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Abstract
Purpose Postoperative infection still constitutes an important complication of spine surgery, and the optimal imaging modality
for diagnosing postoperative spine infection has not yet been established. The aim of this prospective multicenter study was to
assess the diagnostic performance of three imaging modalities in patients with suspected postoperative spine infection: MRI,
[18F]FDG PET/CT, and SPECT/CT with 99mTc-UBI 29-41.
Methods Patients had to undergo at least 2 out of the 3 imaging modalities investigated. Sixty-three patients enrolled fulfilled
such criteria and were included in the final analysis: 15 patients underwent all 3 imaging modalities, while 48 patients underwent
at least 2 imaging modalities (MRI + PET/CT, MRI + SPECT/CT, or PET/CT + SPECT/CT). Final diagnosis of postoperative
spinal infection was based either on biopsy or on follow-up for at least 6 months. The MRI, PET/CT, and SPECT/CT scans were
read blindly by experts at designated core laboratories. Spine surgery included metallic implants in 46/63 patients (73%);
postoperative spine infection was diagnosed in 30/63 patients (48%).
Results Significant discriminants between infection and no infection included fever (P = 0.041), discharge at the wound site (P <
0.0001), and elevated CRP (P = 0.042). There was no difference in the frequency of infection between patients who underwent
surgery involving spinal implants versus those who did not. The diagnostic performances of MRI and [18F]FDG PET/CT
analyzed as independent groups were equivalent, with values of the area under the ROC curve equal to 0.78 (95% CI: 0.64–
0.92) and 0.80 (95% CI: 0.64–0.98), respectively. SPECT/CT with 99mTc-UBI 29-41 yielded either unacceptably low sensitivity
(44%) or unacceptably low specificity (41%) when adopting more or less stringent interpretation criteria. The best diagnostic
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performance was observed when combining the results of MRI with those of [18F]FDG PET/CT, with an area under the ROC
curve equal to 0.938 (95% CI: 0.80–1.00).
Conclusion [18F]FDG PET/CT and MRI both possess equally satisfactory diagnostic performance in patients with suspected
postoperative spine infection, the best diagnostic performance being obtained by combining MRI with [18F]FDG PET/CT. The
diagnostic performance of SPECT/CT with 99mTc-UBI 29-41 was suboptimal in the postoperative clinical setting explored with
the present study.

Keywords Spine surgery . Postoperative spine infection . Diagnostic imaging . MRI . [18F]FDG PET/CT . SPECT/CT with
99mTc-UBI 29-41

Introduction

Postoperative infection rates following spinal surgery have been
reported over a wide range from 1% up to 6–15% of patients—
and even higher when utilizing metallic spinal implants [1, 2].
Although lower rates (1–4%) have more recently been reported
[3–6], postoperative infection still constitutes an important com-
plication of spine surgery that often requires hospitalization/re-
operation, with increased healthcare costs [7].

Early clinical diagnosis of postoperative spinal infection re-
mains challenging, since symptoms are often nonspecific and
inflammatory markers remain abnormal early postsurgery. A
combination of laboratory tests and imaging investigations fol-
lows clinical suspicion of postoperative spinal infection [8].

Although planar X-ray imaging may reveal periimplant
lysis, reduced disc space, and/or bone destruction, it often fails
to diagnose spondylodiscitis until 2–8 weeks after onset of
symptoms. Computed tomography (CT) is relatively insensi-
tive to diagnose early postoperative spinal infections, and is
predominantly used for guiding biopsy.

Whereas magnetic resonance imaging (MRI) has high diag-
nostic accuracy for infection in the nonoperated spine [9], the
diagnosis of spondylodiscitis is more challenging in the postop-
erative spine. The few MRI-based studies in postoperative
spondylodiscitis are hampered by small sample sizes and are
partially contradictory [10–13], thus leaving the role of MRI in
the diagnosis of postoperative spondylodiscitis uncertain.

PET imaging with [18F]FDG for assessing infection/
inflammation is growing [14], especially for spinal infection
[8, 15] where the high interstitial pressure due to infection-
related edema prevents efficient accumulation of radiolabeled
cells at the infection site. Compared to CT and MRI,
[18F]FDG PET/CT imaging provides the advantages of
whole-body coverage to detect also unsuspected distant foci
of infection, and lesser artifacts due to metallic implants.

In a recent multicenter retrospective study comparing the
diagnostic accuracy of [18F]FDG PET/CT and MRI in 44
patients [16], the diagnostic performance of [18F]FDG PET/
CT was consistently greater than that of MRI, although not
reaching statistical significance: 86.4% sensitivity versus
66.7%, 81.5% specificity versus 75.0%, 79.2% positive

predictive value versus 66.0%, 88.0% negative predictive val-
ue versus 75.0%. The authors concluded that a prospective
study is needed to validate their preliminary results.

Regarding single-photon emitting agents to image infec-
tion independent from leukocyte binding, interest is rising
on a 99mTc-labeled fragment of the natural antimicrobial com-
pound ubiquicidin, a 59-amino acid peptide part of innate
immunity against infection [17]; its cationic 29-41 fragment
(UBI 29-41) binds preferentially to the anionic microbial cell
membrane [18]. Good diagnostic performance of 99mTc-UBI
29-41 scintigraphy to identify bacterial infection has been re-
ported in various conditions, including osteomyelitis [19–21].

