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Abstract
Objective: It was aimed to investigate the application of different imaging methodologies in the grading
of lumbar Brucella spondylitis, and to evaluate the value of Transforaminal Lumbar Intervertebral
Body Debridement and Fusion (TLIDF) in the treatment.
Methods: 22 patients who had undergone lumbar surgery for Brucella spondylitis were recruited in this
study. Erythrocyte Sedimentation Rate (ESR), C-reactive Protein (CRP), Visual Analogue Scale (VAS)
and the Oswestry Disability Index (ODI) were monitored before and after the surgery, and all patients
were followed up after discharge to assess the treatment efficacy.
Results: 72.8% of the patients had middle stage Brucella spondylitis, with 22.7% and 4.5% of the
patients fell into early and late stage, respectively. 20 out of 22 patients received TLIDF surgery. No
relapse or complications were observed during follow-up in all patients. Compared with their presurgery levels, ESR and CRP decreased significantly in these patients after the surgery. Besides, postsurgery VAS and ODI scores also had a significantly improvement compared with the values before
surgery (all p<0.05).
Conclusion: Lumbar Brucella spondylitis had different characteristics on image examinations at
different stages of the disease. TLIDF was an effective surgical approach to eliminate symptoms and
processed long-term clinical efficacy.
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Introduction
Brucella bacteria are intracellular bacterial pathogens which
are capable of infecting both animals and humans. The
pathogen is transmitted through the ingestion of infected food,
direct contact with an infected animal or inhalation of Brucella
bacteria-containing aerosols. Brucella commonly attacks
tissues like bone and joints, and spine is the most common
affected tissue by Brucella, leading to spinal brucellosis [1].
Spinal brucellosis is a spectrum of diseases affects various
structures of the spine, including vertebral bodies (spondylitis),
intervertebral discs (spondylodiscitis), facet joints (arthritis),
ligaments, soft tissues, epidural space, meninges, subarachnoid
space and the spinal cord (myelitis) [2]. Lumbar region was
noted to be the most common site of the spinal brucellosis,
counting for more than half of the cases. This is due to the fact
that lumbar region had rich blood supply and higher likelihood
of endplate degeneration once infected by pathogens [3].
Although defined diagnosis of spinal brucellosis is based on
culture or serologic techniques, radiological methods are of
great importance to locate the Brucella invaded lesion in the
spine. Radiographic changes of spinal brucellosis may not be
apparent until 2 to 8 weeks after the presentation of clinical
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symptoms. Anatomically, anterior and superior erosions of the
vertebral bodies are the two common affected sides of the
spine. As a result of the inflammation, formation of bone-like
structure around the Brucella affected anterior vertebral end
plates can produce a so-called parrot-beak appearance on
radiological examinations [4]. Therefore, radiological
examinations are very helpful in the diagnosis of spinal
brucellosis. However, not every patient present typical imaging
characteristic on routine radiological examinations like X-ray,
Computed Tomography scan (CT) and Magnetic Resonance
Imaging (MRI). This might count for the potential
misdiagnosis or the delay of diagnosis. Therefore, how
radiological examinations or techniques could help clinicians
in the diagnosis or evaluation of lumbar Brucella spondylitis
needs further investigation. In this study, we hypothesized that
such uncertainty in the diagnostic role of radiological
techniques of spinal brucellosis was due to the change of the
features of lumbar Brucella spondylitis at its different stage.
Therefore, one of the major aims of this study was to
investigate the image characteristics on radiological
examinations at different stages of lumbar Brucella spondylitis.
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Although most patients suffered from spinal brucellosis was
able to recover completely through non-surgical treatment [5],
spinal surgery is usually unavoidable in patients of spinal
brucellosis with persistent or progressive neurologic deficits
due to compression of spinal cord or nerve roots, progressive
vertebral collapse or spinal instability [6]. One of the major
surgical approaches for Brucella spondylitis was posterior
debridement and interbody bone grafting fusion combined with
internal fixation [7]. However, such surgical approach would
inevitably destroy the posterior ligamentous complex.
Therefore, we further investigated the surgical efficacy of
different surgical approaches, including Transforaminal
Lumbar Interbody Debridement and Fusion (TLIDF), Anterior
and Posterior Lumbar Fusion surgery (APLF) or lumbar spine
revision surgery in preserving posterior ligamentous complex.

