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Abstract

BACKGROUND CONTEXT: No direct comparison between brucellar spondylodiscitis (BSD) and
tuberculous spondylodiscitis (TSD) exists in the literature.

PURPOSE: This study aimed to compare directly the clinical features, laboratory and radiological
aspects, treatment, and outcome data of patients diagnosed as BSD and TSD.

STUDY DESIGN: A retrospective, multinational, and multicenter study was used.

PATIENT SAMPLE: A total of 641 (TSD, 314 and BSD, 327) spondylodiscitis patients from 35
different centers in four countries (Turkey, Egypt, Albania, and Greece) were included.
OUTCOME MEASURES: The pre- and peri- or post-treatment spinal deformity and neurologic
deficit parameters, and mortality were carried out.

METHODS: Brucellar spondylodiscitis and TSD groups were compared for demographics, clini-
cal, laboratory, radiological, surgical interventions, treatment, and outcome data. The Student 7 test
and Mann-Whitney U test were used for group comparisons. Significance was analyzed as two sided
and inferred at 0.05 levels.

RESULTS: The median baseline laboratory parameters including white blood cell count, C-reactive
protein, and erythrocyte sedimentation rate were higher in TSD than BSD (p<.0001). Prevertebral,
paravertebral, epidural, and psoas abscess formations along with loss of vertebral corpus height and
calcification were significantly more frequent in TSD compared with BSD (p<.01). Surgical inter-
ventions and percutaneous sampling or abscess drainage were applied more frequently in TSD (p<.0001).
Spinal complications including gibbus deformity, kyphosis, and scoliosis, and the number of spinal
neurologic deficits, including loss of sensation, motor weakness, and paralysis were significantly higher
in the TSD group (p<.05). Mortality rate was 2.22% (7 patients) in TSD, and it was 0.61% (2 pa-
tients) in the BSD group (p=.1).

CONCLUSIONS: The results of this study show that TSD is a more suppurative disease with abscess
formation requiring surgical intervention and characterized with spinal complications. We propose
that using a constellation of constitutional symptoms (fever, back pain, and weight loss), pulmo-
nary involvement, high inflammatory markers, and radiological findings will help to differentiate between

TSD and BSD at an early stage before microbiological results are available. © 2015 Elsevier

Inc. All rights reserved.
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Introduction

Spinal infection involving the intervertebral discs and the
adjacent vertebrae, interchangeably termed as spondylodiscitis,
disc space infection, or vertebral osteomyelitis, is an infectious
complication that is difficult to treat. Although nowadays mor-
tality from spondylodiscitis is rare because of the availability
of antimicrobial treatment compared with the pre-antibiotic
era [1], patients still experience therapeutic failure, frequent
relapses, and sequelae [2]. The etiologic agents can be broadly
divided into conventional bacterial pathogens causing pyo-
genic infection (such as staphylococci, streptococci, and Gram
negatives) and atypical pathogens such as Brucella sp. and
Mycobacterium tuberculosis. Brucellar spondylodiscitis (BSD)
and tuberculous spondylodiscitis (TSD) are endemic in many
parts of the world [3—5]. For instance, a local study from the
Mediterranean Region, where brucellosis is endemic, showed
that one-third of all spondylodiscitis cases were due to bru-
cellosis whereas TSD accounted for only 5% of the cases
[6].
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There are studies comparing pyogenic spondylodiscitis
(PSD) and TSD patients in the literature [7]. There are also
studies comparing the clinical features of all three types of
spondylodiscitis (PSD, TSD, and BSD) [8]. However, despite
the complicated nature of BSD with frequent osteoarticular
involvements, it is generally underestimated and, to the best
of our knowledge, no direct comparison between BSD and
TSD alone exists in the literature. Thus, in Backbone-1 study,
we aim to directly compare the clinical features and the lab-
oratory aspects of BSD and TSD. A separate study (Backbone-
2) will provide outcome analysis for TSD and is therefore
not included here.

Materials and methods
Study design, setting, and patients

This retrospective multicenter survey included TSD
and BSD patients from 35 different centers in four coun-
tries (Turkey, Egypt, Albania, and Greece). This study was
approved ethically by the institutional review board of
Dr Lutfi Kirdar Education and Research Hospital in
Istanbul.

