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SUMMARy
Low back pain is a common medical problem. 
Over 40% of low back pain are discogen-
ic. The standard examination to visualize 
intervertebral disc pathology is magnetic 
resonance imaging (MRI) due to lack of 
patient exposure to ionizing radiation. In 
this article, the following MRI options are 
described: dynamic MRI, MRI with contrast, 
MRI spectroscopy, MRI myelography, func-
tional MRI. There are presented clinical 
impact of each way of diagnostic. New 
technique of 3D reconstruction is introduced.
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STRESZCZENIE
Bóle odcinka lędźwiowo-krzyżowego to 
powszechny i często spotykany problem 
medyczny. Ponad 40% z nich jest dyskopo-
chodne. Badaniem z wyboru stosowanym 
do diagnostyki krążka miedzykręgowego 
jest rezonans magnetyczny. Jest on bada-
niem bezpiecznym, nieobciążającym z uwa-
gi na brak promieniowania jonizującego. 
W tym artykule zostały opisane różne ro-
dzaje badań rezonansu magnetycznego: 
dynamiczny MR, MR z kontrastem, spek-
troskopia MR, mielografia MR, funkcjo-
nalny MR. Pokazana została przydatność 
kliniczna każdej metody. Przedstawione 
zostały również nowe techniki rekonstruk-
cji 3D na podstawie MR.

Słowa kluczowe: rezonans magnetyczny, 
krążek miedzykręgowy, dysk, rekonstrukcja 
3D krążka międzykręgowego
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Introduction
Pathology of the intervertebral disc is one 
of the most frequent causes of low back 
pain. 40% of low back pain syndromes 
are discogenic (Finch 2006). 80% of gen-
eral population has already suffered from 
lower back pain, or will suffer from it in 
the future (Schoenfeld et al. 2010; Yang 
et al. 2015), 5–10% will develop a chronic 
spine pain syndrome (Lawrence et al. 1998; 
Finch 2006).

Development of methods of medical im-
aging encourage clinicians to keep track 
of scientific reports. After entering “MRI 
intervertebral disc” phrase into the PubMed 
library, 5061 titles appear (1983–2016). 
After narrowing the results to the last 5 
years, there are 1273 titles left. This num-
ber shows the intensiveness of works over 
imaging with nuclear magnetic resonance 
method.

Aim
Taking under consideration cause of dis-
cogenic pain syndromes and availability 
of magnetic resonance devices, clinicians 
will evaluate MRI scan reports more often. 
In order to better understand the method 

a review of imaging techniques with the 
use of MRI has been conducted.

Material and methods
State of knowledge
MRI is a non-invasive examination which 
uses the nuclear magnetic resonance tech-
nique in imaging of anatomic structures. 
Nucleus of the hydrogen atom – proton, is 
the resonance nucleus. Hydrogen is a con -
stituent atom of water. Water comprises 
73% of fat-free human body mass (Hewitt 
et al. 1993). MRI detects changes in the 
content of water in the body tissues (Finch 
2006). It makes possible to illustrate inter-
vertebral disc structures: annulus fibrosus 
and nucleus pulposus. It shows the size and 
direction of disc elements displacements, as 
well as the degree of degeneration (Krae-
mer 2013, Mok et al. 2016). The basis for 
evaluation of spine anatomic structures, 
including intervertebral disc, is constituted 
by T1 and T2 weighted sequences. Signal 
intensity of tissues in T1 and T2 weighted 
images is presented in table 1 (Greenspan 
2011).

