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 Summary
  The latest advances in spine imaging are discussed, focusing on new developments in CT and MRI 

techniques. The aim of contemporary imaging of the spine is to provide very precise assessment of 
pathological lesions to enable optimal treatment planning and follow-up. The modern multidetector 
CT units allow a detailed evaluation of the bony structures of the spine and the monitoring of 
surgical treatment. A modern generation of MRI equipment allows for precise localization of 
spinal lesions before the surgical procedure. New MRI techniques, especially diffusion tensor 
imaging, open new possibilities for advanced diagnosis and follow-up of diseases of the spine. The 
possibilities of the new CT and MR techniques in particular pathological lesions of the spine are 
presented.
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Background

The main imaging methods in the diagnosis of the spine are 
plain films, computed tomography (CT), and magnetic reso-
nance imaging (MRI), supplemented by less commonly used 
modalities such as vascular studies (Doppler sonography, 
CT angiography, MR angiography, digital subtraction angio-
graphy), nuclear medicine studies (bone scintigraphy, PET/
CT), and myelography (exceptionally, because of its invasi-
veness).

The greatest progress has occurred in MR diagnostics. In 
addition to conventional MR sequences, several new MR 
techniques, such as MR myelography, steady-state sequen-
ces (CISS, FIESTA), and fat-suppression techniques, were 
developed in the 1990s [1,2]. Recently there have been 
attempts to introduce advanced imaging modalities of the 
spinal cord, such as diffusion-weighted imaging (DWI), dif-
fusion tensor imaging (DTI), functional magnetic resonance 
imaging (fMRI), and MR spectroscopy (MRS) [3–10]. These 
techniques, although widely used in the brain, are difficult 
to adopt for the spinal cord due to its small dimensions and 
many technical problems. Another new development is pro-
vided by functional (motion) imaging using open or verti-
cal MR units as well as axial-loaded imaging [11,12]. There 
are also new possibilities in CT diagnostics thanks to the 

development of muldidetector CT equipment which allows 
obtaining high-quality multiplanar and three-dimensional 
(3D) reconstructions of the spine. On the other hand, pro-
gress in the software enables demonstrating spinal struc-
tures as well as materials used during surgery, such as 
implants and cement, very precisely [13–16].

The advances in the imaging of the spine are accompa-
nied by those in the treatment of the spine and spinal cord 
diseases, especially using surgical methods. Thus the role 
of contemporary imaging is not only to diagnose the dise-
ase, but also to provide precise details for treatment plan-
ning and follow-up. The aim of this review is to discuss the 
value of advanced CT and MR imaging in the planning and 
monitoring of the treatment of the spine and spinal cord 
diseases.

New Possibilities of CT Imaging

The advances in CT diagnostics of the spine are associated 
with the introduction of multidetector CT units, especially 
those with 32, 64, or more detectors, as well as advanced 
software. This enables detailed imaging of bony spine struc-
tures in any plane. The ability to produce very thin slices 
results in visualization of very small lesions of the vertebrae. 
Multidetector CT myelography can show the outline of nerve 
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roots crossing the thecal sac very precisely. On the other 
hand, high-resolution multidetector CT angiography can 
visualize not only large vessels, such as vertebral artery, but 
also small vascular channels in the spinal canal, for example 
in patients with vascular malformations [17–19] (Figure 1).

Many surgical procedures may be performed under CT 
guidance. Internal stabilization requires introducing screws 
through the pedicles into the vertebral bodies (Figure 2). 
The position of the screws in the pedicles can be controlled 
with CT [15]. CT is also a very good tool to control the pla-

Figure 1.  Dural arteriovenous fi stula. (A) MRI: T2-weighted sagittal image reveals diff use spinal cord edema. There are multiple small serpiginous 
foci of signal void at the surface of the spinal cord which may be compatible with pathological vessels. B, C. CT angiography: sagittal (B) 
and coronal (C) reconstructions. Pathological vessels of dural arteriovenous fi stula are clearly visible.

