also in some conditions
be forced towards the extravertebral
spaces.

Finally some other
remain unanswered:

questions

- Why does the extravertebral
extrusion of gas and/or fluid have
not, to our knowledge, been
reported before? The reason could
be that, in clinical practice, only
“snapshots” of the dynamic VP



EXTRAVERTEBRAL GAS AND FLUID EFFUSIONS — COULIER 15

D

Fig. 5. — Case 2: On a control CT performed one month later (A, B) extravertebral gas and fluid has disappeared but some gas

persists in the vertebra. Fracture lines have progressed through the vertebral posterior arch and spinous process (black arrows). The
patient was treated with percutaneous kyphoplasty (C, D).

are generally fortuitously found. - Does this phenomenon of extru- References

Our rare and probably unpub-
lished observations are thus prob-
ably also fortuitous. Systematic
and prospective randomized
dynamic studies — comprising an
active mobilization of the patient -
could eventually be able to depict
all the sequences of this dynamic
process but this condition is diffi-
cult to perform and/or justify in
clinical practice.

sion of gas and/or fluid play a role
in the painful symptoms present-
ed by the two patients?

We conclude that, although rare,
our observations seem to represent
the illustration of a missing link in the
cyclical dynamic continuum of the
“vacuum phenomenon”These obser-
vations and these conclusions have
to be corroborated by further studies.

1. Coulier B.: The spectrum of vacuum
phenomenon and gas in spine. JBR-
BTR, 2004 , 87: 9-16.

2. Fick R.: Handbuch der Anatomie and

Mechanik  der Gelenke unter
Verucksichtigung der bewegenden
Muskeln. Vol 2 Jena G. Fisher, Ed,
1910.

3. MagnussonW.: Uber die Bedingungen

des Hersvortretens der Wirklichen



16

10.

1.

. Coulier

. Delabrousse E.,

Genlenkspalte auf den Rontgenbild.
Acta Radiol., 1937, 18: 733-741.

. Ford L.T.,, Gilula L.A., Murphy W.A.,

Gado M.: Analysis of Gas in Vacuum
Lumbar Disc. AJR, 1977, 128: 1056-
1057.

. Yoshida H., Shinomiya K., Nakai O.,

Kurosa Y., Yamaura l.: Lumbar Nerve
Root Compression Caused by
Lumbar Intraspinal Gas. Report of
Three Cases. Spine, 1997, 22: 348-351.
B., Cloots V.: Atypical
retroperitoneal extension of iliopsoas
bursitis. Skeletal Radiol, 2003, 32:
298-301.

Coulier B., Devyver B., Hamels J.:
Imaging demonstration of fistulous
gas communication between joint
and ganglion of medial malleolus.
Skeletal Radiol, 2002 , 31: 57-60.
Bartholomot B.,
NarbouxY., et al.: Gas-containing gall-
stones: value of the "Mercedes-Benz"
sign at CT examination. J Radiol,
2000, 81: 1639-1641.

. Jordanov M.l.: The "rising bubble"

sign: a new aid in the diagnosis of

unicameral bone cysts. Skeletal
Radiol, 2009, 38: 597-600.
Maldague B.E., Noel H.M.,

Malghem J.J.: The intravertebral vac-
uum cleft: a sign of ischemic vertebral
collapse. Radiology, 1978, 129: 23-29.
Libicher M., Appelt A., Berger ., et al.:
The intravertebral vacuum phenomen
as specific sign of osteonecrosis in
vertebral compression fractures:

12.

13.

14.

15.

16.

17.

18.

JBR-BTR, 2013, 96 (1)

results from a radiological and histo-
logical study. Eur Radiol, 2007, 17:
2248-2252.

Kimmell H.: Die rarefizierrende
Ostitis der Wirbelkorper. Deutsche
Med 1895, 21: 180-181.

Resnick D., Niwayama G., Guerra J.
Jr., Vint V., Usselman J.: Spinal
vacuum phenomena: anatomical
study and review. Radiology, 1981,
139: 341-348.

Theodorou D.J.: The intravertebral
vacuum cleft sign. Radiology, 2001,
221:787-788.

Malghem J., Maldague B.E.,
Labaisse M.A., et al.: Intravertebral
Vacuum Cleft: Changes in Content
after Supine Positioning. Radiology,
1993, 187: 483-487.

Malghem J., Omoumi P,
Lecouvet FE., Vande Berg B.C.:
Presumed intraarticular gas micro-
bubbles resulting from a vacuum
phenomenon: visualization with
ultrasonography as hyperechoic
microfoci. Skeletal Radiol, 2011. [Epub
ahead of print].

Mailleux P, Ghosez J.P, Booschaert P,
Malbecq S., Coulier B. The large
Lumbar Facet Joint Space on MRI:
An Indirect Sign of Underestimated
Spondylolisthesis and Canal Stenosis.
JBR-BTR, 1998, 81: 283-285.
Grunshaw N.D., Carey B.M.: Case
Report: Gas within a Cervical Vertebral
Body. Clin Radiol, 1994, 49: 653-
654.

19.

20.

21.

22.

23.

24,

25.

Unsworth A., Dowson D., Wright V.:
‘Cracking joints’. A bioengineering
study of cavitation in the metacar-
pophalangeal joint. Ann Rheum Dis,
1971, 30: 348-358.

Linn J., Birkenmaier C., Hoffmann R.T.,
Reiser M., Baur-Melnyk A.: The
intravertebral cleft in acute osteo-
porotic fractures: fluid in magnetic
resonance imaging-vacuum in com-
puted tomography? Spine, 2009, 34:
88-93.

Wang H.J., Chen B.B., Yu C.W,,
Hsu C.Y., Shih T.T.: Alteration of disc
vacuum contents during prolonged
supine positioning: evaluation with
MR image. Spine, 2007, 32: 2610-2615.
Firth  R.L.: Lumbar Intraspinal
Synovial Cyst Containing Gas as a
Cause for Low-Back Pain. J Manipul
Physiol Therap, 2000, 23: 276-278.
Coulier B., Ghosez J.P,, Mailleux P: CT
Diagnosis of Bilateral Clinically well
Tolerated Synovial Cysts of the
Lumbar Spine. JBR-BTR, 1998, 81:
141-143.

Righini A., Lucchi S., Reganati P,
Zavanone M., Bettinelli A.:
Percutaneous treatment of gas-
containing lumbar disc herniation.
Report of two cases. J Neurosurg,
1999, 91: 133-136.

Giraud F, Fontana A., Mallet J.,
Fischer L.P, Meunier PJ.: Sciatica
Caused by Epidural Gas. Four Case
Reports. Joint Bone Spine, 2001, 68:
434-437.





