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Bone features reinforce differential
diagnosis between tuberculous spondylitis
and brucellosis spondylitis

Qinpeng Xu'", Xingzhi Jing'", Meimei Zheng?', Jianmin Sun', Xingang Cui' and Xiaoyang Liu""

Abstract

Background Tuberculous spondylitis (TS) and brucellar spondylitis (BS) both cause major long-term morbidity and
disability. Though Spondylodiscitis is sensitive to magnetic resonance images, some are difficult to differentiate. This
study aims to identify specific bone changes on computed tomography (CT) images, further to differentiate TS from
BS.

Methods We retrospectively analyzed and enrolled 70 patients with TS and 65 with BS at our hospital from
December 2012 to January 2024. Information of bone destruction and formation, vertebral wall integrity,
osteosclerosis, and sequestrum on CT images was collected and compared using the chi-square test or t-test. P<0.01
was considered statistically significant.

Results Bone destruction was greater in the TS group compared to the BS group (519.55 mm? vs. 316.00 mm?,
t=6.01, P<0.001), preferentially involving each third of the vertebral body horizontally (41.22% vs. 16.67%, x°=77.76,
P<0.001; positive predictive value [PPV]=80.6%) and the area under the endplate and equatorial portion of the
vertebra longitudinally (80.53% vs. 28.20%, x>=134.19, P<0.001, PPV =82.75%). Patients with BS more frequently
exhibited fan-shaped osteosclerosis (12.82% vs. 1.15%, x’=71.30, P<0.001; PPV =86.96%), longer bone formation
surrounding the vertebra (18.06 mm vs. 1.97 mm, t=14.28, P<0.001), and longer anterior bone formation (3.86 mm
vs.0.92 mm, t=6.51, P<0.001). Anterior and closed bone formation was more common in the BS group than in the
TS group (44.87% vs. 7.63%, ¥’ =152.53, P<0.001; PPV =77.78%). Fragmented and blocked sequestrum was more
common in the TS group than in the BS group and tended to spread in and out of the erosions (22.14% vs. 0.64%,
PPV=98.31% and 22.14% vs. 0.00%, PPV = 100%, x*>=102.43, P<0.001).

Conclusions TS and BS exhibit specific features of bone formation, bone destruction, and sequestrum on CT
imaging. Our findings indicate that bone features on CT can help clinicians distinguish between two spinal infections.
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Background

Tuberculosis (TB) is a leading cause of morbidity and
mortality worldwide [1]. In 2017, there were an estimated
10 million incident TB cases and 1.6 million deaths from
TB globally [2]. Tubercular spondylitis (TS) is the most
common form of musculoskeletal TB and accounts for
approximately 20% of cases [3]. Rates of long-term TS-
related morbidity and disability are increasing, especially
in developing countries [4].

Brucellosis, caused by the brucella bacterium, remains
a major health problem in many parts of the world [5].
However, prompt diagnosis of brucellar spondylitis
(BS) remains difficult because the clinical findings are
nonspecific.

TS and BS are both common spinal infections and
share several clinical manifestations (back pain, fever, and
elevated inflammatory markers), which makes it difficult
to distinguish between these entities [6]. Although biopsy
and culture is the diagnostic gold standard for infectious
diseases, it has the low positivity rates for both bacte-
ria, which were reportedly less than 50% for TS [7] and
approximately 32% for BS [8]. XpertMTB/RIF generally
refers to the rapid detection of Mycobacterium tubercu-
losis and rifampicin resistance, which is commonly used
in clinic for rapid diagnosis of tuberculosis. A next-gener-
ation Xpert MTB/RIF assay was reported to have better
detection rates for mycobacterium in spinal specimens
[9]. However, the diagnostic value of this assay is lim-
ited by the inconvenience of obtaining necessary biopsy
specimens in patients with infections. Meanwhile, both
methods are time-consuming and inconvenient, limiting
the prompt diagnosis between TS and BS. Therefore, it is
urgent to identify another method of early diagnosis.

With the rapid development and increasing popular-
ity of imaging techniques, there is increasing interest in
identification of specific radiological features of TS and
BS [10-12]. Magnetic resonance imaging (MRI) is the
preferred modality for the diagnosis and assessment of
TS [13]. However, despite much research on spinal infec-
tions, no satisfactory strategy has been established for the
differentiation of MRI in TS and BS.

