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Introduction
Spondylodiscitis is an infective inflammatory process that can affect the intervertebral 
discs, vertebrae and surrounding structures (Homagk et al, 2019). Its incidence is increasing 
globally, which has been attributed to an increased ageing population combined with 
better recognition of the condition (Nickerson and Sinha, 2016). The non-specific nature 
of many of its symptoms means that it can often go undiagnosed initially, resulting in 
delayed presentation and treatment (Herren et al, 2017). Treatment is usually medical, with 
surgical management reserved for patients with failed conservative treatment, instability or 
cord compression (Dragsted et al, 2017). Treatment can prove difficult not only as a result 
of delays in diagnosis, but also because of difficulties in isolating the causative pathogen 
(Homagk et al, 2019). This article highlights the diagnostic challenges of spondylodiscitis 
in adults, the clinical features and findings that should raise clinical suspicion for this 
condition, and how spondylodiscitis can be managed once diagnosed.

Epidemiology
Spondylodiscitis has an incidence of 2.4/100 000 per year and rising (Sur et al, 2015). It has 
a male preponderance and a bimodal distribution – it is seen in the first and second decades 
of life in children, whereas in adults it tends to affect patients in the fifth and sixth decades 
of life (Nickerson and Sinha, 2016; Shenoy et al, 2018). The condition predominantly affects 
the lumbar spine, which accounts for more than half of cases, followed by the thoracic and 
cervical spine (Shenoy et al, 2018).

Risk factors
Risk factors for the development of spondylodiscitis include conditions affecting the immune 
response such as diabetes and chronic kidney disease, excessive alcohol consumption, 
intravenous drug use, recent infections of the genitourinary system and previous spinal 
surgery (Sur et al, 2015; Nickerson and Sinha, 2016; Mavrogenis et al, 2017; Shenoy et al, 
2018) (Table 1).
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Abstract
Spondylodiscitis is often diagnosed late in its course because its symptoms are vague. 
The incidence in adults increases with age, being seen most commonly in men in their 
50s and 60s, so the presence of other medical conditions or infections can make it 
more difficult to identify spondylodiscitis. Diagnosis is made based on clinical suspicion, 
raised levels of inflammatory markers, a positive blood or tissue biopsy culture and 
radiological findings. Once a diagnosis is confirmed, treatment must be started promptly. 
The mainstay of treatment is medical management, with antibiotics tailored to the 
relevant organism, as well as immobilisation. Where surgery is indicated, the aims are 
debridement of infected tissue, tissue sampling, neural decompression and stabilisation. 
Spondylodiscitis is associated with high rates of mortality and morbidity and should be 
treated promptly to ensure the best outcome.
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Pathophysiology
The most common route of infection in spondylodiscitis is haematogenous spread (Petkova 
et al, 2017; Nasto et al, 2021), with other potential routes including direct inoculation 
following spinal surgery or contiguous spread from surrounding tissues (Nickerson and 
Sinha, 2016; Taylor et al, 2018). In haematogenous spread, bacteria arrive via the arterioles 
of the endplates and deposit onto the relatively avascular intervertebral discs (Taylor et al, 
2018). As the infection becomes established in the vasculature, it can worsen because of 
a vicious cycle of increasing intraosseous pressure and decreasing blood flow (Taylor 
et al, 2018). Retrograde seeding via the venous plexus of Batson (a valveless system that 
drains blood from pelvic organs to the vertebral venous system) has also been noted with 
infection seeding from intra-pelvic sources (Raghavan et al, 2018; Shenoy et al, 2018).

History and examination
Spondylodiscitis is notoriously difficult to diagnose because of the non-specific nature of 
symptoms. A thorough history and examination are crucial to establishing the diagnosis. 
Patients may present with a history of localised back or neck pain, worsening at night and 
on weight bearing, with an associated fever (Shenoy et al, 2018; Nasto et al, 2021). This 
combination of symptoms should always raise the suspicion of spondylodiscitis. Other 
non-specific symptoms include general malaise, weight loss, night sweats, lethargy, nausea, 
vomiting and confusion (Mavrogenis et al, 2017; Shenoy et al, 2018; Pandita et al, 2019). 
These symptoms, particularly in the multi-morbid older patient, can often be attributed to 
pre-existing conditions which can delay diagnosis (Nasto et al, 2021). Another symptom 
which can be challenging, particularly in patients with pre-existing spinal pathology, is 
neurological deficit (Taylor et al, 2018; Homagk et al, 2019). A careful account of onset, 
duration and any change to neurological deficits is important to help delineate existing 
pathology from that caused by spondylodiscitis. A thorough medical history should aim to 
elicit risk factors, for example immunocompromise, which may indicate spondylodiscitis 
as the cause of otherwise vague symptoms.