Tissue Image – intensity of signal
T1-weighted T2-weighted

Annulus fibrosus Low Low
Nucleus pulposus Intermediate High
Fat, yellow bone marrow High Intermediate
Acute hematoma, subacute Intermediate to High High
Chronic hematoma Low Low
Compact bone Low Low
Ligaments Low Low
Fibrous cartilage Low Low
muscles Intermediate Intermediate
Nerves Intermediate Intermediate
Hyaline cartilage Intermediate Intermediate
Red bone marrow Low Low to intermediate
Tumors (majority) Low to intermediate High
Lipoma High Intermediate
Angioma Intermediate High
Cicatricial tissue Low Low
Air Low Low
Fluid Intermediate High
Proteinaceous fluid High High

Table 1. Signal Intensity of tissues in T1 and T2 weighted images.
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Results
Pfirrmann scale
Development of degenerative changes is 
accompanied by the progressive dehydra-
tion of intervertebral disc. Dehydration 
changes are most visible in T2-weighted 
images. In the T2-weighted image of mag-
netic resonance, Pfirrmann scale grades 
the advancement level of intervertebral 
disc degenerative changes in five degrees 
(Figure 1, Table 2) (Pfirmann et al. 2001; 
Stelzeneder et al. 2012)
I. The disc has homogeneous structure with 

bright, hyperintense white signal. Height 
of the disc is preserved;

II. The disc is non-homogeneous, but retains 
hyperintense white signal. The nucleus 
and annulus are easy to distinguish. Grey, 
horizontal strand can be visible. Height 
of the disc is preserved.

III. The disc is non-homogeneous, with in-
sertions of grey intensity signal. The 
border between the nucleus and the 
annulus is less clear. Height of the disc 
is correct, or slightly reduced.

IV. The disc is non-homogeneous with hy-
pointense signal of dark-grey intensity. 
It is impossible to distinguish the border 
between the nucleus and the annulus. 
Height of the disc is slightly or moder-
ately reduced.

V. The disc is non-homogeneous, hypointense 
with black/dark intensity signal. It is im-
possible to distinguish the border be-
tween the nucleus and the annulus. The 
disc is collapsed.

Modic Classification
In order to evaluate bone changes, Modic 
classification can be used as well (Modic 
et al. 1998). Changes described by Modic 
correlate with the presence of low back pain 
(Pfirmann et al. 2001). This scale evaluates 
the occurrence of degenerative changes in 
vertebral bodies adjacent to intervertebral 
disc; their development is the result of de-
generation of intervertebral disc (Kraemer 
2013). Three types can be distinguished 
depending on changes of signal intensity 
found in T1 and T2 weighted images (Fig-
ure 2, Table 3):
Modic I: T1 – weak signal, T2 – intense 
signal; corresponds to swelling of bone 
marrow;
Modic II: T1 – intense signal, T2 – isointense 
signal or intense signal; corresponds to cor-
rect transformation of hematopoietic bone 
marrow into yellow bone marrow, as a rer-
sult of bone marrow ischemia;
Modic III: T1 – weak signal, T2 – weak 
signal; corresponds to subchondral bone 
sclerosis.

Movement of nucleus pulposus is also 
evaluated in MRI. The following can be 
distinguished:
3. disc protrusion
I. in the area of annulus fibrosus,
II. reaching the outer layer of the annulus
4. disc herniation
III. closed, subligamental
IV. transligamentous hernia connected with 

the disc
V. sequestration – free fragments of the disc 

in the vertebral canal (Kraemer 2013).

Table 2. Morphology of intervertebral disc in T2 weighted images – Pfirrmann grading system.

Structure of the disc The border between the nucleus 
and the ring Height of the disc

I homogeneous with bright, hyperintense white signal clear preserved

II non-homogeneous, but retains hyperintense white 
signal; grey, horizontal strip can be visible the nucleus and rings are easy to distinguish preserved

III non-homogeneous, with insertions of grey
intensity signal less clear correct, or slightly reduced

IV non-homogeneous with hypointense signal 
of dark-grey intensity

it is impossible to distinguish the border be-
tween the nucleus and the ring

slightly or moderately 
reduced

V non-homogeneous, hypointense 
with black/dark intensity signal

it is impossible to distinguish the border be-
tween the nucleus and the ring the disc is collapsed
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Aforementioned scales are based on sin-
gle-dimensional cross-section of the disc 
and vertebral bodies.

