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MRI in Spine Infection

M. K. Jesse and Corey K. Ho

�Introduction

Spine infection is a rare and often misdiagnosed 
condition with critical implications for patient 
care. Over the last 30 years, spine infection has 
steadily increased not only due to the rising epi-
demic of intravenous drug use and immune disor-
ders but also from the inevitable side effects of 
advancements in modern medicine. Patients with 
debilitating chronic disease and severe immune 
compromise are experiencing longer life expec-
tancy leading to a greater number of patients at 
high risk for infection. Surgical and procedural 
instrumentation procedures in the spine are 
steadily increasing, offering life-altering benefits 
to many patients but also elevating the number of 
high-risk patients [1]. Prompt identification and 
characterization of spine infection is essential to 
optimize patient outcomes. Navigation of infec-
tious and non-infectious diseases in the spine 
poses not only a clinical dilemma because of the 
substantial overlap in the clinical symptomatol-
ogy and laboratory findings but also poses a sub-
stantial diagnostic dilemma because of the 
confusing overlap in the imaging features. It is 
critical for all providers to understand the nuances 
and subtleties in imaging features of infectious 
disease processes to ensure accurate diagnosis 

and treatment, especially in this high-risk patient 
population.

�Pyogenic Spondylodiscitis 
(Bacterial Spondylodiscitis)

�Pathophysiology

Pyogenic spondylodiscitis is defined as the infec-
tion of a vertebral body and intervertebral disc 
with or without involvement of the adjacent epi-
dural space and paraspinal soft tissues. It is 
unfortunately common, affecting 2 per 100,000 
each year with a propensity to affect intravenous 
drug users, diabetics, immune-compromised 
patients, and patients with recent surgery or inter-
vention [2, 3]. Men are two to three times more 
often affected for reasons that are not entirely 
understood [4]. Early diagnosis of pyogenic 
spondylodiscitis is critical as the mortality 
reaches 17% according to some studies and even 
higher when associated with advanced comor-
bidities [4–6].

Staphylococcus aureus is overwhelmingly the 
most common causative agent, seen in 40–70% 
of cases and typically transmitted to the spine via 
the bloodstream (hematogenous spread) [7, 8]. 
Hematogenous spread of infection occurs when 
organisms from the blood are deposited in the 
small arterioles of the endplates in adults and in 
the disc itself in very young children [9]. The 
deposition of bacteria at the endplates of adults 
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rapidly progresses to intradiscal infection due to 
the virulent proteolytic enzymes produced by 
common organisms like S. aureus.

Batson described an alternative mode of 
pathogen transit to the spine that occurs by way 
of retrograde venous flow from the genitourinary 
and gastroenteric tract introducing the less com-
mon Enterococcus and Escherichia genus to the 
spine. Pseudomonas and Streptococcus species 
have been shown to seed to the spine in patients 
with a history of intravenous drug use and diabe-
tes, respectively.

Acquiring blood cultures in suspected cases of 
spondylodiscitis is critically important as culture 
positivity is present in 50–70% of spondylodisci-
tis cases. The organism isolated from the blood is 
identical to that isolated from bone/disc biopsy 
70–80% of the time [4]. Positive blood cultures 
arguably can negate the need for bone biopsy in 
straightforward cases.

�Imaging in Pyogenic Spondylodiscitis

Various imaging modalities including radio-
graphs, computed tomography (CT), magnetic 
resonance imaging (MRI), and nuclear medicine 
bone scan may be utilized in the evaluation of 
spine infection. Each of these imaging modalities 
offers unique benefits and limitations that should 
be considered prior to utilization. Many modali-
ties may be used in tandem to increase specificity 
and sensitivity.

�Radiographs

Radiographs of the spine in the setting of spondy-
lodiscitis are a reasonable first step in assessment. 
Providing fast and inexpensive evaluation is an 
attractive benefit of radiographs. However, radio-
graphs may be prohibitively insensitive in the first 
2 weeks after inoculation [10]. A normal radio-
graph in a patient with suspected osteomyelitis 
should not be considered an indication of disease 
absence. The temporal evolution of radiographic 
changes in spondylodiscitis begins at about 7 days 
after infection onset where one may note only a 

subtle loss of intervertebral disc height. Over the 
next 1–2 weeks, this disc height loss will evolve to 
the more specific and sensitive finding of endplate 
irregularity and erosion typically occurring along 
the anterior margin [11] (Fig. 5.1).

�Computed Tomography

Computed tomography (CT) can be useful as an 
adjunct to radiographs. The imaging features are 
similar and include focal osteopenia, disc height 
loss, cortical irregularity, and endplate erosions. 

Fig. 5.1  Lateral radiograph of the lumbar spine demon-
strates early disc height loss at L2–L3 (black arrow) in 
combination with ill-defined endplate erosions (white 
arrow), findings in keeping with discitis
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However, CT may illustrate these subtle findings 
earlier in the disease process due to the increased 
detail provided.

Keep in mind that sub-endplate cysts in the 
setting of degenerative disease may mimic the 
endplate erosions of infection. In spite of this, 
these findings can be differentiated through an 
understanding of the pathophysiology. Sub-
endplate degenerative cysts, like virtually all 
degenerative disease processes in the skeleton, 
will demonstrate a well-defined sclerotic rim of 
bone production indicating a chronic process. By 
contrast, sub-endplate erosions in infection occur 
rapidly and aggressively with a preponderance of 
osteoclastic activity. Because of this, the margin 
of the erosion will be ill-defined and non-
sclerotic, indicative of an acute process (Fig. 5.2).