Inclusion criteria

Patients who presented with clinical and radiological ev-
idence of inflammation of one or more vertebrae or discitis
plus microbiological evidence or histopathologic evidence on
bone or paravertebral soft tissue specimens or clinical and
radiological response to antimicrobial therapy were in-
cluded in the study.

Microbiological evidence includes one or more of the fol-
lowing for TSD:

(a) Isolation of M. tuberculosis in culture of blood, bone,
bone marrow, deep soft tissues, or (paravertebral, epi-
dural, or psoas) abscess

(b) Positive microscopy using Ziehl-Neelsen staining for
acid-fast bacilli from bone, bone marrow, deep soft
tissue, or (paravertebral, epidural, or psoas) abscess
or any sterile body tissue

(c) Positive tuberculin skin test

(d) Positive microbiological culture using fully auto-
mated or semi-automated rapid culture systems
(BACTEC 460TB)

(e) Positive polymerase chain reaction for M. tubercu-
losis complex.

Microbiological evidence includes one or more of the fol-
lowing for BSD:

(a) A positive Wright standard agglutination test with a
titer of >1/160

(b) A positive Brucella Coombs test with a titer of
>1/160

EVIDENCE
METHODS

Context

The authors present results of a retrospective multicenter
study examining differences in the clinical presentation and
outcome of patients with Brucellar spondylodiscitis as com-
pared with tuberculous spondylodiscitis.

Contribution

The authors report on the cases of 641 patients from 35
different countries with a relatively even distribution of tu-
bercular versus Brucellar spondylodiscitides. The clinical
course of tuberculous spondylodiscitis appears to be more
aggressive with a higher rate of abscess formation and need
for surgical intervention. The authors propose a number
of factors that could be used to differentiate tuberculous
from Brucellar spinal infection.

Implications
Clearly, the true utility of this study rests on the need to
differentiate Brucellar from tuberculous spondylodiscitis
in a clinical setting. While presenting a large series of pa-
tients with useful data from the standpoint of epidemiology
and medical informatics, the evidence presented is Level
IV in nature due to the study’s design and limitations. While
the metrics proposed as being indicative of tuberculous
spinal infection may be of some use, their true validity
should be tested in additional independent cohorts.
—The Editors

(c) A positive enzyme-linked immunosorbent assay test
for Brucellae

(d) Isolation of Brucellae spp. from blood, bone, bone
marrow, deep soft tissue, or abscess (paravertebral,
epidural or psoas) culture.

Radiologic clues of spondylodiscitis were detected ac-
cording to basic concepts [9,10].

Exclusion criteria

Patients who were <18 years of age and with growth
of pyogenic bacteria or fungi in the culture of the
materials obtained from blood, bone, bone marrow, deep
soft tissue or abscess material were excluded from the
study.

BSD patients were treated with the various combinations
of doxycycline, rifampicin, streptomycin, trimethoprim-
sulfamethoxazole, ciprofloxacin, and ceftriaxone according to
general therapeutic concepts [11] for a mean of 13.611+6.22
weeks. Accordingly, TSD patients were treated with standard
anti-tuberculous medications [12] for a mean of 11.6%£2.5
months.
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Definitions

Vertebral osteomyelitis (=spondylodiscitis) is defined
as infection of the intervertebral disc and the adjacent
vertebrae.

Clinical cure is defined as resolution of all signs and symp-
toms without any sequelae.

Therapeutic failure is defined as inability to achieve ther-
apeutic goals, which include pain relief, maintenance of
mechanical stability of the spine, preservation or restora-
tion of sensory or motor neurologic functions. This is assessed
by clinical and laboratory evaluation of patients regarding the
parameters of persistence or deterioration of symptoms and
the absence of a decline in erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) levels.

Spinal complications were defined as any sensory or motor
neurologic deficit, spinal instability, and any spinal deformi-
ty (kyphosis, scoliosis, kyphoscoliosis, or Gibbus deformity)
and abscess formation.

Spinal instability was defined as abnormal movement of
spinal segments to applied loads out of the normal constraints.

Sequelae was defined as persistent pain, abnormal phys-
ical findings, or functional limitation for longer than 6 months
after treatment.

Neurologic deficit is compromise or loss of sensory or
motor neurologic function(s) by compression of the spinal
cord or nerve roots.

Gibbus deformity is a type of structural kyphosis result-
ing from wedge-shaped vertebral bodies.

Scoliosis is a form of deformity caused by curvature of
the spine in the coronal plane.

