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Abstract

Diagnosis of tuberculous spondylitis is based on the comparison of clinical-laboratory, bacteriological data and radio-
logical methods. Digital tomosynthesis is a new method of X-ray diagnostics for performing with high-resolution limited-angle
tomography at short-pulsed exposures in one pass of the tube with reconstruction of several hundred longitudinal sections of the
research object without superposition of tissues. Possibilities of tomosynthesis are studied for various clinical situations.

Aim of research. To study and apply the possibilities of digital tomosynthesis in the diagnosis of tuberculous spondylitis,
conduct a comparative analysis with other radiological methods.

Materials and methods. Digital tomosynthesis was performed for 95 patients with various spine diseases (select group
8.4 % with tuberculous spondylitis) at the domestic digital roentgen-diagnostic complex with the mode of digital tomosynthesis after
performing digital projectional radiography of spine.

Results and discussion. The benefits of tomosynthesis were shown and a comparative analysis with other visualization
methods in the diagnosis of spondylitis was performed. Cases of the first clinical application of the method in Ukraine were
demonstrated.

Conclusion. Digital tomosynthesis of the spine is a new promising diagnostic tool by which you can obtain qualitative
spine images in the form of numerical thin sections with no exaggeration effect. Results are comparable to CT data for detecting
bone destruction at lower radiation load levels. Digital tomosynthesis provides better visualization of the small joints of the spine
and the ability to evaluate each anatomical element of the vertebra at different depths, helps to detect pulmonary manifestation
of tuberculosis.
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1. Introduction
Diagnosis of tuberculous spondylitis is based on the comparison of clinical-laboratory, bac-
teriological data and radiological methods [1]. Radiological signs are important not only for diag-
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nostics, but for monitoring the dynamics and evaluation of effectiveness of the treatment. Early
diagnosis of tuberculous spondylitis is crucial for effective treatment [2].

X-ray of the spine (projectional radiography) in two projections for a long time remained the
basic method of diagnosis of spondylitis. However, due to the low sensitivity of 15-70 % [3], and
some physical limitations of the method, it was replaced by the modern cross-sectional imaging
methods of diagnosis: computer and magnetic resonance imaging (CT, MRI). They demonstrated a
significant advantage in the diagnosis of spondylitis, in comparison with radiography, particularly
due to the excellent three-dimensional visualization of any anatomical region of the spine and a
multi-parametric morphological evaluation of all tissues involved in the inflammatory process.

The main benefit of MRI was the detection of spondylitis in the pre- roentgenological sub-
clinical stage of the disease, before the appearance of bone destruction at the stage of bone marrow
infiltration, as well as in evaluating of the process spreading to soft tissues, spinal channel and spi-
nal structures with a sensitivity of 100 % and a specificity of 80 % [4]. However, this method still
remains expensive and hardly accessible.

Due to the lack of an abstract effect, high spatial and contrast ability, CT gives us a com-
plete access to see bone changes and destructive changes of the spine under spondylitis (severity
and localization of lesions, the presence of cavities and sequestering, the full formation of the bone
block or residual cavity, as well as the presence of Sequestrum formation, gas etc.) with a sensitivity
of 98—100 % [4]. The disadvantage of CT remains a large radiation dose level, which is 5—10 mSv
per one anatomical part of the spine. That requires some limitations for frequent use to control the
effectiveness of treatment, as well as in paediatrics.