Paraspinal phlegmon and soft tissue inflam-
mation is reflected on CT as fat stranding adja-
cent to the spine with loss of the intramuscular 
and perimuscular fat planes. The addition of con-
trast aids in detection of phlegmonous enhance-
ment and epidural/paraspinal abscess formation. 
CT is limited in the evaluation of the postopera-
tive patient with indwelling spinal fusion due to 
the potential for beam-hardening artifact and 
image degradation.

�Nuclear Medicine

Nuclear medicine technetium-99-labeled methy-
lene diphosphonate (99mTc-MDP) bone scan, or 
more generally termed bone scintigraphy, may be 
used to identify spondylodiscitis with increased 
sensitivity over CT and radiograph in the early 
phases of disease. Through the adsorption of 
radiotracer at the surface of hydroxyapatite crys-
tals of bone matrix, bone scintigraphy identifies 
areas of high osteoblastic activity and bone 
remodeling with a high level of sensitivity 
(Fig. 5.3). 99mTc-MDP bone scan can detect areas 
of osteomyelitis as early as 48 h after the onset of 
infection with a sensitivity of 70–100% [12]. In 
addition, 99mTc-MDP bone scan may also help 
overcome the limitations of spine hardware in a 
postoperative patient. Bone scan, as opposed to 
CT and MRI, is not susceptible to metal artifact 
and therefore may be a reasonable choice for the 
evaluation of spondylodiscitis in a postoperative 
patient. The limitation of bone scintigraphy lies 
in the poor specificity and high false-positive 
rates. Any disease process resulting in a relative 
increase in osteoblast activity and hyperemia will 
result in a focal radiotracer uptake making it dif-
ficult to differentiate between infection and other 
degenerative, traumatic, or malignant disease 
processes.

67Gallium SPECT imaging may be added to 
routine bone scintigraphy in an attempt to 
increase the specificity of the exam in the setting 
of infection. Used primarily in the spine, 
67Gallium citrate isolates potential infection by 
binding to neutrophil membranes and siderophore 
chelates produced by bacterium. The routine use 

Fig. 5.2  Sagittal CT image of the lumbar spine demon-
strates disc height loss at L2–L3 with focal acute erosion 
at the L2 endplate (white arrow). A non-infectious degen-
erative sub-endplate cyst at the posterior L1 vertebra can 
be differentiated from the infectious erosion by the clearly 
defined sclerotic rim (black arrow)

5  MRI in Spine Infection



110

of 67Gallium SPECT is limited, however, due to 
the high effective dose, long half-life, and poor 
spatial resolution of the scan [13]. It should also 
be considered that the target organ for 67Gallium 
citrate is the large bowel, which can obscure 
areas of interest depending on the location of the 
bowel.

18F-FDG PET has an extremely high sensitiv-
ity for detecting spondylodiscitis and can argu-
ably exclude the diagnosis of spondylodiscitis 
with a negative scan. Current literature has sug-
gested a superiority of PET/CT over MRI both in 
specificity and sensitivity [14]. As the availabil-
ity of this modality becomes more widespread, 
we may see PET replacing MRI as the modality 
of choice especially in patients with indwelling 
hardware and other MRI limitations.

�Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is the current 
modality of choice for the evaluation of spondylo-
discitis due to its high sensitivity (96%), high 
specificity (94%), and ability to provide detailed 
assessment of the paraspinal soft tissues and epi-
dural space [15, 16]. Standard MR imaging proto-
cols should include fluid-sensitive sequences such 
as T2-weighted spin echo or short tau inversion 
recovery (STIR) in axial and sagittal planes for 
the detection of fluid and edema. Fat saturation is 
often used in fluid-sensitive sequences to increase 
the sensitivity for detecting edema against a back-
ground of marrow and soft tissue fat [15]. The 
addition of T1-weighted fat-sensitive sequences 
in sagittal and/or axial planes is important to eval-

a b

Fig. 5.3  A 46-year-old male with L2–L3 pyogenic spon-
dylodiscitis. 99mTc-MDP whole-body bone scan (a) dem-
onstrates increased radiotracer activity within the L2 and 
L3 vertebra (white arrows) in keeping with spondylodisci-

tis. Sagittal CT image (b) demonstrates acute endplate 
erosions and relative osteopenia (black arrows), confirm-
ing the diagnosis of L2–L3 infectious spondylodiscitis
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Table 5.1  Sample magnetic resonance imaging (MRI) protocol for spine infection

Fluid-sensitive sequences Fat-sensitive sequence Post-contrast sequences
Sagittal T2-weighted with/without fat 
saturation

Sagittal T1-weighted 
without fat saturation

Sagittal T1-weighted with fat saturation

STIR with fat saturation Axial T1-weighted with fat saturation
Axial T2-weighted without fat saturation

a b

Fig. 5.4  A 56-year-old male with L2–L3 pyogenic spon-
dylodiscitis. Sagittal STIR fat-saturated MR image (a) 
demonstrates diffuse hyperintense signal >50% of the ver-
tebral body height (white arrowhead) and uniform 

increased signal within the affected intervertebral disc 
(black arrowhead). Sagittal non-fat-saturated T1 image 
(b) demonstrates confluent hypointense T1 signal occupy-
ing >50% of the vertebral height (white arrow)

uate anatomic structures and detect replacement 
of marrow and soft tissue fat in the vertebra and 
neural foramen. Although these sequences may be 
sufficient for the diagnosis of spondylodiscitis, 
whenever possible, post-gadolinium contrast 
images should be included to improve detection 
of small epidural and paraspinal abscesses. A 
sample MRI protocol is illustrated in Table 5.1.

