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Abstract: Background: The diagnosis of acute spondylodiscitis can be very difficult because clinical
onset symptoms are highly variable. The reference examination is MRI, but very often the first
diagnostic investigation performed is CT, given its high availability in the acute setting. CT allows
rapid evaluation of other alternative diagnoses (e.g., fractures), but scarce literature is available to
evaluate the accuracy of CT, and in particular of multi-detector computed tomography (MDCT), in
the diagnosis of suspected spondylodiscitis. The aim of our study was to establish MDCT accuracy
and how this diagnostic method could help doctors in the depiction of acute spondylodiscitis in an
emergency situation by comparing the diagnostic performance of MDCT with MRI, which is the gold
standard. Methods: We searched our radiological archive for all MRI examinations of patients who
had been studied for a suspicion of acute spondylodiscitis in the period between January 2017 and
January 2021 (n = 162). We included only patients who had undergone MDCT examination prior to
MRI examination (1 = 25). The overall diagnostic value of MDCT was estimated, using MRI as the
gold standard. In particular, the aim of our study was to clarify the effectiveness of CT in radiological
cases that require immediate intervention (stage of complications). Therefore, the radiologist, faced
with a negative CT finding, can suggest an elective (not urgent) MRI with relative serenity and without
therapeutic delays. Results: MDCT allowed identification of the presence of acute spondylodiscitis in
13 of 25 patients. Specificity and positive predictive value were 100% for MDCT, while sensitivity
and negative predictive value were 68% and 50%, respectively, achieving an overall accuracy of 76%.
In addition, MDCT allowed the identification of paravertebral abscesses (92%), fairly pathognomonic
lesions of spondylodiscitis pathology. Conclusions: The MDCT allows identification of the presence of
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acute spondylodiscitis in the Emergency Department (ED) with a satisfactory accuracy. In the case of
a positive CT examination, this allows therapy to be started immediately and reduces complications.
However, we suggest performing an elective MRI examination in negative cases in which pathological
findings are hard to diagnose with CT alone.

Keywords: spondylodiscitis; multi-detector computer tomography (MDCT); magnetic resonance
imaging (MRI)

1. Introduction

Spondylodiscitis is usually used in the medical field to define osteomyelitis of the
spine associated with adjacent disc inflammation. It is not a common pathology even if
its incidence is increasing (about 2.4/100,000). An early diagnosis is essential to prevent
serious related sequelae [1-3]. It is provoked by an infection that could originate from
a distant focus, spreading through the bloodstream, or from a contiguous focus such as
nearby soft tissues, most commonly iatrogenic after spinal surgery [4]. Susceptible patients
are elderly, immunosuppressed, nephropathic, and drug addicts who use intravenous
injectable drugs [5]. The clinical symptomatology is generally non-specific, characterized by
back or abdominal pain, fever, and fatigue, and is often masked by previous self-medication.
Inflammatory blood values could be elevated, but blood cultures are often negative [5].
In light of this, diagnosis is difficult and sometimes delayed even for months [4-6]. MR,
with sensitivity and specificity higher than 95%, represents the radiological gold standard,
allowing a precise evaluation of the pathology [5,7-9]. However, especially in emergency
situations, the first diagnostic investigation is CT, which is faster, easily available, and
can also be performed in claustrophobic patients or in presence of incompatible MRI
devices. It allows the identification of spine pathologies such as fractures, which could be a
plausible differential diagnosis in a patient with non-specific clinical manifestations [10-13].
The number of published studies on the diagnostic accuracy of CT in the depiction of
suspected spondylodiscitis is scant, and most of these studies have been conducted with
older generation CT scanners [14,15]. Now, thin-slice multi-detector CT (MDCT) scanners
allow images characterized by high spatial and contrast resolution and with high detail
multiplanes reconstructions to be obtained. [16-18]. The aim of our study was to establish
MDCT accuracy and to demonstrate how this diagnostic method could help doctors in the
depiction of acute spondylodiscitis in an emergency situation by comparing the diagnostic
performance of MDCT to MR, the gold standard.