Digital tomosynthesis (DT) is a new method of X-ray diagnostics for performing with
high-resolution limited-angle tomography at short-pulsed exposures in one pass of the tube with
reconstruction of several hundred longitudinal sections of the research object [S].DT avoids one of
the main drawbacks of the X-ray method — the superposition of tissues (total projective overlay)
and allows getting the huge number of images that can be viewed in the form of a video loop. In
this case, the spatial resolution of the image in the plane of the cut at tomosynthesis is higher than
in the case of CT. Radiation dose levels of DT comparable with projectional radiography. DT has
an intermediate position between projective X-rays and CT, which allows considering it as a po-
tential low-dose technique, an alternative to CT imaging [6, 7]. Possibilities of tomosynthesis are
studied for various clinical situations, particularly for the detection of vascular, head and neck,
breast, thoracic and musculoskeletal system pathologies [7]. In 20162017, foreign publications on
the diagnostic capabilities of digital tomosynthesis for the visualization of bone and joint pathology
appeared. They were mostly used in rheumatology for the diagnosis of rheumatoid arthritis, anky-
losing and infectious spondylitis and traumatic bone lesions [8, 9]. In our country, the technique
has not yet received a wide clinical use, with the exception of the mammographic direction [10] and
still requires clinical examination.

2. Aim of research
Study and apply the possibilities of digital tomosynthesis in the diagnosis of tuberculous
spondylitis, conduct a comparative analysis with other radiological methods.

3. Materials and methods

Digital tomosynthesis was performed for 95 patients with various spine diseases, of which
a group of 8 cases (8.4 %) was selected for research with the diagnosis of tuberculous spondylitis
on the basis of bacteriological and clinical-radiological comparison. In equal proportions, men
and women are 1:1, 25 to 63 years old (44+19 on average). The tests were performed at the domes-
tic digital roentgen-diagnostic complex with the mode of digital tomosynthesis after performing
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digital projectional radiography of spine. Spine examinations were performed at anode voltage of
90-100 kW and 100—120 mAs in one projection, with the radiation dose level on the patient did
not exceed 3.0 mSv. For each DT examination 256 images were taken in 1 mm step, viewed as a
video loop with the possibility of post processing on standard DICOM viewers.

Selected criteria of diagnostics:

1. Detection and evaluation of bone destruction.

2. Evaluation of the intervertebral disc.

3. Detection and evaluation of paravertebral abscesses.

4. Evaluation of distribution in the vertebrate channel.

Digital radiographs, digital tomosynthesis, delivered CT and MRI spinal column images
were compared.

4. Results and discussion

Tuberculous spondylitis was defined as mono-segmental lesion (two adjacent vertebrae and
intervertebral disk) in 75 % (n=6) cases and polysegmental in 25 % (n=2). All patients were already
at the spondylitic stage of the disease with bone destruction 100 % (n=8). The tuberculosis process
was localized in the thoracic spine (25 % n=2), thoraco-lumbar (25 % n=2), lumbar (50 % n=4).
The predominant productive type of inflammation was 62.5 % (n=5). The main features of the
injury were contact and fragmentary destruction of the vertebral bodies, lowering the height of the
vertebral bodies and wedge-shaped deformation, lowering the height and structural changes in the
intervertebral disks.

The results of detection of bone destruction on the DT appeared to be higher than radio-
graphic data and comparable to CT scan: radiography 62.5 % (n=5), DT 100 % (n=8), CT 100 %
(n=8). Sequestrum formation detected DT 12.5 % (n=1) and CT 25 % (n=2), not seen on radiogra-
phy. With the help of DT, thin destruction of the cortical layer of vertebrae on the lateral surface
under the spine ligament was detected with polysegmental lesion (12.5 %, n=1), which wasn’t vis-
ible on the X-ray (Fig. 1).

Disc anomalies: decrease the height of the intervertebral disc — results are comparable to
all methods (Fig. 2).Structural disks (signal abnormality, density or contrast enhancement) — X-ray
and DT-0 %, CT 25 % (n=2), MRI 100 % (n=8).

In 75 % (n=7) of the study group paravertebral abscesses were detected (radiography of
25 % (n=2), DT 62.5 % (n=5), CT 75 % (n=7), MR1 75 % (n=7).

Digital tomosynthesis allowed detecting a small paravertebral abscess and more ac-
curately estimating the length of abscesses, as compared to the spine radiography. MRI has
advantages in the diagnosis of the spread of epidural abscess and in the evaluation of vertebral
channel stenosis.

