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Avascular necrosis (AVN) of the
vertebral spine has many facets.



Multiplicity of factors


The first interesting fact, to be aware
of, is that AVN can be due to a large variety of underlying
diseases.


Etiologies
as different as vascular compromise, inflammation,
hormonal disturbances, vitamin deficiencies and congenital disease
make up the scope of AVN of bone.


Sickle cell disease,
vasculitis, anti-phospholipid syndrome, systemic lupus
erythematosus, Gaucher’s disease, muco-poly-saccharidoses,
Ehlers-Danlos disease, scurvy, rickets, caisson disease, fat
embolism, hyper-lipo-proteinemias, some medication as for instance
anti-retroviral therapy, steroidal and non-steroidal
anti-inflammatory drugs, pregnancy, pancreatitis, pancreatic
carcinoma, alcoholism, Cushing’s disease, organ transplantation,
radiotherapy, trauma, electrical shock, myelogenous leukemia,
Langerhans’cell histiocytosis and tumor have all been reported as
possible causes. 2,4,5,7,10,13,16,18,19,20,21,23


Several synonyms have been used in the
past to coin this phenomenon.



Terminology


Avascular necrosis is nowadays the most
widely accepted term.


Aseptic necrosis is still used in some
texts.


This term was initially meant to
differentiate the entity from bone necrosis induced by
osteomyelitis.



Specific context of osteomyelitis


Necrotic bone parts and
fragments in an infectious context are called involucrum and
sequestrum, which have been the first manifestations of bone
necrosis to be described with radiography. 14


This has been also historically the
first situation in which necrosis in the skeleton has been
observed, correctly interpreted and reported precisely in medical
literature as such in 18th century already.




Interpretation of X-Rays


Initially radiologists recognized the
higher density of necrotic fragments on radiographs, but failed to
realize for about 80 years, until tomodensitometry became
available, that it is not necrotic bone which is hyper-dense, but
surrounding bone which becomes osteopenic as a result of secondary
hyperemia and resorption.


Necrotic bone is actually the only part
which is not involved in the reparative process, being cut away
from vascular supply. Thus the term avascular necrosis.


In the vertebral spine AVN manifests
itself in several ways.




Reports by radiologists


Some features are known since a long
time:


The first reports occurred
within a few years after Röntgen’s discovery of
X-rays.14


Other aspects are depicted
only since clinical application of modern imaging techniques,
especially since MRI exists. 2,6,9,11,13,20,21,23


Our knowledge will certainly progress
with more extensive use of this modality.


Those lessons, which we inherit from
past history and progression of present knowledge, teach us that we
can only speculate, how much remains still to be discovered and
described about AVN and its imaging characteristics.


Until now several
imaging features in the
vertebral spine have been well documented.



Vertebral periphery


Scheuermann’s disease


The first of them, to be reported in
world literature, concerns manifestations of disease at the
periphery of vertebral bodies.


This aspect should be understood as a
reparative process, observed some time after the responsible event,
rather than being an acute finding (Drawings 2-6).


One example of this
phenomenon are Schmorl’s
nodes.

They can affect any location of the
vertebral plate, and are easily distinguished in this respect from
notochord rests which are limited to the posterior third of the
vertebra, in a central location.


Off-center depressions or such
involving anterior two thirds of vertebral plateaus are thus
diagnostic of Schmorl’s nodes.


Schmorl’s nodes have been
initially reported in Scheuermann’s
disease, but can also be seen with a
similar shape in other pathological settings, especially such
associated with osteoporosis, or
trauma. 15


The clinical context and associated
findings allow distinction between these different entities in
daily practice.




Osteoporosis


Osteoporosis is classically associated
with a «fish vertebra» appearance of vertebral bodies, probably
another manifestation of bone necrosis, the result of regular
give-away of vertebral plateaus to body weight.


Sometimes MRI shows pathological
enhancement adjacent to an indented vertebral plate, an observation
which supports the hypothesis of AVN as intermediate phenomenon
leading to biconcave configuration.


