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Vacuum phenomenon associated with triple cervical vertebral arch and
ligamentum flavum anomaly resulting in severe stenotic myelopathy in a dog

Vacuiimfenomeen geassocieerd met een drievoudige cervicale wervelboog- en
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ABSTRACT

A six-year-old American Staffordshire terrier with proprioceptive deficits of the right tho-
racic and pelvic limb was referred for further work-up. Cervical computed tomography (CT)
and magnetic resonance imaging (MRI) revealed a triple cervical canal stenosis with dorsal spi-
nal cord compression and concomitant compressive myelopathy caused by vertebral arch and
ligamentum flavum proliferation and hypertrophy. Vacuum phenomena were noticed within the
ligamentum flavum tissue, a previously unreported location for vacuum phenomena, which are
primarily reported within degenerative joints and intervertebral discs. Decompressive surgery
and rehabilitation resulted in a complete clinical recovery.

SAMENVATTING

Een zes jaar oude Amerikaanse staffordshireterriér met verminderde proprioceptie van de rechter
voor- en achterpoot werd doorgestuurd voor verder onderzoek. Een drievoudige, cervicale stenose met
dorsale ruggenmergcompressie en bijhorende myelopathie werden vastgesteld aan de hand van een
computertomografisch en magneetcamera-onderzoek. Deze bevindingen waren secundair aan een pro-
liferatie en hypertrofie van het ligamentum flavum en van de wervelboog. Vacuiimfenomenen werden
vastgesteld in de ligamentaire hypertrofie, een tot nu toe onbeschreven locatie. Chirurgische decom-
pressie en revalidatie leidden tot volledig herstel.

INTRODUCTION

The vacuum phenomenon, a radiological sign used
to describe the abnormal accumulation of gas lucen-
cies (Magnusson, 1937), has become a frequently
identified entity in veterinary diagnostic imaging due
to the widespread use of computed tomography, a mo-
dality more sensitive for detecting gas than conven-
tional radiology (Hathcock, 1994). Most often seen
in dogs with degenerative intervertebral disc and joint
diseases (Weber et al., 1995; Shwarz et al., 2000; Miil-
ler et al., 2014), vacuum phenomena are mentioned in
the human literature in additional locations, such as
the vertebral body, e.g. Schmorl node or secondary

to vertebral collapse, and within the vertebral canal
(Kumpan et al., 1986; Yoshida et al., 1997).
Although the gas accumulation itself is often
considered benign, the distribution pattern or loca-
tion may have clinical relevance. Research in human
medicine has indicated that a linear intravertebral
vacuum phenomenon most likely occurs secondary to
a benign vertebral collapse, whereas a bubble-like in-
travertebral vacuum phenomenon is more suggestive
of an infectious etiology (Gohil et al., 2014). While
a vacuum phenomenon located in the intervertebral
disc space in dogs is considered unreliable to presur-
gically identify herniated discs causing acute neuro-
logical signs (Miiller et al., 2013), a human intraspinal
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Figure 1. A. FSE T2 sagittal 0.25T MR image and B.
soft tissue algorithm sagittal reconstructed CT images
of the cervical spine. A. Intramedullary spinal cord T2
hyperintensities are seen at the level of C3-4, C4-5 and
C5-6 associated with mild (C3-4) and moderate (C4-5,
C5-6) dorsal, midline spinal cord compression. B. Mul-
tiple vacuum phenomena can be detected dorsally to the
spinal cord at the level of C4-5 and C5-6 (arrows).

Figure 2. Transverse MR and CT images at the level of
C3-4, C4-5 and C5-6 with the upper row representing
the HYCE sequence, the middle row the CT soft tissue
algorithm and the bottom row the CT bone algorithm
acquisition. Dorsal midline spinal cord compression
is present at the level of at all three sites, successively
worsening caudally.
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vacuum phenomenon may have a large clinical rel-
evance by causing nerve root compression and subse-
quent radicular symptoms (Yoshida et al., 1997).

