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Summary. Spondylodiscitis (SD) is one of the main causes of back pain. Although the low mortality, high 
morbidity is related to spondilodiscitys, leading spine instability, chronic pain or neurological deficit. Diag-
nostic imaging plays a primary role in diagnosing spondylodiscitis. However different accuracy is highlighted 
by different diagnostic tool, depending also on timing of disease which represents a cardinal element for 
the phenotypic manifestation of the disease, beyond spatial resolution and tissue characterization proper of 
specific modality imaging. Conventional Radiology (CR), Computed Tomography (CT) and MRI (Mag-
netic Resonance Imaging) all have proven to be of primary importance in the approach to spondylodiscitis, 
although magnetic resonance imaging has demonstrated the greatest advantage in identifying the disease 
from its earliest stages, demonstrating high sensitivity and specificity (92% and 96%, respectively). This review 
focus on the role of different imaging modality in the approach to the spondylodiscitis, also addressing the 
role of interventional radiology that is pivotal not only for a diagnosis of certainty through biopsy, but also for 
a minimally-invasive treatment of paravertebral abscesses spondylodiscitis-related. (www.actabiomedica.it)
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Introduction

Spondylodiscitis (SD) is one of the main causes 
of back pain (1-6). The relative low incidence (5-
5.3/106 per year; M>F) is unfortunately increasing as a 
consequence of wide-spread chronic and degenerative 
spine pathologies, spinal surgery, use of immunosup-
pressive therapies, vascular device, or extensive use of 
intravenous substances of abuse (7-12). SD refers to 
an infection involving the vertebral bodies (spondyli-
tis) and intervertebral disc (discitis). Though the low 

mortality (2-4%), SD is related to a high morbidity, 
leading to spine instability, chronic pain or neurologi-
cal deficit (13).

Different pathogenic mechanics and pathogens 
are identified as responsible for SD. Hematogenous 
diffusion, contamination by contiguity or direct in-
oculation are the leading mechanism of SD. Hema-
togenous diffusion is the main cause of SD (60-80%), 
mainly via arteriosus system. Primary discitis is a typi-
cal mechanism of infection only in children due to the 
high vascularization of the disc, while vascular anas-
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tomoses with the intradiscal vessels are involuted in 
adulthood. Direct inoculation is responsible for the 
15-40% of cases, related mainly to spinal procedures, 
including the minimally invasive ones. Diffusion of 
the infection by contiguity from adjacent structures, 
such as abscesses or after aortic grafts, remains an in-
frequent cause (approximately 3%) (14).Pyogenic [S. 
aureus (60%), Enterobacter (30%), E. coli, Salmonel-
la, Pseudomonas aeruginosa, Klebsiella pneumoniae 
(10%)] and granulomatous infection (m. tuberculosis, 
brucellosis) are differentiated, the latter less frequent. 
Pyogenic SD mainly involve the lumbar spine (58%), 
less frequent thoracic (30%) and cervical (11%) spine, 
reflecting their different vascularization; conversely, 
tuberculous SD primarily affect the thoracic spine, 
with an involvement of more than two levels often, a 
sign characteristic of tuberculous SD compared to the 
pyogenic ones.

Clinical considerations

Symptoms for SD are often non-specific, as labo-
ratory testing generally used in clinical practice both 
for diagnosis and follow-up, which unfortunately show 
only a moderate diagnostic accuracy. Main symptom 
of SD is pain and, less frequent, fever. Non-specific 
pain occurs in 90% of cases, often as first symptom. 
Pain generally worsens during the night, often radiates 
to the abdomen, lower limbs, scrotum and perineum, 
and it could be exacerbated by movements (15). Fever 
can be present in 48% of patients with pyogenic spon-
dylodiscitis and 17% of cases with tuberculous type. 
Neurological complications occur in approximately 
12% of cases, related to spinal cord or nerve root com-
pression, or meningitis. Paraspinal or epidural abscess-
es is found in 44% of cases of patient with neurologi-
cal complications. White blood cell counts are often 
normal and can increase in 35% of patients without 
exceeding 12,000 cells / mm3 (4). Erythrocyte Sedi-
mentation Rate (ESR) and C-Reactive Protein (CRP) 
are sensitive markers with low specificity, although the 
latter is often considered the best marker for follow-up 
(16). Procalcitonin also is considered a highly specific 
and sensitive marker for the diagnosis and control of 
the effectiveness of the treatment, even higher than 