Dynamic MRI
Standard protocol of spine imaging with 
MRI method has one flaw – supine position. 
Examination can be performed only when 
the person is laying on the back. Movement 

Figure 1. The figure shows the morphology of intervertebral disc in T2 weighted images in Pfirrmann grading system: 
a) I degree, b) II degree, c) III degree, d) IV degree, e) V degree.

Table 3. Signal intensity of bone marrow of perilaminal 
area in T1 and T2 weighted images of magnetic resonance 
found in Modic type changes.

T1 T2
I weak intense
II intense isointense/intense
III weak weak

of intervertebral disc or nucleus pulposus 
occurring in the upright position can be ab-
sent in this position, which can be the cause 
of omitting herniation of the intervertebral 
disc (Zou et al. 2008). Dynamic MRI uses 
cameras, which make it possible to perform 

the test in sitting position. It can be used 
to image a “hidden” herniation of the inn-
tervertebral disc, absent in supine position; 
to perform measurements of intervertebral 
foramen or vertebral canal in the upright 
position with applied axial bearing, in flex-
ion position or hyperextension (Haugh-
ton V. 2004). Performing the examination 
in the flexion position or hyperextension 

Figure 2. The figure shows degenerative changes in vertebral bodies adjacent to intervertebral disc; their develop-
ment is the result of degeneration of intervertebral disc: a) T2 weighted image Modic I; b) T1 weighted image Modic I; 
c) T2 weighted image Modic II; d)T1 weighted image Modic II.



56

MAGNETIC RESONANCE FOR DEGENERATIVE INTERVERTEBRAL DISC IMAGING – REVIEW OF TECHNIQUES

www. irons.com.pl

of lumbosacral spine makes it possible to 
evaluate the size of angular and transla-
tional displacement in the area of the mo-
tor unit of the spine (Hu et al. 2011) It also 
allows to evaluate the displacement of nu-
cleus pulposus and the size of herniation 
of the intervertebral disc in relation to the 
spine position.

MRI with contrast
Intravenous application of contrast agent 
in order to increase the contrast of tissue 
is commonly used in imaging with TK and 
MRI methods. After the intravenous ap-
plication of contrast, the image of correct 
intervertebral disc is not amplified signifi-
cantly because the disc does not have vas-
cularization (Haughton 2004). Contrast 
agent is slowly diffusing into the inside, 
increasing the intensity of its signal (Nguy-
en-minh et al. 1998). In the discs with low 
content of glycosaminoglycans, faster and 
more clear amplification of the image is 
observed after the application of contrast 
agent (Ibrahim et al. 1995). Amplification 
with contrast, shortly after application of 
contrast agent, can appear in the area of 
intervertebral discs with radiate ruptures 
(Haughton 2004). Vascularized granulation 
tissue penetrates the area of radiate rup-
tures (Finch 2006). Vessels start to appear 
together with nerve terminals, which can 
be the cause of the pain experienced by 
the patient. Amplification of intervertebral 
disc structures with contrast can be the 
symptom indicating intervertebral discs 
causing the pain. Radiate ruptures can be 
also visible in T2 weighted MRI images as 
the areas of high intensity near the annulus 
fibrosus, which in T2 weighted images is 
hipointense.

MRI spectroscopy
In medical diagnostics, the nucleus of the 
hydrogen atom is the nucleus of resonance. 
On the basis of MRI it is possible to evalu-
ate the hydration of tissues. In MRI spec-
troscopy, the resonance answer of chemical 

compounds is used. It makes possible to de-
termine their placement in tissues. The ba-
sic task in which spectroscopy can be uti-
lized in diagnostics of discopathic changes 
is defining process of chemical compounds 
which concentration changes with the pro-
gression of degeneration changes. Togeth-
er with the development of intervertebral 
discs degenerative changes, the change of 
concentration of lactic acid and proteogly-
cans has been found (Keshari et al. 2008). 
Content of lactic acid, glycine, alanine, cho-
line, glutamic acid, n-acetyl group has un-
dergone the spectroscopic evaluation. Uti-
lization of in-vivo spectroscopy reduces the 
low correlation between the signal of the 
aforementioned chemical compounds and 
noises (low signal-to-noise ratio).