Pyogenic infection in the vertebral body results 
in an exudative proliferation within the bone that 
imbibes and replaces the normal intraosseous 
fatty marrow. This intraosseous exudate appears 
as increased fluid (T2 signal) in two consecutive 
vertebrae with concomitant confluent hypointense 
T1 signal in the marrow space (Fig.  5.3). 
Hyperintense T2 signal and confluent hypoin-
tense T1 signal are the quintessential imaging fea-
tures of osteomyelitis anywhere in the skeleton 
but must be used with caution in the spine due to 

the propensity to misdiagnose infection in other-
wise benign conditions. Degenerative disc dis-
ease, for example, may also result in similar 
endplate signal characteristics known as Modic 
change [17, 18]. Evaluating the transverse and 
craniocaudal extent of the signal abnormality 
within the vertebra may help to increase diagnos-
tic specificity. In a study by Malgorzata, corre-
sponding signal abnormality on T1- and 
T2-weighted sequences involved 50% or more of 
the vertebral body in 89% of spondylodiscitis 
cases studied. In degenerative disease, the hyper-
intense T2 and hypointense T1 signal abnormali-
ties are rarely seen involving more than half of the 
vertebra and more typically affect the bone imme-
diately adjacent to the affected endplate (Fig. 5.4).

Gadolinium enhancement of the vertebra may 
be seen on post-contrast imaging and is expected 
to match the pattern of T2 signal. Contrast 
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enhancement of the edematous vertebra alone 
does not assist in narrowing the differential diag-
nosis, as essentially all bone marrow edema will 
enhance similarly regardless of the origin of the 
edema. Post-contrast images do however assist in 
the identification of paraspinal inflammation as 
well as psoas and epidural abscess, the most spe-
cific findings in the diagnosis of spondylodiscitis 
[19]. Abscesses, whether outside or within the 
canal, demonstrate internal hyperintense T2 signal 
with peripheral contrast enhancement (Fig. 5.5).

Signal intensity within the intervertebral disc 
is like that of the bone. T2-weighted images dem-
onstrate hyperintense T2 intradiscal signal inten-
sity usually accompanied by uniform hypointense 
T1 signal and enhancement on post-contrast 
images. Disc enhancement patterns include 
homogeneous disc enhancement, patchy hetero-
geneous areas of disc enhancement, or non-
enhancement in advanced disease [20].

Some authors have described effacement of 
the central fibrous band of the intervertebral 
nucleus pulposus, the intranuclear cleft, as a sign 
of disc infection although this finding is often 
absent in early stages of disease [21] (Fig. 5.6).

a b

Fig. 5.5  A 56-year-old male with L2–L3 pyogenic spon-
dylodiscitis. Sagittal T1 fat-saturated post-contrast image 
(a) demonstrates diffuse vertebral body enhancement 
(black arrow) and paraspinal soft tissue edema/phlegmon 

(white arrow). Axial T1 fat-saturated post-contrast image 
(b) demonstrates a peripherally enhancing right paraspi-
nal abscess (white arrowhead) and epidural thickening 
with enhancement (black arrowhead)

Fig. 5.6  A 44-year-old male with pyogenic spondylodis-
citis involving L5–S1. Sagittal STIR fat-saturated MR 
image demonstrates normal fibrous intranuclear clefts 
(white arrows) within the uninvolved intervertebral discs. 
The intranuclear cleft at L5–S1 is effaced (black arrow)
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�Temporal Changes of Pyogenic 
Spondylodiscitis

When classic imaging features of pyogenic spon-
dylodiscitis are present, there is usually very little 
diagnostic uncertainty. However, diagnostic 
problems arise during early- and late-stage dis-
ease, where imaging features may be subtle or 
confusing with overlapping findings. 
Understanding the expected temporal changes of 
spondylodiscitis is critical in determining the 
appropriate diagnosis and treatment plan.

Not surprisingly, spondylodiscitis can be quite 
subtle in the early stages and may mimic other 
conditions like degenerative disc disease, acute 
Schmorl’s nodes, malignancy, or trauma. In 
hematogenous spread of pyogenic spondylodisci-
tis, the earliest MRI findings of inoculation 
include hazy hyperintense T2 signal at the ante-
rior or posterior endplates in a single vertebra or 
at two consecutive vertebral body endplates [21, 
22]. This signal abnormality reflects the initial 
end arteriole bacterial deposition prior to the 
enzymatic endplate breakdown. Other subtle find-
ings include faint paraspinal soft tissue edema and 
focal epidural enhancement. These early findings 
are uniformly non-specific, and infection can only 
be suggested and not confirmed with a single MRI 
evaluation. In individuals with high risk history or 
concerning clinical picture, a repeat MRI in 
8 days is recommended to exclude infection in the 
setting of subtle MRI changes. Any interval pro-
gression in the imaging features over this 8-day 
period should be considered highly suspicious for 
an infectious etiology [23].