In the present case report, vacuum phenomena in
the degenerative and hypertrophic ligamentum fla-
vum of a dog with cervical stenotic myelopathy is
described and a tentative theory of the origin of this
phenomenon is proposed.

CASE PRESENTATION
Signalment, history and clinical findings

A six-year-old, intact, male American Stafford-
shire terrier with a six-week history of mild right
thoracic and severe right pelvic limb proprioceptive
deficits was presented for further examination. The
neurological symptoms were acutely initiated during
an incident involving another dog that tried to attack
him. The owner pulled his dog back by the leash. The
owner had not noticed any abnormalities prior to this
event. Six weeks of strict rest and non-steroidal anti-
inflammatory drug treatment revealed no clinical im-
provement.

On arrival at the referral hospital, the dog was alert
with a normal posture but still mildly atactic on his
pelvic limbs with mild to severe proprioceptive defi-
cits of the right thoracic and right pelvic limb, respecti-
vely. The right thoracic limb also showed mild muscle
atrophy, a missing radial reflex and worn claws. The
cranial nerves and the other spinal reflexes were nor-
mal, as were the left thoracic and pelvic limbs. Except
for a tense neck, no pain was observed on palpation or
mobilization of the spine. Results of the neurological
examination were mostly consistent with a disorder
of the C1-C5 spinal cord segments. Complete blood
count and biochemistry profile showed only mild
leucopenia (3,6 x 10.9/1; reference 6-17). The most
likely diagnosis was thought to be fibrocartilaginous
embolism with secondary ischemic myelopathy. The
absence of clear pain or forebrain signs made inter-
vertebral disc disease, inflammatory central nervous
system disease, such as meningomyelitis, or neoplasia
less likely.

IMAGING, DIAGNOSIS AND OUTCOME

A native cervical CT (Philips Brilliance 40, Philips
Medical Systems, the Netherlands) and MRI (Vet-MR
Grande, 0.25 Tesla, Esaote, Italy) were performed un-
der general anesthesia (Figures 1 and 2). The CT exa-
mination revealed cervical canal stenosis at the C3-4,
C4-5, and C5-6 intervertebral levels with mild, mode-
rate and severe dorsal midline spinal cord compres-
sion, respectively (Figures 1B and 2). This multifocal
stenosis was caused by (1) a well-defined and smooth,
bony proliferation of the cranial and caudal aspects of
the dorsal laminae and spinous processes and (2) the
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adjacent presence of a moderate amount of soft tissue
between the vertebral arches. Changes were visible
from the caudal aspect of the spinous process of C3 to
the cranial aspect of the dorsal spinous process of C6.
Vacuum phenomena, seen as round to oval areas of
hypoattenuation (-450 to -580 Hounsfield units), were
noticed within the soft tissue changes or adjacent to
the bony proliferations of C3-4, C4-5 and C5-6. No
signs of ventral or lateral spondylosis were observed.
Small osteophytes were seen at both the C4-5 and
right-sided C5-6 articular process joints.

The subsequently performed MRI provided evi-
dence of myelopathy at the stenotic areas with thin
and elongated intramedullary T2 hyperintense lesions
(Figures 1A and 2). The proliferative tissues between
the vertebral arches were T1 and T2 isointense to the
surrounding musculature and caused the ventral dis-
placement of the spinal cord and effacement of the
T2 signal dorsal to the spinal cord, indicating dorsal
spinal cord compression. The T2 signal on the ventral
and lateral aspects of the spinal cord was maintained
over the entire spinal cord. The intervertebral discs at
all three stenotic areas showed no signs of degenera-
tive diseases. The ligamentum flavum connecting the
vertebral laminae of the adjacent vertebrae could not
be identified or differentiated from the proliferative
tissue.