Clinical examination findings may be limited to localised tenderness at the affected level, 
paraspinal muscle spasm and reduced range of motion at the spine, although swelling and 
localised warmth have also been reported (Mavrogenis et al, 2017; Shenoy et al, 2018). 
Neurological deficits may include bladder or bowel dysfunction, sensory and/or motor 
deficits. While less common, these signs and symptoms can particularly be seen in delayed 
presentations (Nickerson and Sinha, 2016). Where present, neurological deficit should 
trigger prompt imaging and referral to spinal services.

Baseline observations (heart rate, blood pressure, temperature, respiration rate) should 
also be undertaken to look for any evidence of sepsis.

Laboratory investigations
Given the predisposing factors for spondylodiscitis (Table 1), in addition to white cell 
count, C-reactive protein and erythrocyte sedimentation rate as markers of infection and 
inflammation (Taylor et al, 2018), renal and liver function tests may also be useful. These 

Table 1. Risk factors associated with spondylodiscitis

Risk factors Examples

Immunocompromise Human immunodeficiency virus, rheumatoid arthritis, 
diabetes, malignancy

Organ dysfunction Chronic kidney disease, heart failure, liver failure

Infection Cardiac, genitourinary, gastrointestinal, respiratory,  
oral cavity, skin, soft tissue

Surgical Spinal surgery (instrumented and non-instrumented)

Patient related Intravenous drug use, alcohol excess, advancing age
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provide information on the degree of renal or hepatic failure that may have increased 
susceptibility to developing spondylodiscitis, and also provide a baseline for monitoring 
antibiotic toxicity. Blood cultures are vital for pathogen isolation as part of the workup for 
a septic patient and in cases where spondylodiscitis is suspected (Nickerson and Sinha, 
2016; Petkova et al, 2017). However, delays in presentation and recent or ongoing treatment 
with antibiotics for other infections can result in negative cultures (Nickerson and Sinha, 
2016; Petkova et al, 2017; Taylor et al, 2018). Biopsy and tissue culture is another useful 
tool for pathogen identification, with image-guided biopsy producing a diagnostic yield of 
up to 48% (McNamara et al, 2017). However, the diagnostic yield is lowered by antibiotic 
use and can be affected by biopsy-dependent factors such as imaging modality, needle 
used, site of biopsy and open vs percutaneous sampling (McNamara et al, 2017). Tissue 
and fluid samples should be sent for microscopy, culture (aerobic, anaerobic, fungal and 
mycobacterial) and histology (Lew and Waldvogel, 2004). Antibiotics should be omitted 
until after biopsy in patients who are not septic.

Radiological investigations
The gold standard investigation for spondylodiscitis is magnetic resonance imaging, 
although patients with back pain may undergo X-ray or computed tomography scanning 
before magnetic resonance imaging is performed.

X-ray findings in patients with spondylodiscitis may be absent or very subtle early in the 
disease course. Loss of disc space height and end plate definition can be found in patients 
with spondylodiscitis, but these are also common in patients with degenerative spinal 
disease (Raghavan et al, 2018). X-ray fluoroscopic guidance can be used to obtain biopsy 
specimens for culture, which has similar accuracy to computed tomography guidance with 
the benefit of a lower radiation dose (Kim et al, 2013; Lee et al, 2020).

Where spondylodiscitis is suspected from X-ray findings, magnetic resonance imaging 
should be the investigation of choice, although computed tomography may be performed if 
there are difficulties in obtaining magnetic resonance imaging, particularly out of hours. In 
addition to loss of disc space height and loss of end plate definition, computed tomography 
may show soft tissue changes such as abscess formation, fracture or malignancy (Raghavan 
et al, 2018). As with X-ray, computed tomography can be used to help accurately obtain a 
biopsy specimen and is the first-line modality for this in practice (Lee et al, 2020).