and the superior articular processes of the lower vertebrae,
dural sac and nerve root of the infected vertebral segment were
exposed. Yellow-green pus inside and outside the spinal canal
and inflammatory granulation tissue around were thoroughly
cleaned. Then, the annular fibrosus of the infected
intervertebral disc were cut, and necrotic tissue and destroyed
cartilage were removed completely. 3000 ml of normal saline
was used to flush and clean the whole area thoroughly and
repeatedly. Last, bone particles were implanted into
intervertebral space and hybrid cage was then inserted
followed by pedicle screw connection rod and drainage tube
implantation. Patients who was planned to receive lumbar
fusion surgery were then changed to lateral position after the
completion of TLIDF surgery. An oblique incision was made
to expose greater psoas muscle and the abscess was cleaned.

Materials and Methods

Post-surgery care and follow-up

Patients
22 cases of spinal brucellosis who received surgery in
Department of Orthopaedics at our hospital from February
2010 to June 2013 were recruited in this study. All patients
have given their consent to using their clinical data for this
study. 17 of them were male and the remaining 5 were female
patients. The average age in this population was 53.9 ± 9.9
years old. The disease courses of them ranged from 0.26 month
to 12 months, with an average of 3.1 ± 2.4 months. All patients
reported cattle and sheep contact history. All of these patients
had a significant increased titer in Standard Agglutination Test
(SAT) (>1:160) and were positive for Coombs anti-Brucella or
immune-capture agglutination test (>1:320).

Radiological examinations
All patients received lumbar spine X-ray, CT and MRI to
examine the sized of the infection, to evaluate the size of
abscess if possible, and to assess the degree of destroy in
vertebral body and intervertebral areas. The images were
analyzed and the Spinal brucellosis of each patient was staged.

Surgery intervention
All patients received oral therapy of Doxycycline (0.1 g, twice
every day) and rifampicin (0.6 g, once every day) for at least
21 days before the surgery. This regiment helped to reduce the
toxic symptoms brought by brucellosis infection and improved
the status of malnutrition.
Patients received general anaesthesia for the surgery and lied in
a prone position. After taking a median incision from the
posterior spine, the corresponding surgery was performed in
each patient. In those who received TLIDF, vertebral spinous
process, lamina and facet were clearly exposed and c-arm Xray machine was used to make sure that pedicle screws were
implanted at the accurate position. Bilateral transforaminal
approach was chosen at the infected vertebral segment, and the
lamina and spinous process were retained. After successful
resection of the inferior articular process of the upper vertebra
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Within the first 12 hours after surgery, single dose of
antibiotics was used to prevent patients from infection. If white
blood cell counts increased significantly within 2 days after
surgery and patients have fever, antibiotics were continued.
Mannitol (250 ml, IV drop, twice every day), dexamethasone
(5 mg, in drop, twice every day) were used to facilitated the
recovery of patients post-surgically. When the total drainage
was <30 ml/day, the drainage tube was removed and antibrucellosis treatment was continued for another 6 months as a
standard treatment for brucellosis. Since TLIDF performed in
our department has reserved the structure of posterior
ligamentous complex and spinal screw was also used, these
approaches we have chosen for our patients have greatly
stabilized the endogenous ligament and preserved the function
of the spine. Therefore, short term (3-5 days) of
immobilization was suggested to patients, and all patients were
encouraged to walk with the help of back brace after 3-5 days
of surgery. And back brace was obligated to be used in all
patients for 6-8 weeks.
All patients received a carefully designed follow-up plan at 3,
6, and 12 months after the surgery, and once every 6 months
afterwards. The follow up parameters included complications
and relapse of brucellosis evaluation, ESR and CRP levels,
backache and lower extremity neuralgia symptoms
improvements evaluation using Visual Analogue Scales (VAS)
and Oswestry Disability Index (ODI). Pain was scaled into 10
degrees in VAS methodology, with 0 being defined as no pain
existing and 10 being defined as the most severe pain. Daily
activities functional status in ODI methodology included 9
different parameters with 5 scores assigned to each parameter
(sexual life quality was not included). Final ODI was
calculated using the formula ODI=(actual score/45) × 100%.