The other period of diagnostic uncertainty lies 
in the later stages of disease after the initiation of 
antibiotic therapy. Misunderstandings as to the 
expected temporal evolution of MRI findings in 
the post-treatment phase are dangerous and may 
result in unnecessary surgery [24]. Recent evi-
dence suggests that many MR imaging features 
of spondylodiscitis worsen in the post-treatment 
period despite the initiation of appropriate antibi-
otic therapy and clinical improvement [25–27]. 
Bone marrow edema, enhancement of the verte-
bral body and disc, endplate erosions, and loss of 
intervertebral disc height may be expected to 

worsen for up to 4–6 months following appropri-
ate and effective antibiotic therapy. The most reli-
able feature of appropriate therapy is the 
improvement or resolution of soft tissue and/or 
epidural abscess which tends to occur in the ear-
lier stages of therapy. Worsening of an abscess 
following treatment would therefore be the most 
reliable indicator of treatment failure [25, 26] 
(Fig. 5.7)

�Tuberculous Spondylodiscitis

�Pathophysiology

Tuberculous (mycobacterial) spondylodiscitis 
(TS) is a rare but serious condition that is unfor-
tunately common in underdeveloped countries 
but has been steadily rising in incidence in all 
countries around the world [28]. Tuberculosis of 
the spine accounts for only 1% of cases of tuber-
culosis but makes up 25–60% of the skeletal 
involvement of the disease [29]. The clinical pre-
sentation of TS is more insidious and mild, often 
without back pain and fever or the profound ele-
vations in inflammatory markers or leukocytosis 
seen with pyogenic spondylodiscitis. Because of 
this insidious course, patients suffering from TS 
may not present until in very late stages of dis-
ease, sometimes 12 months or more after initial 
inoculation, often after substantial destruction 
has occurred [30, 31].

Differentiating TS from pyogenic spondylo-
discitis is of critical importance as to not delay 
appropriate therapy but can be difficult as there is 
overlap in the imaging features. Unlike pyogenic 
spondylodiscitis, TS is most often transmitted to 
the spine via Batson’s venous plexus rather than 
through the end arterioles. Venous transmission 
of bacteria results in primary inoculation at the 
anterior-inferior endplates of the cancellous ver-
tebral body. It is suggested that tuberculous spon-
dylodiscitis may also differ from pyogenic 
spondylodiscitis in that it favors the thoracic 
spine. The largest cohort demonstrates a thoracic 
predominance with 56% of cases presenting from 
T1–T12 and only around 20% presenting in the 
lumbar spine [32, 33]. This thoracic predilection, 
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however, has been debated with several reports 
demonstrating equal involvement of the thoracic 
and lumbar spine in mycobacterial cases [34].

�Imaging in Tuberculous 
Spondylodiscitis

One of the key imaging features differentiating 
tuberculous spondylodiscitis from pyogenic 
spondylodiscitis is a product of the inability of 
mycobacterium to produce the proteolytic 
enzymes which are common in pyogenic forms 
of the disease. The absence of proteolytic 
enzymes prevents the mycobacterial species from 
traversing dense fibrous structures around the 
spine such as the fibrous annulus of the interver-
tebral disc and the paraspinal ligaments [35]. 
Rather than entering and destroying the disc, 

mycobacterium spreads in the spine via a sub-
ligamentous course typically under the anterior 
longitudinal ligament to the adjacent vertebral 
level, sparing the intervertebral discs until very 
late stages of disease. The absence of disc 
destruction and the sub-ligamentous transmis-
sion allows for multiple consecutive levels (three 
or more) of the spine to be involved simultane-
ously [32, 33]. This is contrary to pyogenic dis-
ease which typically involves no more than two 
consecutive spinal levels with significant disc 
destruction early in the disease process.

�Radiographs

Radiographs serve as an acceptable initial screen-
ing tool in the evaluation of tuberculous spondy-
lodiscitis but can be insensitive in early disease. 

a b c

d e f

Fig. 5.7  A 54-year-old male with S. aureus spondylodis-
citis of L5–S1. Pre-treatment sagittal T1 (a), sagittal T1 
fat-saturated post-contrast (b), and axial T1 fat-saturated 
post-contrast (c) images of the spine demonstrate conflu-
ent hypointense T1 signal (white arrow) and vertebral 
body enhancement with small epidural abscess (black 
arrowhead) and large paraspinal abscess (black arrow). 
Repeat sagittal T1 (d), sagittal T1 fat-saturated post-

contrast (e), and axial T1 fat-saturated post-contrast (f) 
images at 5 weeks following appropriate antibiotic ther-
apy and clinical improvement demonstrate worsening 
hypointense T1 signal (white arrowhead) and worsening 
enhancement and endplate destruction (white curved 
arrow). There is complete resolution of the small epidural 
abscess (white arrowhead) and paraspinal abscess (black 
curved arrow)
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The earliest findings of TS include relative osteo-
penia of the vertebra, an extremely difficult find-
ing to appreciate when disease is localizing to the 
upper or mid thoracic spine due to the overlap-
ping soft tissue and bone. In later stages of dis-
ease, more classic radiographic features of 
multilevel vertebral body involvement and 
Gibbus deformity can be appreciated. Gibbus 
deformity is a term reserved for advanced cases 
of TS and is used to describe the severe kyphotic 
angulation produced by multilevel vertebral body 
collapse (Fig. 5.8).