Magnetic resonance imaging is the gold standard for diagnosis of spondylodiscitis because 
of its high accuracy, sensitivity and specificity (Mavrogenis et al, 2017; Ahn et al, 2020). 
Once spondylodiscitis is suspected, urgent magnetic resonance imaging should be obtained 
to confirm the diagnosis and avoid unnecessary delays to treatment. Image sequencing should 
include T1- and T2-weighted imaging with T1-weighted post-gadolinium contrast images 
(Mavrogenis et al, 2017; Raghavan et al, 2018; Shenoy et al, 2018). Typical features on 
magnetic resonance imaging include low signal changes on T1-weighted images and high 
signal changes on T2-weighted images (Figures 1 and 2) in the region of the vertebral end 
plates and intervertebral discs (Mavrogenis et al, 2017; Raghavan et al, 2018). Following 
administration of gadolinium contrast, enhancement of the affected disc and vertebral body on 
T1-weighted images is expected (Mavrogenis et al, 2017; Raghavan et al, 2018). Distinguishing 
between a phlegmon and an abscess is another key benefit of using magnetic resonance 
imaging and has implications for treatment, as while abscesses can be drained, phlegmons 
represent inflammatory change and hyperaemia, and are not drainable (Raghavan et al, 2018).

Where magnetic resonance imaging is contraindicated, such as in patients with cochlear 
implants, some cardiac implantable devices, metallic intraocular foreign bodies or other 
internal metallic fragments or devices (Dill, 2008), alternative methods for diagnosis include 
bone scintigraphy, positron emission tomography computed tomography and single-photon 
emission computed tomography-computed tomography. Bone scintigraphy can be used 
in isolation, but the sensitivity of diagnosis is improved if it is used in combination with 
single-photon emission computed tomography-computed tomography (Raghavan et al, 
2018). Positron emission tomography-computed tomography scanning can more accurately 
localise the region of uptake, and is nearly 100% accurate in identifying spondylodiscitis 
in patients with spinal hardware in situ (Raghavan et al, 2018).
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Pathogens
Several pathogens have been implicated in the development of spondylodiscitis. Over 
time, the most prevalent organism has changed from Mycobacterium tuberculosis to 
Staphylococcus aureus (Mavrogenis et al, 2017). Infections tend to be monomicrobial in 
nature. S. aureus is the most commonly identified organism (Nickerson and Sinha, 2016; 
Petkova et al, 2017; Shenoy et al, 2018) and Escherichia coli is the most common Gram-
negative organism identified, with Proteus, Klebsiella and Pseudomonas also implicated 
(Mavrogenis et al, 2017; Petkova et al, 2017). Gram-negative organisms usually seed 
from gastrointestinal or genitourinary infections and are also prevalent in patients who are 
immunosuppressed or who have diabetes (Mavrogenis et al, 2017; Petkova et al, 2017). 
Postoperative infection is often caused by S. epidermidis (Mavrogenis et al, 2017; Petkova 
et al, 2017) (Table 2).

In the developing world, organisms such as Brucella and M. tuberculosis are still common. 
These should be suspected as the causative organisms in travellers from countries with a 
high prevalence of Brucellosis such as the Mediterranean, Middle East and parts of central 
and South America (Kutlu et al, 2018), or tuberculosis, such as the Indian subcontinent 

Figure 2. T1-weighted magnetic resonance imaging showing (a) a sagittal view of the lumbar 
spine with low signal uptake in the end plates of L2 and L3 with early destructive changes 
of the L2 vertebrae. b. An axial view taken at the L2–L3 level shows low signal within the 
intervertebral disc.

Figure 1. T2-weighted magnetic resonance imaging showing (a) a sagittal view of the lumbar 
spine demonstrating high signal in the end plates of the L5 and S1 vertebrae with (b) an axial 
image at the same level demonstrating high signal within the L5–S1 intervertebral disc.
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(Aithala et al, 2020). Fungal spondylodiscitis is incredibly rare, most often presenting in 
immunocompromised patients, with Candida spp. accounting for most of these infections 
(Mavrogenis et al, 2017; Petkova et al, 2017; Stolberg-Stolberg et al, 2017).

Medical treatment
Treatment of spondylodiscitis is generally conservative, involving antibiotics and 
immobilisation of the spine (Mavrogenis et al, 2017; Petkova et al, 2017). A multidisciplinary 
approach to treatment should be adopted, involving physicians, the spinal service (orthopaedic 
or neurosurgeons depending on local configuration), radiologists, microbiologists and 
physiotherapists.