In summary, although MRI is currently being perceived as
the gold standard for diagnosing preoperative spinal infection,
there remains a paucity of evidence supporting its role in the
clinical scenario of suspected postoperative infection. The aim
of this prospective study was to determine the diagnostic per-
formance of MRI, scintigraphy with 99mTc-UBI 29-41, and
[18F]FDG PET/CT in patients with suspected postoperative
spine infection.

Patients and methods

This prospective multicenter Coordinated Research Project
(CRP E13040), initiated by the Section of Nuclear Medicine
and Diagnostic Imaging, Division of Human Health of the
International Atomic Energy Agency (IAEA, Vienna,
Austria), was conducted over a 4-year period from
December 2013 to December 2017. Clinical follow-up con-
tinued for at least six additional months for those patients who
did not undergo bacteriologic culture and/or diagnostic
biopsy.

The protocol adopted for the study includes three imaging
modalities (MRI, [18F]FDG PET/CT, and SPECT/CT with
99mTc-UBI 29-41). Patients had to undergo at least two of
such imaging modalities within a predefined time window to
be included in final data analysis; time window was 2 weeks
between MRI and PET/CT or SPECT/CT, and 1 week be-
tween PET/CT and SPECT/CT. A total of 63 patients fulfilled
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these criteria, as well as all the inclusion criteria listed further
below.

In addition to the requirement of prior spinal surgery (with
or without implantation of metallic spinal implants), the inclu-
sion criteria were as follows:

1. Age of at least 18 years at the time of evaluation.
2. Clinical suspicion of postoperative spinal infection after

spinal surgery.
3. Willingness to undergo the MR, PET/CT, and/or SPECT/

CT scans.

To the purpose of the present study, the sole implantation
of spinal devices, e.g., infusion pump for analgesic purposes,
was not considered sufficient to classify patients as having
undergone spinal surgery.

Consensus was developed among participant regarding the
criteria to be taken into account for supporting the clinical suspi-
cion of postoperative spinal infection. Such criteria were (1) fever
(persisting beyond the 2nd postoperative day in case of early
postoperative infection), (2) pain at the surgical site (especially
of the throbbing type), (3) an inflamed, erythematous suture line,
(4) discharge at the surgical wound, (5) raised inflammatory
markers (ESR and CRP, especially with a further rising trend),
and (6) elevated total leukocyte count. The presence of at least 4
of such 6 criteria would indicate a high clinical suspicion of
postoperative infection (rising to very high suspicion in case of
a dirty/purulent discharge versus a clear, serous discharge). On
the other hand, the presence of 3 or less of such indicators (in
isolation or combination) would translate into a low/medium
suspicion of postoperative spine infection.

No time limitations were set regarding the period elapsed
since spine surgery to onset of symptoms and diagnostic im-
aging, in order to include in the investigation both early and
delayed postoperative infections. The exclusion criteria were
as follows:

1. Pregnancy.
2. Known previous infection (discitis/osteomyelitis).
3. Known TB infection of the spine.
4. Known metastatic disease in the spine.
5. Poor compliance to MRI, PET/CT, and/or SPECT/CT

examinations.
6. Absolute contraindications for MRI.

The final diagnosis of postoperative spinal infection was
based on a CT-/fluoroscopic guided biopsy or open biopsy of
the area of concern. When biopsy was not feasible, the diag-
nosis of spinal infection was based on bacterial culture of
discharge at the wound site (if present), or on clinical
follow-up and follow-up imaging for at least 6 months.

Patient specific data was collected on age, gender, site and
type of previous spinal surgery, time interval between spinal

surgery and suspected spinal infection, the presence of fever at
presentation, discharge from wound site, presence/absence of
a raised white cell count, ESR, and C-reactive protein.

Patients were recruited in the following eight countries:
Argentina, Brazil, Colombia, India (two centers), Italy,
Pakistan, South Africa, and Uruguay. In addition, blind read-
ing of the MRI scans was performed at a center in the UK, and
statistical analysis was performed in The Philippines.

The IAEA supported this study and helped recruit and qualify
centers for the study. After approval of the study protocol by the
internal IAEA Research Committee, clearance for each partici-
pating center was granted by its own local/national Ethics
Committee. All patients gave written informed consent, and the
study was performed in accordance with the Helsinki
Declaration.

Magnetic resonance imaging

Due to the multicenter nature of the study, patients were
scanned on MRI-scanners from different manufacturers, but
all of them at least 1.5 T. The recommended MRI-protocol
included the following sequences: sagittal T1W1, axial T1WI,
sagittal T2W1, axial T2WI, sagittal STIR-sequences, sagittal
T1 FSW1with contrast if applicable, and axial T1FSWI with
contrast if applicable. Choice of other MRI parameters (TR,
TE, matrix size, etc.) was left to the each participating center
according to the specific MR scanner utilized for imaging.