�Magnetic Resonance Imaging

MRI in tuberculous spondylodiscitis is a valuable 
tool in diagnosis. Imaging features differentiating 
this disease process from pyogenic spondylodis-
citis are largely related to the unique sub-
ligamentous spread of infection discussed above. 
Often on MRI, hyperintense T2 signal can be 

seen tracking beneath the anterior longitudinal 
ligament to the adjacent vertebral body, sparing 
the intervertebral discs and confirming this 
unique behavior (Fig. 5.9). Inoculation of multi-
ple consecutive levels (three or more) is also sug-
gestive of a mycobacterial organism over 
pyogenic disease. Imaging features within the 
vertebra are similar to that of pyogenic spondylo-
discitis with hyperintense T2 signal, enhance-
ment, and confluent hypointense T1 signal 
occupying the majority of the vertebral marrow 
space [32, 33].

Intervertebral abscess appearing as a variable 
size hyperintense T2 marrow lesion with periph-
eral enhancement is a feature suggestive of TS 
and should be considered suspicious for atypical 
infection [32, 33] (Fig. 5.10) The MRI appearance 
of paraspinal abscesses may also help to differen-
tiate these two disease processes. Specifically, the 
post-contrast pattern of rim enhancement has 
been shown to correlate with the underlying etiol-
ogy. Paraspinal abscesses in tuberculous infection 
demonstrate a thin peripheral rim enhancement 
that is homogeneous across the entire abscess 
wall. This in distinction to pyogenic abscesses 
which typically demonstrate a thick and irregular 
enhancement along the wall [32].

Fig. 5.8  A 37-year-old female with Mycobacterium 
tuberculosis infection of the spine. Lateral radiograph 
demonstrates multilevel vertebral body collapse (white 
arrow) with severe Gibbus kyphotic deformity. Subtle 
findings of relative vertebral body osteopenia can be 
appreciated at the adjacent levels (black arrow)

Fig. 5.9  A 37-year-old female with tuberculous spondy-
lodiscitis. Sagittal STIR fat-saturated image demonstrates 
hyperintense T2 signal within the mid-thoracic vertebral 
body. Hyperintense T2 signal can be seen undermining 
the anterior longitudinal ligament in keeping with sub-
ligamentous spread (white arrow)
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�Fungal Spondylodiscitis

�Pathophysiology

Similar to tuberculous spondylodiscitis, fungal 
spondylodiscitis tends to present with an indolent 
course in contrast to pyogenic spondylodiscitis. 
Patients with immune compromise, diabetics, and 
postoperative patients are at a higher risk of devel-
oping the disease and often present with vague 
symptoms of back pain without fever or profound 
leukocytosis. The most common fungi isolated in 
spondylodiscitis fall in the Candida, Aspergillus, 

and Mucor genus. Yet there are regional predilec-
tions that introduce other more exotic species. 
Histoplasmosis infection, for example, is seen in 
higher number in the Midwest states (Indiana, 
Arkansas). Blastomycosis is more common in 
Mississippi and Wisconsin with coccidioidomy-
cosis seen in the Western United States (Arizona, 
California) [36]. Although the immune-compro-
mised patient is most commonly affected, reports 
of aggressive fungal infection have been described 
in otherwise healthy immune-competent patients, 
and the consideration of fungal etiologies can be 
considered in all patient populations.

a b

Fig. 5.10  A 37-year-old female with tuberculous spon-
dylodiscitis. Sagittal STIR fat-saturated image (a) and 
sagittal T1 fat-saturated post-contrast image (b) demon-

strate hyperintense T2 foci within the mid-thoracic verte-
bra (white arrow) with thin peripheral enhancement in 
keeping with intraosseous abscesses (black arrow)
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�Imaging in Fungal Spondylodiscitis

�Radiographs
Fungal infection in the spine is the great mim-
icker of spinal infections with imaging similar to 
pyogenic infection, tuberculous infection, or 
even, in some instances, malignancy. 
Radiographic appearance in fungal disease is 
therefore quite broad and non-specific. Again, 
because of the absence of proteolytic enzymes, a 
sub-ligamentous, disc sparing pattern mimicking 
that of tuberculous spondylodiscitis is the most 
common presentation. Radiographs may demon-
strate the classic vertebral collapse and Gibbus 
deformity seen also in TS.

�Magnetic Resonance Imaging
MRI is the gold standard imaging for the detection 
of the often subtle imaging findings in fungal dis-
ease. T1 and T2 signal abnormalities are similar to 
that of other infections but may be even more faint 
due to the relatively mild inflammatory response 
initiated by the fungal elements [37]. Various fun-
gal organisms result in different presentations on 
imaging. For example, Candida species, the most 
common fungal organism isolated in spondylodis-
citis, typically involves the lumbar spine and mim-
ics that of pyogenic infection primarily with disc 
involvement and endplate erosions [37, 38] 
(Fig. 5.11). Disc destruction is seen in about 50% 
of Candida cases but is thought to be a common 
feature in many fungal infections. Aspergillus and 
Blastomyces infections have a propensity to 
involve multiple and sometimes non-contiguous 
vertebral levels, resulting in enhancement of the 
ligamentous structures themselves in addition to 
sub-ligamentous spread [39, 40] (Fig. 5.12).