CRP. Blood cultures could be positive in approximate-
ly 50% of cases with hematogenous diffusion. Con-
sidering non-specificity of symptoms and laboratory 
testing, 2015 Infectious Diseases Society of America 
(IDSA) Clinical Practice Guidelines for the Diagno-
sis and Treatment of Native Vertebral Osteomyelitis 
in Adults outline specific consideration for a clinical 
suspicion of SD. Therefore, a progression of nuchal or 
back pain, or a back pain of recent onset with fever, in-
crease in ESR and CRP and evidence of infection with 
hematogenous spread or endocarditis, is a strong rec-
ommendation for potential SD. Conversely, a patient 
with fever and neurological symptoms of recent onset, 
with or without pain, or a patient with nuchal or back 
pain of recent onset after a recent sepsis from S. aureus 
infection, is a weak recommendation (17). 

Radiology in SD

Cross-sectional imaging (MRI, CT and CR) 
techniques, gained large application in standard prac-
tice, also on spine pathologies (18-26). Diagnostic 
imaging plays therefore a primary role in diagnosing 
of spondylodiscitis, advised MRI, CT and CR as first 
line techniques in the diagnosis, staging and follow-
up. However, different techniques have an obvious dif-
ferent capability in detecting specific alteration SD-
related. Moreover, timing of the disease represents a 
cardinal element for the phenotypic manifestation of 
the disease and thus consequently for the different 
techniques to detect specific SD findings.

Conventional Radiology (CR)

Conventional radiology is a low sensitive and 
specific technique (82% and 57%, respectively) (27) 
especially in the early diagnosis of spondylodiscitis, 
although conventional x-ray is often used for the first 
approach to the back pain. Notably, conventional ra-
diology is capable in identifying later bone alterations 
which can occur from 3-6 weeks after the infection, as 
subchondral erosion, that is considered the first iden-
tifiable CR sign (15). With the progression of disease, 
some alterations become more evident, with possible 
fragmentation or erosion of the anterior angle of the 
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vertebral plate, reduction of intervertebral space, loss 
of physiological lordosis and structural deformity. 
Later manifestation (about 8-12 weeks after) include 
reactive sclerosis and bony bridge formation between 
different soma. In case of effective treatment, the fu-
sion of the vertebral bodies can be appreciated, while 
in case of ineffective treatment, a complete somatic 
collapse can occur (fig. 1).

Computed Tomography (CT)

CT also is insensitive in detecting early SD al-
teration. More of SD-related CT-findings occur after 
2 weeks from infection, and they could be identified in 
about one half of the patients. CT, indeed, could be use-
ful mainly in identifying, describing and estimating the 
extension of osteolysis, or in showing an involvement 
of paravertebral tissue with a thickening of adipose tis-

Figure 1. MRI is an accurate tool in diagnosing spondylodyscitis. Typical presentation includes low T1 (a., b., c.) and high T2 (d., e., 
f.) signal intensity involving both disc and vertebral endplate. Structural alterations within the disc allow for a loss of typical intranu-
clear cleft (f., white arrow), which represents normal fibrous tissue within the nucleus polposus. Post-inflammatory vascularization 
and granulomatous tissue could be responsible for a sever enhancement after injection of contrast media (g., h., i.). Conversly, CR 
and CT are insensitive especially in the early stages of the infection. First CR sign is represented by subchondral erosion (j., dashed 
line), observable from 3-6 weeks after the infection. Fusion of vertebral bodies (k.) or complete somatic collapse (l., blak dots) could 
be observed in later stages, in case of effective or ineffective treatment, respectively. CT could be useful mainly in estimating the entity 
of osteolysis (m., n.), allowing also to evaluate the extension to perivertebral tissue (o. large arrow). 
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sue. However, CT contribution within the diagnostic 
process is very poor and its role is mainly limited to a 
preoperative planning of spinal procedures or as an al-
ternative in case of contraindication to MRI (14)(fig. 1).