Whether result of osteonecrosis or
fracture of trabecular scaffold, «fish vertebra» deformation of
vertebral plates in osteoporosis seems to be sub-acute or chronic,
rather than a result of an acute event, as result of adaptation to
mechanical stress.


It appears usually within 10-14 days
after minor trauma.

Irregularities of vertebral plates


Vertebral size


On the other hand Scheuermann’s disease
shows in most cases other reparative findings such as
irregularities of vertebral plateaus and deformity of affected
vertebrae. (Fig 3-6)


In some cases of Scheuermann’s disease
cortical outlines of affected vertebral bodies have outgrown
antero-posterior or transverse diameters of their neighbor
vertebrae.

This feature signs chronology and
chronicity of responsible mechanism, which must have taken place
during adolescence, i.e. towards end of skeletal
growing.


Another feature of Scheuermann’s
disease is cuneiform deformation of vertebral bodies.


Recent advances in vitamin deficiencies
research indicates that Scheuermann's disease is probably
end-result of rickets.


In this respect osteoporosis is
ultimate image of osteomalacia (Chronic vitamin D deficiency,
rickets being sub-acute or acute deficit in infancy and childhood
of this vitamin).



Congenital diseases


Similar findings to those of
Scheuermann’s disease have been observed in other, especially
congenital diseases:



	
For instance,
progressive pseudo-rheumatoid arthritis of
childhood and some bone dysplasias can
present with similar features.







	
In this last group
spondyloepiphyseal dysplasia tarda (SEDT)
has been reported with characteristics in the
vertebral spine almost indistinguishable from those of
Scheuermann’s disease.





 



The responsible process in
SEDT though is in most cases more severe, accompanied by deficient
trunk growth, ending in small stature. 10



Relation to Perthes disease


Hip lesions in SEDT are similar to
those of Perthes’ disease, a fact that further militates for a role
of AVN in this type of dysplasia.


For many reasons radiography of the
lumbar spine should include the hip joint, one of these being that
some rare patients presenting with signs of “Scheuermann’s disease”
in the vertebral spine turn out to have «flattening» of the femoral
heads, and thus represent probably a form of SEDT.


Rather than being one homogeneous
entity, this type of dysplasia could represent, like other similar
illnesses, several congenital defects, not identified individually
as such by modern medicine as yet.


It can be speculated that probably only
one defect or some of the cases of SEDT resemble truly
Scheuermann’s disease.


Anterior displacement of nucleus
pulposus, accompanied by indentation of anterior third of vertebral
plateaus has been described in SEDT as having imaging similarities
with Schmorl’s nodes of Scheuermann’s disease.


Vertebral plates are grossly irregular
in SEDT, and vertebral outlines deformed, with large
antero-posterior diameters of vertebral bodies.


On the other hand, at the end of the
spectrum, a common manifestation of SEDT is platyspondyly, which is
very similar to Calvé’s osteochondrosis, and thus implies a common
physiopathological pathway.



Osteochondroses and rickets


Within similar logic, most
osteochondroses are probably due to rickets.


In cases where etiology of Schmorl’s
nodes remains undetermined despite thorough analysis of associated
findings, MRI can help distinguish Scheuermann’s disease from
osteoporosis.


In the latter indistinct margins and
peripheral contrast enhancement of Schmorl’s nodes are signs of
recently evolving lesions.


In first mentioned entity such an
observation should be expected only during maximal growth of
adolescence.


On the other hand bone sclerosis and
smooth outlines are features of a longer standing, old
process.


Thus AVN plays a role in vertebral body
deformation observed in many different settings.



The case of osteoporosis


Osteoporosis
manifests itself on radiography as accentuation
and coarsening of vertical trabecular scaffold comparatively to the
rest of cancellous bone and also as a relative accentuation of
vertebral plateaus in comparison to the medullary space.
16


In fact, this feature means relative
paucity of trabecular irregular medullary bone, rather than
increase in number or thickness of vertical pillars and
perpendicular cortical plates.