Suspicion for fungal infection should increase 
if MRI shows spondylitis in two adjacent verte-
bral bodies with small paraspinal abscess. These 
abscesses in fungal infection can be differenti-
ated from the typical and atypical bacterial 
abscesses in the degree of internal complexity 
and intermediate T2-weighted signal in contrast 
to the hyperintensity expected in pyogenic or 
tuberculosis infection. Clear disc destruction 
with a notable absence of T2 signal within the 
intervertebral disc involvement may also suggest 

fungal rather than pyogenic spondylitis [41]. This 
absence of T2 signal in the disc is thought to be 
related to paramagnetic and ferromagnetic ele-
ments within the fungi themselves, which alter 
the relaxation times and thus signal intensity of 
T2-weighted imaging [42].

A rare but interesting manifestation of fungal 
disease is that of multifocal marrow lesions that 
may easily be mistaken for metastatic disease 
[43] (Fig. 5.13).

�Brucella Spondylodiscitis

�Pathophysiology

Spine infection is caused by a wide array of organ-
isms including the Brucella species. Brucellosis is 
a zoonotic infection caused by Gram-negative 
bacilli from the Brucella genus. Brucella is trans-
mitted to human through contact with unpasteur-
ized, contaminated milk products [44, 45].

In endemic areas, spondylodiscitis is caused 
by the Brucella organism in an impressive 
35–48% of cases [46, 47]. Even in non-endemic 
areas like the United States, this organism should 
be considered in the differential of spine infec-
tion. Brucella spondylodiscitis is worthy of inde-
pendent discussion because of the unique features 
of the disease as well as the clinical implications 
this has on treatment. The most appropriate and 
effective treatment of Brucella spondylodiscitis 
is still unknown, and management of these 
patients can be difficult [46]. Clinical improve-
ment can lag behind treatment initiation by up to 
12 weeks, and a high rate of treated patients ulti-
mately fail therapy (25%) [46–49].

Brucella most commonly affects male patients 
over 50  years of age and classically patients 
residing in rural areas with occupational risk fac-
tors. Despite this, as the disease process and our 
understanding of the illness evolves, the classic 
patient population becomes more broad, now 
often seen in women from urban areas without 
risk factors for the disease [46, 48].

The most affected spinal segment is lumbar 
(50–80%) followed by the thoracic and cervical 
spine. Involvement of one spinal level (two 
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consecutive vertebrae) is the most common pre-
sentation. However, multifocal consecutive and 
non-consecutive involvement has been 
described. Both epidural and paraspinal 
abscesses have been seen in the setting of 
Brucella spine infection [46, 48, 49].

�Imaging of Brucella Spondylodiscitis

Differentiating Brucella spondylodiscitis from 
other infectious spondylodiscitis can be exceed-

ingly difficult due to the overlap in imaging 
findings. The most common MRI features of 
Brucella spondylodiscitis include osseous 
hypointense T1 signal, hyperintense T2 signal, 
diffuse enhancement, disc height loss with end-
plate destruction, and presence or absence of epi-
dural or paraspinal abscesses. Characteristic MRI 
features of Brucella spondylodiscitis have been 
described and include the preservation of verte-
bral architecture despite extensive marrow 
involvement, profound increased signal in the 
intervertebral disc, and facet joint involvement 

a b c

Fig. 5.12  A 49-year-old male with Aspergillus spondylo-
discitis. Sagittal T2 (a), T1 fat-saturated post-contrast (b), 
and axial T2 (c) images of the spine demonstrate T9 and 
T10 vertebral edema with enhancement and sub-
ligamentous hyperintense T2 signal (white arrow) as well 

as peripheral rim-enhancing intravertebral abscess (black 
arrow). Imaging mimics tuberculous spondylodiscitis but 
with features more in keeping with fungal disease includ-
ing disc height loss and a complex T2 paraspinal abscess 
(black arrowhead)

a b c

Fig. 5.13  A 63-year-old with disseminated coccidiomy-
cosis. Sagittal T1 (a), sagittal T1 fat-saturated post-
contrast (b), and axial T1 fat-saturated post-contrast (c) 
images demonstrate multifocal hypointense T1, enhanc-

ing lesions throughout the spine and pelvis, mimicking 
metastatic disease. Lesions were biopsied and shown to be 
disseminated coccidiomycosis
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[48, 50]. Unfortunately none of these features are 
pathognomonic for the disease, and clinical his-
tory and risk factors may arguably be the most 
important features for the assumption of the 
diagnosis.

�Infectious Spondylodiscitis Versus 
Degeneration

Degenerative disc disease and neuropathic 
(Charcot) spine often present with similar MRI 
signal changes to infectious spondylodiscitis cre-
ating intricacy in differentiating these entities. 
Further compounding the muddied imaging pic-
ture is the propensity of bacterial pathogens to 
preferentially seed degenerative discs over nor-
mal discs. Ingrowth of vascularized granulation 
tissue occurs with intervertebral disc desiccation 
owing to increased blood flow resulting in higher 
risk of bacterial seeding. While a few of the 
defining imaging features of infectious and 
degenerative discitis have been discussed, there 
are other defining features of these conditions 
that should be considered when attempting to 
narrow the differential diagnosis in patients with 
back pain.

Neuropathic (Charcot) spine is a condition 
whereby the vertebral facets and intervertebral 
discs become denervated owing to a rapid and 
often profound degeneration of the spine with 
subsequent inflammatory imaging features and 
pain. Because of the degree of bony destruction, 
endplate irregularities, and inflammation, differ-
entiating this condition from the aggressive 
infectious spondylodiscitis is difficult. On CT 
and radiography, features suggestive of neuro-
pathic spine include involvement of the vertebral 
facet joints, osseous debris around the vertebra, 
spondylolisthesis, and intradiscal vacuum phe-
nomenon [51] (Fig. 5.14).