2. Materials and Methods
2.1. Patients

In our retrospective observational study, we searched in the Digital Archive for all MRI
exams of suspected spondylodiscitis in the period between January 2017 and January 2021
and identified 162 patients (average age: 63.18 &+ 4.47 years; M/F = 87/75). Of these, we
include only patients who had undergone MDCT examination prior to MRI examination
(n = 25; 15.44%), excluding patients without MDCT performed before MRI exam (n = 137;
84.56%). The overall diagnostic value of MDCT was estimated, using MRI as the gold
standard. In the CONSORT flow diagram, we report the study design and the population
included in the study (Figure 1).
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Assessed for eligibility
(n=162)

Included (n = 25): patients
with MDCT study before MRI

exam

Excluded (n = 137): patients
without MDCT study before
MRI exam

Figure 1. CONSORT flow diagram of selection of patients under study.

In Table 1, the demographic data of the 25 included patients (medium age: 64.72; M/F

=15/10) are reported.

Table 1. Demographic data of the subjects included in the study.

Patients Sex Age
1 M 60
2 F 65
3 M 61
4 M 63
5 M 63
6 F 70
7 M 57
8 M 58
9 M 57
10 F 65
11 M 63
12 F 70
13 M 61
14 M 69
15 F 64
16 M 60
17 F 71
18 M 67
19 M 65

20 F 70
21 F 64
22 M 65
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Table 1. Cont.

Patients Sex Age
23 F 71
24 F 70
25 M 69

2.2. MR Imaging

MRI exams were conducted with a 1.5T scanner (Amira, Siemens Medical Solutions,
Erlangen, Germany) using a multi-channel receive-only surface coil. Each MRI study
was based on performing T1-weighted spin-echo (SE) pulse sequences, T2 turbo spin-
echo (TSE), and short T2-weighted pulse sequences (STIR), with tau inversion recovery
sequences in sagittal planes and TSE T2-weighted pulse sequences in axial planes be-
fore administering gadolinium-based contrast agent (TR/TE: 400—465/9 for T1-weighted
sequences and TR/TE 2000-3500/100 ms for T2-weighted sequences). A total of 24 exami-
nations (96.0%) were completed with enhanced T1-weighted Dixon pulse sequences and
enhanced FAT SAT SE T1-weighted pulse sequences in sagittal and axial planes. A slice
thickness of 4 mm and a field of view of 340 x 340 mm were used for all sequences. Only 1
(4.0%) examination was not completed with intravenous injection of paramagnetic contrast
medium due to patient renal dysfunction (glomerular filtration rate < 30mg/ dL).

2.3. MDCT Imaging

Computer tomography examinations were performed using a multi-slice CT system
(Aquilion 64, Toshiba Medical Systems, Fukuoka, Japan). A total of 10 patients (40.0%)
underwent CT study without intravenous contrast medium, (non-enhanced CT (NECT)),
while the remaining 15 (60%) patients were evaluated with CT examination before and after
intravenous administration of contrast medium (enhanced CT (CECT)). All MDCT exami-
nations were performed by adequate volumetric spiral acquisition with a slice thickness of
2 mm, using a bone and soft tissue kernel, a 512 x 512 matrix, and a 40 x 40 cm FOV.

2.4. Image Analyses

The image analysis was conducted by our radiologists (with a certified experience
of 5-30 years). In our evaluation, we use the following established criteria for acute
spondylodiscitis:

For MRI: vertebral and disc edema, inflammatory tissue in the paravertebral or
epidural space, erosive bone changes, and pathological enhancement of the vertebrae
and intervertebral discs after intravenous injection of gadolinium paramagnetic contrast
medium [19].

For MDCT: erosive changes affecting the vertebrae at the level of the bodies and end
plates, and presence of inflammatory tissue affecting the paravertebral or epidural space
with abscess formation [19,20].

Diagnosis was further confirmed by positive blood cultures and clinical follow-up
or by positive microbiological exams obtained by vertebral biopsy under CT or X-ray
guidance.

