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 Background: We clarified the imaging features of Brucella spondylitis to enhance our understanding of the disease and to 
minimize misdiagnosis.

 Material/Methods: Imaging data (X-ray, computed tomography [CT], and magnetic resonance imaging [MRI] data) of 72 Brucella 
spondylitis patients treated from 2010 to 2017 were retrospectively analyzed; diagnoses was made by evalu-
ating laboratory and pathological data.

 Results: X-ray films revealed changes in intervertebral space heights, the number of lateral osteophytes, and bone de-
struction, which were more severe in the following order: lumbosacral vertebrae (56 cases, 77.8%), cervical 
spine (6 cases, 8.3%), thoracic spine (5 cases, 6.9%), and multi-segmental mixed vertebrae (5 cases, 6.9%). CT 
revealed osteolytic destruction attributable to early-stage Brucella spondylitis (endplate and vertebral lamel-
lar osteolysis), usually associated with multiple vertebral involvement, with the middle and late disease stages 
being characterized by osteophytes in the vertebral margins and bony bridges, endplate sclerosis, and verte-
bral osteosynthesis. We encountered 54 cases (75%) with endplate lamellar osteolysis, 37 (51.4%) with verte-
bral lamellar osteolysis, 59 (81.9%) with marginal osteophytes, 10 (13.9%) with bony bridges, 25 (34.7%) with 
vertebral laminar sclerosis, and 17 (23.6%) with vertebral osteosynthesis. MRI revealed early, low-intensity, dif-
ferential T1WI vertebral and intervertebral signals, with occasional iso-signals, T2WI iso-signals or high-inten-
sity signals; and T2WI-FS vertebral and intervertebral high-intensity signals, commonly from vertebral soft tis-
sues and rarely from paravertebral abscesses.

 Conclusions: A better understanding of the X-ray, CT, and MRI features of Brucella spondylitis could aid in diagnosis when 
combined with epidemiological and laboratory data, thus minimizing misdiagnosis.
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Background

Brucellosis, also known as Mediterranean retention, Maltese 
fever, or heat wave, is a zoonotic allergic disease caused by 
Brucella that can trigger epidemics that seriously endanger the 
health of humans and animals. Over 170 countries or regions 
worldwide have reported human and animal epidemics [1–5]. 
Over 500 000 people worldwide develop brucellosis annual-
ly [6]. Among animals, cattle, pigs and, especially, sheep are 
most affected [7–9]. The Chinese “Animal Epidemic Prevention 
Act” recognizes brucellosis as a Type 2 infectious disease that 
can cause significant economic loss; strict control and eradi-
cation measures are mandated to prevent proliferation [10].

In 2015 and 2016, we visited pastoral areas in northern Xinjiang, 
Uygur Autonomous Region, to epidemiologically investigate 
brucellosis, and found that the prevalence rates were 8.4% 
and 25%, respectively. In recent years, increasing numbers of 
brucellosis outbreaks in livestock have been reported in the 
Xinjiang Uygur Autonomous Region, seriously affecting the lo-
cal economy and the health of local residents. Brucellosis re-
mains an important public health problem.

The major pathological feature of Brucella spondylitis is nodu-
lar lesions consisting of epithelioid cells, which can be seen in 
the nidus under a light microscope. Affected areas may show 
histiocytosis, proliferative nodules, and granuloma, as well as 
large numbers of neutrophils, lymphocytes, monocytes, and 
eosinophils. The typical mechanism of brucellosis infection is 
direct contact with the skin or mucosa, although infection can 
also occur via inhalation of airborne droplets into the respira-
tory tract. Brucellosis can also invade the spine; this occurs in 
2–53% of cases [11–13]. The disease can involve any part of 
the spine, but lumbar and thoracic/lumbar involvement is most 
common, affecting the lumbosacral and sciatic nerve roots, ra-
diating pain into the lower limbs, and causing meningitis; spi-
nal inflammation; spinal arachnoid (afternoon) fever; hyperhi-
drosis; limb aches, numbness, and weakness; paraplegia; and 
other problems that seriously affect quality-of-life and im-
pose large economic burdens on society [14–18]. In the early 
stage of brucellosis, the clinical manifestations are nonspecific. 
Relatively common symptoms include undulant fever, sweating, 
exhaustion, and poor appetite. If the nerve root or spinal cord 
is affected, leg weakness may occur, in addition to chronic pain 
and swelling of the lymph nodes, liver, or spleen. In patients 
with acute brucellosis, the morphology of the infected verte-
brae is normal. The endplates, which have a rich blood sup-
ply, are the first vertebral bodies to be affected. Inflammation 
eventually spreads to the entire vertebral body, accompanied 
by early vertebral infections wherein inflammatory conges-
tion and edema are the principal pathological changes, in ad-
dition to increased amounts of water in the vertebral bodies. 
NHowever, no obvious spinal deformities or bone destruction 

