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Background: Spinal tuberculosis and metastatic tumors are
commonly diagnosed lesions in the spine. Tuberculosis spondylitis,
also known as Pott's Disease, is the most common extrapulmonary
tuberculosis disease. MRI is the gold standard for early diagnosis
because there is no significant difference in the results of clinical
manifestations and histopathological examination. A biopsy will
usually be used for a final exam for diagnosis. Objective: To provide
information to confirm the diagnosis of TB spondylitis cases and
metastatic spinal tumors. Method: A literature search was
conducted via PubMed, Science Direct, and Scopus by selecting
studies according to inclusion and exclusion criteria. The quality and
risk of bias assessments were performed using Joanna Briggs
Institute (JBI) tools. Overall, 35 spinal tuberculosis and 31
metastatic spinal tumor patients from 2 studies were reviewed.
Result: Of the 35 patients with tuberculous spondylitis and 31
patients with metastatic spinal tumors from the two studies
reviewed. It was found that the thorax was the most commaon region.
The following imaging findings were of statistical significance
(p<0.05): skip lesion, solitary lesion, intraspinal lesion, concentric
collapse, abscess formation (paraspinal, intraosseous, and epidural
lesions), and syrinx formation. Conclusion: An MRI imaging
protocol and correct medical history will help establish an accurate
diagnosis. Skip lesions, abscesses, and modular lesion margins are
considered for diagnosis.
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Highlights

1. Lesions that are regularly diagnosed in the spine include TB of the spine and tumors that have
spread throughout the body.

2. The examined papers included 35 individuals with tuberculous spondylitis and 31 patients with
metastatic spinal malignancies.

3. A methodology for MRI imaging and an accurate medical history will aid in establishing an
accurate diagnosis.
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BACKGROUND

Tuberculous spondylitis and metastatic tumors are lesions of the spine that are often misdiagnosed
(Yu, et al., 2013). Tuberculous spondylitis (TB) is a prevalent benign condition often widespread in
underdeveloped nations (Ali, et al., 2019). The incidence of spinal tuberculosis ranks at the top in bone
and joint tuberculosis. When the typical signs of TB do not persist, the clinical manifestations can
closely resemble those of metastases and cannot be easily distinguished (Held, et al., 2018).
Additionally, it might elicit comparable symptoms in individuals, mostly pain. As these two illnesses
demand quite different treatments, accurate preoperative diagnostic imaging will be of great assistance
in deciding the subsequent surgery to be done and the most effective treatment technigue (Lang, et al.,
2015).

According to the WHO report 2020, TB cases in 2019 are estimated at 10 million people (Chakaya,
et al., 2021). The incidence of extrapulmonary TB is 3%, and 10% are skeletal TB cases. Skeletal
infections only occur in 1-5% of all tuberculosis infections and can appear as metastases in the
differential diagnosis (Jauhary & Hayati, 2022). TB spondylitis accounts for 50% of cases of skeletal
tuberculosis infection (Rajasekaran, et al., 2018). In a study with 1196 patients, 432 patients experienced
multilevel spine (Wang, et al., 2019).

Tuberculosis spondylitis, also known as Pott's Disease, is a common extrapulmonary tuberculosis
disease (Garg & Somvanshi, 2011). Pott's illness, often referred to as tuberculous spondylitis, is an
infection of TB that affects one or more vertebrae (Kusmiati & Narendrani, 2019). Tuberculosis is
caused by the bacterium Mycobacterium tuberculosis, transmitted to the body through droplets inhaled
into the respiratory tract (Mertaniasih, et al, 2019). After COVID-19, tuberculosis (TB) is the world's
second-largest cause of mortality. By 2020, an estimated 10 million people will be exposed to
tuberculosis (TB) worldwide. TB is present in all countries and age groups. Southeast Asia had the
highest number of new TB cases, with 43% of new cases, followed by the African area with 25% of
new cases and the West Pacific with 18% of new cases (World Health Organization, 2021).

OBJECTIVE

A systematic study was made to summarize the results of studies from the available literature on the
diagnosis of tuberculous spondylitis and tumor metastases when viewed from MRI imaging to facilitate
clinicians, researchers, and policymakers to gain a clearer understanding of the differences between the
two.

MATERIAL AND METHOD

This systematic review was conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

Literature search strategy

The literature search was performed to identify original articles using PubMed, Science Direct, and
Scopus. Studies reporting the diagnostic performance of MRI for differentiating TB spondylitis and
metastatic spinal tumor were included. The search term query was formed using the search terms
“Spinal Tuberculosis,” “Pott’s Disease,” “Spinal Neoplasms,” “Metastatic Spinal Tumors,” and “MRI.”
Articles on human subjects written in English and published between January 1, 2012, and April 29,
2022, were included. Supplemental Table 1 provides a detailed listing of the literature search keywords.