Although MRI is sensitive to infectious spondylitis, it
cannot clearly display changes in bone structure, which
decrease the value of differential diagnosis between TS
and BS. CT is preferred for the early diagnosis of pulmo-
nary TB [14]. A previous report described CT imaging
characteristics that help to differentiate pyogenic spondy-
litis from BS [15], identifying the value of bone changes
in differentiating spinal infections. In this study, we
sought to identify distinguishing features of TS and BS on
CT images in order to help clinicians promptly differenti-
ate these two spinal infections, further to improve cure
rate, reduce recurrence rate, alleviate patient pain and
decrease social economic burden.
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Materials and methods

Patients

This retrospective study was approved by the Medi-
cal Ethics Committee of Shandong Provincial Hospital
Affiliated to Shandong First Medical University (SZR]]:
NO.2022—-136). Informed consent was obtained from all
study participants. The study population was comprised
of 248 consecutive patients from our hospital in eastern
China from December 2012 to January 2024. 113 patients
were excluded because of spinal pyogenic infection, post-
operative infection, or incomplete course information.
All study participants consented to conventional spinal
CT examination before receiving treatment and were
followed up until resolution of symptoms. The mini-
mum follow-up duration was 6 months. The study finally
enrolled 70 patients with TS and 65 with BS.

Diagnosis of TS was established by clinical, labora-
tory, imaging, and pathological examinations [12, 16]
Pathological evidence of TB, including bacterial growth
in biopsy specimens, caseating granulomatosis on histo-
pathology, and the presence of acid-fast bacilli on Ziehl-
Neelsen-stained slides, was considered the gold standard
for diagnosis.

BS was diagnosed based on clinical symptoms and
signs compatible with the disease (back pain, fever,
sweats, fatigue, hepatosplenomegaly) and the presence
of specific antibodies at significant titers (Standard Tube
Agglutination [STA] test for brucella=1/100) and/or iso-
lation of brucella species in blood or biopsy specimens
[17]. Other criteria included a duration of more than 1
year of STA testing for brucella>1/50 and infection in
the vertebra or intervertebral disc on MRI.

CT imaging

A 64-row MDCT scanner (mostly using the Somatom
Sensation Cardiac, Siemens Healthineers; some using
the Aquilion 64, Toshiba or LightSpeed 64, GE) was
used for the radiological examinations. Parameters were
set at 120 kVp or 140 kVp with a tube load of 180-310
mAs depending on patient weight and size. Coronal, sag-
ittal, and axial reformations with a 2-mm section thick-
ness were created from the primary source data with a
0.7 mm section thickness. The CT images were reviewed
by two musculoskeletal radiologists blinded to the clini-
cal data, each with more than 10 years of experience.
Any disagreements were resolved according to the third
radiologist.

Imaging evaluation

The anatomic vertebral and disc heights were measured
on midsagittal images. The dimensions and locations of
maximal erosion and bone formation were measured on
sagittal images with maximal erosion and on axial images
adjacent to the endplate cortex. Bone destruction was
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categorized into 10 types in the same manner as our pre-
vious study [15]. Extensive destruction was defined as
involvement of each third of the vertebral body horizon-
tally. Longitudinal location of erosion was categorized
into five types (none, endplate, area under the endplate,
equatorial portion of vertebra, and both the area under
the endplate and the equatorial portion of the vertebra).
The rate of height loss was calculated as the height of
the destroyed vertebra divided by the original vertebral
height. The length and location of the destroyed vertebral
wall were recorded on axial images. The length, width,
and location of paraspinal bone formation were also
assessed on both axial and sagittal images. Anterior bone
formation was classified into five types (none, dotted,
parallel, open, or closed) [15]. Axial location of seques-
trum was divided into three types (none, in the erosions,
in and out of the erosions). The morphological presenta-
tion of sequestrum was categorized as none, dotted, lin-
ear, fragmented, and blocked.

Statistical analysis

The normality of the data distribution was assessed using
the Shapiro—Wilk test. Pearson’s chi-square test was used
for the categorical data. Continuous variables were com-
pared using the independent samples ¢-test. Receiver-
operating characteristic (ROC) curves were used to
evaluate the diagnostic value and to select optimum
cut-off values. The positive predictive values (PPVs) of
specific imaging features for detection of TS or BS were
calculated. All statistical analyses were performed using
SPSS software (version 27; IBM Corp., Armonk, NY,
USA). A two-sided P-value<0.01 was considered statisti-
cally significant.

