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LEARNING OBJECTIVES : 
NEW APPROACHES TO DEGENERATIVE SPINE

NEW MACHINES with OLD CONCEPTS: 
SPECT/CT
WB-MRI

OLD SEQUENCES with NEW SUBJECTS:
ADC
DTI
PERFUSION
SPETTROSCOPY

NEW MATERIALS and DEVICES

NEW MACHINES AGING OF SPINE

As results of spinal disc dehydratation and subsequent 
narrowing of the disc space the pressure between l-z joint 
increased significantly leading to zygapophysial joints 
degeneration.
It has been demonstrated that l-z joints become weaker and 
more biplanar, transitioning from a largely coronal 
orientation to a more prominent sagittal positioning, as 
aging occurs; this phenomenon is known as “tropism” (20–
40% incidence among the general population) 
demonstrated a positive relation with intervertebral disc 
degeneration and herniation. 

FJ: SPECT/CT
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Radionuclide bone scintigraphy with single photon
emission computed tomography (SPECT) provides
functional imaging and is used to detect
microcalcification due to increased osteoblastic
activity. In the absence of other pathology the foci 
of increased osteoblastic activity reflect areas of 
mechanical stress and degenerative change in the 
skeleton.
For the detection of clinically significant facetal
arthropathy, SPECT has been reported to have a 
sensitivity of 85–100 % and specificity of up to 
71 % 
Development of multimodality SPECT/CT has
allowed the high sensitivity of SPECT to be 
combined with the specificity of CT. 

WB-MRI RATIONALE

Patients are typically scanned in the supine position with a pillow under 
the lower legs, which results in flexion of the hip and the lumbar spine.

Several studies have reported that the lumbar lordosis angle increases in 
the standing scanning position compared to the conventional supine 
position or the neutral seated position.



NEW SEQUENCES

AGING OF DISC
grade1
19 yo

grade 2
53 yo

grade 3
53 yo

grade 4
86 yo

grade 5
64 yo

Grade 1: segment L4–L5 of a 19-year-old female. The nucleus
is gelatinous and round, or oval-shaped, on MR with a high
T2-signal intensity. The annulus show discrete fibrous lamellas.
The endplate is intact; the vertebral body still has rounded margins, 
with no Schmorl’s nodes or sclerosis.

Grade 2: segment L2–L3 of a 53-year-old female.
In the nucleus, peripherally, white fibrous tissue becomes
visible. The annulus presents mucinous material between lamellas.
The cartilage layer of the endplate becomes irregular; 

Grade 3:segment L3–L4 of a 53-year-old female. Consolidated 
fibrous tissuein the nucleus area and loss of the annular nuclear 
demarcation. On radiographs, reduction of the disc height and 
early osteophytes formation is visible. Frequently, rim calcification 
and sclerosis are also visible. On MRI, T2-signal intensity is reduced; 
the nucleus flattens and can extend into the inner annulus; isolated 
defects of the endplate and concentric tears of the annulus appear;

Grade 4: segment L3–L4 of an 86-year-old female. Horizontal
clefts parallel to the endplate are visible macroscopically and on
MRI. Osteophytes, small Schmorl’s nodes and intranuclear 
calcificationare common findings. The nucleus can extend into the 
outer annulus.

Grade 5: segment L4–L5 of a 64-year-old male. Disc
height is markedly reduced. The nucleus has disappeared totally
(absent T2 signal), and big, sometimes-bridging, osteophytes 
appear.
Diffuse and severe sclerosis and calcifications dominate

ADC

In the intervertebral disc, water molecules are scattered in the extracellular matrix. When an intervertebral disc
degenerates, the movement of these free water molecules decreases, the distribution of water molecules in the
matrix changes, and the water content declines.

The ADC values of both the nucleus pulposus and the annulus fibrosus decrease with age because of a gradual loss

of proteoglycans, damage to collagen fibers, and a reduced amount of water.

intervertebral disc, water molecules are scattered in the extracellular matrix. When an inter



DTI DTI
The healthy annulus fibrosus consists of concentric 
laminates of fiber bundles. Water molecules diffuse 
more readily parallel to these laminae than moving 
through them. The combination of DTI with fiber 
tracking results in an image showing the integrity of 
the annulus fibrosus, allowing to visualize this structure 
of the annulus fibrosus. 
A DTI scan of a healthy annulus fibrosus shows a 
multilayered fiber bundle composed of successive 
regular rings.
A DTI scan of a degenerated annulus fibrosus, on the 
contrary, shows an irregular, disordered, and much 
thinner structure.

PERFUSION

The normal intervertebral disc has no blood vessels. Although few, it does contain 
cells and those have a metabolic need. Due to a concentration gradient, small 
molecules such as oxygen and glucose diffuse from the vertebral endplates to the 
disc. Larger molecules are transported by convection: they are pushed out of the disc 
under loading and they are drawn into the disc by unloading. These mechanisms 
work inefficient and oxygen levels in the disc are much lower than in other tissues.

Degenerative changes however allow vessels to grow inward. The density of blood 
vessels increases with the grade of disc degeneration. Blood vessels are seen in 
fissures and cracks, which are areas with low proteoglycan

PERFUSION

SPECTROSCOPY

The primary component of the lumbar disc is proteoglycan (PG). Proteoglycan is a molecule 
consisting of various glycosaminoglycans that contain the NAA compound that has a chemical 
shift of 2.1 ppm. Proteoglycans are the molecules that bind water in the nucleus of the disc 
which in turn generates the disc’s cushioning effect. When proteoglycans breakdown, they lose 
their ability to retain water. 
The lumbar disc is not vascularized and thus nutrients and oxygen require passive diffusion. 
The metabolic activity of the nerves generates an anaerobic environment which results in the 
production of lactic acid which in turns irritates the nerve endings resulting in lumbar disc pain.

SPECTROSCOPY: NOCISCAN BY NOCIMED

NOCISCAN by NOCIMED

Currently, MRS with NOCISCAN is CE and FDA approved for clinical diagnosis. 
In the US, surgeons use the NOCISCAN as a replacement for discography in order to 
define the painful disc prior to fusion or total disc replacement.
In Europe, the focus is on defining biomechanics (inflammation, instability) in order to 
regenerate the disc or treat the underlying disorder. 



NEW MATERIALS AND DEVICES AGEING OF SPINE: THE SPINAL STENOSIS

Disc degeneration, dehydration and bulging contributes to this 
phenomenon by narrowing of the spinal canal and resulting in 
an increased instability of the spinal segments, incremental 
pressure between facets resulting in degeneration and 
osteophyte formation, often more pronounced on the superior 
articular process; these hypertrophic changes in addition to 
osteo-cartilagineous/ligamentous redundancy lead to neural 
and/or vascular compression.

Degenerative lumbar spinal stenosis (DLSS) develops in the 
setting of normally developed spinal canal and may lead to 
narrowing of the central spinal canal and/or neuroforaminal 
stenosis
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