Kyphosis is posterior curvature of the thoracic spine in the
sagittal plane.

Data collection and statistical methods

All demographics, clinical, laboratory, radiological, sur-
gical intervention, treatment, and outcome data were retrieved
from patient charts by participant centers and were entered
into a computer database. The SPSS in the Windows V.17.0
Software (Chicago, IL, USA) program was used for statistical
documentation. Categorical variables were presented as fre-
quency and percentage, continuous variables were presented
as meantstandard deviation (range) or, where required, median
(interquartile range). Numeric data were first tested for nor-
mality and then analyzed using Student ¢ test for parametric
data, the Mann-Whitney U test was used for variables for non-
parametric data for group comparisons (patients with BSD
vs. patients with TSD). Significance was analyzed as two sided
and inferred at 0.05 levels.

Results

In this study, 314 tuberculous and 327 BSD patients were
included. The mean (standard deviation) age of the patients
for BSD and TSD were 52.4+16.6 and 50.6x18.0 years, re-

Table 1
Comparison of baseline patient characteristics for tuberculous and brucellar
spondylodiscitis groups (N=641)

Tuberculous  Brucellar

Variable (n=314) (n=327) p-Value

Median age (IQR), y 53 (35-65) 55 (41-65) 344

Male Gender, n (%) 163 (51.9) 172 (52.6) .862

History of brucellosis, n (%) 0(0.0) 6 (1.83) .031

History of familial 2 (0.64) 2(0.61) 1.0
brucellosis, n (%)

History of tuberculosis, n (%) 4(1.27) 0(0.0) .057

History of familial 4(1.27) 1(0.31) .208
tuberculosis, n (%)

Comorbidities, n (%)
Diabetes mellitus 36 (11.46) 49 (14.98) .189
Chronic renal failure 14 (4.46) 10 (3.06) 351
Malignancy 7(2.23) 2(0.61) .101
Immunosuppression* 7(2.23) 2 (0.61) .101
Others' 60 (19.11) 22 (6.73) <.0001

Other site of concomitant 51 (16.24) 11 (3.36) <.0001

involvement, n (%)

Respiratory system 29 (56.86) 0(0.0) ND

Meningitis 13 (25.49) 3(27.27) ND
Lymphoid system 6 (11.76) 0(0.0) ND
Gastrointestinal system 1 (1.96) 0(0.0) ND
Peripheral joint 2(3.92) 2(18.18) ND
Urogenital system* 0(0.0) 6(54.54) ND
Clinical findings/constitutional
symptoms, n (%)
Fever 139 (44.27) 222 (67.89) <.0001
Fatigue 161 (51.27) 196 (59.94) 027
Loss of appetite 154 (49) 119 (36.39) 001
Sweating 152 (48.4) 162 (49.54) 774
Arthralgia 131 (41.72) 146 (44.65) 454
Lumbago/local tenderness 261 (83.12) 207 (63.3) .002
Back pain/local tenderness 176 (56.05) 99 (30.28) <.0001
Weight loss 132 (42.04) 46 (14.07)  <.0001

Median (IQR) weight loss, kg 6 (5-10) 5 (4-8) 174

Hepatomegaly 41 (13.06) 80 (24.46) .0002
Splenomegaly 34 (10.83) 68 (20.79) .0006
Median (IQR) time symptoms 30 (18-54) 25 (15-45) .002

onset to therapy, d

IQR, interquartile range.

* Treatment with antineoplastic chemotherapy, glucocorticoids, TNF-
alpha blockers.

¥ Hypertension, coronary artery disease, chronic obstructive pulmo-
nary disease, bronchial asthma, nephrolithiasis.

 Orchitis or epidydimorchitis.

Significant values are presented as bold (p<0.05).

spectively (p=.20). Males made up 163 (51.9%) of TSD and
172 (52.6%) of BSD patients.