Table 1 Detailed information of patients’demographic and
clinical characteristics

TS group BS group
No. of patient 70 65
Male 33 42
Female 37 23
Age 56(15-72) 57(25-74)
Fever 25 33
Back pain 61 62
Neurological deficiency 9 3
Level of involvement
Cervical spine 9 4
Thoracic spine 77 27
Thoracolumbar spine 23 31
Lumbar spine 76 75
No. of involved vertebrae 185 137
Mean No. of involved vertebrae 264 2.11
The duration of symptoms before presenta-  3.85 536

tion (month)
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Results

Seventy patients with TS (33 men, 37 women; mean age
56 [range, 15-72] years) and 65 with BS (42 men, 23
women; mean age 57 [range,25—-74] years) were included
in the study. Detailed information on patient demograph-
ics and clinical characteristics is provided in Table 1. No
significant difference was found in the sex distribution
and age at onset. The mean interval between presenta-
tion and CT imaging was 7.37 and 4.36 months in the
TS and PS group, respectively, which was not statistically
different. There was no statistical difference for the mean
duration between presentation and confirmed diagno-
sis between the two groups. Most patients were cured
through drug therapy. Nine patients from the TS group
and Three patients from the BS group accepted decom-
pression and internal fixation procedure because of neu-
rological deficit or deformity.

The TS group included cervical (n=5), thoracic (n=19),
thoracolumbar (#=15), and lumbar (#=31) cases. A total
of 185 vertebrae were infected, and the mean number of
involved vertebrae was 2.64 per patient. More than four
vertebrae were involved in three patients, one of whom
had involvement of nine vertebrae.

The BS group consisted of cervical (n=2), thoracic
(n=10), thoracolumbar (#=18), and lumbar (n=35)
cases. The lumbar spine was the site most commonly
infected. 137 vertebrae were infected. The average num-
ber of destroyed vertebrae was 2.11 per patient. No
patient had involvement of more than four vertebrae.

Information on bone destruction and its diagnostic
significance is provided in Table 2. The sagittal and coro-
nal diameters of erosion were significantly greater in the
TS group than in the BS group (17.38 mm vs. 13.69 mm,
P<0.001 and 21.12 mm vs. 15.69 mm, P<0.001, respec-
tively); similarly, the area destroyed and the destruc-
tion rate were greater in the TS group (519.55mm? vs.
316.00mm?, P<0.001 and 44.44% vs. 19.92%, P<0.001).
The PPV of a destruction rate of more than 0.32 for
detection of TS was 85.28%. Different morphologies of
bone destruction on axial images were observed between
the two groups (Fig. 1). Extensive destruction was more
common in the TS group than in the BS group (41.22%
vs. 16.67%, x’=77.76, P<0.001) with a PPV for detection
of TS of 80.6% (Fig. 2a). The posterior elements (pedicle,
lamina, facet, transverse process, and spinous process)
and peripheral bone (vertebral body except in the center
and in the vertebral wall) were destroyed more often in
the BS group (Fig. 2c). The rate of vertebral height loss
was greater in the TS group (51.61% vs. 26.78%, P<0.001)
with a PPV of more than 0.44 for detecting TS in 91.03%
of cases. Erosions in the TS group commonly involved
the area under the endplate and equatorial portion of the
vertebra (Fig. 2b), whereas the endplate and area under
the endplate were more easily destroyed in the BS group
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Table 2 Bone destruction and its diagnostic significance
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Tuberculous Spondylitis Brucellar Spondylitis t-test Pvalue Area  Cut-off Positive Predictive Value
Under
Curve

Sagittal vertebral diameter
(mm)

Intrinsic (mm) 30.83+£6.89 34.80+5.29

Destructed (mm) 17.38+8.98 13.69+8.06 433 <0.001 062 17.18 0.74

Rate 0.57+0.27 040+0.23 664 <0001 068 049 0.76
Area of vertebra (mm)

Intrinsic (mm) 1182.36+473.19 1615.19+411.51

Destructed (mm) 519.55+401.98 316.00+287.54 601 <0001 066 41490 078

Rate 044+0.28 020£0.16 1127 <0001 076 032 0.85
Hight of vertebra (mm)

Intrinsic (mm) 17.26+7.98 24.62+851

Destructed (mm) 9.30+4.97 6.57+£4.31 591 <0.001 067 9.68 0.82

Rate 0.52+0.16 0.27+0.16 1513 <0.001 086 044 0.91
Length of vertebra wall (mm)

Intrinsic (mm) 12452+4561 144.07+19.70

Destructed (mm) 54.85+37.60 3353+27.83 662 <0001 066 5519 083

Rate 047+041 023+£0.19 814 <0001 072 0.36 0.85

120

—
(=
(=]

Number of vertebrae

2,
2
]
(¢]

IoLRIUY
APPIA
101191504

S[ppIW pue IOLIDJUY

ETs
BBs

= = )
.Ej g o__l:-? 2] )
o o Aot (=3 28
Q & 22 T @
o —~ D e b ‘
S 2 28 8 ¥
s & %g & %
-] a =3 o
e - =% <)
= o o =
2 ~ o <]
—
g 3 B -
—. @) (=R
9 g

Fig. 1 Horizontal location of the erosion in patients with TS and those with BS. Extensive destruction involving each third of the vertebral body horizon-
tally was more common in patients with TS whereas the posterior elements and peripheral area of the vertebra were destroyed more often in patients

with BS(P<0.001). TS, tuberculous spondylitis; BS, brucellar spondylitis

(80.53% vs. 28.20%, x*=134.19, P<0.001, PPV=82.75%,
Figs. 2d and 3).

