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2.3. DIAGNOSIS: IMAGING

Authors: Chad Craig, Brandon Carlson

QUESTION 1: What is the optimal mode of imaging in the diagnosis of spine infections? 
If magnetic resonance imaging (MRI) is contraindicated, what imaging modality 
should be used?

RECOMMENDATION: MRI remains the gold standard for the diagnosis of spinal infection, with sensitivity and specifi city above 90%. 
In the presence of MRI contraindications, consider a combination of modalities, such as computed tomography (CT), positron emission 
tomography-CT (PET-CT), and single photon emission CT (SPECT)+67Gallium or Gallium-67. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Plain radiography should be the initial exam performed for all 
patients with non-specifi c spine or back complaints. In patients 
with spinal infections, early radiographic fi ndings will occur two 
weeks to three months after the onset of symptoms. Plain radio-
graphic fi ndings characteristic of a spinal infection include disc 
space narrowing, end plate irregularity, loss of end plate contour, 
subchondral defects and/or hypertrophic or sclerotic bone forma-
tion. Disc space narrowing has been reported as the most consistent 
plain radiographic fi nding occurring in 74% of cases [1]. Late plain 
radiographic fi ndings include vertebral body collapse, pathologic 
fractures, segmental kyphotic collapse and/or bony ankylosis. Plain 
radiography has reported sensitivity of 82% and specifi city of 57 
to 59% in subjects with pyogenic spondylodiscitis [2,3]. While this 
modality may not provide the highest level of diagnostic quality, it 
can give clinicians an understanding of global and focal alignment, 

deformities associated with infectious processes and mechanical 
stability [4]. Plain radiographs may also be used for post-treatment 
surveillance and/or monitoring for potential late deformity or insta-
bility associated with these diseases.

CT is an advanced imaging technique that can be utilized for 
diagnosing spinal infections. It provides higher resolution and 
multiplanar imaging of the bony architecture. CT fi ndings char-
acteristic of spinal infections can include cystic bony changes, 
gas within vertebral discs, endplate osteolysis surrounding the 
vertebral disc and/or paravertebral soft tissue swelling or abscess 
formation [5–7]. The addition of contrast media during computed 
tomography can help bett er delineate the edges of paravertebral 
abscesses and edematous musculature [5–7]. In cases with neuro-
logical defi cits or new onset radiculopathy, post-myelogram CT 
scan can provide excellent detail of the spinal canal and poten-
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tial epidural and/or subdural abscesses [8]. In cases where myelo-
gram is performed, it is recommended to analyze the cerebral 
spinal fl uid to rule out meningitis [9]. SPECT is a scintigraphic CT 
modality that has increased bone contrast resolution, and when 
combined with technetium or gallium, has high sensitivity and 
diagnostic accuracy for spinal infections. SPECT with gallium has 
been shown to be superior to SPECT + technetium and is now the 
recommended imaging modality for patients with MRI contrain-
dications [10]. 

MRI remains the gold standard for early and accurate diagnosis 
of spinal infections [11–20]. MRI has a reported sensitivity of 96%, 
specifi city of 93% and diagnostic accuracy of 94% [18]. MRI has higher 
accuracy for diff erentiating degenerative and neoplastic condi-
tions from infections in patients presenting with severe back pain 
of unknown etiology [11]. While MRI may provide the most detailed 
information for diagnosing possible infections, it does not reduce 
the need for tissue biopsy for histological analysis. T1-weighted and 
T2-weighted sequences should be obtained. The most common MRI 
fi ndings consistent with spinal infections show decreased verte-
bral body intensity with poor diff erentiation between the disc and 
body on T1-weighted images and increased disc space intensity with 
marked decreased vertebral body intensity on T2-weighted images 
[16,18,20]. Utilizing gadolinium contrast can enhance MRI ability 
to detect and delineate epidural abscesses [21]. All publications 
consider MRI the gold standard imaging modality for spinal infec-
tions and recommend it should be used in all patients without MRI-
specifi c contraindications.

Radionucleotide studies are another modality that is useful for 
diagnosing spinal infections. These include technetium-99m bone 
scans, gallium-67 scans, and indium-111 labeled leukocyte scans. 
Pathologic changes have been shown to appear sooner on radio-
nucleotide studies compared to plain radiography [22–27]. Gallium 
scans have demonstrated earlier diagnosis of disc-space infections 
compared to technetium scans and have a reported sensitivity of 
89%, specifi city of 85% and accuracy of 86% [22,23,28]. Technetium-
99m scans have a reported sensitivity of 90%, specifi city of 78% and 
accuracy of 86%.18 When both gallium and technetium scans are 
performed together, the sensitivity is increased to 90%, specifi city 
100% and accuracy is 94%.18 

Indium-111 scans are known to be sensitive for appendicular 
skeletal infections, however sensitivity is low in the spine [29–32]. 
In patients with low-virulence chronic infections, indium-111 scans 
can provide false-negative results due to white blood cell pooling 
with any infl ammatory process [31]. Indium scans may also result 
in false-positive results in neoplastic conditions. One important 
advantage of indium-111 scans is the ability to diff erentiate non-
infectious conditions such as hematoma or seroma in patients 
with unclear soft tissue etiology. This may be a valuable diagnostic 
step when investigating possible postoperative infections. Overall, 
most publications endorsed less utility for radionucleotide studies 
versus MRI. However, in patients with MRI contraindications, tech-
netium-99m combined with gallium-67 studies is another method 
that has high sensitivity, specifi city and diagnostic accuracy similar 
to MRI.

There is no single diagnostic test with 100% accuracy for these 
devastating diseases. A full diagnostic workup includes laboratory 
studies, blood cultures, imaging and tissue histological analyses. 
It is generally accepted that plain radiography should be the fi rst 
imaging study obtained, however, diagnostic sensitivity is low. MRI 
remains the gold standard with the highest sensitivity, specifi city 
and accuracy compared to other modalities. In the presence of MRI 
contraindications, clinicians should utilize SPECT+gallium-67 or 

gallium-67 and technetium-99 combined scans to achieve similar 
diagnostic accuracy as MRI. 
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