The finding of intradiscal vacuum phenome-
non is a common finding, which deserves addi-
tional consideration. In this condition, gas 
bubbles, usually nitrogen, are removed from 
solution through a negative pressure mechanism 
and accumulate within the intervertebral discs 
[52]. The notion that vacuum phenomenon 

excludes the possibility of infectious discitis is 
widely debated in the literature. Many reports 
suggest that intradiscal vacuum phenomenon is 
an indication of benign conditions (i.e., neuro-
pathic spine, osteonecrosis, and vertebral com-
pression fracture), occurring as a result of 
negative pressure across the disc space [51, 53, 
54]. In spine infection, the influx of inflamma-
tory cells into the discs, vertebra, and adjacent 
soft tissues creates a positive pressure environ-
ment that is not conducive to the formation of the 
vacuum effect. Although case reports of intradis-
cal gas in the setting of infection exist, the inci-
dence of this finding is exceedingly rare [55, 56]. 
In a report examining 307 patients with known 
disc infection, intradiscal gas was identified in 
only 1 patient (0.003%) [53]. Despite the low 
incidence of infectious related intradiscal gas, 
some degree of caution should be applied when 
interpreting this finding especially when the dis-
tribution and the morphology of the gas are het-
erogeneous, nonlinear, or otherwise atypical in 
appearance.

Fig. 5.14  Sagittal CT image of the lumbar spine in a 
patient with neuropathic/Charcot spine demonstrates mul-
tilevel intradiscal vacuum phenomenon (white arrow) and 
bony debris (black arrow)
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Several advanced MR imaging techniques pro-
posed in the literature have shown promise in dif-
ferentiating degenerative and infectious discitis. 
Diffusion-weighted imaging (DWI), for example, 
is an established technique in brain imaging that 
has recently been adapted to the spine as a means 
to differentiate Modic endplate edema from infec-
tion. Authors suggest that degenerative Modic 
edema restricts in a linear sub-endplate morphol-
ogy creating a “claw sign” on DWI. Infection, by 
contrast, restricts more diffusely through the ver-
tebra [57].

Berry et  al. in 2009 described an advanced 
MR imaging technique that uses iron oxide injec-
tion to aid in the determination of endplate 
edema. In this technique, supra-paramagnetic 
iron oxide particles are injected intravenously 
and phagocytized by macrophages, ultimately 
resulting in an iron oxide accumulation along the 
endplates of infected vertebra. The supra-
paramagnetic properties of iron oxide result in a 
post-injection T2 signal dropout along the 
infected endplates, a finding absent in the setting 
of degenerative Modic edema [58].

�Sacroiliac Joint Septic Arthritis

�Pathophysiology

Disorders of the sacroiliac joint include degener-
ative, traumatic, inflammatory, and infectious eti-
ologies. Inflammatory sacroiliitis is seen with 
some frequency in both seronegative and sero-
positive arthropathies and is almost always bilat-
eral and symmetric, a key imaging feature of this 
disease process. Unilateral inflammatory sacroi-
liitis, however, has been described in both, posing 
a challenge when differentiating inflammatory 
from septic arthritis [59].

Infectious sacroiliitis is a relatively uncom-
mon condition making up only 1–4% of all cases 
of sacroiliac arthritis [60]. Most cases are caused 
by hematogenous spread of bacteria, but direct 
inoculation from adjacent infection, deep sacral 
ulceration, or instrumentation has also been 
described [61]. The typical presentation of septic 
sacroiliitis includes low back pain, sciatica, 

fevers, and elevated inflammatory markers. These 
are relatively non-specific findings often overlap-
ping the clinical presentations of other diseases 
such as acute spondyloarthropathy, lumbar 
degenerative disease, diverticulitis, or appendici-
tis. Evaluation with MRI or CT has been shown 
to be useful in the diagnosis of septic arthritis but 
requires a sophisticated understanding of the 
imaging subtleties as to not confuse the imaging 
with that of unilateral inflammatory sacroiliitis 
[61, 62].

�Imaging

Radiographic findings of septic sacroiliitis are 
often subtle and include periarticular osteopenia 
and erosions. Differentiating infection from 
inflammatory sacroiliitis on radiography is 
largely dependent on the unilateral nature of the 
sacroiliac joint involvement. When considering 
the possibility of unilateral inflammatory disease, 
for example, psoriasis or unilateral ankylosing 
spondylitis, radiographs can be non-specific.

MRI is arguably the most sensitive imaging 
modality for the differentiation of inflammatory 
and infectious sacroiliitis. Kang et al. found that 
the most accurate independent variable identified 
in these patients is the presence of periarticular 
edema and iliopsoas muscle swelling [63]. Fluid 
signal tracking along the muscle belly and inter-
muscular fat planes of the pelvic side wall on 
fluid-sensitive MRI sequences corresponded to a 
high accuracy and specificity for the diagnosis of 
septic arthritis in other studies as well [62–64] 
(Fig. 5.15)

The pattern of bone marrow edema may also 
be helpful in determining the origin of the 
inflammation. A well-established feature of sero-
negative spondyloarthropathy is the iliac pre-
dominant bone marrow edema pattern that occurs 
early in the disease process. The iliac predomi-
nance is thought to be related to the differences in 
the makeup of sacral and iliac cartilage with the 
iliac fibrocartilage layer serving as an enthesis 
that is prone to inflammation in conditions like 
ankylosing spondylitis [63, 65]. In the setting of 
infection, both the sacral hyaline cartilage and 
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the iliac fibrocartilage are equally susceptible to 
inflammation. This manifests in a unique sacral 
predominant or equal sacral and iliac bone mar-
row edema pattern in septic arthritis [65] 
(Fig. 5.16).