Statistics
SPSS16.0 was used in all statistical analysis in this study. Data
were presented as mean ± Standard deviation (SD). X2 test was
used in the comparison of ESR or CRP level before and after
surgery. Paired t test was used in the analysis of VAS and ODI
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before and after surgery. P <0.05 was defined as statistically
significant.

L4-5

3

3/0

56.0 ± 4.4

2.0 ± 1.0

L5-S1

6

5/1

46.3 ± 8.0

2.2 ± 1.1

Results

L3-5

1

0/1

38.0 ± 0.0

12.0 ± 0.0

L4-S1

4

4/0

58.3 ± 10.2

2.6 ± 2.4

L2-3 and L4-S1

1

1/0

49.0 ± 0.0

5.0 ± 0.0

Clinical characteristics of patients with Brucella
spondylitis
The location of the affected spine segments included 4 cases of
L2~3, 3 cases of L3~4, 3 cases of L4~5 and 6 cases of L5~S1
infection. 6 cases had more than 2 vertebral bodies infected,
including 1 case of multiple L3~5 infection, 4 cases of multiple
L4~S1 infection and 1 case of infection in both L2~3 and
L4~S1 infection. Symptoms of these 22 patients included
backache (22 cases), lower extremities pain (19 cases), fever
(18 cases) and night sweat (10 cases) (Table 1).
Table 1. Clinical characteristics of 22 patients recruited in this study.
Lesion location

Case
number

Gender
(male/female)

Age (years)

Course of
the
disease
(months)

L2-3

4

3/1

60.8 ± 11.3

3.0 ± 0.8

L3-4

3

1/2

59.0 ± 4.6

3.0 ± 1.0

Imaging characteristics of patients with Brucella
spondylitis
All patients received lumbar spine X-ray, CT and MRI
examinations. Since Brucella spondylitis in lumbar spine had
various manifestations on imaging examination, we stratified
the stage of the diseases according to the criteria listed in Table
2. Only 1 patient (4.5%) was staged at an early stage in all
subjects. 16 patients (72.8%) had a middle stage imaging
manifestation of Brucella spondylitis while the remaining 5
subjects were categorized into late stage Brucella spondylitis
(22.7%). Middle stage patients had less than 5 months of
Brucella spondylitis medical history while late stage patients
had 3.5-12 months Brucellosis. Representative images one case
of early-middle stage, one case of middle stage and one case of
late stage Brucella spondylitis were shown in Figure 1, Figure
2 and Figure 3, respectively.

Table 2. Characteristics of imaging examinations on different stage of Brucellosis.
X-ray

CT

MRI

Early Stage

Normal

Normal

Short Tau Inversion Recovery (STIR) sequence showed abnormally high signalling
in vertebral body and paravertebral area

Middle Stage

normal
or
intervertebral
height

Late Stage

Obvious narrowing of
intervertebral space in the
infected spine segment.
Osteophyte proliferation
was observed on the
margin of vertebral body

narrowed small osteolytic lesion and sclerosis inflammatory signalling in vertebral body and intervertebral space, or intra-spinal
or para-spinal abscess
space lesion in intervertebral endplate

vertebral body sclerosis, osteolytic and inflammatory signalling in intra-spinal and/or para-spinal areas with extensive
inflammatory osteophytosis co-existed abscesses formation in intra-spinal or para-spinal area and greater psoas muscle
and margins of vertebral body showed
lace-like appearance

Table 3. Summary of surgical approach and para-operative parameters in all 22 patients.
Surgical
approach

Case number

Rationale for the chosen surgical approach

TLIDF

20

Destroy of intervertebral disc, intra-spinal 152.0 ± 29.3
abscess formation, compression of dura mater
and nerve root.

258.0 ± 37.3

196.8 ± 46.7

9.3 ± 3.7

APLF

1

Destroy of both intervertebral body and 215
intervertebral disc, multiple intra-spinal or
paraspinal abscesses, and psoas abscess

450

258

13

Lumbar
spinal 1
revision surgery

Multiple segment of spinal cord infection, 136
including L2-3,L4-S1, L4-S1 unilateral fixation
and lumbar fusion surgery was performed due
to the misdiagnosisand L2-3 TLIDF was
performed 3 months after diagnosis

230

153

11
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surgery
(minutes)

time Bleeding volume Post-surgery
In-patient
during the surgery drainage volume admission
(ml)
(ml)
time (days)
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volume, more post-surgery drainage volume and longer inpatient admission time (Table 3).