If we observe such signs of
osteoporosis in an elderly patient, in the context of acute
vertebral pain, especially after a minor trauma, we can prompt
further investigation.


Control after a few weeks, even if the
first radiograph didn’t disclose any traumatic abnormality, has
frequently showed cuneiform vertebral body deformation.



Kümmel’s disease


This phenomenon is due
to Kümmel’s disease, another manifestation of AVN in the vertebral
spine.

MRI can disclose a focus of bone
necrosis before any abnormalities are visible on conventional
radiographs.



Interventions


Some invasive techniques trying to
prevent or reverse spinal height loss, have been described, but end
with modest results.


Thus flattening of vertebral bodies,
when established, should be considered for the moment as
definitive, out of the spectrum of reasonable modern
therapy.


Instruction by a trained orthopedic
surgeon should be sought, in order to avoid dealing with a true
compression fracture, which ends-up unstable.


In Kümmel’s disease posterior vertebral
elements are rarely, if ever, involved in shrinking process, and
thus, what is called frequently in medical facilities “compression
fracture” of the elderly, is uncommonly completely
unstable.



AVN as common disease


AVN considered to be
post-traumatic in the context of osteoporosis in elderly patients
is a common entity, and has been described long ago by H.
Kümmel. 7


His description almost coincided with
discovery of X-rays by W. Röntgen.


Though well defined, Kümmel’s disease
seems frequently forgotten or ignored in modern imaging, and
sometimes completely misunderstood and wrongly interpreted as a
fracture.


Vertebral body height loss in Kümmel’s
disease occurs typically delayed relative to the initiating minor
traumatic event, in contradistinction to vertebral body fracture
where deformation is immediately visible.


This phenomenon represents also the
explanation for overall diminishing body height in elderly people
and can’t be considered a rare syndrome.


Restrictive use of modern radiological
modalities, and especially MR, has kept us from realizing all
imaging features of Kümmel’s disease in our «modern»
environment.



The case of vertebra plana


Vertebra plana had
originally been described by J.
Calvé as osteochondrosis of the primary
ossification center of the vertebral body, comparable to that of
the femoral head observed in Perthes disease.
4


Different eponyms shouldn’t mask
understanding of common physiopathological pathways.


It is important to realize that Kümmel,
Calvé and Perthes have described the same phenomenon and thus
coined it with a different terminology whether it manifests itself
in the vertebral spine or in the femoral head, in adulthood or
childhood.


One of the main differential
diagnoses of vertebra plana is Langerhans’
cell histiocytosis of bone, previously
known as eosinophilic granuloma in its solitary form and as
Hand-Schüller-Christian’s disease in its multilocular
variant.


The role of AVN in this setting seems
obvious, though being the subject of few reports with modern
imaging modalities.


Central gas inclusions in the vertebral
bodies, visible on conventional radiographs and T2-
hyperintensities in the same location depicted with MRI, have been
described between the first specific imaging signs of AVN in the
spine.


These publications concerned though
cases where important vertebral body height loss had already
occurred, almost similar to a vertebra plana.


On the other hand, there is a paucity
of radiological reports on early signs of AVN in the
spine.




The case of sickle cell anemia


Sickle cell anemia
(SCA), homozygous form for S-hemoglobin,
causes the red blood cells to assume an elongated configuration
under conditions of reduced oxygen pressure in blood.

This sickle cell configuration results
in mechanical capillary stasis rather than thrombosis, and leads to
hypoxic damage in tissues.


Features of consecutive bone changes
look like Legg-Calvé-Perthes’ disease, so it is easy to assume
similar physiopathology.


Vertebrae in SCA deform themselves,
resembling compression fractures.


Typical characteristics in this disease
are cuneiform deformation and vertebral body height loss, even
leading to vertebra plana.


Biconcave or «fish vertebra»
deformation observed also in SCA is assumed to be rather due to
bone marrow proliferation with secondary rarefication and bone
loss.