MRI myelography
MRI allows tridimensional imaging of blood 
vessels and dural sac. In MRI angiography 
and myelography, in order to visualization 
blood vessels or dural sac, the technique 
utilizing the phase displacement of protons 
in motion is used. Proper choice of measur-
ing sequence and times of relaxation allows 
amplification of the signal coming from the 
flowing blood, at the same time the signal 
intensity of motionless tissues is dampened. 
In this way a tridimensional image of blood 
vessels or dural sac is produced.

Functional magnetic resonance (fMRI)
fMRI allows to test the functional organiza-
tion of central nervous system. It is utilized 
to map brain areas in patients planned for 
neurosurgeries. This potential can be used 
in patients with spine problems (Haughton 
2004). fMRI demonstrates the activity of 
spinal cord neurons, as a response to the 
specific activity of nervous system: motor, 
sensor, or nociceptive (Stroman et al. 2002; 
Wilmink et al. 2003).

Works is underway over the utilization 
of fMRI for ways of conduction in spinal 
cord. In one work a changing activity of 
the signal in patient performing isometric 
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exercises has been discovered. Activation 
has been distributed through the spinal 
cord, concentrating in anatomic localization 
corresponding to the motor innervation 
(Madi et al. 2001). fMRI makes it possible 
to evaluate the neuron activity as a response 
to touch (Stroman et al. 2002; Wilmink 
et al. 2003).

3D model of intervertebral disc
As a part of the VIRDIAMED project, the Deh-
partment of Spinal Disorders and Paediatric 
Orthopedics of Poznan University of Medi-
cal Sciences, together with the Department 
of Virtual Engineering Poznan University 
of Technology, developed a method of oby-
taining tridimensional geometric models of 
intervertebral discs and adjacent vertebral 
bodies (Figure 3). It is a new method which 
has not been described yet. Tridimension-
al geometric model has the information 
about size and shape of the intervertebral 
disc. Additionally, nucleus pulposus, which 
is a part of intervertebral disc, has been 
imaged. Thanks to that, it is possible to 
evaluate correlation between annulus fi-
brosus and nucleus pulposus; evaluation of 
size, volume, and displacement of nucleus 
pulposus in the area of intervertebral disc 
and beyond its borders. Preliminary results 
are optimistic, on this level it is manually 
work to segment disc from MR imaging. 

Now works is underway on increase auto-
mation of segmentation process.

Conclusions
Imaging with the utilization of MRI method 
is one of the best developing methods in the 
last years. Its advantage is the lack of expo-
sure of the patient to the ionizing radiation 
during the examination and the possibil-
ity of obtaining the images of soft tissues. 
Popularization of non-invasive methods of 
imaging such magnetic resonance imaging 
and the variety of it techniques decreased 
the number of invasive diagnostic tests such 
as: discography, myelography, epidurogra-
phy (Haughton 2004).

Authors see better chances of imaging 
in three dimensional reconstruction of in-
tervertebral disc. Techniques utilizing tridi-
mensional imaging of anatomic structures 
based on the MRI data are particularly 
appealing. Their development may help 
to better understand the pathology of in-
tervertebral disc.

Figure 3. Figure presents tridimensional geometric model of intervertebral disc (green color) with bodies of adjacent 
vertebraes (grey color). It was obtained from T2 weighted cross-sections and side views of the spine. Marked with 
red is the nucleus pulposus of intervertebral disc.
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