Extracapsular fluid collections are seen exclu-
sively in septic arthritis and when present should 
be considered highly suspicious for infection. 
Other features favoring septic arthritis include 
large subchondral erosions and thick capsulitis 
with absence of joint enhancement [62, 63]. The 
imaging findings in septic versus inflammatory 
sacroiliitis are illustrated in Table 5.2.

a b

Fig. 5.15  Axial T2 fat-saturated images in a patient with 
septic arthritis (a) demonstrate profound hyperintense T2 
signal within and around the iliopsoas muscle and pelvic 
side wall (white arrow). T2 fat-saturated images in a 

patient with ankylosing spondylitis and inflammatory sac-
roiliitis (b) demonstrate bone marrow edema with a nota-
ble absence of periarticular pelvic side wall edema (black 
arrow)

a b

Fig. 5.16  Axial T2 fat-saturated images in a patient with 
septic arthritis (a) demonstrate sacral predominant bone 
marrow manifesting as hyperintense T2 signal (white 
arrow). The presence of a large pericapsular hyperintense 
T2 fluid collection (black arrowhead) favors the diagnosis 

of septic arthritis. T2 fat-saturated images in a patient with 
ankylosing spondylitis and inflammatory sacroiliitis (b) 
demonstrate the classic iliac predominant bone marrow 
edema (black arrow)

Table 5.2  MR imaging features of septic versus inflam-
matory sacroiliitis [63]

MR imaging 
feature Septic sacroiliitis

Inflammatory 
sacroiliitis

Bone marrow 
edema

Sacral predominant, 
equal sacral and iliac 
edema

Iliac 
predominant 
edema

Periarticular 
soft tissue 
edema

Severe, often extending 
into the iliopsoas muscle 
and pelvic side wall

Mild or 
non-existent

Capsulitis Severe Mild
Periarticular 
fluid collection

Present Absent

Subchondral 
erosions

Large (>1 cm), irregular Small, 
uniform

M. K. Jesse and C. K. Ho



123

�Epidural Abscess

�Pathophysiology

Epidural abscess refers to an infectious fluid 
collection contained between the dura of the 
thecal sac and the periosteum of the adjacent 
bone. The incidence of epidural abscess is 
about 2–3 per 100,000 hospital admissions and 
is seen most frequently in the fifth to seventh 
decades of life [66]. Risk factors for the forma-
tion of epidural abscesses include diabetes, 
intravenous drug abuse, immune compromise, 
and recent intervention. While hematogenous 
seeding of the epidural space does occur, epi-
dural abscess most commonly forms as a direct 
extension of infection from adjacent osteomy-
elitis/discitis [67].

Failure of medical treatment is unfortunately 
common, especially in the setting of diabetes 
and bacteremia. Prompt identification of epi-
dural abscess and initiation of therapy, either 
medical or surgical, is imperative to treatment 
success [68]. Epidural abscesses, when hema-
togenously spread, usually occur at the dorsal 
epidural space and have a propensity to affect 
multiple levels of the spine resulting in “skip 
lesions” along the neural axis. For this reason, 
whole spine imaging is recommended in patients 

with known or suspected hematogenously spread 
epidural infection [68, 69].

�Imaging

MRI is the modality of choice for the evaluation 
of epidural abscess, offering superior spatial res-
olution and sensitivity [70]. Although non-
contrast MRI has reasonable sensitivity in the 
detection of epidural disease, the addition of 
post-contrast images increases sensitivity and 
specificity over non-contrast images alone and 
should be preferentially performed in all cases of 
suspected epidural abscess [71].

There are two main imaging appearances of 
epidural abscess, differing in signal characteris-
tics and enhancement based on the age of the 
lesion. The first imaging pattern is seen in the 
early phlegmonous stages of infection. In this 
phase, the epidural abscess is made up of predom-
inantly thick enhancing granulation tissue that 
appears as a confluent but often heterogeneous 
hyperintense T2 signal epidural mass with diffuse 
internal enhancement (Fig. 5.17). As the epidural 
abscess matures, the central areas of granulation 
become necrotic and fluid-like, appearing as 
homogeneous hyperintense T2 signal with thick 
peripheral enhancement [67, 72] (Fig. 5.18).

a b c

Fig. 5.17  A 67-year-old male with L2–L3 spondylodis-
citis and early epidural abscess. Sagittal STIR fat-
saturated (a), sagittal T1 fat-saturated post-contrast (b), 
and axial T1 fat-saturated post-contrast images (c) dem-

onstrate focal thickening of the ventral epidural space 
posterior to the L2–L3 disc. There is heterogeneous T2 
signal (black arrow) and internal enhancement (white 
arrows)
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�Conclusion

Spine infection is unfortunately a common occur-
rence, especially in susceptible patient popula-
tions. While the imaging findings in spine 
infection are not always subtle, differentiating 
findings of infection from other disease processes 
can be extremely difficult. A sophisticated under-
standing of the unique imaging features in both 
infectious and non-infectious disease processes is 
critical to the accurate diagnosis and prompt 
treatment of this high-risk patient population.
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