2.5. Statistical Analysis

The evaluation of the diagnostic sensitivity, specificity, and accuracy of the MDCT
and MRI was performed with appropriate contingency tables using Statistical Package for
Social Science package (SPSS Inc., Armonk, NY, USA, v.17.0). In addition, we presented as
a descriptive statistic the frequency of lesions and radiological features depicted by either
MDCT or MRIL
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3. Results

We identified the presence of acute spondylodiscitis in 19/25 cases (76%). A causative
bacterial pathogen was documented in each case. More than half (11/19; 57.9%) were S. au-
reus—among which 5 (45.5%) showed methicillin resistance; 4/19 (21%) were represented
by Streptococcus species, 3/19 (15.8%) by Escherichia coli, and 1/19 (5.3%) by Candida sp.

Of these 19 patients, 13 (68.4%) were already primarily identified by CT scan in the
emergency room, while 6 (31.6%) were depicted only by elective MRI evaluation. Therefore,
we can state that MDCT has a sensitivity of 68%, a specificity of 100%, a negative predictive
value of 50%, a positive predictive value of 100%, and an accuracy of 76% (Table 2).

Table 2. Contingency table of the MDCT results on 25 patients.

Disease Present Disease Absent
MDCT Positive 13 0
MDCT Negative 6 6

Of the 19 affected patients, we analyzed radiologically a total of 22 vertebral segments
that presented MRI alterations:

Of these, 4 (18.2%) were in the cervical region, 9 (40.9%) were at the thoracic level, and
9 (40.9%) were in the lumbar region. A total of 89% of patients with acute spondylodiscitis
had only one involved segment; 11% of patients had two involved segments.

We evaluated the presence of MRI findings and their frequency, taking into account
the distribution of segmental affections. The frequency of radiological findings on MRI was
the following: edema-related changes in 22/22 cases (100%), erosive bone changes in 9/22
cases (40.9%), inflammatory tissue in the paravertebral or epidural space in 21/22 cases
(95.5%), and pathological enhancement in the vertebral body or in the intervertebral disc in
22/22 cases (100%) (Figure 2, Table 3).

Figure 2. MRI TSE T2-weighted (a), STIR (b), and Dixon T1 CE+ (c) sequences on sagittal planes, and
T1-weighted CE+ sequence on axial planes (d) show: subchondral bone erosions and bone edema
at the end plates at the level L3-L4 ((a—c), curvilinear blue lines); significant edema of the vertebral
disc as “hot disc” ((a—c), red point) with intense bone inhomogeneous enhancement of end plates;
inhomogeneous enhancement in the adjacent soft tissues ((d), blue arrow) and epidural abscess ((d),
yellow point).

We then evaluated the presence of MDCT findings and their frequency, taking into
account the distribution of segmental affections. Of the 13 affected patients, we analyzed
radiologically a total of 15 vertebral segments that presented MRI alterations: 3 (20%)
were in the cervical region, 6 (40%) were at the thoracic level, and 6 (40%) were in the
lumbar region. A total of 86.7% patients with acute spondylodiscitis had only one involved
segment; 13.3% patients had two involved segments.
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Table 3. Diagnostic findings of spondylodiscitis on MRI in 22 segments (19 patients).

Finding Location Number
edema-related changes vertebral body 22 (100%)
erosive bone changes vertebral body 9 (40.9%)

paravertebral and

inflammatory tissue .
or epidural space

21(95.5%)

vertebral body and

contrast enhancement . .
or intervertebral disc

22 (100%)

The frequency of radiological findings on MDCT was the following: erosive bone
changes in 13/15 cases (86%), inflammatory tissue in the paravertebral or epidural space in
14/15 cases (94%), and pathological enhancement in the vertebral body or in intervertebral
disc in 100% of cases that underwent a MDCT with contrast media (9 patients) (Figure 3,
Table 4).

