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QUESTION 6: How many intraoperative tissue samples should be sent for culture in suspected 
spinal surgery infection?

RECOMMENDATION: With the currently-available evidence, it is recommended that at least three to fi ve tissue samples be sent for culture in 
cases of suspected spinal infection. In the sett ing of instrumentation, we recommend additional techniques, such as vortexing and sonifi cation, 
to increase the yield of culture samples.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 80%, Disagree: 13%, Abstain: 7% (Super Majority, Strong Consensus)

RATIONALE

Turnbull described surgical site infections (SSIs) in spinal surgery 
in 1953, noting three cases of deep infection of the disc after discec-
tomy as well as signifi cant morbidity that followed [1]. While clini-
cally these cases presented as infection, Turnbull reported them as 
“presumed” infection because culture of the causative organism was 
not obtained. Since his work, the incidence of SSI following spine 
surgery has been studied extensively, with reported incidences 
ranging from 0.2–15%, varying widely based on underlying pathology 
and procedure type, with revision procedure, fusion, implanta-
tion, and traumatic injury carrying the greatest risk [2–6]. The most 
common causative culprits are Staphylococcus species, including 
methicillin-resistant S. aureus (MRSA) [3,6–9], although less virulent 
organisms such as Propionibacterium acnes can also occur, particularly 
in revision cases without a defi nitive preoperative diagnosis of infec-
tion [10–12]. Prior to obtaining intraoperative cultures, some suggest 
computed tomography-guided aspiration, although this practice 
has been shown to have low sensitivity [13,14].

The evidence for the optimal number of specimens to obtain 
in cases of suspected spinal infection is sparse. In their study of 
patients undergoing Cotrel-Dubousset instrumentation, Bemer et 
al. evaluated cases of Cutibacterium acnes (C. acnes) infection, noting 
that in earlier years of the study one to two samples for culture 
were obtained, whereas later in their series they had increased that 
number to four to six samples. Based on their experience and the 
diffi  culty in diagnosis of C. acnes, these studies recommend that at 
least four deep tissue samples be taken to facilitate interpretation of 
the cultures [11]. 

In the sett ing of implantation, one major challenge is that 
peri-implant cultures may not be accurate and it can be diffi  cult 
for biofi lm cultures to grow [15]. In their study of removed spinal 
implants in the sett ing of infection, Sampedro et al. report using 
a technique of vortexing and sonifi cation followed by culturing, 
which resulted in signifi cantly increased sensitivity compared to 
simply taking two to nine peri-implant tissue samples [12]. Finally, 
in a study assessing specimens taken from orthopaedic device 
revision surgery (5.1% spine cases), the standard procedure was to 
obtain three to six (mean: four) samples per case, including speci-
mens from the infl ammatory membrane around the implant, joint 
capsule (as applicable) and any macroscopically suspect tissues 
[16]. In this study, a threshold of at least three positive samples 
with identical microorganisms was used for diagnosis. The authors 

note that this defi nition is strict compared to other studies that use 
two identical culture-positive specimens for diagnosis and report 
that their fi ndings would not have diff ered had they used a lower 
threshold of two.

It is important to remember that positive cultures may not 
represent true infection and should be interpreted in the overall 
context of the individual patient and clinical picture. Gelalis et al. 
studied bacterial contamination during simple and complex spinal 
procedures in 40 patients, taking culture swabs during each case, 
fi rst from the sterile transparent sheet over the operative site at 
the start of the case, followed by hourly samples from the surgical 
wound. The authors reported that none of the patients with positive 
cultures developed clinical signs of infection or required antibiotics, 
whereas three patients with negative cultures developed postopera-
tive infection [17].

Though there is litt le guidance in the spine literature, the 
data in arthroplasty may help to guide future practices. In a study 
looking at revision hip and knee arthroplasty, Atkins et al. found 
that the presence of three or more culture-positive specimens was 
highly predictive of infection (likelihood ratio, 169; sensitivity, 66%; 
specifi city, 99.6%), whereas a single culture-positive specimen was 
found to have low diagnostic value (likelihood ratio, 0.7; post-test 
probability of infection, 10.6%) [15]. In their study, the authors deter-
mined that fi ve or six samples are required to produce excellent 
sensitivity and specifi city. Similarly, in a study of periprosthetic 
joint infection caused by MRSA, Parvizi et al. took fi ve cultures in 
each case [18]. In accordance with the evidence, the Workgroup 
of the Musculoskeletal Infection Society recommends that three 
to fi ve culture samples be taken and incubated in an aerobic and 
anaerobic environment [19]. 

There is litt le evidence regarding the optimal number of samples 
to obtain in the sett ing of suspected spinal surgery infection. Given 
the limited data that is available in the spine literature, we conclude 
that taking at least three to fi ve tissue samples represents current 
best practice. In the sett ing of instrumentation, we recommend addi-
tional techniques, such as vortexing and sonifi cation, to increase the 
yield of culture samples. 
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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-