attributable to changes in the vertebral morphology are evi-
dent. When the disease enters its subacute and chronic stag-
es, immune cells interact with the infected foci and bone de-
struction occurs. Infected vertebral bodies undergo complex 
changes, including hyperosteogenesis and sclerosis. Thus, the 
signal intensities of vertebral bodies are uneven, even when 
osteoporosis in diseased vertebrae and obvious changes in 
vertebral body morphology are absent. The clinical and imag-
ing manifestations are very similar to those of spinal tuber-
culosis, including narrowing of vertebral gaps, destruction of 
vertebral bodies, formation of bony bridges, and widening of 
the shadow of the vertebral column [19,20]. Cases with de-
layed or aggravated illness caused by early clinical misdiag-
nosis are frequent [21].

We retrospectively analyzed data on 72 cases of spinal bru-
cellosis treated in our hospital. We summarized and analyzed 
imaging manifestations and diagnostic points to improve di-
agnosis and reduce misdiagnosis.

Material and Methods

General information

Inclusion criteria were: (1) a reliable diagnosis of spinal bru-
cellosis, and a complete and clear set of clinical images; and, 
(2) voluntary participation in the study and signed written in-
formed consent. Exclusion criteria were: (1) a previous diagnosis 
of ankylosing spondylitis; (2) a relapse of spinal brucellosis; (3) 
previous spinal surgery; (4) any spinal deformity, such as sco-
liosis; (5) poor image quality or positioning; (6) a clinical diag-
nosis of spinal tuberculosis; and (7) tuberculosis patients. The 
imaging data (X-ray, computed tomography [CT], and magnet-
ic resonance imaging [MRI]) of the 72 included patients treated 
from January 2010 to January 2017 were collected, of whom 53 
were males and 19 females, ages 30–77 years (average, 52.0 
years). The time since diagnosis was 1–6 months (average, 3.7 
months). All patients had been in an epidemic area or in con-
tact with pathogenic bacteria. The specimens of all the patients 
were collected postoperatively for pathological examination, 
with the results revealing chronic suppurative inflammation in 
all cases. Forty-five patients (62.5%) were engaged in animal 
husbandry and 22 (30.6%) in beef/mutton slaughter and pro-
cessing, and 5 (6.9%) lived in brucellosis-endemic regions. The 
T-SPOT tuberculosis test was positive in all patients, as was at 
least 1 of the Rose Bengal plate and tube agglutination tests.

Imaging

All 3 imaging examinations were performed at about the same 
time (the interval between CT and MRI did not exceed 15 days). If 
pedicle involvement was suspected, the double oblique position 
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was added to routine X-ray radiography. Spiral CT images were 
obtained of all lesions of vertebral bodies and adjacent verte-
brae (layer thickness 4–5 mm, pitch 1–1.5, both bony and soft 
tissue window displays). Conventional MRI was performed us-
ing Phillips 0.5-T and Siemens 1.5-T platforms (fitted with spi-
nal coils) in the sagittal plane (spin echo and fast spin echo 
sequences), followed by axial and coronal T2WI (T1WI TR/TE 
500 ms/20 ms; T2WI TR/TE 4,000 ms/120 ms; FOV 300, layer 
thickness 4–5 mm, slice thickness 1 mm, no row enhancement).

Observations

Using the same optical conditions, X-ray, CT, and MRI imag-
es with quality scores ³3 were independently evaluated by 3 
doctors in terms of clinical manifestations, bone destruction 
(as revealed by MRI), skeletal sclerosis, dead bone and ab-
scess formation, calcification, intervertebral disc destruction, 
changes in the heights of intervertebral spaces, vertebral ca-
nal involvement, posterior axonal deformities, and surround-
ing soft-tissue changes.