“'m
Figure 3. Sagittal CECT reconstruction in bone (a) and soft tissue (b) window, and axial CECT
reconstruction in soft tissue window (c) show in L2-L3 level: moderate subchondral bone erosions of
the end plates ((a,b), blue curvilinear lines) and strong enhancement of the subchondral bone of the
end plates ((b), blue curvilinear lines), without significant densitometry changes in the disc ((a,b), red
point) but with evident muscle abscesses of the ileus psoas muscles, especially on the right ((c), red
arrows). CECT was suspicious for spondylodiscitis, confirmed by positive blood cultures.

Table 4. Diagnostic findings of spondylodiscitis on MDCT in 15 segments (13 patients).

Finding Location Number

erosive bone changes vertebral body 13 (86%)

paravertebral and

inflammatory tissue .
or epidural space

14 (94%)

vertebral body and

contrast enhancement . .
or intervertebral disc

9 CECT (100%)

4. Discussion

In our study, MDCT achieved moderate sensitivity (68%), excellent specificity (100%),
and satisfactory final accuracy (76%). In light of these results, we believe that CT can be
used as a substitute or “to bridge” to MRI in cases where the patient does not tolerate MRI,
or in cases where prompt action needs to be taken but there is no possibility of urgent MRI
examination.
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In addition, CT can detect some changes secondary to the infectious process more
frequently than MRI. In fact, in detection of spondylodiscitis by MDCT, we analyzed some
findings suggestive of pathology such as subchondral bone erosions and destruction of the
endplates at a very early stage. Conventional radiology has low sensitivity and specificity
in identifying and evaluating acute spondylodiscitis. In fact, the ability to assess bone
matrix loss requires a 30% to 40% reduction in total bone matrix. This can take quite a long
time, up to more than 2 weeks during the acute phase of infection [20]. Today, modern CT
scanners allowing spiral volumetric acquisitions with thin-slice collimation and multiplane
reconstructions are able to identify initial destructive endplate changes [21].

In addition, CT is very useful in identifying or excluding paravertebral or epidural
abscesses that cannot be detected by radiographs. Extra-osseous abscesses can be better
identified by intravenous administration of iodinated contrast medium, which allows
visualization of the peripheral capsule of the abscess. We can measure the size and extent
of the inflammatory abscess or granulation tissues, but not the inflammatory reaction of
the bone marrow, unlike MRI [21].

Thus, CT can identify with high frequency every typical aspect of spondylodiscitis,
including the presence of air in the disc, but it fails to assess direct signs of inflammation
or infection. The presence of air is represented as a sign of empty disc space, indicative of
very early infection by gas-forming bacteria or a fistula with the gastrointestinal or external
tract. Occasionally, the disappearance of a previously visualized void sign can also be a
clue to the presence of discitis. Here, then, is the reason for emphasizing the presence or
disappearance of air in the context of an inflammatory process. Both the air void sign and
destructive bone changes are often better appreciated with CT than with MRI [7].

Our retrospective study shows the main limitations of MDCT in the diagnosis of
spondylodiscitis compared with MRI.

As reported by previous studies, MDCT does not identify edema changes [8,19,22].

On the other hand, the detection of an epidural abscess is important because, if not
treated promptly, it can cause increased morbidity (e.g., persistent neurological deficits)
and mortality [23], therefore, it is not possible to wait for an elective MRI exam in case of
clinical suspicion of complications. The current debate on the indication for early surgical
treatment of epidural abscesses is mainly based on the clinical impact that the resulting
compression on nerve structures may cause [23-25], therefore, when available, it is always
advisable to perform a CT scan.