In the case of 1 patient (12.5 %), with the help of digital tomosynthesis of thoracic cavity, in
addition to spondylitis in Th12-L1, miliary dissemination in lungs (size of nodules from points to
2 mm) and decay were revealed. Due to the possibility of research at different depths, it was clearly
established segmental localization of the cavity of decay (in S6 right pulmonary subpleural) (Fig. 3).

The advantage of DT was a clear visualization of different parts of the spine without an
exaggerated effect throughout the depth (Fig. 4). It made possible to more accurately assess the
state of articular facets, their integrity, the presence of erosions or osteophyte formation, or nor-
mal appearance (Fig. 5). Evaluation of small joints of the spine on the radiograph 25 % (n=2),
DT 87.5 % (n=7), CT 100 % (n=8).

Limitations of the DT method: the image of the thoracic spine was more precise and diag-
nostically informative, as opposed to the image of the lumbar spine. Obviously, this is due to the
need to select and optimize scan modes properly (kV, mAs).
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Fig. 1. Female, 63 y.o., with tuberculous spondylitis Th8—Th9: a — digital X-ray of the spine,
direct projection; b — digital X-ray of the spine, lateral projection; ¢ — digital tomosynthesis
(arrowheads marked with paravertebral abscess); d — MRT T2W sag; e — enlarged digital
tomogram Th6-Th10 (the arrowheads indicate the destroyed Th8—Th9 end plates through a disk,
the arrows denote the destruction of the cortical layer and the corners on the left lateral surface of
Th7 and Thé6 vertebrae, subligamentous spread

a b c d

Fig. 2. Male, 40 y.o., with tuberculous spondylitis L3-L4: a — digital X-ray of the spine, direct
projection; b — digital X-ray of the spine, lateral projection; ¢ — digital tomosynthesis of the spine
(the heads of the arrows indicate the destroyed end plates of the vertebrae L3-L4 with increased
subchondral sclerosis and decrease the height of the intervertebral disc, arrow — subligamentous
abscess); d — MRI T2W sag.
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Fig. 3. Male, 39 y.o., with tuberculous spondylitis Th12-L1 and pulmonary tuberculosis:

a — digital X-ray of the spine in the direct projection; b — digital X-ray of the spine in the lateral
projection (the arrow marked the affected segment of the spine); ¢ — digital tomosynthesis of the
chest (the heads of the arrows are marked by the miliar dissemination of the lungs);

d — digital tomosynthesis of the chest (the arrow is the cavitation in S6); e — CT image
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a b c d

Fig. 4. Female, 53 y.o., with thoracic osteochondrosis. Digital tomosynthesis of the thoracic spine
in lateral projection: a — right parasagittal view; b — right sagittal view (the heads of the arrows
are marked by multiple cartilage nodes of Shmorl, no bone destruction); ¢ — left sagittal view; d —
left parasagittal view

Fig. 5. Female, 25 y.o. Digital tomosynthesis of the thoracic spine, normal appearance costo
vertebral joints: a — rib’s neck and tubercle, processus transversus; b — rib’s head

5. Conclusions

1. Digital tomosynthesis of the spine is a new promising diagnostic tool by which you can
obtain qualitative spine images in direct or lateral projections, in the form of numerical thin sec-
tions with no exaggeration effect.

2. DT can be detected through inter-disc and subligamentous lesions, accompanied by
bone destruction and formation of paravertebral abscesses. DT provides better visualization of
the small joints of the spine and the ability to evaluate each anatomical element of the vertebra
at different depths.

3. The DT results are comparable to CT data for detecting bone destruction at lower radia-
tion load levels, indicating the prospect of using DT in the absence or replacement of CT, as well as
for multiple control during treatment.
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4. DT can detect pulmonary manifestation of tuberculosis, even miliar foci, detect and lo-
calize cavitation.

5. The DT method needs to be finalized to obtain better quality images by optimally select-
ing the parameters of the survey.
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