Eligibility criteria

After removing duplicate publications, the remaining texts were evaluated to find research that met
the inclusion criteria: (a) Population: patients with TB spondylitis and metastatic spinal tumors; (b)
Index tests: MRI with or without contrast enhancement; (c) Outcomes: sensitivity and specificity of
MRI features for differentiating TB spondylitis and metastatic spinal tumors; (d) Study design: both
observational and clinical trials; (e) Reference standard: both clinical and pathological diagnosis. (f)
study in English; (g)T1-weighted, T2-weighted, and DWI sequence. Studies were excluded according
to the following exclusion criteria (a) studies that used same patient datasets; (b) case reports, review
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articles, letters, conference abstracts, and editorials; (c) studies not in the field of interest; (d) no full
text.

Data extraction and risk of bias assessment

The following information was extracted from the included articles: (a) study characteristics (authors,
year of publication, study period, study design, study type); (b) Study subject characteristics (age,
number of patients for each disease, total number of lesions); (c) MRI technique (magnet field strength,
use of contrast-enhanced images, type of contrast agent, use of DCE, and slice thickness); (d) MRI
features for differentiating TB spondylitis from metastatic spinal tumors; (e) outcomes (statistical
significance of the qualitative and quantitative assessment); (f) reference standard for diagnosis of TB
spondylitis and metastatic spinal tumors (pathological diagnosis and clinical diagnosis). The two
reviewers performed data extraction independently, and all disagreements were re-evaluated in a
consensus meeting with third reviewer.

The two reviewers independently assessed the methodological quality of eligible articles using the
Joanna Briggs Institute (JBI) critical appraisal tools to minimize the risk of bias. Third, investigators
adjudicated any disagreement between investigators.

RESULT

Study Selection

Figure 1 shows the selection process of this study and how the selection process was conducted. We initially
obtained 196 relevant titles and abstracts encompassing 38 studies from PubMed, 135 from Science Direct,
and 23 from Scopus. Among them, 36 studies were duplicated, and 174 were excluded after title and abstract
screening. Furthermore, six full-text studies were further assessed based on the exclusion criteria. Finally,
two studies were included and analyzed for qualitative synthesis. The quality assessment of all studies using
the Joanna Briggs Institute (JBI) tools showed a low risk of bias.

- Total records (n = 196), identified from:
2 PubMed (n = 38)
£ . . Ly Duplicate records removed (n = 36)
= Science Direct (n=135)
(<5}
=2 Scopus (n=23)
A4 . .
) — .| Record excluded because of irrelevant title
Records screened (n = 183) | and abstract (n = 174)
g Studies sought for retrieval (n = 9) Full -text studies not available (n = 3)
8 v
(Sr‘][u:dlse)s assessed for eligibility Report excluded (n=3) “case report”
q" - - - -
) Studies included in review (n=2)
©
c

Figure 1. PRISMA diagram
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As shown in Table 1, all included studies used a retrospective design and were performed in two
locations: one in emerging and developing countries (EDC) and the other in industrialized nations. This
comprehensive evaluation covered a total of 66 individuals, including 35 patients with spinal TB and
31 patients with metastatic spinal tumors. The patients were pooled together. Patients with spinal
tuberculosis are relatively younger at diagnosis than metastatic spinal tumors. The most prevalent
clinical signs are back discomfort and lower extremity weakness. In a study by Garg & Somvanshi
(2011), some patients also had bladder and bowel dysfunction, while in a study by Mertaniasih, et al.
(2019), patients experienced hypesthesia at the sensory level, and few patients experienced sphincter
disorders. In these two studies, most metastases were from the lung and breast, followed by ovarian,
renal, nasopharyngeal, glottic, prostate, and unknown primary tumors.

Two studies reported that the thoracic spine was the most common site of involvement in patients

with spinal tuberculosis and metastases. A study by Mittal, et al. (2016) found that 13 of 20 patients
with spinal TB and 13 of 20 patients with metastases had thoracic involvement (p=0.144). Vertebral
involvement has shown several distinguishing characteristics between the two conditions. Vertebral
body involvement was seen in 55% of metastasis cases and 65% of spinal tuberculosis cases. This
pattern was not significant (p=0.520). Lamina, pedicles, and the spinous process were more commonly
seen in metastasis than in the tubercular spine, with 20% in metastasis and 5% in spinal tuberculosis.
However, this was not statistically significant, with a p-value of 0.151. Involvement of vertebral body,
lamina, pedicles, and spinous was seen more in the metastatic spine (75% of metastasis and 70% of
Pott’s spine cases) (Garg & Somvanshi, 2011).
Whereas in the study by Li, et al. (2020), it was found that in 5 of 15 spinal tuberculosis patients, the
affected side was the thoracic region, in five patients the lumbar and sacral regions, and in five other
patients more than two spinal cord regions were involved. Metastasis with each thoracic and lumbar
lesion was seen in one of eleven patients, with one instance impacting the whole spinal cord and the
other nine affecting more than two locations (Mertaniasih, et al, 2019).