Although there was no statistically significant differ-
ence in sagittal or coronal osteosclerosis (9.87 vs. 11.23,
P=0.14 and 13.36 vs. 11.94, P=0.17, respectively), more
osteosclerosis was present throughout the vertebra in
the TS group than in the BS group (34.73% vs. 12.82%,

x>=24.07, P<0.001, PPV=81.98%; Fig. 2b). By contrast,
fan-shaped osteosclerosis around erosions, especially
those at the anterior edge of the superior or inferior end-
plate, had good diagnostic value, favoring a diagnosis of
BS (12.82% vs.1.15%, x*=71.30, P<0.001, PPV=86.96%;
Fig. 2d).
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Fig. 2 Morphological presentation of osteosclerosis in patients with TS and BS. (a and b) Extensive destruction and osteosclerosis in a patient with TS. a
Extensive destruction involved anterior, middle, and posterior thirds of the vertebra on axial image. b The triangular (Thick arrowhead) and rectangular
(thin arrowhead) osteosclerosis spreads from the anterior wall to the posterior wall in the C3 and C4 vertebrae. (c and d) Peripheral destruction and bone
formation in a patient with BS. c Peripheral destruction. Multiple erosions involved vertebral body except in the center and in the vertebral wall. d Fan-
shaped osteosclerosis. The erosion (triangle) is located at the anterior edge of the endplate surrounded by sclerotic bone with a fan shape. TS, tuberculous

spondylitis; BS, brucellar spondylitis

No statistically significant between-group differ-
ence was observed in the integrity of the vertebral wall
(9.54% for TS vs. 20.51% for BS, x*=9.99, P=0.02). How-
ever, the length and rate of destruction were significantly
greater in the TS group than in the BS group (54.85 mm
vs. 33.53 mm, £=6.62, P<0.001 and 47.16% vs. 23.33%,
t=8.14, P<0.001, respectively). A vertebral wall destruc-
tion rate of greater than 36.40% favored a diagnosis of TS
and had a PPV of 84.53%. A difference was also observed
in the location of the vertebral wall destruction(y*=72.38,
P<0.001; Fig. 4).The destruction involving the lateral
portion of the vertebral wall was more common in the
BS group (25.00% vs. 12.21%). Whereas, the destruction

involving the anterior, lateral, and posterior walls was
more common in the TS group (9.16% vs.0.64%).

The proportion of bone formation around the vertebra
was greater in the BS group than in the TS group (62.18%
vs. 8.40%, x*=138.89, P<0.001; PPV=81.51%). The BS
group showed significantly longer bone formation than
the TS group (18.06 mm vs.1.97 mm, ¢=14.28, P<0.001).
Bone formation longer than 3.00 mm around the vertebra
favored a diagnosis of BS (PPV=77.66%). Anterior bone
formation was longer and had a more closed morpho-
logical presentation in the BS group than in the TS group
(3.86 mm vs. 0.92 mm, £t=6.51, P<0.001 and 44.87% vs.
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Fig. 3 Longitudinal location of the erosion in patients with TS and those with BS. The area under the endplate and the equatorial portion of the vertebra
were destroyed more commonly in the TS(P< 0.001). However, the endplate and the area under the endplate were usually destroyed in BS(P<0.001).TS,

tuberculous spondylitis; BS, brucellar spondylitis

7.63%, x>=152.53, P<0.001; PPV =77.78%, respectively;
Fig. 5).

Sequestrum was more common in the TS group than
in the BS group (45.42% vs. 3.21%, x*=83.51, P<0.001,
PPV=95.98%). Sequestrum was located both in and
out of the erosions in the TS group, but only appeared
in the erosions in the BS group. There was also a signifi-
cant between-group difference in the shape and size of
sequestrum; fragmented and blocked sequestrum were
more common in the TS group (x*=102.43, P<0.001,
22.14% vs. 0.64%, PPV=98.31% and 22.14% vs. 0.00%,
PPV =100%, respectively), whereas the BS group showed
only dotted and linear sequestrum (Fig. 6).