Figure 1. MRI images of a patient with Brucella spondylitis in lumbar
vertebrae from early stage to middle stage. Early stage MRI (a, b)
showed high signals in the lumbar vertebrae indicating inflammation
existed. 3 months later, MRI (c, d) showed the intervertebral height
loss, intervertebral disc damage and abscess formation indicating the
disease entered into middle stage.

Figure 2. Imaging features of Brucella spondylitis in the middle
stage.(a) X-ray showed the narrow intervertebral space at L5-S1
level. (b) CT showed vertebral body sclerosis, osteolytic and
inflammatory osteophytosis coexisted at L5-S1 level. (c, d) MRI
showed inflammatory signalling existed in the intraspinal and
paraspinal areas and psoas muscle, indicating extensive abscesses
formed.

Surgery summary of patients with Brucella
spondylitis
20 patients received TLIDF surgery, and remaining two
received TLIDF plus APLF surgery and lumbar spinal revision
surgery, respectively. The surgery time for TLIDF was 152.0 ±
29.3 minutes, while that for patients received TLIDF+APLF or
TLIDF+lumbar spinal revision surgery were 215 minutes and
136 minutes, respectively.

Figure 3. CT and MRI images from one patient of late stage Brucella
spondylitis in lumbar vertebrae. (a,b) CT longitudinal section (a) and
cross section (b) of lumbar vertebrae. Vertebra body had hyperplasia
and sclerosis. Inflammatory osteophytosis and osteolysis co-existed in
the same vertebra body. (c,d) MRI cross section (c) and longitudinal
section (d) of lumbar vertebrae showed signals indicating
inflammation in vertebral body and intervertebral space. Both
intervertebral and paravertebral abscess extensively existed, forming
the abscess in major psoas muscle.

TLIDF and lumbar spinal revision surgery had similar bleeding
volume, post-surgery drainage and in-patient admission time,
while TLIDF+APLF surgery seemed to have a higher bleeding
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However, statistical analysis could not be performed since
sample size equaled to one in either group (Table 3). MRI
images of one patient received TLIDF surgery was shown in
Figure 4. MRI before and after surgery of one patient and Xray of spine from the same patient after surgery is shown in
Figure 5.

Figure 4. Images of one patient received TLIDF surgery for lumbar
Brucella spondylitis treatment. (a) MRI performed before surgery
showed intervertebral space infection in L3~4, with intraspinal
abscess and compression of nerve root and synovial bursa. (b) X-ray
taken during the surgery showed that the posterior ligamentous
complex was preserved and combined surgery of posterior lesions
debridement at L3~4 and TLIDF was performed. (c) X-ray from postsurgery follow-up showed that continuous bone trabecular formed
through L3 and L4, achieving bone fusion. (d) Follow-up MRI
showed a complete cure of the infection in L3~4 without relapse.

Comparison of ESR and CRP levels, and VAS and
ODI scores before and after surgery
Erythrocyte Sedimentation Rate (ESR) level when they were
firstly admitted to hospital ranged from 4-104 mm/h, with an
average of 37.7 ± 25.4 mm/h. C-reactive Protein (CRP) ranged
from 3.8-78.4 mg/L, with an average of 33.1 ± 29.3 mg/L.
Patients had a significantly higher ESR level 1 week after
surgery (48.7 ± 26.4 mm/h vs. 37.7 ± 25.4 mm/h before
surgery, p<0.05) (Figure 6A), which most probably due to the
stress of surgery. In contrast, ESR level decreased significantly
3 months after surgery (11.4 ± 6.3 mm/h) compared with the
levels before surgery and or 1 week after surgery (both p<0.05)
(Figure 6A). Similar phenomenon was also observed in CRP
levels before and after surgery (Figure 6B).
A further follow-up of the manifestation of Brucellosis showed
that VAS (assessment of backache and low extremity
neuralgia) was significantly lower after surgery compared with
before surgery (2.66 ± 1.04 vs. 6.82 ± 2.14, p<0.05) (Figure
7A). During the last follow-up of each patient, the ODI score
was significantly decreased when compared with that of before
surgery (8.82 ± 1.73 vs. 35.72 ± 1.91, p<0.05) (Figure 7B).