Antibiotics should not be given until after cultures have identified the causative agent, 
except in septic patients or those with neurological deficits (Shenoy et al, 2018). If antibiotics 
need to be given before the causative organism is identified, these should ideally cover 
S. aureus, as this is the most common causative organism (Nickerson and Sinha, 2016).

The duration and administration route of antibiotics is controversial. Most studies advocate 
a duration of antibiotics from 4–12 weeks (Nickerson and Sinha, 2016; Mavrogenis et al, 
2017; Shenoy et al, 2018). Traditionally, this would be undertaken as extended intravenous 
therapy with subsequent oral therapy, but there have been moves towards early oral treatment 
(Nickerson and Sinha, 2016). Periods of bed rest and/or bracing of the spine are also 
advocated to aid stability, reduce pain and reduce the pressure on affected segments of the 
spine (Nickerson and Sinha, 2016; Mavrogenis et al, 2017; Shenoy et al, 2018; Giordan 
et al, 2019). Features of instability may include spinal malalignment, vertebral body 
collapse, bony destruction and the involvement of posterior elements (Pennington et al, 
2019). However, the optimal duration of immobilisation is unclear and the potential risks 
in frail older patients must be mitigated against the benefits. Treatment response should 
be monitored with serial blood tests to check levels of inflammatory markers (white cell 
count, C-reactive protein, erythrocyte sedimentation rate), with interval imaging to assess 
for resolution of identified changes if appropriate (Nickerson and Sinha, 2016; Mavrogenis 
et al, 2017; Shenoy et al, 2018).

Surgical treatment
Indications for surgical management include spinal cord or cauda equina compression, 
instability caused by bony destruction, large abscess, intractable back pain or failure of 
conservative management (Dragsted et al, 2017; Mavrogenis et al, 2017; Shenoy et al, 
2018). Surgical treatment of spondylodiscitis aims to decompress neural structures, restore 
stability and obtain tissue samples for analysis (Petkova et al, 2017).

Surgical management is required in 10–20% of cases of spondylodiscitis (Cheung and 
Luk, 2012). It involves decompression of any neural compromise, thorough debridement 
of affected tissues with sampling, drainage of any abscess formed and stabilisation if 
required (Mavrogenis et al, 2017; Petkova et al, 2017). Using instrumentation to achieve 
stability leads to quicker postoperative mobilisation and reduces the risk of morbidity 
(Shenoy et al, 2018).

Table 2. Common causative organisms

Gram positive Staphylococcus aureus

Staphylococcus epidermidis

Streptococcus spp.

Enterococcus spp.

Gram negative Escherichia coli

Pseudomonas aeruginosa

Proteus mirabilis
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There is debate about the appropriate approach for any surgery (anterior vs posterior vs 
combined), as well as over the use of single-stage vs two-stage procedures (Shenoy et al, 
2018). Patient comorbidities and general health should be considered when making these 
decisions, eg a two-stage approach with its shorter procedural time may be favoured for 
patients in extremis (Mavrogenis et al, 2017). The appropriate approach can be influenced 
by the surgeon’s practice, the involvement of posterior spinal elements and whether suitable 
debridement and stability can be achieved through a single approach (Mavrogenis et al, 2017).

Complications
Delays in diagnosis of spondylodiscitis can lead to higher rates of and more severe 
complications. Potential complications include paralysis secondary to neural compression, 
abscess formation, spinal instability and even death as a result of sepsis (Sur et al, 2015; 
Gentile et al, 2019). Complications related to surgery include wound infection, dural tear, 
neurological injury, anaemia, failure of fusion, neurological deterioration or haematoma 
formation (Dragsted et al, 2017; Segreto et al, 2018).

Prognosis
The mortality rate 1 year after a diagnosis of spondylodiscitis has been reported to be 
4–20% (Dragsted et al, 2017; Giordan et al, 2019), and is affected by the patient’s age and 
the presence of comorbidities. The recurrence rate has been reported to be 5% (Giordan 
et al, 2019), although this might be higher if spondylodiscitis was caused by a chronic 
condition (eg renal failure, diabetes, rheumatoid arthritis). The mortality and morbidity 
rates highlight the importance of prompt recognition and treatment.