Patients with TSD had more involvement of concomi-
tant sites (particularly the respiratory system) when compared
with BSD (51 [16.24%] vs. 11 [3.36%], p<.0001). BSD pa-
tients complained of fever and fatigue more frequently
compared with TSD cases, whereas TSD patients suffered loss
of appetite, back pain and local tenderness, and weight loss
more frequently than BSD patients. Blood parameters such
as white blood cell count, CRP, and ESR levels were higher
in TSD than BSD (p<.0001 for all comparisons). A compar-
ison of demographic characteristics, clinical, and laboratory
features for TSD and BSD patients is presented in Table 1.
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Table 2
Results of laboratory tests for tuberculous and brucellar spondylodiscitis patient groups (N=641)
Variable Tuberculous (n=314) Brucellar (n=327) p-value
Baseline laboratory analyses, Median (IQR)
White blood cell count, (x10%/L) 8.0 (6.3-10.6) 6.65 (5.2-8.3) <.0001
C-reactive protein, (mg/L) 30 (8.0-78.2) 17 (3.4-50.0) <.0001
Erythrocyte sedimentation rate, (mm/h) 70 (43-95) 42 (25-62.3) <.0001
Positive tuberculin skin test, n/N (%) 158/211 (74.9) 5/96 (5.21) <.0001
No. of patients with positive culture, n/N (%) 110/271 (40.59) 81/301 (26.91) L0005
Positive culture specimens, n (%)
Blood 2(0.74) 73 (24.25) NA
Bone biopsy 12 (4.43) 1(0.33) NA
Bone marrow 1(0.37) 7(2.33) NA
Deep soft tissue 16 (5.9) - NA
Abscess material 78 (28.78) - NA
Paravertebral abscess 54 (19.93) - NA
Epidural abscess 5(1.85) - NA
Psoas abscess 21 (7.75) - NA
Lymph node 1(0.37) - NA
Microorganisms, identified, n (%)
Mycobacterium tuberculosis complex 59 (53.63) - NA
Mycobacterium tuberculosis 49 (44.54) - NA
Non-tuberculous mycobacteria 1(0.91) - NA
Brucella melitensis - 38 (46.91) NA
Untyped - 43 (53.09) NA
Serological analyses, n (%)
Positive STA test (21:160), n/N - 301/320 (94.06) NA
ELISA test for brucellosis - 19 (5.81) NA
Positive immunoglobulin M - 3(15.79) NA
Positive immunoglobulin G - 6(31.58) NA
Antimicrobial susceptibility test, n (%) 3(0.96) - NA
Histopathological examination, n/N (%) 200 28 NA
Compatible with disease 147 (73.5) 16 (57.14)
Non-specific findings 38 (19.0) 10 (35.71)
Insufficient material 15 (7.5) 2(7.14)
Site of histopathological examination, n (%) 200 28 NA
Bone 52 (26.0) 6(23.8)
Paravertebral soft tissue 94 (47.0) 19 (73.8)
Bone+paravertebral soft tissue 15 (7.5) 3(10.7)
Other foci 36 (18.0) -
Level of histopathological examination, n (%) 166 28 NA
Cervical 7 (4.21) 2(7.14)
Thoracic 82 (49.39) 6(23.8)
Lumbar 76 (45.78) 20 (71.43)
Sacral 1(0.6) -

STA, standard tube agglutination; NA, not applicable; ELISA, enzyme-linked immunosorbent assay; IQR, interquartile range.

Significant values are presented as bold (p<0.05).

Baseline laboratory tests, microbiological, radiological, and
histopathologic data related to TSD and BSD patients are pre-
sented in Table 2.

Patients with TSD had imaging data that were more com-
patible with spondylodiscitis than those with BSD (n=298
[94.9%] vs. 293 [89.6%], p=.012). The presence of
prevertebral, paravertebral, epidural, and psoas abscess for-
mations was more frequently observed in TSD; anterior
involvement, loss of vertebral corpus height and calcifica-
tion was also significantly more common in TSD when
compared with BSD (p<.01 for all comparisons). Whereas
thoracic and thoracolumbar involvement was in favor
of TSD, lumbar involvement was more frequent in BSD
(p<.0001 for all comparisons). Accordingly, both multiple (>2

vertebrae) level and non-adjacent multiple-level involve-
ments were higher in TSD (p<.05 for all comparisons). All
the comparisons between the groups are presented in
Table 3.