Few scientific studies about MDCT have achieved a higher sensitivity than ours [14,15,19].
However, it seems unlikely that modern MDCT has lower sensitivity than older CT scanners
in identifying and evaluating spondylodiscitis [26]. More likely, we can explain the lower
diagnostic sensitivity of MDCT in our study by the retrospective design conducted on
a sample of patients with heterogeneous CT indications in relation to other differential
diagnoses. Another explanation could come from the introduction of more powerful MRI
scanners and the development of dedicated spinal coils, together with increasingly high-
performance fat-saturated imaging techniques that induce increased spatial resolution
and contrast. Therefore, it is possible to identify the most minimal signal changes, such
as bone marrow edema, in the earliest stages of acute spondylodiscitis. Consequently, if
MRI, which has become increasingly sensitive diagnostically in recent years due to the
described technological development, is used as the reference standard, this results in a
more pronounced reduction in the sensitivity of MDCT in contemporary or more recent
studies than in those of the past. Our study shows that the value of MDCT in the diagnosis
of acute spondylodiscitis lies in its high specificity and high positive predictive value,
especially if paravertebral abscesses are observed. Therefore, the presence of paravertebral
abscesses on examination with MDCT, even in the absence of bone erosion, is a radiological
finding that is highly indicative and predictive of acute spondylodiscitis. In our study, we
report a much higher detection rate of paravertebral abscesses (94%) than the 69% rate
reported in a previous study using a single-slice CT scanner [15], most likely due to the
possibility of higher spatial and contrast resolution and the availability of multiplanar
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reconstructions that can be easily achieved with modern MDCT scanners. One diagnostic
technology that can improve the diagnostic sensitivity of CT in identifying the initial
signs of spondylodiscitis is dual-energy CT (DECT). Dual-energy CT can help differentiate
materials based on their different X-ray absorption characteristics, highlighting the different
behavior of materials with different atomic numbers [27]. DECT has excellent diagnostic
accuracy for detecting bone marrow edema, comparable to MRI. The utility of these recent
possibilities is greatest where access to MRI is still very difficult [28]. However, this
innovative CT technology is not yet widely available, especially in emergency departments,
unlike MDCT.

Limitations

The main disadvantages of our study are the rather low study population. In addition,
only a few patients underwent CT examination with contrast media, although it is known
that the use of contrast media increases the diagnostic sensitivity of MDCT in infectious
diseases because it allows better identification of the presence of an infectious focus, even
at a distance [29,30].

5. Conclusions

Our study confirms the limitations of MDCT in identifying early radiological signs
of acute spondylodiscitis compared with the high sensitivity of MRI. However, MDCT
can indicate the diagnosis of this infectious disease condition with high certainty in re-
lation to its high specificity, especially when paravertebral abscesses are found. MRI is
not widely available in emergency departments, unlike MDCT, which allows for a valid
comprehensive assessment of the patient regarding the more serious complications of the
disease. In this regard, it is emphasized that although it is appropriate to supplement the
CT examination with MRI, CT allows diagnoses of clinical pictures in the acute setting
that require immediate intervention. Here, therefore, if spondylodiscitis is suspected, it
is appropriate in the absence of rapid MRI to submit the patient to a preliminary CT scan.
The scientific search for CT signs suggestive of acute spondylodiscitis with MDCT remains
an interesting and valuable field of applied clinical diagnostic research. The management
of patients with suspected spondylodiscitis in light of these results could be changed. In
particular, following an urgent negative CT exam, we could not require an urgent confirma-
tory MRI. Excluding medical urgency (stage of complications), we could require an elective
MRI examination in the short term. If the CT exam is positive, we could not perform an
MRI evaluation. Therefore, further future studies, especially prospective studies, would be
needed to confirm our findings.

Author Contributions: Conceptualization, A.N., FS., S.T.,, M.L.,, M.T,, L.G., and V.D.; Methodology,
AN, ES,S.T,M.L, M.T, and L.G.; Software, A.N., FS.,, M.T., and L.G.; Validation, A.N., ES.,S.T.,
M.L., M.T,, L.G., and M.L.; Formal analysis, A.N., and ES.; Investigation, A.N., ES.,S.T., M.L,, M.T.,
LG, ML, MG.C, AV, FFE, GP, O.V., MG, ED.S, M.C,, R.C,, C.R,, and PPS.; Data curation,
AN, ES., ST,ML., M.T, LG, and M.L.; Writing—original draft preparation, AN., M.T,, and L.G.;
Writing—review and editing, A.N., ES., S.T., M.L., M.T,, L.G., and M.L.; Visualization, A.N., ES.,
S.T., M.L, M.T,, L.G,, and M.L,; Supervision, A.N., EC., ET.,, and V.D. Software: V.P., Data curation:
C.S., M1, G.T, PPS,, L.D.G. Formal analysis: M.I. Supervision: G.T. Investigation: PP.S., L.D.G. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: No need to request ethical review and approval for this study
because it is based on the retrospective analysis of results from clinical radiological care activities.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available within the presented
and described article. Further data can be requested from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Tomography 2022, 8 1903