Magnetic Resonance Imaging (MRI)

MRI, thanks to its excellent soft tissue contrast 
and multiplanar capability, is the primary imaging 
tool for a variety of conditions and diseases both for 
diagnostic and interventional purpose, especially in 
the neuroradiological field (28-33). Currently, MRI is 
the gold standard in the diagnosis of SD, with a high 
sensitivity and specificity (92% and 96%, respectively) 
especially in the early stages of diseases due to the ex-
cellent tissue characterization and ability in identifying 
bone edema and areas with anomalous vascularization 
(7, 27). Bone edema, indeed, is observed since the early 
phase of disease which is characterized by infiltration 
of inflammatory cells and thus by an increase of ex-
tracellular space. Increase in water content determines 
low T1-signal intensity of bone tissue and hyperinten-
sity on T2-weighted sequences; moreover, highly wa-
ter content within the disc is responsible for the loss a 
typical disc appearance known as “intranuclear” cleft 
(13)(fig.1). Some authors suggest also high accuracy of 

high T2 signal intensity of psoas muscles as very-early 
sign of lumbar SD (34). Moreover, enhancement of 
disco-somatic structures can be observed in response 
to inflammatory alterations, potentially extended to 
adjacent structures. MRI shows high accuracy also in 
identifying later or post-infection alterations which 
include replacement of necrotized tissue with vascu-
larized fibrous tissue, yellow marrow transformation, 
subchondral fibrosis and osteosclerosis.

Since etiologic characterization of SD is crucial 
for an adequate treatment, MRI could offer some ad-
vantages especially in differentiating between non-py-
ogenic forms (e.g., tubercular or brucellosis SD).

Differential diagnosis

Other conditions can mimic SD radiological 
feature and symptomatology. Osteochondritis, also 
known as discovertebritis or aseptic spondylodiscitis, 
is one of the great mimes of SD. Modic I or vascular 
pattern, indeed, often observed in presence of degen-
erative alteration of spine, is characterized by bony 
inflammation with low T1 and high T2 signal inten-
sity of endplates, similar to SD (7)(fig. 2). Though disc 
alterations often permit an adequate differentiation, 

Figure 2. Osteochondritis, also known as discovertebritis or aseptic spondylodiscitis, is one of the great mimes of spondylodyscitis. 
Inflammation mainly involved the vertebral endplates, with increase in water content and vascular granulation tissue, and conse-
quently bone edema. Intervetebral disc often is degenerated. 



Diagnostic and interventional management of infective spine diseases 129

sometime the two forms are overlapped, especially be-
tween symptomatic forms, and biopsy remain the main 
discriminator. Although the poor representation of an-
atomical details, 18-FDG PET, also as hybrid methods 
(PET/MRI, mainly) has shown high efficacy in differ-
entiating between degenerative and infectious disease. 
PET technique, indeed, has shown a good correlation 
with histological finding of infection severity and with 

the involvement of extraspinal structures (7). CRMO 
(Chronic Recurrent Multifocal Osteomyelitis) also has 
to be considered for a proper differential diagnosis of 
SD.  CRMO is a migrant forms characterized by litic 
lesion with a well-defined sclerotic hem. CRMO often 
involves different soma with bone edema and vertebral 
collapse. Spinal involvement is not so rare in CRMO 
(35)(fig. 3).