Results

X-ray performance

The main manifestations of acute spinal brucellosis were the 
involvement of multiple vertebral bodies, multiple lesions, irreg-
ular insect-like bone destruction, and (later) hyperplasia, scle-
rosis, and spur formation. Bone destruction was not obvious 
on X-rays, but lesions were found in vertebral bodies and/or 
endplates (Figures 1, 2). The lumbosacral vertebrae were the 
most commonly involved (56 cases, 77.8%), followed by 6 cas-
es (8.3%) of cervical spine involvement, 5 (6.9%) of thoracic 
spine involvement, and 5 (6.9%) of multiple-segment verte-
bral body involvement (Table 1). A total of 53 patients exhibit-
ed 1–2 involved vertebral bodies and 19 exhibited ³3 involved 
vertebral bodies. Wedge-shaped changes (10 cases) were less 
common. Intervertebral space changes >50% were apparent in 
44 cases (61.1%) and changes <50% in 21 (29.2%). Fifty-five 
cases exhibited lateral osteophytes (76.4%)

CT imaging

The CT imaging features were divided into those of the verte-
bral osteolysis and vertebral hyperplastic sclerosis stages. CT 
revealed early osteolytic destruction (dissolution of endplate 
and vertebral lamellar bone), (usually) multiple vertebral body 
involvement, and some osteophyte-mediated destruction. 
Later, proliferative sclerosis of the vertebral bodies, with os-
teophyte proliferation, bony bridge formation, endplate scle-
rosis, and vertebral osteoporosis, were apparent. In general, 
most bone destruction foci at vertebral edges were small and 

multiple; the hyperplastic and sclerotic foci were more obvious; 
and sites of new bone formation and new foci of destruction 
were admixed. Disc and synovial cartilage destruction exhib-
ited an isodense pattern as hyperplasia of the articular sur-
face advanced and the density of the adjacent vertebral body 
increased (Figure 3, 4). In terms of osteolytic destruction, 54 
cases (75%) exhibited endplate lamellar and 37 (51.4%) exhib-
ited vertebral body lamellar dissolution. Fifty-nine cases had 
marginal osteophytes (81.9%); bony bridge formation was ev-
ident in 10 (13.9%); vertebral laminar sclerosis in 25 (34.7%); 
and osteogenesis within the vertebrae in 17 (23.6%; Table 2).

MRI

The typical MRI T1WI manifestation was low- or iso-signal 
intensity in areas of bone destruction. T2WI was associated 
with high- or iso-signal intensity, and lipid suppression with 
high signal intensity. Peripheral bone sclerosis was associat-
ed with low T1WI and T2WI signals; and soft tissue with low 
T1WI and high- or iso-signal T2WI signals. In terms of inter-
vertebral disc involvement, intervertebral space stenosis yield-
ed uneven signals and vertebral abscesses evident in coro-
nal scans were “teardrop-shaped” (Figures 5, 6). In 67 cases 
(93.1%) with involved vertebral bodies and 57 with involved 
intervertebral discs (79.2%), most signals were of low inten-
sity; high- (2.7%. 13.9) and iso-signal-intensity signals (4.2%, 
6.9%) were less common. T2WI signals from involved verte-
bral bodies were usually high- (40 cases, 55.6%) or iso-signal 
(21 cases, 29.2%) intensity; affected intervertebral discs yield-
ed high (30 cases, 41.7%) or low (22 cases, 30.6%) signals. 
Sixty-eight (94.4%) affected vertebral bodies and 64 (88.9%) 
affected intervertebral discs yielded high-intensity signals in 
the fat-suppressed phase. Paravertebral soft-tissue shadows 
were evident in 40 cases (55.6%), predural granulomas in 26 
(36.1%), and paravertebral abscesses in 6 (8.3%).

Discussion

Spinal brucellosis remains an important complication of bru-
cellosis worldwide, and early diagnosis is critical [22–24]. In 
the acute phase, X-rays reveal the involvement of multiple 
vertebral bodies and multiple bony lesions [25,26]. We found 
that the lumbosacral vertebrae were most commonly involved 
(56 cases, 77.8%), followed by cervical, thoracic, and multiple 
vertebral bodies (5 cases of the latter, 6.9%). Fifty-three cas-
es (73.7%) exhibited 1–2 involved vertebral bodies. We found 
that bone destruction was not evident on X-rays, especially 
in those with early-stage disease. Later, the centers of verte-
bral bodies may become invaded and harden, preventing deep 
bone destruction. Later imaging manifestations included hy-
perplasia, sclerosis, and bony spines resembling “bird beaks” 
(that sometimes formed bony bridges). Wedge-shaped changes 
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A B

Figure 1.  X-ray results of a male patient aged 39 years with spinal brucellosis. Anteroposterior (A) and lateral (B) X-rays reveal lesions 
in the L3/4 vertebral bodies, visible bilateral hyperplasia of the vertebral bone, stenosis of the intervertebral space, and a belt 
of endplate and vertebral body sclerosis (white arrows).