The authors’ experience
This article summarises the available evidence for the treatment of spondylodiscitis. The 
authors’ institution has developed a treatment algorithm (Figure 3) based on the available 
evidence, the 2015 Infectious Diseases Society of America guidelines (Berbari et al, 
2015) and the authors’ experience of managing patients with spondylodiscitis. Key points 
from this are:

	■ Two sets of blood cultures performed between 30 minutes and 4 hours of a tissue biopsy 
may increase the rate of positive blood culture in the face of previous negative blood 
culture (Cherasse et al, 2003)

	■ Repeat tissue biopsy, if cultures are initially negative, may be necessary to isolate a 
pathogen, particularly if spondylodiscitis remains the most likely diagnosis

	■ The treatment end point should be an asymptomatic patient with a C-reactive protein level 
<5 mg/litre on at least two consecutive occasions after antibiotic treatment is stopped.

Key points
	■ Spondylodiscitis can have an insidious course, with several non-specific symptoms 

that can lead to significant delays in diagnosis.

	■ Any patient presenting with localised back or neck pain, worsening at night, with an 
associated fever should be investigated for spondylodiscitis.

	■ The gold standard investigation for spondylodiscitis is magnetic resonance imaging 
and, once diagnosed, identification of the causative pathogen should ideally occur 
before treatment.

	■ The mainstay of treatment is conservative with antibiotics tailored to the causative 
organism and immobilisation as required.

	■ Surgery is indicated in cases of instability, abscess, neurological deficit or failure of 
conservative treatment, and suitability should be assessed on a case-by-case basis.
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Conclusions
Spondylodiscitis can be a diagnostic challenge given its typically non-specific presentation. 
A high index of suspicion should be maintained in patients with relevant risk factors, history, 
clinical and biochemical findings. A multidisciplinary approach to treatment ensures the 
best possible outcome for patients and should be used in all cases.

Clinical evaluation: history and examination Risk factors

and/or

Diagnostic evaluation

• Fever and new neurological symptoms +/− back pain*
• New localised neck/back pain following a recent episode of  
   Staphylococcus aureus or Candida spp. bloodstream infection
• Localised tenderness to spine
• Full medical and motor/sensory neurological examination

Full blood count, C-reactive protein, erythrocyte 
sedimentation rate

A positive blood culture with ‘typical’ pathogen
and/or normal/abnormal plain spine X-ray

Spondylodiscitis, psoas abscess, epidural abscess, 
paravertebral collection, facet joint infection

• Antimicrobial treatment
• Rest +/− immobilisation

Seek urgent surgical opinion

Acute neurological deficit
or

Associated spinal deformity, 
fracture or instability

Please discuss with consultant microbiologist

High clinical suspicion

Second computed tomography-guided biopsy

High clinical suspicion remains

Transcutaneous or open biopsy

Antimicrobial treatment
based on susceptibilities

Positive culture from blood or pus

Culture
positive

Culture
positive

Culture
positive

Culture
positive

Negative cultures from blood or pus

Patient is ‘clinically septic’

• Computed tomography-guided biopsy of the involved
vertebra or disc space, or guided-aspiration of spinal abscess

• Two sets of post-biopsy blood cultures within 1 hour of biopsy

• Patient asymptomatic
and
• C-reactive protein level <5 mg/litre on at least two consecutive
   occasions without antibiotic treatment

Monitor clinical response to treatment and C-reactive protein level:
End point of treatment

Typical pathogens  
causing spinal infections:
Staphylococcus aureus†
Escherichia coli
Klebsiella spp.
Pseudomona aeruginosa

• Advanced age
• Infective endocarditis
• Degenerative spinal disease
• Prior spinal surgery or procedure
• Immunosuppression
• Intravenous drug use

• Full blood count, C-reactive  
   protein, erythrocyte  
   sedimentation rate
• Two sets of blood cultures
• Plain X-ray of spine

Spondylodiscitis unless proven otherwise

Medical management:

Empirical antimicrobial treatment

Magnetic resonance imaging of the spine‡

Yes

Yes

Yes

No

No

Figure 3. Management of spinal infection. *Pain may be absent in patients with paraplegia. † Evaluate for potential concurrent 
infectious endocarditis. ‡ Computed tomography scan if magnetic resonance imaging is contraindicated.
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