PET/CT imaging with [18F]FDG

[18F]FDG PET/CT scanning was performed in line with
established international guidelines for infection imaging [8, 14].
All patients had fasted for at least 6 h, and their blood sugar was <
11 mMol/L when injecting [18F]FDG. The injected [18F]FDG
activity was adapted to patients’ weight using standard formulas.
Patients were kept warm in a dimly-lighted room with low ambi-
ent noise during an uptake period of 60 min. PET acquisition was
performed in 3D mode from midthigh to vertex in a caudocranial
direction, with 3 min per bed position. The CT portion of the scan
was acquired as part of the hybrid imaging protocol for attenuation
and localization purposes, minimizing in each patient the radiation
exposure associated with the CT scan by reducing voltage and
current intensity with respect to a fully diagnostic CT scan.
Image processingwas performed using ordered subset expectation
maximization iterative reconstruction (OSEM, 4 iterations, 8 sub-
sets) with a Gaussian filter applied at full-width at half-maximum
of 5.0 mm. The fused [18F]FDG PET/CT images were displayed
in axial, sagittal, and coronal slices.

Imaging with 99mTc-UBI 29-41

Authorization to use 99mTc-UBI 29-41 in patients enrolled for
the study was granted at the participating centers in Brazil,
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India, Pakistan, South Africa, and Uruguay. Kits for the prep-
aration of 99mTc-UBI 29-41 were purchased through the
National Institute of Nuclear Research of Mexico (ININ,
“Dr. Nabor Carrillo Flores” Nuclear Centre, Toluca S/N, La
Marquesa, Ocoyoacac, Mexico). Details on 99mTc-labeling of
UBI 29-41 and quality control for free 99mTc-Pertechnetate
are given in “Supplemental material 1”. Radiochemical purity
> 97% was required for administration to patients. 99mTc-UBI
29-41 (approximately 740 MBq) was injected i.v. as a single
bolus within a maximum of 30 min after radiolabeling

Scintigraphy was performed in all five centers using
SPECT/CT dual detector gamma cameras equipped with
low energy high-resolution collimators. Scanning included
an initial blood pool imaging (5-min flow dynamic
acquisition) of the area of interest, followed by a planar
whole-body scan at 10-min postinjection. A whole body an-
terior and posterior planar image was also acquired at 30-min
postinjection. SPECT/CT imaging centered over the region of
interest in the spine was then performed, acquiring the SPECT
images with 180° rotation for each detector head, 3° angle for
each frame, 20 s per frame, and 128 × 128 pixel matrix.
Finally, a whole body anterior and posterior planar 2–4 h
delayed image was acquired.

SPECT images were reconstructed in the axial, coronal,
and sagittal planes after iterative processing with OSEM iter-
ative reconstruction. Similarly as for the [18F]FDG PET/CT
scan, the CT portion of the scan was acquired minimizing in
each patient the radiation exposure associated with the CT
scan, by reducing voltage and current intensity with respect
to a fully diagnostic CT scan. The fused SPECT/CT images
were displayed in axial, sagittal, and coronal slices.

Blind reading of scans at core laboratories

At each center enrolling patients in the protocol, DICOM files
of the images obtained with each imaging modality were ren-
dered anonymous and sent to a central repository managed by
the Nuclear Medicine Department of the Ludwig-Maximilian
University (Munich, Germany) for subsequent analysis/inter-
pretation, as detailed here below.

Core laboratories for blinded image interpretation were
established at the following participating institutions:
University Hospital Birmigham, NHS Foundation Trust,
Birmingham, UK (for the MRI findings); Regional Centre of
Nuclear Medicine, Department of Translational Research and
Advanced Technologies in Medicine and Surgery, University
of Pisa, Pisa, Italy (for the SPECT/CT findings); and Nuclear
Medicine Department, University of Pretoria & Steve Biko
Academic Hospital, Pretoria, South Africa (for the [18F]FDG
PET/CT findings). All the anonymized images were read
blindly without knowledge of the imaging modalities or
knowledge of the underlying diagnosis, adopting the follow-
ing criteria for MRI, PET/CT, and SPECT/CT, respectively.

Interpretation of MRI images

All MRI images were analyzed by two musculoskeletal radi-
ologists in consensus, who were blinded to the clinical diag-
nosis and laboratory findings. The diagnosis of spinal infec-
tion on MRI was based on the presence of a paravertebral,
epidural, or discal fluid collection with rim enhancement. If
such findings were absent, four out of the following six criteria
had to be fulfilled for the diagnosis of postoperative spinal
infection:

1. Bone marrow edema-like signal adjacent to the interver-
tebral disk (defined as bone marrow being hypointense on
T1-weighted images and hyperintense on T2WI/STIR-
sequences).

2. Bone marrow enhancement adjacent to the intervertebral
disk.

3. Loss of the low signal intensity vertebral endplate on
T1WI.

4. Hyperintensity of the disc on T2WI or STIR-images.
5. Disc enhancement after injection of gadolinium.
6. The presence of paravertebral or epidural inflammation

(defined as increased signal intensity of the paravertebral
or epidural tissues on T2WI or STIR-sequences).