Discussion
Brucellosis is an endemic zoonotic disease and spine is the
most commonly affected tissue. About 60% of spinal
brucellosis cases were lumbar brucellosis which invaded L4 or
L5 [4]. In the current study, we recruited patients of spinal
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brucellosis not only had L4~5 lumbar spinal brucellosis, but
also in all other segments of the spine except L1~2.

Figure 5. MRI and X-ray images of one patient received TLIDF
surgery. (a,b) MRI image of vertical (a) and cross section (b) before
the surgery. (c,d) anteroposterior view (c) and lateral view of the
spinal structure from the same patient during the surgery on X-ray.
(e,f) MRI image of vertical (e) and cross section (f) one year after the
surgery.

Figure 6. ESR (A) and CRP (B) level before and after surgery.
p<0.05 between indicated groups.

*

Figure 7. VAS (A) and ODI (B) scores before and after surgery (x ±
s). *p<0.05 between indicated groups. Abbreviations: VAS: Visual
Analogue Scale; ODI: Oswestry Disability Index.

Compared with single lesion in spine, multiple-segment
involvement of spinal brucellosis was relatively rare, counting
for only 3.2-9% of diagnosed spinal brucellosis cases [8]. In
this study, we recruited 6 of multi-segment affected spinal
brucellosis cases (27%), the number of which was higher than
reported numberMen were affected more frequently than
women in this study (17 male and 5 female patients), which
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was consistent with the reports from other [9]. Spondylodiscitis
has been reported more frequently in adults and the elderly
[10]. Consistent with the literatures, the mean age of patients
this study was 53.9 ± 9.9 years old (range from 36 to 75 years
old). In this cohort, the average of time from the first onset of
symptom to final diagnosis was 3.1 ± 2.4 months, ranging from
0.26 to 12 months. Since serological diagnosis of brucellosis
has been challenging, at least 2 serological tests, such as SAT
and Coombs anti-Brucella test or immunocapture agglutination
test, have been suggested in the diagnosis of spinal brucellosis
with increased sensitivity [5]. Besides, moderately elevation of
ESR and CRP were reported in brucellosis patients [11]. In this
study, we found that both ESR and CRP elevated after the
surgery, which probably reflected the post-surgery stress status
of these patients. Interestingly, we observed a significantly
decreased ESR and CRP levels 3 months after the surgery
when compared with both their levels before and shortly after
the surgery. The combined regimen of a thorough surgery to
eliminate the infection source and a regular 6 months postsurgery anti-brucellosis treatment possibly counted for the
correction of inflammatory status, leading to the reduced ESR
and CRP levels. Clinically, Brucellosis usually has 4 different
disease stages including acute, subacute, chronic and relapsing
stages [6]. The clinical course of the disease correlated with the
manifestation of Brucella spondylitis on radiological
examinations to some degree. For example, severe
inflammatory damage always existed with features of
intervertebral space narrowing, vertebral body hyperplasia of
sclerosis, osteolysis and abscess formation in intra-spinal and
para-spinal areas in severe cases with chronic disease courses.
In contrast, patients with shorter course of the disease usually
presented with minimal X-ray, CT or MRI changes. Despite of
the fact that Brucella spondylitis could have different
manifestations on imaging examination; the radiological
staging of Brucella spondylitis has not been well established.
Since Brucella spondylitis was a chronic disease, about 25% of
the patients could have a featured X-ray abnormality of
osteophyma of vertebral body and intervertebral space
narrowing [12]. CT had more advantage in detecting bone
inflammatory change since it was able to show the pathological
change of vertebral disc, spinal canal and para-spinal areas.
MR imaging has been currently recognized as the best imaging
tool for diagnosis and follow-up of patients with spinal
infections, due to its high sensitivity and specificity [13]. Fatsaturation technique with contrast enhancement has been
impressive in displaying and delineating the changes in
vertebral body, intervertebral disc, and paravertebral soft tissue
involvement of spinal brucellosis [14]. Two radiologic forms
of Brucella spondylitis exist so far, namely the focal form
which was limited to the anterior part of the endplate, and the
diffuse form which involved the entire vertebral body,
intervertebral disc, adjacent vertebra, epidural space, meninges,
and spinal cord [15].
In the current study, we carefully analyzed the imaging from
X-ray, CT and MRI of all 22 patients and tried to stage the