To alleviate the neurological signs, decompres-
sive surgery was performed at C3-4, C4-5 and C5-6
by means of a triple dorsal laminectomy and removal
of the soft tissue proliferations. The dog was hospi-
talized for eleven days due to an initial deterioration
of his neurological condition after surgery (nonambu-
latory tetraparesis). He regained an ambulatory state
28 days post surgery. During the follow-up consulta-
tions, the dog was considered fully recovered without
any neurological deficit six months after surgery.

The extirpated tissue was fixed in 4 % buffered for-
malin, processed by standard procedures and embed-
ded in paraffin blocks. Tissue sections (5 um thick)
were stained with Mayer’s hematoxylin/eosin for
routine examination and with special stains to iden-
tify acid mucins (Alcian blue-PAS), calcium deposits
(Von Kossa), proteoglycans (Safranin O), and elas-
tin (Van Gieson). The tissue consisted of thickened,
dense, fibrous connective tissue with abundant intra-
cellular collagen, mild fibroplasia and foci of loose
vascular connective tissue along the dorsal edge (Fig-
ure 3A). In the dorsal parts, there were sparse multi-
focal fibroplasia and hemosiderophagocytosis, and
small numbers of intact and fragmented elastin fibers
(Figure 3B) with a mixture of neutral and acid mucins
(Figure 3C). In the ventrally oriented projections, the
stroma was basophilic with multifocal cartilage dif-
ferentiation and a dominance of acid mucins (Figure
3D). The ventral proliferations and cartilaginous tis-
sue contained moderate to high amounts of proteogly-
cans, and the dorsal as well as the more fibrous parts
contained no or minimal amounts of proteoglycans
(Figure 3E). Small, focal mineralizations were seen
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Figure 3. Histopathology results. A. Overview with
dorsal fibrovascular tissue in upper part of image and
ventral fibrocartilaginous proliferations indicated by
*(HE, original magnification 40x). B. VG-Elastin stain
showing elastin fibers (arrows) and fractured fibers in
the circled area (original magnification 100x). C. Alcian
blue-PAS showing a mixture of neutral and acid mucin
(purple) staining (original magnification 100x). D. Al-
cian blue-PAS showing dominant acid (blue) staining
(original magnification 100x). E. Safranin O staining
showing moderate to strong (orange to red) proteogly-
can staining in the ventral fibrocartilaginous prolifera-
tions (original magnification 100x).

in a few ventral proliferations, and a few dispersed
individual cell mineralizations were seen in the car-
tilaginous tissue (not shown). The histopathological
diagnosis was chronic degeneration, proliferation and
hypertrophy of the fibrocartilaginous tissue consistent
with ligamentum flavum.

DISCUSSION

A multifocal ligamentum flavum degeneration and
hypertrophy associated with proliferation of the ver-
tebral arch of the four adjacent cervical vertebrae with
concomitant vacuum phenomena were seen causing
moderate-to-severe dorsal vertebral canal stenosis
and associated compressive myelopathy in a middle-
aged American Staffordshire terrier. To the best of
the authors’ knowledge, there are no published data
describing this phenomenon within the ligamentum
flavum tissue.

The vacuum phenomenon is a radiographic sign
describing the abnormal accumulations of gas lucen-
cies. Initially described within the intervertebral disc
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by Magnusson (1937), vacuum phenomena have also
been occasionally observed in other joint spaces as
well as within vertebrae (Libicher et al., 2007; Ito et
al., 2008). Intervertebral disc vacuum phenomena and
those located within synovial joint spaces are often
associated with degenerative joint disease or exces-
sive distractive forces, e.g. in case of stress radio-
graphy, joint luxation (Knutsson, 1942; Weber et al.,
1995; Gottschalk et al., 1999, Schwarz et al., 2000),
whereas intravertebral vacuum phenomena may be
associated with both benign, e.g., traumatic fracture,
osteomyelitis, and malignant (neoplasia) processes
(Knutson, 1942; Resnick et al., 1981; Gohil et al.,
2014). These gas lucencies should be differentiated
from the venous air embolisms routinely seen on
computed tomography studies in both humans and
small animals secondary to vessel catheterization and
contrast administration (Heng et al., 2014).