Interpretation of [18F]FDG PET/CT images

All the [18F]FDG PET/CT scans were scored blindly at the
central core laboratory by two expert readers not aware of the
results of histology, microscopy, and/or clinical follow-up.
Differences in interpretation were resolved by consensus be-
tween the readers at the same core laboratory; when agree-
ment could not be reached, a third expert at another core
laboratory contributed to clarify the findings. PET findings
were scored as positive or negative based on visual interpre-
tation using the semiquantitative score detailed below. Images
were reviewed first without attenuation correction, then with
attenuation correction using the CT transmission data.

The PET scans were evaluated searching for sites of abnor-
mally increased [18F]FDG uptake greater than surrounding
background and not due to normal organ uptake, according
to the following five-point scale: 0 = no uptake; 1 = uptake <
descending aortic blood pool; 2 = uptake ≈ blood pool; 3 =
uptake < liver but > blood pool; 4 = uptake > liver.

Scores 3 and 4 were considered positive for infection. In
case of equivocal interpretation based on the score described
above, the scan was considered as positive if [18F]FDG uptake
was detected in the volume of interest (discectomy, spinal
fusion with or without implants) or in the volume of interest
and in an adjacent volume. Faint [18F]FDG uptake limited to a
volume adjacent to the area of interest was considered as neg-
ative for infection.
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Interpretation of SPECT/CT images

The planar and SPECT/CT scans were scored blindly at the
core laboratory by two expert readers who were not aware of
the results of histology, microscopy, or clinical follow-up. As
suggested by Akhtar et al. [19], a 4-point scale for uptake of
99mTc-UBI 29-41 at the site of suspected infection was
adopted, as follows: 0 = no uptake; 1 = uptake < liver; 2 =
uptake ≥ liver; 3 = uptake > kidneys. In case of discrepant
interpretation of the planar and SPECT/CT images, the hybrid
component of the study was considered to constitute the cor-
rect criterion for interpreting the scan.

According to Akhtar et al. [19], score 2 was considered as
the cutoff threshold for infection. Additional analyses
assessed either score 1 or score 3 as possible thresholds for
infection, to explore less stringent (score 1) and more stringent
(score 3) criteria, respectively, for the diagnosis of infection.

Statistical analysis

All data were collected in a structured database using SPSS
statistics (version 20.0; IBM Corp.) and diagnostic value of
MRI, [18F]FDG PET/CT, and 99mTc-UBI 29-41 SPECT/CT
was determined by calculating sensitivity, specificity, PPV,
NPV, and overall diagnostic accuracy, with 95% confidence
intervals (CI). The positive and negative likelihood ratios as
well as the diagnostic odds ratios were calculated as well.

Statistical significance was tested using chi-square test and
ROC analysis. A P value of less than 0.05 was considered
significant. The statistical analysis was performed using
SPSS version 20.0 (SPSS, Chicago, IL, USA).

Results

As per December 2017, a total of 69 patients were recruited in
the study; final data analysis is based on 63 patients, 6 cases
being excluded either because the time window between the
scans exceeded the predefined time frame, or because patients
were lost to follow-up, and no final diagnosis of infection
versus no infection was available. Based on the diagnostic
parameters listed above, 30 out of the 63 patients (or 48%)
were classified as having postoperative spinal infection at the
time of enrolment in the study. Median time between spine
surgery and onset of symptoms suggesting infection was 7
months, ranging from a minimum of one week to a maximum
of 7 years. The main clinical and biochemistry features of the
63 patients included in the final analysis are summarized in
Table 1. Themost common patients’ complain, while elevated
ESR and CRP were the most common signs; according to
surgeons’ assessment, almost two-thirds of the patients were
classified as having low/medium probability of infection,
whereas one-third of patients were classified as high/very high

probability of infection (see Table 1). Statistically significant
discriminants between infection and no infection include the
presence of fever (P = 0.041), discharge at the wound site (P <
0.0001), and elevated CRP (P = 0.042, serum CRP being
21.01 mg/L ± 5.28 SEM in patients with infection versus
6.09 mg/L ± 1.53 SEM in those without infection). The pres-
ence of back pain, elevated leukocyte count, and elevated ESR
did not discriminate between infection and no infection.
Infections rates were not different in patients who underwent
surgery with implantation of metallic spinal hardware (20/44
or 45.5%) versus patients without implants (10/19 or 52.6%).

Table 2 reports the combination of imaging modalities
employed in the group of 63 patients included in the final
analysis: 16 patients underwent all three imaging modalities,
while 48 patients underwent at least two imaging modalities
(either MRI + PET/CT, MRI + SPECT/CT, or PET/CT +
SPECT/CT). The time interval between onset of symptoms
raising the suspicion of postoperative infection and imaging
was shorter than 5 days in all patients, just the time required
for formal enrolment in the study protocol.

Examples of imaging in two patients who underwent all
three imaging modalities (MRI, [18F]FDG PET/CT, and
SPECT/CT with 99mTc-UBI 29-41) are reported in Figs. 1
and 2.