Discussion

Both TS and BS continue to be public health problems,
particularly in developing countries [18]. Several studies
have identified radiological features that help to distin-
guish different types of infectious spondylitis [11, 12, 19,
20]. However, the features of vertebral destruction can-
not usually be detected clearly on MRI; they are often
concealed by a hyperintense area of inflammatory edema.
By contrast, CT imaging clearly reveals bone destruction
and formation that have great significance in differentiat-
ing spinal infections [15].

Though duration of illness varied from patient to
patient in these two spinal infections, no significant dif-
ference was found in the mean interval between pre-
sentation and CT imaging in the groups. Thus, specific
changes of bony structures may mainly depend on the
bacterial characteristics. Mycobacterium tuberculosis
enters the vertebra through the nutrient and metaphy-
seal arteries with coiled terminals, remains beneath the
endplate, and forms multiple TB abscesses followed by
caseous necrosis [21]. Lipids in mycobacteria inhibit the
activity of macrophages and lysosomes. Thus, multiple
lesions cannot be absorbed, aggravate and integrate into
extensive destruction, which explain the pattern of bone
destruction in the TS group. Greater destruction with less
bone formation results in extensive destruction involving
the anterior, middle, and posterior portions of the verte-
bra horizontally and the areas under the endplate and the
equatorial portion of the vertebra longitudinally.

The brucella organism is shorter than a mycobacterium
and enters the vertebral periphery via the metaphyseal
arteries and numerous tiny peripheral arteries; therefore,
it can reach an area closer to the endplate than M. tuber-
culosis. In this study, erosions in the BS group were more
commonly located in and beneath the endplate. Bone
destruction in the BS group rarely involved the equatorial
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Fig. 4 Location of vertebral wall destruction in patients with TS and those with BS. The anterior, lateral, and posterior wall were destroyed more often in
the TS group(P<0.001). Extensive destruction, defined as > 75% of vertebral wall destructed, was also commonly observed in the TS group(P<0.001). The
lateral vertebral wall was destroyed more commonly in the BS group(P<0.001). TS, tuberculous spondylitis; BS, brucellar spondylitis
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Fig.5 Presentation of anterior bone formation in patients with TS and those with BS. The closed type of anterior bone formation was more common in
the BS group than in the TS group(P < 0.001). TS, tuberculous spondylitis; BS, brucellar spondylitis
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Fig. 6 Morphological presentation of sequestrum in the TS and BS groups. Fragmented and blocked sequestrum was more common in the TS group
whereas the BS group showed only dotted and linear sequestrum(P < 0.001). TS, tuberculous spondylitis; BS, brucellar spondylitis

area of the vertebra. A characteristic manifestation of
BS is an isolated erosion with an osteosclerotic margin
located in the anterior or posterior edge of the endplate
because of its rich blood supply [12, 15]. Brucella can be
easily engulfed by neutrophils and phagocytes and is less
virulent than mycobacteria. This explains why bone for-
mation was more preserved both inside and outside of
the vertebra in the BS group than in the TS group.

Sequestrum is a well-recognized finding in musculo-
skeletal osteomyelitis [22, 23]. A tubercular lesion is dif-
ficult to absorb, leading to multiple abscesses and bone
destruction with sequestration of the remaining bone,
resulting in fragmented and blocked sequestrum. TS
is characterized by a form of sequestrum that includes
round-shaped osteolysis, peripheral bone sclerosis, and
central sequestrum [24]. By contrast, brucella produces
invasive and proteolytic enzymes such that sequestrum is
rare. Several patients in our study showed only dotted or
linear sequestrum.

This study has several limitations. The first is that cases
with rare features of spondylitis may not be included
because of the retrospective nature of the study and the
small sample size drawn from one institution, which
limit the extension of findings. The second limitation
is that we excluded patients with pyogenic spondylitis,
which accounts for a large share of spondylitis, which
decrease the generalizability and reliability of our results.
Therefore, more multicenter studies are needed to iden-
tify imaging characteristics that have high sensitivity
and specificity for differentiating between all the types

of spondylitis. Texture analysis, machine learning and
radiomics help to quantitatively analyze bone changes
and to differentially diagnose different spinal infections.

In conclusion, TS is more likely to manifest as exten-
sive vertebral destruction with more destruction of the
vertebral wall and fragmented and blocked sequestrum.
By contrast, BS manifests as more isolated erosions sur-
rounded by fan-shaped osteosclerosis, more bone forma-
tion around the vertebra, and longer anterior and closed
bone formation. Changes on CT imaging may help to
differentiate TS from BS and can make up for the short-
comings of other examinations. This research can further
the early diagnosis and improve the cure rate in these two
spinal infections.
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