The mechanism of vacuum phenomenon forma-
tion is still equivocal, with theories assigning impor-
tant roles to local pressure changes, compromised tis-
sue vascularity, and the composition of the vacuum
gas consisting of 90-92% nitrogen (Ford et al., 1977;
Gohil et al., 2014). The histopathological finding of fi-
brocartilaginous changes in the ligamentum flavum is
of special interest and suggests an explanation for the
unique localization of the vacuum phenomena seen in
this case. Fibrocartilaginous tissue is a connective tis-
sue mainly seen in intervertebral discs, intra-articular
discs, such as the temporomandibular joint disc, and
menisci (Almarza et al., 2004). With increasing age
and degeneration, these discs change significantly
with alterations in both morphology, e.g. concentric
tears or loss of height, and biochemical distribution.
The main biochemical change in disc degeneration
is the loss of proteoglycan leading to, among other
changes, decreased osmotic pressure of the disc tis-
sue (Urban and Roberts, 2003; Adams and Roughley,
2006). As the osmotic pressure decreases, the tissue
nitrogen might precipitate out of solution and accu-
mulate as dissolved gas, i.e. create vacuum pheno-
mena (Gohil et al., 2014). Whereas tissues with ex-
tensive blood flow can clear nitrogen relatively easily
(Hall, 2011), less perfused tissues, such as synovial
joints, combined with a compromised vascularity due
to degeneration, could further facilitate the creation of
vacuum phenomena. In the present case, the authors
hypothesize that the fibrocartilaginous transformation
of the ligamentum flavum has resulted in a similar
drop of pressure and compromised tissue vascularity
with subsequent vacuum phenomena formation.

Whether the ligamentum flavum hypertrophy oc-
curred first with secondary osseous proliferations or
vice versa remains unknown. However, the histo-
pathological changes of the ligamentum flavum with
fibrosis, i.e. an increase in collagen fibers and a loss of
elastic fibers, and calcifications are typically seen in
post-inflammatory repair processes (Yoshiiwa et al.,
2016). This suggests that a primary osseous prolifera-
tion has caused mechanical stress on the ligamentum
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flavum, and secondary repetitive inflammatory reac-
tions and repair processes have resulted in chronic ac-
tive ligamentum flavum hypertrophy and proliferation
with minimal residual inflammation.

Osseous-associated cervical spondylomyelopathy
(OA-CSM) is another condition of vertebral stenosis
characterized by both osseous and ligamentum flavum
hypertrophy, yet it differs both anatomically and de-
mographically from the present case. First, the spinal
cord compression in OA-CSM is most often second-
ary to osseous proliferation of the articular process
joints causing lateralized compressions (da Costa et
al., 2012), which is in contrast with the present case in
which only mild osteoarthritis of these joints was ob-
served, and the compressions were located dorsally.
Secondly, OA-CSM has been reported in young dogs
(median age: 2 years) of various large and giant breeds
(Gasper et al., 2014). In a recent study by De Decker
et al. (2012) in young Basset Hounds (median age: 1.4
years), a combined vertebral arch and ligamentum fla-
vum hypertrophy was also noticed, yet limited to one
or two sites of spinal cord compression. The authors
suspect an underlying genetic defect based on the
breed-specific characteristic of the observed changes,
even though further investigation is warranted. Nei-
ther the last mentioned study nor studies investigating
OA-CSM mention the presence of vacuum phenom-
ena (da Costa et al., 2012; De Decker et al., 2012;
Gasper et al., 2014).

In conclusion, this case presents a novel location
for vacuum phenomena within the proliferative liga-
mentum flavum. A tentative theory of origin is pro-
posed. Yet, further investigation is necessary to un-
ravel the exact underlying formation process and to
reveal its clinical relevance.
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