Table 3 reports the parameters of diagnostic performance
obtained with each of the three imaging modalities employed
during the study considered separately with reference to their
ability to distinguish postsurgical infection versus no infection
of the spine. All results of statistical analysis refer to the whole
patients’ population, regardless of the use or not of implants
during spine surgery; in fact, the majority of patients (46 out of
63) had had surgery involving spinal implants, thus leaving a
population of only 17 patients without implants—too small
for reliable statistical analysis.

Among the three imaging modalities employed, [18F]FDG
PET/CT yielded an area under the ROC curve (AUC) equal to
0.8, which translates into a “fairly useful” diagnostic test, cor-
responding to 63% sensitivity and 89% specificity (see
Table 3). The MRI findings yielded an AUC equal to 0.78,
which translates into a “fairly useful” diagnostic test, corre-
sponding to 71% sensitivity and 83% specificity (see Table 3).
On cross-comparison, no statistically significant difference
was found between the diagnostic performance of [18F]FDG
PET/CT and of MRI.

As to SPECT/CT with 99mTc-UBI 29-41, considering
scores > 2 as positive for infection [19] yielded an area under
the ROC curve equal to 0.633; this translates into a “poor”
diagnostic test, corresponding to satisfactory specificity
(83%), associated however with a disappointingly low sensi-
tivity (44%) (see Table 3). A lower threshold for positivity
(scores > 1, less stringent interpretation criteria) yielded an
area under the ROC curve equal to 0.707, corresponding to
a “fairly useful” diagnostic test. However, the extremely high
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sensitivity so obtained (100%) was achieved at the expense of
a very low specificity (41.4%) (see Table 3). On the other
hand, raising the threshold of the 99mTc-UBI 29-41 score to
3 yielded very high specificity (96.2%), associated however
with an extremely low sensitivity (12.5%); the corresponding
area under the ROC curve was 0.543, which corresponds to a
“poor” diagnostic test (data not shown in Table 3).

Statistical analysis of the different pair combinations of
imaging modalities (MRI combined with [18F]FDG PET/
CT, MRI combined with 99mTc-UBI 29-41 SPECT/CT, and
[18F]FDG PET/CT combined with 99mTc-UBI 29-41 SPECT/
CT) considered only the concordant cases for each combina-
tion, that is, 16/25 patients for the MRI + PET/CT combina-
tion, 22/30 patients for the MRI + SPECT/CT combination,
and 17/19 patients for the PET/CT + SPECT/CT combination.
ROC curve analysis identified MRI + [18F]FDG PET/CT as
the best diagnostic combination (AUC = 0.938, a “highly
accurate” diagnostic test), followed by the two radionuclide-
based scans (AUC = 0.833, a “fairly good” diagnostic test).
MRI combined with 99mTc-UBI 29-41 SPECT/CT yielded a
significantly lower diagnostic accuracy (AUC = 0.589, a
“poor” diagnostic test).

The results obtained in the 16 patients who underwent all
three imaging modalities combined (MRI + [18F]FDG PET/
CT + SPECT/CT) showed an extremely high specificity

Table 1 Main demographic,
clinical, and blood chemistry
features of the 63 patients
included in final analysis

Sex ratio (M:F) 36:27

Mean age (y) 53.8 ± 17.4

Age range (y) 18 – 84

Median age (y) 57

Spinal surgery with instrumentation 44/63 (69.8%)

Level of spinal surgery 1

Cervical 9

Thoracic 18

Lumbar 51

Sacral 19

Clinical presentation raising the suspicion of postoperative spine infection 2

Back pain 62/63 (98.4%)

Fever 28/63 (44.4%)

Discharge at wound site 3 12/63 (15.9%)

Blood chemistry findings

Elevated leukocyte count 33/63 (52.4%)

Elevated ESR 42/63 (66.7%)

Elevated CRP 39/63 (61.9%)

Probability of infection according to surgeons’ assessment

Low, medium 40/63 (63.5%)

High, very high 23/63 (36.5%

Final diagnosis based on biopsy 33/63 (51%)

Final diagnosis based on microbiological culture at surgical wound 4 7/63 (12%)

Final diagnosis based on follow-up 23/63 (37%)

(1 ) Possible surgery involving more than one level in different patients (e.g., cervico-thoracic, thoraco-lumbar,
lumbo-sacral)

(2 ) More than one symptom possible in patients

(3 ) Discharge at wound site was purulent in 7 cases an serous in 5 cases

(4 ) Results of microbiological culture of discharge at wound site: Staphilococcus aureus in 3 patients (methicillin-
resistant in 1 case); Gram-positive cocci in 1 patient; Escherichia coli in 1 patient; Pseudomonas aeruginosa in 1
patient; no bacterial growth in 1 patient

Table 2 Different combinations of imaging modalities employed in the
whole group of 63 patients included for final analysis

Combination of imaging modalities Patient

MRI + [18F]FDG PET/CT 25

MRI + 99mTc-UBI 29-41 SPECT/CT 22

MRI + [18F]FDG PET/CT + 99mTc-UBI 29-41 SPECT/CT 16

[18F]FDG PET/CT + 99mTc-UBI 29-41 SPECT/CT 17
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(100%), associated however with low sensitivity (50%); the
positive predictive was 100%, overall accuracy was 99.88%,
and the AUC under the ROC curve was 0.75.