Table 1. Study characteristics

Sample (n)

Tumor Duration Reference
Author (year) 5 (n) Spinal TB Metastasis recruitment  Country  Study Design Standard
(n) () of patient

Mittal et al . Retrospective .
(2021) 40 20 20 2012-2014 India Study Histopathology
Lietal Spinal
(2020) Nov 2012- . Retrospective  Tuberculosis:

26 15 1 May 2018 MM ghygy AFS dan CSF

Analysis
Clinical Mean Age Age Range 0 Losion

Manifestation Spinal T Spinal ’

pina umor pinal .

B Metastasis Tuberculosis Tumor Metastasis
All patients The most
presented common site
with back of involvement
pain and was the
weakness in thoracic spine,
lower limb in seen in 85% of
both 40 56 11-67 43-70 NA cases of
symmetrical metastasis and
and 65% of cases
asymmetrical of Spinal
fashion. A Tuberculosis
few patients (p=0.144).
also had
bladder and
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All patients Most lesions
experienced involved
progressive subdural
neurologic extramedullary
dysfunction regions.
of the lower
extremities, 263 52.1 years 15-42 3867 13:13  ForIntraspinal
weakness, ears tuberculosis
followed by y mainly
pain, affected the
hypoesthesia thoracic (5/15),
with a lumbar (5/15),
sensory level, and sacral
and (5/15), and
eventually remaining 5
astasia. Some cases involved
Patients also two regions of
experienced the spinal.
sphincter
disturbance. For intraspinal
metastasis, no
conspicuous
location was
seen. Nine
cases affecting
more than two
regions (one
case involving
the entire
spinal cord
MRI characteristics
Table 2. MRI characteristics
The
Magnet .
Author field Contrast Agents thlcknesg of Results
(year) dynamic
strength )
image
The most common site is the thoracic region.
The following imaging findings showed
Mittal, et.al 15T Optimark 3mm statistical significance (p<0.05): skip lesions,

(2016) ' (Gadoversetamide) solitary lesions, intra-spinal lesions, concentric
collapse, abscess formation (paraspinal lesions,
intraosseous and epidural), and syrinx formation.
Intraspinal tuberculosis lesions had indistinct
edges that integrated with each other, most of

Li Q, etal _ o them exhibiti_ng ob\{ious enhanC(_emenf[ on MRI.

(20’205 1.5T Multiple Gadolinium 3.5mm Conversely, intraspinal metastatic lesions were

distinctly separated with precise edges and
exhibited lesser enhanced MRI than intraspinal
tuberculosis.

The following MRI findings showed statistical significance (p<0,05): skip lesions, solitary lesions,
intra-spinal lesions, concentric collapse, abscess formation (paraspinal, intraosseous, and epidural),
syrinx formation, and site of distant focus other than the spine. Other than aforementioned, various
presentations of lesions included vertebral body changes (anterior, neural arch, and combined),
intraspinal, and leptomeningeal patterns.
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DISCUSSION

A systematic review of the differences in MRI imaging of patients with tuberculous spondylitis and
metastatic spinal tumors has not previously been carried out. It is difficult to distinguish between
tuberculous spondylitis and metastatic spinal tumors by relying solely on clinical manifestations,
histopathological examination, or CSF analysis. Out of all the modalities, MRI is the best for early
detection of tuberculous spondylitis because this disease is often clinically similar to other diseases,
especially atypical TB.

In this review, the study by Mittal, et al. (2016) found that MRI imaging results were statistically
significant (p<0.05) in differentiating metastatic spinal tumors from tuberculous spondylitis, namely
the presence of skip lesions, and solitary lesions, concentric collapse, abscess formation (paraspinal,
intraosseous, epidural), syrinx formation, and the appearance of extra vertebral findings. The nodular
lesions' edges are a key factor in seeing the difference. Metastases have well-separated lesion margins
and show lower MRI-enhanced (Li et al., 2020)

Sixty-five percent of patients with metastases and twenty percent of individuals with tuberculous
spondylitis have skip lesions. The thoracic spine was the most prevalent location for skip lesions,
followed by the thoracolumbar and cervical-thoracic regions. A study by Khattry et al. (2007) reported
that a case of tuberculous spondylitis in a teenager was misdiagnosed as a neoplastic illness because to
several skip lesions affecting the vertebral bodies and pedicles, but sparing the intervertebral discs. The
study from Sivalingam (2015) recognized the presence of multiple-level skip lesions in 14 instances
(23.7%) without involvement of the intervertebral disc. In cases of metastatic illness, bone metastases
most often occur in the spine. Approximately 12% of patients with cancer present with spinal
metastases, which are common in middle-aged and elderly patients. Lower thoracic and upper lumbar
regions comprise the majority of spinal lesions, comparable to spinal tuberculosis (Sivalingam, 2015).
There have only been a few number of instances with non-contiguous spinal tuberculosis up to this
point, and skip lesions are often distinct lesions that affect at least two or three vertebrae at any position
along the spine. However, the involvement of extensive hopping lesions at all spinal levels is sporadic.
The reported incidence of skip lesions in centers that did not perform routine whole spine MRI was
1.1% and 10% using a combination of regional radiography, CT, and MRI, and 16.3% using bone
scintigraphy before starting anti-TB therapy.