Previous remarks about osteoporosis and
biconcave deformation apply also to this disease.


Such way of thinking would imply that
excessive bone marrow proliferation could be another promoting
factor of AVN.


What about other hemoglobinopathies
accompanied frequently by «fish vertebra» deformation of the
vertebral bodies?



Other
Hemopathies


For instance multiple myeloma typically
manifests this way.


Unfortunately reports in medical
literature about this topic are rather scarce, owing to a certain
reluctance of primary care physicians to use modern imaging
techniques in illnesses which they consider «well
known».


On the other hand this behavior is
explained by the very much stressed modern concept of «cost
efficient medicine».


Unfortunately, not infrequently,
moderate costs imply moderate efficiency of medical
undertaking.



AVN and
Infection


AVN lesions, as any necrotic tissue,
demonstrate reduced defense towards microorganisms.


The result is relative frequency of
osteomyelitis, with unusual features in the vertebral spine in this
context.


In contradistinction to usual
spondylodiscitis, which initially affects the intervertebral disc
and only secondarily involves adjacent vertebral plates, and then
bodies, salmonella infection of the vertebral spine in sickle cell
disease seldom affects the intervertebral disc.


Thus it seems obvious that this kind of
infection doesn’t originate in the intervertebral disc, but is
primarily a bone process: - Result of AVN!


Chronic salmonella infection has a
prevalence of up to 50% in SCA, probably owing to increased
Hemoglobin turnover.


As in other
hemoglobinopathies bilirubin gallstones and sludge in the
gallbladder are formed, which serve as support to a chronic
carrying state of bacterias and especially
salmonellas.12


Prevalence depends also on local
geographic factors, because of differences in strain distribution,
some salmonella types being much more virulent than
others.


Chronic salmonella infection is rare or
even unknown in some countries, owing probably to different soil
characteristics.


It is rare in Western Europe, most
cases in Geneva, where I am working, coming from the Middle
East.



AVN and
Spleen


Other pathogens are also responsible
for osteomyelitis in sickle cell disease, host defenses being
reduced for several reasons and especially because of functional
asplenia:



	
Streptococcus pneumoniae and
Klebsiella pneumoniae, as well as Staphylococcus aureus are thus
also commonly encountered.






Bacterias encapsulated with
polysaccharide coating are responsible for severe, highly lethal
septicemic infections in patients without a functional
spleen.


Thus, such individuals should be
treated aggressively with antibiotics if pneumococcal pneumonia or
some other infection implying this kind of germs is considered on
clinical grounds.


Here again, it is probably ischemic
bouts owing to repeated spleen infarction which end-up in
functional asplenia.


Vascular rheological factors as well as
extra-medullary hematopoiesis and increased breakdown of red blood
cells play a role in repeated spleen infarction and subsequent
fibrosis.


While flare up of infections and acute
infarction induce moderate splenomegaly, extramedullary
hematopoiesis can promote important spleen growth to over 1 liter
(33oz volume), the end-result of a long lasting sickle cell disease
being still frequently a small scarred spleen.



Unusual aspect of AVN should raise
suspicion


Extensive use of imaging techniques and
especially MRI, PET and SPECT would make radiologists more familiar
with typical features of bone AVN.


Unusual imaging findings which seem out
of the scope of AVN, especially in the setting of sickle cell
disease, or in patients otherwise at risk for septic complications,
should make consider secondary spondylitis and prompt emergently
further investigation and treatment in this setting.


Soft tissue enhancement doesn’t belong
to AVN of bone and thus any paravertebral modification should







Importance of MRI
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Neuropathic disease













Sinusoidal type of AVN
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Corticosteroids




	



	



	



	

















Vertebroplasty






















Architecture of bone














Different mechanisms of AVN



















	









The case of vertebral spine
















Two different components of bone













Two different patterns in peripheral
skeleton
















Ischemic survival of bone components




	



	



	








Reparative process















	








Imaging of AVN










Different infarction types
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Search for underlying etiology

















	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	



	





cover.jpg