A B

Figure 2.  X-ray results of a male patient aged 52 years with spinal brucellosis. Anteroposterior (A) and lateral (B) X-rays reveal lesions 
in the L5–S1 vertebral bodies, visible bilateral hyperplasia of vertebral bone, stenosis of the intervertebral space, and a belt 
of endplate and vertebral body sclerosis (white arrows).

Cervical 
vertebra

Thoracic 
vertebra

Lumbosacral 
vertebra

Multiple cervical 
locations

Number 6/72 5/72 56/72 5/72

Percentage 8.3% 6.9% 77.8% 6.9%

Table 1. Locations of the lesions.
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in vertebral bodies were rare and intervertebral space chang-
es were more common (although seldom reported in previous 
studies). Fifty-five cases had lateral bony masses (76.4%), bone 
destruction was not obvious and vertebral bodies and/or end-
plates in affected areas exhibited hardening.

The CT characteristics of the disease may be divided into those 
associated with vertebral bone destruction and vertebroplastic 
sclerosis. The disease has been divided into an acute period 
(2–3 months), a subacute period (3–12 months), and a chronic 
period (>12 months). The early CT manifestations in patients 

A

E

B

F

C D

Figure 3.  Computed tomography (CT) results of a male patient aged 77 years with spinal brucellosis. Sagittal (A, B) and coronal 
(C, D) images reveal vertebral body lesions at the L4/5 level. The lower endplate of the L4 vertebral body, as well as the L5 
upper endplate and vertebral body, exhibit bony destruction with bilateral, and vertebral bony bridge formation. The L4/5 
endplate also shows denaturalization, while the vertebral body shows osteogenesis (white arrows). Axial view (E, F) revealing 
osteolytic destruction of the vertebral body (white arrows).
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F

C D

Figure 4.  CT results of a male patient aged 39 years with spinal brucellosis. Sagittal (A, B) and coronal (C, D) images revealing 
vertebral body lesions at the L3/4 level. The lower endplate of the L3 vertebral body and the L4 upper endplate and vertebral 
body exhibit bony destruction with bilateral, vertebral, bony bridge formation, as well as L3/4 endplate denaturalization and 
vertebral body osteogenesis (white arrows). Axial image (E, F) revealing osteolytic destruction of the vertebral body (white 
arrows).
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with osteolysis (endplate and vertebral lamellar bony dissolu-
tion) usually have multiple vertebral body involvement and low-
level osteophyte-mediated bone destruction. The principal CT 
features in the sclerotic period are vertebral body hyperplasia, 
osteophyte proliferation, bony bridge formation, endplate scle-
rosis, and vertebral body osteogenesis [19]. Demirci et al. [27] 
reported an unusual “cauliflower” sign on vertebral CT of a pa-
tient with spinal brucellosis; this sign may be disease-specific.

We found 54 cases (75%) of lamellar osteolysis, 37 (51.4%) 
of vertebral lamellar bone dissolution, 59 (81.9%) of margin-
al osteophyte status, 10 (13.9%) of bony bridge formation, 25 
(34.7%) of laminar sclerosis, and 17 (23.6%) of vertebral body 
osteogenesis. In general, manifestations of bone destruction 
at the vertebral edges of lesions were both small and multi-
ple; lesions around the hyperplastic and sclerotic regions were 

more obvious. New bone tissue was mixed with the new le-
sion, destruction of the intervertebral disc and synovial car-
tilage yielded isodense images, the articular surfaces were 
both hyperplastic and sclerotic, and the bone densities of ad-
jacent vertebrae were increased. Earlier studies showed nega-
tive vertebral body CT manifestations in the destruction planes 
associated with bilateral lumbar muscle widening, often ac-
companied by abscess formation [15,16,28–30]. However, we 
found only a few paravertebral abscesses on CT and further 
study is required.

MRI is very sensitive to changes in amount of water in tis-
sue and protein and reveals destruction of vertebral body 
bone and the intervertebral discs, and abscesses within and 
outside the vertebral canal. In patients with early-stage dis-
ease, MRI sensitively detects changes in vertebral bodies and 