Analysis of the discordant cases within each pair combina-
tion is shown in “Supplemental file 2”. Out of the total 19
patients in whom discordant results were found between each
pair of imaging modalities for the three possible pair combi-
nations, the MRI findings were correct in 12 cases (63%), the
[18F]FDG PET/CT findings were correct in 4 cases (21%),
and the 99mTc-UBI 29-41 SPECT/CT findings were correct
in 3 cases (16%). All 12 patients in whom MRI was correct
had infection. Out of the 7 patients in whom either [18F]FDG
PET/CT or SPECT/CT was correct, 3 patients had infection
(all of them identified by [18F]FDG PET/CT), and 4 did not

have infection (3 of them being correctly identified by
SPECT/CT with 99mTc-UBI 29-41, 1 by [18F]FDG PET/CT).

Discussion

The economic costs and health care utilization associated with
postoperative spine infection are very high, averaging about
USD 38,000 per patient (but up to USD 78,900 in some cases)
[22]. Diagnostic tests enabling early diagnosis of postopera-
tive spine infection promote timely initiation of appropriate
treatment, therefore reducing such high treatment-related
costs.

Fig. 1 A 41-year-old man previously submitted to spinal fusion T12-L4
presented with lower back pain; ESR and serum CRP levels were
markedly increased. Diagnosis of infection in this patient was based on
biopsy. On MRI (left) the sagittal T1WI and T2WI of the thoracolumbar
spine and axial T1WI with contrast of the lumbar spine demonstrate
extensive posterior spinal implant extending from T12 to L4, which
results in marked metal artifacts at the site of surgery. No MRI features

to suggest spondylodiscitis can be identified. The [18F]FDG PET CT
images (middle) show markedly increased tracer uptake, especially in
the upper segments of the lumbar spine. The 99mTc-UBI 29-41 SPECT/
CT images (right) show markedly increased tracer uptake in the same
segments exhibiting increased [18F]FDG uptake. Final diagnosis of
postoperative spine infection was established in this patient on the basis
of biopsy findings

Fig. 2 A 52-year-old woman previously submitted to lumbar surgery L4-
S1 presented with sensory loss in the L2-L3 region; serum CRP was
mildly increased, ESR was normal. On MRI (left) the sagittal T2WI
and STIR images of the thoracolumbar spine demonstrate posterior spinal
implant at L4 with no MRI features to suggest postoperative

spondylodiscitis. No increased tracer uptake was noted on [18F]FDG
PET CT images (middle) nor on 99mTc-UBI 29-41 SPECT/CT (right).
Final diagnosis of this patient at the final 7-month follow-up was “no
postoperative spine infection”
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The results obtained in this study provide ground for several
considerations. In general, our data confirm that clinical judge-
ment alone is not reliable enough to correctly identify postoper-
ative spine infection, which was confirmed in only 30 out of the
63 patients in whom it had been suspected on clinical grounds (<
50% of the cases). The only discriminant factors with statistical
significance as to infection versus no infection were discharge at
the wound site, fever, and elevated CRP.

Concerning each imaging modality separately, in our pa-
tients’ population the diagnostic performances of [18F]FDG
PET/CT and MRI were approximately equivalent, with only
marginal differences in sensitivity, specificity, and the associ-
ated diagnostic parameters. The values given in Table 3 for the
area under the ROC curve correspond to the best reasonable
compromise between sensitivity and specificity. Depending
on the clinical scenario where either [18F]FDG PET/CT and/
or MRI is employed, one might want to maximize sensitivity
(thus making the scan especially useful to rule out infection)
or specificity (thus making the scan especially useful to ascer-
tain with certainty the presence of infection—yet being aware
that some cases with infection will be missed). Either of these
two goals can reasonably be achieved by adopting less or
more stringent criteria when interpreting the scan as positive
for infection.

The diagnostic performances of MRI and [18F]FDG PET/
CT in suspected vertebral infection for patients not previously
submitted to spinal surgery have been reported to be virtually
equivalent in terms of sensitivity, specificity, positive predic-
tive value, and negative predictive value [23–25]. The results
obtained in the 48 patients of this study evaluated with MRI

demonstrate that this imaging modality is a fairly good diag-
nostic test for spine infection also in the postoperative setting,
provided that well-defined interpretation criteria are adopted.

It is reasonable to assume that, in this scenario, radionu-
clide imaging based on functional/metabolic evaluation of the
local changes induced by infection can provide useful diag-
nostic information to complement the morphologic and struc-
tural information provided by MRI. [18F]FDG PET/CT data
from 315 intervertebral disc levels (based however on only 9
patients without prior spine surgery) showed the SUVmax of
infected disc levels to range between 3 and 12.7, with an
optimal threshold of 4.2 for infection [23]. These results are
hardly transferable directly to our study population of patients
with suspected postoperative spine infection. Therefore, when
interpreting the [18F]FDG PET/CT scans we did not rely on
SUV, also because this parameter has not been proven to
discriminate patients with from those without infection in gen-
eral, including suspected spine infection [8].