Figure 3. Spinal involvement in CMRO is rare. Migrant erosion involved different soma with bone edema and vertebral collapse. 
Radiological evolution can occur within few months (a.-b. diagnostic imaging acquired in March; c.-d. diagnostic imaging acquired 
in July), with a rapid worsening of clinical status mainly related to severe pain. Bone biopsy (e., f.,) is commonly required in CMRO 
in order to exclude infection, neoplasia or histiocytosis, since the diagnosis of CRMO is made by exclusion.
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Biopsy

Multidisciplinary approach has high sensitivity 
and specificity in detecting SD. However, identifica-
tion of the specific pathogen remains the key point for 
a proper treatment and thus for setting up an adequate 
antibiotic therapy, especially for atypical or tubercu-
lous pathogens (36). In this regard, blood cultures 
have a limited role, because of only the 50% of cases 
results positive if an hematogenous spread, other that 
they do not always correlate with the pathogen found 
at site of infection. For these reasons, biopsy plays a 
crucial role in the etiological diagnosis of SD. Open 
and percutaneous techniques could be performed, 
with a higher prevalence for the percutaneous one al-
though the high variability showed in literature, rang-
ing from 36% to 91% (37). CT-guided biopsy is the 
most performed percutaneous technique, indicated 
as soon as possible in patients with no neurological 
deficits, instability/deformity or sepsis. Otherwise, 
the surgery approach is recommended. Empirical 
antibiotic therapy is recommended only in high risk 
patients as with sepsis or medullar compression, neu-
tropenia or in a neurologically compromised patient. 
A double specimen should be taken for cultural and 
histologic examinations. If coltural examination is of 
prior importance for the identification of the specif-
ic pathogen, histologic examination could be useful 
for distinguishing granulomatous forms (38). Poten-
tial complications of CT-guided biopsy are vascular 
or nervous damage, hematoma or non-target biopsy. 
In order to limit time and radiation dose exposure 
of procedure and avoid non-target region, lately CT 
navigation with volumetric acquisition has shown 
high advantages (39, 40). Specimen could be taken 
from bone or discal region, with costo-vertebral or 
transpeduncolar access depending on different tho-
racic or lumbar target respectively, or instead from 
paravertebral tissue if involved (fig. 4). Several reasons 
are responsible for high variability of percutaneous 
biopsies, as inadequate specimen or representation of 
pathogen within the specimen, or when an empirical 
therapy is administered before the biopsy. However, 
in patient with a non-diagnostic specimen, a second 
biopsy is recommended when other contraindication 
are absent. 

As mentioned, the main indication to the “open” 
biopsy is the presence of severe neurological deficits 
due to structural damage. Open technique should be 
recommended also after a second inadequate percuta-
neous attempt, without further improvement after an-
tibiotic therapy, or when the percutaneous technique 
is technically contraindicated. The “open” technique 
has shown an efficacy of about 75%, especially in the 
diagnosis of lumbar forms. However, diagnostic yield 
of open technique drops to similar percutaneous tech-
nique validity after empirical antibiotic therapy.

Treatment

Goals of the treatment in SD are eradication of 
the infection, stabilization of spine and recovery of 
potential neurological deficits. Although no standard 
therapeutic approach are defined, antibiotic therapy, 
immobilization of the spine and spinal decompression 
are of great importance for an effective treatment that 
allows a complete recovery. Generally, conservative 
and surgical therapies could be considered. Conserva-
tive therapy is often the primary option especially for 
elderly patients or in patients with a physical decay 
(41). Antibiotic strategies mainly depend on specific 
etiological definition. As a general rule, it is advisable 
to administer intravenous antibiotics for at least 2/4 
weeks to improve bioavailability, although the treat-
ment should be more prolonged in high risk patients.
Therapy for tuberculous spondylodiscitis should be car-
ried out for at least 18-24 months to allow a complete 
healing and avoid recurrence. Broad-spectrum anti-
biotic therapy should be considered in patients with 
sepsis or fulminant SD. Conversely, surgical approach 
aims to physically remove the septic focus, allowing 
also the collection of samples for microbiological test-
ing. Primary advantage offered by surgical approach is 
the spinal decompression in case medullar extension 
with stabilization and recovery of the infected column 
segment. Compared to conservative therapy, this ap-
proach allows for safer and faster treatment, with ear-
lier mobilization (42). Recently, new scoring system 
has been developed to simplify decisional algorithm 
in order to identify when surgical intervention may be 
required (43).
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Interventional radiology