Surgical interventions in general and percutaneous sam-
pling or abscess drainage were more frequently applied in
TSD (p<.0001 for all comparisons). Therapeutic response was
evaluated basically with clinical parameters and CRP or ESR
normalization. The mean normalization periods of ESR were
56.4154.55 and 36.17+34.71 days for TSD and BSD, re-
spectively. Despite the median days between the groups being
the same, the difference was statistically different (p<.0001).
Accordingly, the mean normalization periods of CRP
were 37.86+46.53 and 26.631+34.4 days for TSD and BSD,
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Table 3
Imaging findings for tuberculous and brucellar spondylodiscitis patient groups
(N=0641)

Tuberculous Brucellar
(n=314) (n=327) p-Value
Imaging method, n (%)
Magnetic resonance 289 (92.04) 301 (92.05) 996
imaging
Computerized tomography 118 (37.58) 71 (21.71) <.0001
Bone/soft tissue 26 (8.28) 15 (4.59) 1
scintigraphy
Imaging findings, n (%)
Compatible with 298 (94.9) 293 (89.6) 012
spondylodiscitis
Increased activity 213 (67.83) 226 (69.11) 728
consistent with
spondylodiscitis
Increased activity 81 (25.79) 99 (30.28) 207
consistent with
spondylitis
Prevertebral abscess 37 (11.78) 17 (5.19) .003
Paravertebral abscess 188 (59.87) 70 (21.41) <.0001
Epidural abscess 54 (17.19) 27 (8.26) <.0001
Psoas abscess 75 (23.88) 15 (4.59) <.0001
Radiculitis 16 (5.09) 14 (4.28) .626
Neo-ossification 19 (6.05) 14 (4.28) 311
Anterior involvement 114 (36.31) 72 (22.02) <.0001
Multiple (>2 vertebrae) 159 (50.63) 174 (53.21) 514
involvement
Loss of vertebral corpus 151 (48.09) 78 (23.85) <.0001
height
Calcification 36 (11.46) 15 (4.59) 0.001
Involved vertebrae
Cervical, n (%) 15 (4.78) 10 (3.06) 261
Cervicothoracic, n (%) 3(0.96) 1(0.31) 364
Thoracic, n (%) 153 (48.73) 58 (17.74) <.0001
Thoracolumbar, n (%) 40 (12.74) 14 (4.28) <.0001
Lumbar, n (%) 175 (55.73) 247 (75.54) <.0001
Lumbosacral, n (%) 24 (7.64) 29 (8.87) 573
Sacral, n (%) 27 (8.59) 49 (14.98) 012
Mean£SD number of 2.5%£1.0 2.3%1.0 013

involved vertebrae
Median (range) number of 2 (1-8) 2 (1-8) .023
involved vertebrae

Multiple (>2 vertebrae) 106 (33.76) 70 (21.41) .0005
level involved, n (%)
Non-adjacent multiple 26 (8.28) 13 (3.98) .023

level involvement, n (%)

Significant values are presented as bold (p<0.05).

respectively (p<.0001). Although mortality did not differ
between the two groups, post-treatment sequelae were more
frequent in TSD patients (p<.0001). Comparisons of surgi-
cal interventions, follow-up findings, and outcomes for TSD
and BSD patients are presented in Table 4.

The predominant neurologic deficits detected in TSD and
BSD patients included loss of sensation, motor weakness, and
paralysis. Both the number of patients with spinal compli-
cations and the number of spinal neurologic deficits were
significantly higher in the TSD group (p<.0001 for all com-
parisons). The TSD group also had a significantly higher
frequency of spinal instabilities and spinal deformities, in-

cluding gibbus, kyphosis, scoliosis, and kyphoscoliosis (p<.001
for all comparisons). Spinal complications of TSD and BSD
patients are presented in Table 5.

Discussion

The majority of our spondylodiscitis patients were over
50 years of age, as expected from the literature [5,13].
Although comorbidities such as diabetes mellitus are known
to facilitate the development of spondylodiscitis [14], our study
did not show any significant difference in the frequency of
diabetes mellitus, chronic renal failure, malignancy, and im-
munosuppression between the two groups. It is not unexpected
that one-sixth of TSD cases had concomitant involvement par-
ticularly at the respiratory tract. A Spanish study reported a
30% incidence of active or healed pulmonary tuberculosis
among 37 TSD cases [15]. In our study, BSD patients tended
to be more febrile and experienced fatigue more frequently
compared with TSD cases, highlighting the systemic affects
of brucellosis [11]. The more destructive nature of TSD is
demonstrated by the more common features of back pain, local
tenderness, and spinal complications including neurologic defi-
cits. We found inflammatory parameters such as white blood
cell count, CRP, and ESR to be significantly higher in TSD
cases. The median values of CRP and ESR for BSD pa-
tients were about half that of TSD cases (30 mg/L and 70 mm/h
for TSD patients compared with 17 mg/L and 42 mm/h for
BSD cases, respectively).