In 35% of metastases, solitary spinal lesions were seen, but in 5% of Pott spine cases, just a single
lesion without intervertebral disc alterations was observed. Solitary bone cysts presence in the spine in
cases of tuberculous spondylitis are very rare. Only a few histologically proven solitary bone cysts
affecting the vertebral bodies have been reported. The typical imaging findings of a large osteolytic
lesion surrounded by prominent bone sclerosis can help differentiate it from other pathologies (Fujimoto
et al., 2002; Zhen, et al, 2013).

During abscess development, the MRI enhancement helps classify tuberculous spondylitis. Rim
enhancement surrounding intra-osseous and paraspinal soft tissue abscesses in spinal infections has not
been established. Abscess formation can be seen in the prevertebral, paravertebral, intra-osseous, and
epidural spaces. In tuberculous spondylitis, the abscess wall is often thick and irregularly raised on CT
and MRI. Jung et al (2004) suggested that tubercular abscesses are more likely to have a thin, modest
enhancement of the abscess wall and well-defined aberrant paraspinal signals than neoplasms.

Tuberculosis should be considered in the differential diagnosis of various spinal lesions, including
metastases, especially in endemic areas. Both have different treatments and prognoses. Spinal TB is a
great mimicker, so often misdiagnosed because it can appear in various typical and atypical patterns.
Although the stated prevalence of atypical types of spinal tuberculosis is roughly 7%, researchers
anticipated that the incidence would be greater if the whole spine was MRI-scanned (Rasouli, et al.,
2012). Pandit et al. (1999)’s study of 40 patients found that stratified spinal involvement was observed
in 25% of patients using bone scintigraphy. The subsequent researcher should perform more study by
analyzing additional MRI sequences, so that the information used to create a diagnosis is more exact
and correct.

Tuberculous leptomeningitis with intraspinal nodules was considered one of the most common
features. In the study by Li et al. (2020) T1-W1-weighted imaging showed thickened meninges. At the
same time, Saxena et al. (2021) found no enhancement of leptomeningitis in a few patients. Imaging
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findings from patients with tuberculous leptomeningitis include hydrocephalus, intramedullary
tuberculoma, spinal arachnoiditis, development of sacral nerve root plaques, focal or diffuse spinal cord
edema, and syringomyelia. Contrast-enhanced MRI imaging may not help differentiate tuberculous
leptomeningitis from metastatic lesions. It may be due to different scanning protocols, contrast agents,
and inclusion criteria for the included patients (Li, et al., 2020).

Intramedullary nodules (single or multiple) surrounded by less edema were observed in patients with
metastatic disease, equipotential on T1-WI, and less hyperintensity on T2-WI. When meninges were
implicated, a linear rise was found, and nerve root thickening was observed when the cauda equina was
applied. Extramedullary lesions, such as intraspinal tuberculosis, manifest as a meningeal thickening
but with sharp margins, limited scope, and clear distinction between lesions.

As in other studies, this review also had several limitations. Most of the studies included were still
retrospective studies. In addition, the total sample size included in this review was relatively small.
Nevertheless, this was the first systematic review to directly assess imaging findings to differentiate
between spinal tuberculosis and metastatic spinal tumor. The result of this study was expected to
provide valuable additional information in differential diagnosis and as a basis for encouraging further
studies in this field of research.

Strenght and limitations

In order for physicians, researchers, and policymakers to acquire a greater knowledge of the
distinctions between tuberculous spondylitis and tumor metastases when observed via MRI imaging, a
systematic review was conducted to synthesize the findings of studies from the existing literature. There
were also numerous limitations to this evaluation. The majority of the included studies were
retrospective. In addition, this review comprised a rather limited sample size.

CONCLUSION

A thorough MRI modality protocol and correct medical history will help ensure an accurate diagnosis
and promote an appropriate one. Skip lesions, abscesses, and modular lesion margins should be
considered for diagnosis. Endemic in countries such as Indonesia, the management of spine lesions
should always consider the potential for tuberculosis infection in the presence of a known malignancy
and a malignant soft tissue spinal mass. The imaging function helps to differentiate precisely between
atypical and metastatic spinal tuberculosis.
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