A B C

Figure 2.  Fracture of the L1 vertebral body treated with internal stabilization. CT: plain scan (A), sagittal multiplanar reconstruction (B) and 3D color 
reconstruction (C) provide a precise visualization of the relationship between the metal implants and the vertebral structures.

A B C

Review Article

50

© Pol J Radiol, 2009; 74(3): 49-55



cement of cement during vertebroplasty (Figure 3) or posi-
tion of a balloon during kyphoplasty [16,20].

Follow-up CT, including multiplanar and 3D reformats, 
enables precise evaluation of both the vertebrae and 
implants used during the operation [14]. It can easily detect 
any misalignment of the vertebrae as well as lytic or scle-
rotic changes. The position of implants may be very clearly 
demonstrated on high-resolution multiplanar and, especial-
ly, color-coded 3D reformats. The latter combine precise 3D 
visualization of the vertebrae with a color presentation of 
surgical devices such as rods and screws used during inter-
nal stabilization (Figures 2–4).

New Possibilities of MR Imaging

The modern MRI units provide very good resolution of 
both vertebral structures and the content of the spi-
nal canal. The high image and spatial resolution of 
T2-weighted images allows for very good delineation of 
even very small lesions in the spinal cord. On the other 
hand, the use of the newly designed T2-weighted fat-sup-
pression technique enables precise detection and asses-
sment of the extent of any lesion in the vertebral and 
paravertebral soft tissues. The same technique combined 
with post-contrast T1-weighted images provides excellent 
visualization of contrast enhancement and thus the precise 

Figure 3.  Fracture of the L1 and L3 vertebral bodies treated with vertebroplasty. CT: sagittal multiplanar reconstructions before (A) and after (B) the 
procedure as well as 3D color reconstruction (C) after the procedure. The distribution of the cement implemented in the vertebrae is very 
well visible.

A B C

Figure 4.  Vertebrectomy and internal stabilization 
in a patient operated on due to huge 
neurofi broma. Multiplanar reconstruction 
(A) and 3D color reconstruction (B) 
clearly show the positions of the implants 
and their relationship to vertebral 
structures.

A B
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assessment of the relationship between the lesion and ver-
tebral and paravertebral structures [1].

Fat-suppression techniques are especially useful in evalu-
ating extradural neoplasms (Figure 5), while steady-state 
sequences (CISS, FIESTA), which provide very good deline-
ation of the spinal cord’s outline, are of great value in asses-
sing the relationship between intradural extramedullary 
tumor and the spinal cord. Due to the very good resolution 
of contemporary MR units, intramedullary tumors can be 
visualized precisely, especially in contrast-enhanced images 

(Figure 6). Moreover, diffusion tensor imaging (DTI) studies, 
including tractography, allow an assessment of the displace-
ment or deterioration of spinal cord tracts by intramedullary 
tumors. The degree of damage to the spinal cord’s white mat-
ter can be evaluated quantitatively using fraction anisotropy 
(FA) and mean diffusivity (MD) calculations [6] (Figure 7).

In traumatic changes, MRI provides excellent evaluation 
of injury to the spinal cord, both contusion/edema lesions 
and hemorrhagic foci. The former are well visible in high-
resolution T2-weighted images, while the latter can be 

Figure 5.  Diff use neoplasmatic infi ltration of the vertebral and paravertebral area. MRI: sagittal T2-weighted fat-suppression sagittal (A), coronal 
T1-weighed post-contrast (B) and axial T1-weighted fat-suppression post-contrast images very precisely demonstrate the extent of 
infi ltration in the vertebrae, spinal canal, intravertebral foramina, and paravertebral soft tissue, including the brachial plexus area.

A B C

Figure 6.  Large intramedullary tumor. MRI: sagittal T2-weighted fat-suppression (A), sagittal (B), and coronal (C) T1-weighted fat-suppression 
post-contrast images clearly visualize the extent of the tumor and contrast enhancement in the spinal cord.