Number Percentage

Osteolytic destruction
Endplate lamellar dissolution 54 75.0%

Vertebral body lamellar dissolution 37 51.4%

Hyperosteogeny

Marginal osteophytes 59 81.9%

Bony bridge formation 10 13.9%

Vertebral laminar sclerosis 25 34.7%

Osteogenesis within the vertebra 17 23.6%

Table 2. CT imaging features by lesion stage.
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Figure 5.  Magnetic resonance imaging (MRI) results of a male patient aged 39 years with spinal brucellosis. The lesion was located 
at the L3/4 vertebrae. T1WI imaging of the vertebral body and low-level signaling from the intervertebral disc (A, B). On the 
T2WI images, the vertebral body and intervertebral disc exhibit high- and low-intensity signals, respectively (C, D), while 
the T2WI-FS images reveal high-intensity signals from the vertebral body and intervertebral disc (E, F). A teardrop-shaped 
abscess is also evident in the axial image (G, H). White arrows show the position of the lesion.
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surrounding soft tissue. Typically, MRI signals from regions ex-
periencing peripheral bone sclerosis are either unaffected or 
reduced on T1WI, unaffected or elevated on T2WI, or reduced 
on both T1WI and T2WI. Soft-tissue involvement reduces the 
T1WI signal, either does not affect or elevates the T2WI sig-
nal, and is associated with MRI-inferred intervertebral disc in-
volvement or intervertebral space narrowing via a reduction in 
signal non-uniformity [31,32]. We found that the T1WI signals 
from both the vertebral body and the intervertebral disc were 
commonly of low intensity; signals of high or mixed intensity 
were rare. On T2WI, an affected vertebral body delivered ei-
ther a normal or high signal, as did the intervertebral disc. The 
fat-phase signals from the vertebrae and intervertebral discs 
were high. Paraspinal soft tissue shadows and predural gran-
ulomas were more common than usual, and paravertebral ab-
scesses were less common. Also, paravertebral abscesses evi-
dent on MRI coronal scans were “teardrop-shaped,” a feature 
rarely reported before. As MRI can detect early abnormal sig-
nals from vertebral bodies, intervertebral discs, and soft tis-
sue, this is the first-choice imaging when evaluating patients 
with spinal brucellosis, and enhanced MRI scans improve di-
agnostic accuracy.

The imaging features of spinal brucellosis need to be distin-
guished from those of spinal tuberculosis. The incidence of spi-
nal tuberculosis can attain 40–50%, being the most common 
manifestation of pulmonary tuberculosis, often triggering ver-
tebral body destruction and other serious complications. The 
clinical and imaging manifestations are very similar to those 

of brucellosis spondylitis, making misdiagnosis easy. The typ-
ical manifestations of spinal tuberculosis are bone destruc-
tion, dead bone, narrow intervertebral spaces, paraspinal ab-
scesses, and deformities of the spinal posterior process. Spinal 
spondylitic brucellosis often involves the endplates of the junc-
tions between the vertebral bodies and the intervertebral discs. 
The shape of the vertebral body is not affected, the posterior 
process does not exhibit compression or deformity, no bony 
hyperplasia is evident at the edges of vertebral bodies, bone 
death is rare, the intervertebral spaces are not obviously nar-
rowed in those with early-stage disease, abscesses in the ver-
tebrae and the psoas major muscle are rare, and abscess het-
erogeneity is limited. In general, only adjacent vertebrae are 
affected, the vertebral bodies suffer only minor destruction, 
and adjacent organs are not involved [33]. Our imaging data 
for patients with brucellosis spondylitis support these findings. 
Differential diagnosis requires the evaluation of biopsy sam-
ples. Furthermore, brucellosis titer test positivity and anti-bru-
cellosis positivity are useful diagnostic criteria [34]. Clinicians, 
especially orthopedic surgeons, must understand the disease, 
particularly the imaging features, to allow accurate diagnosis 
via a combination of epidemiological history-taking, clinical 
manifestations, and laboratory data.

Conclusions

In summary, brucellosis is easily misdiagnosed, although it 
is important to achieve an early diagnosis to prevent further 
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Figure 6.  The MRI results of a female patient aged 41 years with spinal brucellosis. The lesion is located at the L1/2 vertebrae. T1WI 
images of the vertebral body reveal low-intensity signals from the intervertebral disc (A, B). On the T2WI scans, the vertebral 
body and intervertebral disc exhibit high- or low-level mixed signals (C, D), and the T2WI-FS scans exhibit high-intensity 
signals from the vertebral body and intervertebral disc (E, F). A teardrop-shaped abscess is also evident in the axial image 
(G, H).
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complications. Blood cultures and Brucella spondylitis serolo-
gy tests are required when patients with spinal lesions do not 
respond to standard treatment. The features of Brucella spon-
dylitis in X-ray, CT, and MR images must also be better under-
stood to minimize misdiagnosis and to use in combination 
with epidemiological and laboratory data.
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