The interventional radiology plays a key role both 
in diagnosing and treatment also in SD (44-45). 

As mentioned CT-guided biopsy are considered 
of primary importance in the clinical setting of SD 
patients. CT, indeed, is a valuable diagnostic tool for 
the diagnosis and the guidance of interventional pro-
cedures in a wide range of organs (46-51). Moreover, 
interventional approach is of primary importance also 
for the treatment of psoas muscle abscess, which is a 
potentially life-threatening infection. Mortality rate 

in psoas pyogenic abscess ranges from 50% to 100%. 
Death is usually due to inadequate / delayed treatment, 
with mortality close to 100% in septic patients. In the 
acute phase, in the presence of psoas muscle abscess, 
this procedure has the purpose of draining the col-
lection and possibly injecting local antibiotic. When 
the abscess is drained, the patient’s pain gradually de-
creases as the pressure inside the collection decreases 
with consequent relief of the symptoms. The procedure 
is performed with aseptic precautions under local an-
esthesia with the patient usually in a prone position, 
performed with a CT or a US guide. Contraindica-

Figure 4. Bone biopsy plays a crucial role in the etiological diagnosis of spondylodyscitis. CT-guided biopsy is the most performed 
percutaneous technique. MRI shows thoracic spondylodyscitis (a., b., c.). A costo-vertebral approach (e.) was preferred in thoracic 
spine biopsy
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tions for percutaneous treatment are represented by 
coagulopathies and lack of patient’s collaboration (52).

Follow-up

The 2015 the American Society of Infectious Dis-
eases (IDSA) guidelines suggest that persistent pain, 
residual neurological deficits, unchanged or increased 
inflammation markers and radiographic findings do not 
necessarily indicate a failure of therapy (17). MRI is not 
recommended routinely and should not be performed in 
the follow-up of patients with good clinical-laboratory 
response, since CRP values ​​have been shown to improve 
in patients with vertebral infection and are closely relat-
ed to the clinic. Moreover, MR-signs of inflammation, 
included post-contrastographic enhancement, could be 
detected after several time after the infection, even in 
case of effective therapy (53). In the case of clinical sus-
picion of treatment failure, systemic follow-up of mark-
ers and MRI are recommended to confirm the suspi-
cion and highlights the presence of abscesses or column 
instability that could benefit from specific treatments. 
Particular attention during the follow-up of MRI must 
be paid to the paravertebral and epidural tissues, for 
possible involvement and therefore progression of the 
pathology. CT and MRI can highlight severe forms of 
non-typical inflammation, involvement of two discs or 
paravertebral extension. CT, compared to MRI, can be 
useful in distinguishing advanced stages in which bone 
destruction can be achieved (54).

Conclusion

Multidisciplinary approach is of primary im-
portance in diagnosis and intervention of traumatic, 
tumoral and infectious MSK diseases (55-59). MRI 
plays a primary role in diagnosing spondylodiscitis 
with a high sensitivity and specificity. However, the bi-
opsy currently represents the ultimate diagnostic level, 
essential for the identification of the specific pathogen 
responsible of the infection and thus for the setting of 
a specific therapeutic strategy. MRI is recommended 
during the follow only with clinical and laboratory 
findings indicative of ineffective treatment or neuro-
logical complication.
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