References

1.  Grammatico, L.; Baron, S.; Rusch, E.; Lepage, B.; Surer, N.; Desenclos, ].C.; Besnier, ].M. Epidemiology of vertebral osteomyelitis
(VO) in France: Analysis of hospital-discharge data 2002-2003. Epidemiol. Infect. 2008, 136, 653-660. [CrossRef] [PubMed]

2. Lora-Tamayo, J.; Euba, G.; Narvéez, ].A.; Murillo, O.; Verdaguer, R.; Sobrino, B.; Narvaez, J.; Nolla, ]. M.; Ariza, ]. Changing Trends
in the Epidemiology of Pyogenic Vertebral Osteomyelitis: The Impact of Cases with No Microbiologic Diagnosis. Semin. Arthritis
Rheum. 2011, 41, 247-255. [CrossRef] [PubMed]

3. Gupta, A.; Kowalski, T.J.; Osmon, D.R.; Enzler, M.; Steckelberg, ].M.; Huddleston, PM.; Nassr, A.; Mandrekar, ].M.; Berbari, E.F.
Long-Term Outcome of Pyogenic Vertebral Osteomyelitis: A Cohort Study of 260 Patients. Open Forum Infect. Dis. 2014, 1, oful07.
[CrossRef] [PubMed]

4. Zimmerli, W. Vertebral Osteomyelitis. N. Engl. J. Med. 2010, 362, 1022-1029. [CrossRef]

5. Berbari, E.F,; Kanj, S.S.; Kowalski, T.].; Darouiche, R.O.; Widmer, A.F; Schmitt, S.K.; Hendershot, E.E.; Holtom, P.D.; Huddleston,
PM.; Petermann, G.W.; et al. 2015 Infectious Diseases Society of America (IDSA) Clinical Practice Guidelines for the Diagnosis
and Treatment of Native Vertebral Osteomyelitis in Adults. Clin. Infect. Dis. 2015, 61, e26—e46. [CrossRef]

6. Luney, M.; Adiamah, A.; Pearson, L. Thoracic spondylodiscitis presenting as abdominal pain. BM] Case Rep. 2016, 2016,
bcr2015213846. [CrossRef]

7.  Diehn, EE. Imaging of spine infection. Radiol. Clin. North Am. 2012, 50, 777-798. [CrossRef]

8.  Modic, M.T,; Feiglin, D.H.; Piraino, D.W.; Boumphrey, E.; Weinstein, M.A.; Duchesneau, P.M.; Rehm, S. Vertebral osteomyelitis:
Assessment using, M.R. Radiology 1985, 157, 157-166. [CrossRef]

9. Ledermann, H.P,; Schweitzer, M.E.; Morrison, W.B.; Carrino, ].A. MR Imaging Findings in Spinal Infections: Rules or Myths?
Radiology 2003, 228, 506-514. [CrossRef]

10. Mete, B.; Vanli, E.; Yemisen, M.; Balkan, L.I.; Dagtekin, H.; Ozaras, R.; Saltoglu, N.; Mert, A.; Ozturk, R.; Tabak, F. The Role of
Invasive and Non-Invasive Procedures in Diagnosing Fever of Unknown Origin. Int. ]. Med. Sci. 2012, 9, 682—-689. [CrossRef]

11. Hillen, T.J.; Wessell, D.E. Multidetector CT scan in the evaluation of chest pain of nontraumatic musculoskeletal origin. Thorac.
Surg. Clin. 2010, 20, 167-173. [CrossRef] [PubMed]