disease according to their radiological manifestations.
According to the report, early radiological manifestations of
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Brucella spondylitis were usually non-specific. MRI, with the
help of fat-suppression technique and contrast enhancement,
has been reported as the most useful method for detecting the
presence and extension of Brucella spondylitis [16]. In the
middle stage spinal brucellosis, tissue injury becomes more
severe and inflammatory injury or erosion was involved in not
only soft tissues but also bones. At this stage, MRI, X-ray and
CT were able to detect the pathological change. As the disease
progressed, vertebral body became sclerotic, inflammatory
osteophyte proliferation enhanced and para-spinal abscesses
would extensively form such that the radiological
manifestation of spinal brucellosis became more typical and
characteristic (Table 2). Although the initial clinical signs of
Brucella infection had 2-4 weeks latent period, the earliest
radiological signs may appear as late as 12 weeks or just a bit
later than the onset of clinical symptoms. Due to the high blood
supply, the superior end plate was usually the starting point in
most cases of spinal brucellosis, although the inferior end plate
might also be involved. When the balance between the
virulence of the organism and host defense mechanism is
destroyed, the disease progresses. Finally, the infection could
spread to the entire vertebral body, invading the neighbour
intervertebral disc space and adjacent vertebrae [10].
Surgery for the treatment of spinal brucellosis has been done in
3-29% of the patients [7] and was usually advised when
persistent or progressive neurologic deficits existed. Patients
who had progressive vertebral collapse or spinal instability,
and who did not respond to prolonged antibiotic treatments
were also potential candidates for surgery [6]. Early surgical
approach could provide some benefits to these patients
including achieving neural decompression earlier, rapid relief
of symptoms and fresh sample access for earlier diagnosis
before the deterioration of neurological and clinical parameters
[17]. Reported surgery approaches for spinal brucellosis
included posterior lumbar laminectomy, debridement and
infusion surgery and anterior lumbar fusion debridement
internal fixation. Although these approaches had assured
treatment effect, we had to admit that such extensive surgery
itself was a huge injury to patients and some of these surgical
approaches damaged the structure of posterior ligamentous
complex.
TLIDF had its advantage in this aspect since it retained the
structure of posterior spine complex which was composed of
spine ligaments, spinous process, interspinous ligament, yellow
ligament, and facet joint capsule. The preservation of this
complex during the surgery could provide stable attachment
point for erector spinae muscles, which greatly stabilize the
endogenous ligament and preserved the function of spine. Liu
et al. showed that patients received TLIDF had a significantly
higher JOA score compared with those who received the
laminectomy interbody fusion surgery, suggesting that
posterior complex structure had an important role in
stabilization of the spine structure and could potentially
increase the clinical treatment effect of the surgery [18,19].
Considering the fact that the destruction of bone by Brucella
bacteria has a relatively small impact on the stability of spine,
our TLIDF surgery approach has greatly preserved the spinal
1791

stability and function, and the shorter spinal instrumentation
would have a much smaller impact on the spinal mobility
compared with longer spinal instrumentation, we have decided
to use short spinal instrumentation for our patients in this
study.
Therapeutic failure was defined as the presence of persistent or
worsening symptoms together with high levels of CRP or ESR
1 month after surgery [5]. Relapse rate of spinal brucellosis
ranged between 4%-14% [13,20]. In the current study, we did
not find any relapsed case and all patients had a significantly
reduced ESR and CRP levels in their 3 months follow-up. VAS
and ODI scores also indicated that backache and lower
extremity neuralgia issues had been solved by surgery and the
quality of life has been greatly improved. According to the
report, relapse rate could be as high as 55% if antibiotic
treatment was administered for only 6 weeks [21]. Thus, we
prolonged the administration of antibiotics for at least 6
months [7] to reduce the relapse rate.
In summary, TLIDF surgery approach was an effective
treatment choice for patients suffered from Brucella
spondylitis. The combined treatment of surgery intervention
and antibiotics processed a long-term benefit to these patients.
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