A B C
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precisely detected on gradient-echo (GRE) or susceptibili-
ty-weighted (SWI) images. DTI shows in these cases dama-
ge to the spinal cord’s tracts, which again can be evalu-
ated quantitatively with FA and MD measurements [3,6,7] 
(Figure 8).

MRI also enables detailed visualization of avulsion injury 
of nerve roots emerging from the spinal cord. Their rela-
tionship to the spinal cord, dural sac, intravertebral fora-
men, and other structures, as well as the main finding, 

which is pseudomeningocele, could be easily visualized on 
heavily T2-weighted or MR myelography images [21]. In 
ambiguous cases, contrast enhancement allows for diffe-
rentiation between pseudomeningocele and neuroma or 
other extramedullary tumors. On the other hand, high-
resolution MRI can detect very subtle avulsion injuries 
without pseudomeningocele by the lack of visualization of 
the affected nerve root in the vicinity of the spinal cord 
(Figure 9).

Figure 8.  Traumatic injury of the spinal cord. MRI: sagittal T2-weighted image (A) shows thinning of the spinal cord and a hyperintense focus at the 
T12 level. Diff usion tensor images (B, C) reveal complete disruption of the white matter tracts at the level of the above lesion.

A B C

Figure 7.  Small intramedullary tumor. MRI: 
sagittal T2-weighted (A), axial 
T1-weighed fat-suppression (B) 
and diff usion tensor axial (C) 
images. Plain sequences clearly 
show the tumor, while DTI provides 
visualization of the displacement 
of the spinal cord’s white matter 
tracts.

A B

C
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Recently, a method of treating severe spinal cord injuries 
with the implantation of stem cord cells has been deve-
loped. With the DTI technique it is possible to follow the 
results of this procedure [22]. In our institution we have 

performed DTI studies in a few patients treated with this 
method which revealed some recovered white matter fibers 
of the spinal cord (Figure 10).

Figure 9.  Traumatic avulsion injury of the right C6 
spinal root. High-resolution sagittal (A) 
and axial (B) T2-weighted images reveal 
lack of the right C6 root (compare with 
the normal appearance on the left).

A B

Figure 10.  Severe traumatic injury of the spinal cord. MRI: the sagittal T2-weighted image (A) shows a large hyperintense area in the spinal cord, 
compatible with the damage. A diff usion tensor image (B) confi rms complete long segment disruption of the white matter tracts. DTI 
after implementation of stem cells (C) reveals new white matter tracts in the upper part of the injury.

A B C
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It is hoped that the advances in MRI techniques will impro-
ve diagnostic efficiency in degenerative spine disease. 
Motion or axially loaded MRI using open or vertical MR 
units can show the real size of disk herniation or the degree 
of spinal stenosis [11,12]. In cases of degenerative myelopa-
thy resulting from compression of the spinal cord by a her-
niated disc or osteophytes, DTI with measurements of FA 
and MD can detect an injury of the spinal cord which may 
be invisible in a plain MR study. There are also attempts to 
develop functional MRI (fMRI) and MR spectroscopy (MRS) 
studies of the cervical spinal cord; however, until now the 
results are not clear enough to allow introducing these 
methods to clinical protocols [8–10].

Vascular malformations of the spinal canal are usually well 
visible on plain MRI studies, especially with modern high-
resolution sequences. However, contrast-enhanced MR 

angiography may provide good visualization of pathological 
vessels and thus help establish the levels which should be 
explored during conventional digital subtraction angiogra-
phy [23]. On the other hand, the degree of spinal cord impa-
irment due to the chronic edema which usually accompa-
nies spinal arteriovenous fistula may be evaluated using a 
quantitative DTI study.

Conclusions

The introduction of multidetector CT units enables a deta-
iled visualization of spine pathology, especially of the bony 
structures, and it is of great value in surgical treatment 
and follow-up. The new generation of MRI equipment 
allows the precise localization of spine lesions before sur-
gical procedures. New MRI techniques, especially diffusion 
tensor imaging, open new possibilities for the precise dia-
gnosis and follow-up of spine diseases.
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