12.  Henes, FO.; Niichtern, J.V.; Groth, M.; Habermann, C.R.; Regier, M.; Rueger, ] M.; Adam, G.; Grofiterlinden, L.G. Comparison
of diagnostic accuracy of Magnetic Resonance Imaging and Multidetector Computed Tomography in the detection of pelvic
fractures. Eur. |. Radiol. 2012, 81, 2337-2342. [CrossRef] [PubMed]

13.  Henes, FO.; Groth, M.; Kramer, H.; Schaefer, C.; Regier, M.; Derlin, T.; Adam, G.; Bannas, P. Detection of occult vertebral fractures
by quantitative assessment of bone marrow attenuation values at MDCT. Eur. ]. Radiol. 2014, 83, 167-172. [CrossRef] [PubMed]

14. Abbey, D.M.; Hosea, S.W. Diagnosis of vertebral osteomyelitis in a community hospital by using computed tomography. Arch.
Intern. Med. 1989, 149, 2029-2035. [CrossRef] [PubMed]

15.  Wirtz, D.C,; Genius, I.; Wildberger, ].E.; Adam, G.; Zilkens, K.W.; Niethard, FU. Diagnostic and therapeutic management of
lumbar and thoracic spondylodiscitis—an evaluation of 59 cases. Arch. Orthop. Trauma Surg. 2000, 120, 245-251. [CrossRef]
[PubMed]

16. Begemann, P.G.; Kemper, J.; Gatzka, C.; Stork, A.; Nolte-Ernsting, C.; Adam, G. Value of multiplanar reformations (MPR) in
multidetector CT (MDCT) of acute vertebral fractures: Do we still have to read the transverse images? J. Comput. Assist. Tomogt.
2004, 28, 572-580. [CrossRef]

17.  Wedegartner, U.; Gatzka, C.; Rueger, ].M.; Adam, G.; Multislice, C.T. Multislice CT (MSCT) in the detection and classification of
pelvic and acetabular fractures. RoFo Fortschr. Auf Dem Geb. Rontgenstrahlen Nukl. 2003, 175, 105-111.

18. Wang, D; Li, L,; Li, N.; He, ]. MDCT Evaluation of Costal Bone Lesions: Comparison of Axial, Multiplanar, and 3D Volume-
Rendered Images. Medicine 2015, 94, €889. [CrossRef]

19. Arbelaez, A.; Restrepo, E; Castillo, M. Spinal Infections: Clinical and Imaging Features. Top. Magn. Reson. Imaging 2014, 23,
303-314. [CrossRef]

20. Go, J.L.; Rothman, S.; Prosper, A.; Silbergleit, R.; Lerner, A. Spine infections. Neuroimaging Clin. N. Am. 2012, 22, 755-772.
[CrossRef]

21. Stabler, A.; Reiser, M.F. Imaging of spinal infection. Radiol. Clin. North Am. 2001, 39, 115-135. [CrossRef]

22.  Golimbu, C.; Firooznia, H.; Rafii, M. CT of osteomyelitis of the spine. Am. J. Roentgenol. 1984, 142, 159-163. [CrossRef] [PubMed]

23. Epstein, N.E. Timing and prognosis of surgery for spinal epidural abscess: A review. Surg. Neurol. Int. 2015, 6, S475-5486.
[CrossRef]

24. Mavrogenis, A.F.; Igoumenou, V.; Tsiavos, K.; Megaloikonomos, P.; Panagopoulos, G.N.; Vottis, C.; Giannitsioti, E.; Papadopoulos,
A_; Soultanis, K.C. When and how to operate on spondylodiscitis: A report of 13 patients. Eur. J. Orthop. Surg. Traumatol. 2016, 26,
31-40. [CrossRef]

25.  Ghobrial, G.M.; Beygi, S.; Viereck, M.].; Maulucci, C.M.; Sharan, A.; Heller, J.; Jallo, J.; Prasad, S.; Harrop, J.S. Timing in the
surgical evacuation of spinal epidural abscesses. Neurosurg. Focus 2014, 37, E1. [CrossRef] [PubMed]