Overall, the results obtained in our prospective study reach
similar conclusions as in a recent retrospective study that com-
pared the diagnostic performances of [18F]FDG PET/CT and
MRI in patients with suspected postoperative spine infection
following surgery with hardware implant [16]. The parameters
of diagnostic performance of the two imaging modalities are
also very similar in the two studies, although slightly better in
a consistent manner in our study than in the study by
Follenfant et al. [16]. For easier comparison, Table 4 lists
the main diagnostic parameters obtained in the two studies
(sensitivity, specificity, positive, and negative predictive
values). Altogether, these two studies support the notion that

Table 3 Comparative diagnostic performances of the three imaging modalities employed during the study, considered as separate procedures (with
95% confidence intervals within brackets)

MRI PET/CT SPECT/CT SPECT/CT
(n = 48) (n = 44) (n = 49; score ≥ 2) (n = 49; score ≥ 1)

Sensitivity 0.71 (0.51–0.87) 0.63 (0.35–0.85) 0.44 (0.20–0.70) 1.00 (0.79–1.00)

Specificity 0.83 (0.59–0.96) 0.89 (0.67–0.99) 0.83 (0.64–0.94) 0.41 (0.24–0.61)

Positive predictive value 0.87 (0.70–0.95) 0.83 (0.56–0.95) 0.58 (0.35–0.79) 0.48 (0.41–0.56)

Negative predictive value 0.65 (0.50–0.78) 0.74 (0.60–0.84) 0.73 (0.63–0.81) 1.00

Diagnostic accuracy 0.76 (0.61–0.87) 0.77 (0.70–0.90) 0.69 (0.53–0.82) 0.62 (0.47–0.76)

Positive likelihood ratio 4.29 (1.49–12.36) 5.94 (1.52–23.24) 2.54 (0.96–6.71) 1.71 (1.26–2.32)

Negative likelihood ratio 0.34 (0.18–0.64) 0.42 (0.22–0.80) 0.68 (0.43–1.08) 0.00

Diagnostic odds ratio 12.5 (2.83–55.26) 14.17 (2.39–84.07) 3.73 (0.94–14.84) 23.57 (1.29–430.82)

Area under ROC curve * 0.78 (0.64–0.92) 0.80 (0.64–0.98) 0.663 (0.46–0.81) 0.707 (0.56–0.86)

(*) Diagnostic performance according to area under the ROC curve:

Area > 0.9 = highly accurate diagnostic test

Area between 0.7–0.9 = fairly good diagnostic test

Area between 0.5–0.7 = poor diagnostic test

Area < 0.5 = worthless diagnostic test
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imaging with either MRI and/or [18F]FDG PET/CT provide
crucial information to establish a correct diagnosis in patients
with suspected postoperative spine infection, including pa-
tients either with or without implants. Moreover, another im-
portant conclusion reached in our prospective study, previous-
ly not identified, is that MRI and [18F]FDG PET/CT provide
somewhat complementary information, as demonstrated by
the optimal diagnostic performance obtained when combining
the two imaging modalities, with an AUC equal to 0.938 at
ROC analysis (see Table 4). This results in excellent confi-
dence for confirming or excluding postoperative spine infec-
tion. In this regard, the growing diffusion of PET/MR instru-
mentation raises interesting issues on the potential benefits of
hybrid [18F]FDG PET/MR imaging in patients with suspected
infection as a novel “single-shop stop”. Although the benefits
of this imaging approach have been explored in patients with
as variety of benign musculoskeletal conditions including in-
fection in general [26], no sufficient data are so far available
regarding patients with suspected postoperative spine
infection.

SPECT/CT imaging with 99mTc-UBI 29-41 yielded some-
what puzzling results in our patients’ population. Adopting the
threshold for positivity indicated by Akhtar et al. [19] yielded
good specificity (83%), associated however with unaccept-
ably low sensitivity (44%); this resulted in an overall AUC
under the ROC curve equal to 0.663, which indicates a poor
diagnostic test. On the other hand, lowering the threshold to
score 1 (less stringent criteria for positivity) did improve
sensitivity—but resulted in an unacceptably low specificity
(41%). The suboptimal diagnostic performance of SPECT/
CT with 99mTc-UBI 29-41 is carried along when this scan is
combined with MRI (see above). A somewhat intermediate

result is obtained by combining the two radionuclide-based
imaging modalities, PET/CT and SPECT/CT. It is unlikely
that such low sensitivity of 99mTc-UBI 29-41 for clear-cut
positive scans (score 2) is due to the lower resolution proper-
ties of SPECT/CT imaging versus MRI or PET/CT imaging.
The possibility must therefore be considered that the localiza-
tion properties of 99mTc-UBI 29-41 per se are not always
optimal. In this regard, quality control of 99mTc-UBI 29-41
after radiolabeling and before injection into patients relies
solely on free 99mTc-pertechnetate—a quality control step fa-
vorably passed at all participating centers. Nonetheless, there
might be other physicochemical factors altering the binding
properties of 99mTc-UBI 29-41 in such a way that cannot be
ascertained with the current quality control procedure.