The infectious agent was recovered in 40% of TSD and one-
fourth of BSD cases, with culture processes more likely to yield
a pathogen in TSD than BSD. However, the pathogens were
more likely to be recovered from blood cultures in BSD whereas
local aspiration specimens were the source of recovery in TSD
patients. This is not unexpected as Brucella species do not grow
well on solid media [16—19]. In our study, serologic tests were
particularly useful in BSD, accounting for the majority of BSD
diagnoses and reducing the need for invasive sampling. We used
histopathologic examination to aid diagnosis, particularly in
patients with thoracic or lumbar paravertebral soft tissue in-
volvement. Although most of the histopathology was done on
TSD cases (64% compared with less than 10% of BSD cases),
a histologic diagnosis was made in about three-fourth and half
of TSD and BSD cases, respectively.

Magnetic resonance imaging (MRI) was the most sensi-
tive method in the radiological diagnosis of spondylodiscitis
[5,20]. According to our data, MRI followed by computer-
ized tomography were the most frequently used imaging
method, with TSD more frequently compatible with
spondylodiscitis in 95% of the cases compared with BSD
patients in 90% of the cases. Based on MRI, TSD was mostly
localized to thoracic and thoracolumbar regions whereas BSD
predominantly involved the lumbar area. In addition to this,
either adjacent or non-adjacent multiple-level involvements
were more frequent in TSD patients. Consequently, abscess
formation in and around the infected area including
prevertebral, paravertebral, psoas, and epidural sites were
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Table 4
Comparison of surgical interventions, follow-up findings, and outcomes for tuberculous and brucellar spondylodiscitis patient groups (N=641)
Variable Tuberculous (n=314) Brucellar (n=327) p-Value
No. of patients having surgical intervention, n (%) 211 (67.19) 35(10.7) <.0001
Percutaneous biopsy and abscess drainage 134 (42.68) 23 (7.03) <.0001
Transpedicular stabilization and fusion 23 (7.32) 2(0.61) <.0001
Multiple surgical interventions 22 (7.0) 1(0.31) <.0001
Laminectomy 13 (4.14) 8 (2.45) 229
Drainage and intermittent irrigation 7(2.23) 4(1.22) 375
Corpectomy and stabilization 1(0.32) 0(0.0) 489
Pseudofusion after a year 0 (0.0) 2(0.61) 499
Discectomy 1(0.32) 3(0.92) .624
Reason for surgical intervention, n (%)
Diagnostic 49 (23.22) 3 (8.57) 071
Diagnostic+therapeutic 68 (32.23) 3(8.57) L0041
Therapeutic 78 (36.97) 29 (82.86) <.0001
Surgical complication occurred, n (%) 2(0.95) 0(0.0) 1.0
Reasons of surgical intervention, n (%)
Pain 57 (27.01) 13 (37.14) 162
Neurologic deficit 24 (11.37) 8 (22.86) .061
Not specified 130 (61.61) 14 (40.0) 0162
Response to treatment
Clinical (fever, pain relief, etc.) cure, n (%) 230 (73.25) 308 (94.19) <.0001
CRP normalization, n (%) 246 (78.34) 242 (74.0) .198
Median time (IQR) to CRP normalization, d 25 (15,42.5) 19 (12, 30) <.0001
ESR normalization, n (%) 198 (63.06) 235 (71.87) 017
Median time (IQR) to ESR normalization, d 28 (42,60) 28 (20, 40.5) <.0001
Follow-up imaging results, n (%) 198 190
Cure 48 (15.29) 40 (12.23) 261
Radiological improvement 137 (43.63) 143 (43.73) 979
Worsening of radiological findings 13 (4.14) 7(2.14) 146
Outcomes, n (%)
Mortality 7(2.22) 2(0.61) 1
Post-treatment sequelae 77 (24.52) 12 (3.67) <.0001
Kyphosis 35 (11.15) 0(0.0) ND
Gibbus deformity 18 (5.73) 0(0.0) ND
Motor weakness 17 (5.41) 2(0.61) ND
Paraplegia 17 (5.41) 0(0.0) ND
Scoliosis 15 (4.78) 3(0.92) ND
Loss of sensation 12 (3.82) 1(0.31) ND
Kyphoscoliosis 3(0.95) 1(0.31) ND
Vertebral compression fracture 2 (0.64) 0(0.0) ND
Persistent pain 2(0.64) 5(1.53) ND
Urinary retention 1(0.32) 0(0.0) ND
Polyneuropathy 1(0.32) 0(0.0) ND

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ND, not determined; IQR, interquartile range.