26. Schorn, C.; Obenauer, S.; Funke, M.; Hermann, K.P.; Kopka, L.; Grabbe, E. Slice sensitivity profile and image pixel noise of
multi-slice spiral CT in comparison with single slice spiral CT. RoFo Fortschr. Auf Dem Geb. Rontgenstrahlen Nukl. 1999, 171,
219-225. [CrossRef] [PubMed]

27. Gosangi, B.; Mandell, ]J.C.; Weaver, M.].; Uyeda, J.W.; Smith, S.E.; Sodickson, A.D.; Khurana, B. Bone Marrow Edema at

Dual-Energy CT: A Game Changer in the Emergency Department. Radiographics 2020, 40, 859-874. [CrossRef]


http://doi.org/10.1017/S0950268807008850
http://www.ncbi.nlm.nih.gov/pubmed/17568478
http://doi.org/10.1016/j.semarthrit.2011.04.002
http://www.ncbi.nlm.nih.gov/pubmed/21665246
http://doi.org/10.1093/ofid/ofu107
http://www.ncbi.nlm.nih.gov/pubmed/25734175
http://doi.org/10.1056/NEJMcp0910753
http://doi.org/10.1093/cid/civ482
http://doi.org/10.1136/bcr-2015-213846
http://doi.org/10.1016/j.rcl.2012.04.001
http://doi.org/10.1148/radiology.157.1.3875878
http://doi.org/10.1148/radiol.2282020752
http://doi.org/10.7150/ijms.4591
http://doi.org/10.1016/j.thorsurg.2009.12.012
http://www.ncbi.nlm.nih.gov/pubmed/20378067
http://doi.org/10.1016/j.ejrad.2011.07.012
http://www.ncbi.nlm.nih.gov/pubmed/21924851
http://doi.org/10.1016/j.ejrad.2013.09.015
http://www.ncbi.nlm.nih.gov/pubmed/24144447
http://doi.org/10.1001/archinte.1989.00390090083017
http://www.ncbi.nlm.nih.gov/pubmed/2774780
http://doi.org/10.1007/s004020050457
http://www.ncbi.nlm.nih.gov/pubmed/10853888
http://doi.org/10.1097/00004728-200407000-00023
http://doi.org/10.1097/MD.0000000000000889
http://doi.org/10.1097/RMR.0000000000000032
http://doi.org/10.1016/j.nic.2012.06.002
http://doi.org/10.1016/S0033-8389(05)70266-9
http://doi.org/10.2214/ajr.142.1.159
http://www.ncbi.nlm.nih.gov/pubmed/6606951
http://doi.org/10.4103/2152-7806.166887
http://doi.org/10.1007/s00590-015-1674-6
http://doi.org/10.3171/2014.6.FOCUS14120
http://www.ncbi.nlm.nih.gov/pubmed/25081958
http://doi.org/10.1055/s-1999-244
http://www.ncbi.nlm.nih.gov/pubmed/10520332
http://doi.org/10.1148/rg.2020190173

Tomography 2022, 8 1904

28. Saba, L.; De Filippo, M.; Saba, F.; Fellini, F.; Marcy, P.Y.; Dagan, R.; Voituriez, P.; Aelvoet, J.; Klotz, G.; Bernard, R.; et al. Dual
energy CT and research of the bone marrow edema: Comparison with MRI imaging. Indian J. Radiol. Imaging 2019, 29, 386-390.
[CrossRef]

29. Urban, B.A.; Fishman, E.K. Tailored helical CT evaluation of acute abdomen. Radiographics 2000, 20, 725-749. [CrossRef]

30. Hammond, N.A.; Nikolaidis, P.; Miller, FH. Left lower-quadrant pain: Guidelines from the American College of Radiology
appropriateness criteria. Am. Fam. Physician 2010, 82, 766-770.


http://doi.org/10.4103/ijri.IJRI_243_19
http://doi.org/10.1148/radiographics.20.3.g00ma12725

	Introduction 
	Materials and Methods 
	Patients 
	MR Imaging 
	MDCT Imaging 
	Image Analyses 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