In conclusion, [18F]FDG PET/CT and MRI both possess
equally satisfactory diagnostic performance in patients with
suspected postoperative spine infection, the best diagnostic
performance being obtained by combining MRI with
[18F]FDG PET/CT. Instead, the diagnostic performance of
SPECT/CT imaging with 99mTc-UBI 29-41 resulted to be
suboptimal for diagnosing spine infection, at least in the post-
operative clinical setting explored with the present study (see
example of a false-negative 99mTc-UBI 29-41 study in Fig. 3).
When compared to other infection tracers such as radiolabeled
antibiotics (no longer commercially available), 99mTc-UBI 29-
41 exhibits much lower target-to-background ratios in infect-
ed lesions. The question remains unanswered whether this is
due to its lower binding specificity or to a lower number of
molecules bound per bacteria [18]. Furthermore, discrepant
indications derive from published studies regarding the opti-
mal time window for imaging infection with 99mTc-UBI 29-
41, whether at 30min or 60min postinjection. Although tracer
accumulation at the infection site seems to peak around
30 min [21], interpretation of imaging at 60 min might be
facilitated by the lower blood pool activity at this later time.
There is an ongoing debate about the optimal imaging time for
best target-to-background ratios, which should be settled on
the basis of larger clinical experience in different centers.

Based on the overall results obtained in this study, it can
safely be speculated that a practical diagnostic algorithm in
patients with suspected postoperative spine infection includes
either MRI or [18F]FDG PET/CT, whichever is accessible
within the shortest time window since initial clinical suspicion
of infection. Although optimal diagnostic performance is
achieved by combining these two imaging modalities, further
investigations should aim at assessing the cost-effectiveness
of performing separately both examinations systematically in
any given patients with suspected postoperative infection of
the spine. Although the results obtained in this study showed
no statistically significant differences in the diagnostic perfor-
mance parameters betweenMRI and [18F]FDGPET/CT, there
are nevertheless slight differences that might in principle favor
the use of one imaging modality over the other in particular

Table 4 Comparison of the main diagnostic parameters obtained in the
present study with those reported by Follenfant et al. [16] in a similar
patients’ population. Follenfant et al. analyzed their data as a head-to-
head comparison of the MRI findings with the [18F]FDG PET/CT
findings in the same patients. In the present study, the diagnostic
performance of the two imaging modalities was analyzed as separate
groups of patients independently from one another imaging modality

This study Ref. [16] (n = 44)

MRI

Sensitivity 0.71 0.67

Specificity 0.83 0.75

Positive predictive value 0.87 0.66

Negative predictive value 0.65 0.75

[18F]FDG PET/CT

Sensitivity 0.63 0.86

Specificity 0.89 0.82

Positive predictive value 0.83 0.79

Negative predictive value 0.74 0.88
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clinical scenarios. Considering that a highly specific diagnos-
tic test correctly identifies the nonaffected individuals (be-
cause of very low false-positive results) and considering the
parameters of diagnostic performance reported in Table 3, in
case of high/very high clinical suspicion of infection
[18F]FDG PET/CT might be preferred as first-line imaging
over MRI. On the other hand, a highly sensitive diagnostic
test correctly identifies the affected individuals (because of
very low false-negative results); therefore, MRI might be pre-
ferred as first-line imaging over [18F]FDG PET/CT to exclude

the presence of disease in case of low/medium clinical suspi-
cion of infection. Based on these considerations, a tentative
algorithm might be envisaged for the complementary use of
MRI and [18F]FDG PET/CT in patients with suspected post-
operative spine infection, as shown diagrammatically in Fig.
4. This algorithm is based on the assumptions that both MRI
and [18F]FDG PET/CT are readily available in an ideal hos-
pital environment and that the trend for better sensitivity of
MRI and better specificity of [18F]FDG PET/CT observed in
this study is firmly established by additional controlled

Fig. 3 A 57-year-old man presented with back pain, fever, and raised
CRP level (21.32 mg/L) about 12months after being submitted to lumbar
surgery L3-L5. (a): anterior and posterior whole-body views recorded
about 30 min after injection of 99mTc-UBI 29-41 (left panel), and selected
tomographic sections of the emission SPECT/CT scan acquired immedi-
ately thereafter (right panel). (b), from left to right: sagittal MRI section,
sagittal SPECT section, coronal CT section, and coronal fused SPECT/
CT section. MRI demonstrates enhancement of end plates and disc

indicating active infection. Whereas, no clear foci of abnormal 99mTc-
UBI 29-41 uptake can be detected in either the planar or SPECT/CT
images; physiologic tracer uptake in the liver of this patient appears lower
than in the patients of Figs. 1 and 2 because the images are displayed with
lower contrast. Following prolonged high-dose antibiotic therapy all
symptoms disappeared and the serum CRP level returned to normal.
This case was therefore classified as a false negative 99mTc-UBI 29-41
SPECT/CT scan
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clinical trials. On the other hand, in case MRI is not readily
accessible and no PET/CT equipment is available in the local
Nuclear Medicine center, the relatively high specificity of
99mTc-UBI 29-41 SPECT/CT makes this imaging modality a
valuable option to confirm infection in case of a positive scan.
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