Significant values are presented as bold (p<0.05).

more common in TSD cases. Paravertebral abscesses were
the most frequent, affecting approximately 60% of TSD and
20% of BSD cases. Linked to the expanding area of pyo-
genic infection, loss of vertebral corpus height was seen in
half of TSD patients and about one-fourth of BSD cases,
with TSD cases more likely to have anterior involvement or
calcification. We observed more suppurative disease among
patients with TSD, with two-thirds of TSD patients requir-
ing surgical or percutaneous interventions such as abscess
drainage, transpedicular stabilization, and fusion and lami-
nectomy compared with only 10% of BSD cases. Although
we did not observe any difference in radiological regression
or progression based on serial imaging between the two groups,
the excessive bone and soft tissue involvement seen in TSD

cases would partly explain the delayed therapeutic
responses manifested by late ESR and CRP normalizations
in TSD cases compared with BSD patients. Median normal-
ization times for ESR and CRP were seen within a month
of therapy in both groups although a significant heterogeinity
existed among the patients.

The presence of neurologic complications is always of grave
concern in patients with spondylodiscitis. We observed a high
frequency of neurologic complications among our patients
on admission; four-fifths of hospitalized TSD patients had
spinal complications and neurologic deficits, including loss
of sensation and motor weakness. This compares to a 53%
incidence of weakness in one Korean series of TSD
cases [21]. On the other hand, BSD remains a relatively less
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Table 5

Spinal complications for tuberculous and brucellar spondylodiscitis patient groups (N=641)*

Pre-treatment

Peri- or post-treatment

Tuberculous (n=314) Brucellar (n=327) p-Value Tuberculous (n=314) Brucellar (n=327) p-Value
Patients with spinal complication 256 (81.5) 109 (33.3) <.0001 33 (10.51) 19 (5.81) 029
No. of spinal neurologic deficit 124 (39.49) 45 (13.76) <.0001 20 (6.37) 6 (1.83) .004
Loss of sensation 74 (23.57) 19 (5.81) ND 8 (2.55) 1(0.03) ND
Motor weakness 97 (30.89) 28 (8.56) ND 11 (3.5) 5(1.53) ND
Paralysis 14 (4.46) 2 (0.06) ND 1(0.03) 0(0.0) ND
Patients with spinal instability 66 (21.02) 20 (6.12) <.0001 5(1.59) 5(1.53) 1.0
Patients with spinal deformity 51(16.24) 22 (6.73) .0002 13 (4.14) 9(2.75) 335
Gibbus deformity 18 (5.73) 4(0.12) ND 0(0.0) 3(0.92) ND
Kyphosis 21 (6.69) 11 (3.36) ND 9 (2.87) 2 (0.06) ND
Scoliosis 9 (2.87) 6 (1.83) ND 4(1.27) 4(0.12) ND
Kyphoscoliosis 3(0.96) 1 (0.03) ND 0(0.0) 0(0.0) ND

ND, not determined.
* Data presented as n (%).
Significant values are presented as bold (p<0.05).

destructive process. We detected spinal complications in a third
of patients admitted with BSD and either instability or de-
formity in 6% of the cases. This is similar to the findings from
one of the largest comparative series of PSD, TSD, and BSD
in the literature, where about a fifth of 105 BSD cases had a
neurologic deficit on presentation [8]. It is quite clear that TSD
is a much more destructive process, and therefore, the goals
of disease eradication, pain relief, and restoration of neuro-
logic function and spinal stability [3] would be much more
difficult to achieve in TSD cases than with BSD.

In summary, we present one of the largest comparative
studies of TSD and BSD in the literature. Our findings are very
similar to those of earlier smaller comparative studies which
suggest that constitutional symptoms, raised inflammatory
markers, pus formation, and posterior spinous element in-
volvement are predictive markers of TSD [22,23]. We propose
that using a constellation of constitutional symptoms (fever,
back pain, and weight loss), pulmonary involvement, high in-
flammatory markers, and radiological findings will help to
differentiate between TSD and BSD at an early stage before
microbiological results are available.
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