
Introduction

The most frequent site for extra pulmonary involvement
of tuberculosis infection is the vertebral column. Percival
Pott described tuberculosis of the vertebral column in 1877
as a kyphotic deformity of the spine associated with para-
plegia [36]. Menard in 1894 described a series of patients

with Pott’s paraplegia successfully treated with decom-
pression via costatransversectomy [21, 36]. Pott’s disease
is now infrequent in developed countries, but still consti-
tutes a public health problem in underdeveloped countries
[1, 5, 6, 8, 18, 43].

Prior to the era of antibiotics and improvements in gen-
eral health, multisegmental involvement was thought to
be the norm, usually diagnosed at autopsy. Today, how-
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Department of Orthopaedics 
and Traumatology, 
Hacettepe University Medical School,
Ankara, Turkey



ever, involvement of more than one noncontiguous region
of the spine is very rare [36]. The true incidence of pri-
mary posterior involvement is virtually unknown; how-
ever, the introduction of computerized tomography (CT)
and magnetic resonance imaging (MRI) have probably in-
creased the rate of identified cases to up to 10% of the
cases with extensive disease [3, 37].

Chemotherapy appears to be the mainstay in the treat-
ment of tuberculosis. Only by the introduction of effective
chemotherapy regimens can the mortality associated with
the disease be controlled, and morbidity has been substan-
tially decreased. Surgery in tuberculosis spondylitis is gen-
erally considered to be an adjuvant of effective chemother-
apy. Indications for surgical treatment include (1) neuro-
logical involvement, (2) deformity and/or impending in-
crease in deformity, and (3) the presence of large tubercu-
losis abscess and/or abundant necrotic tissue [27, 36].

Drainage and debridement of cold abscess has become
popular since this treatment was first reported by Hodgson
and co-workers in 1960 [12]. The gold standard in prac-
tice today is probably radical debridement with anterior
approach and anterior fusion with anterior strut grafts [36].
As spinal cord compression is usually located anteriorly,
anterior approach and decompression is the preferred route
for neural decompression [15, 36]. Satisfactory fusion rates
have been reported with only posterior or anterior ap-
proaches [11, 12, 16, 36, 42]. However, albeit in low rates,
graft resorption has been reported in patients who had un-
dergone anterior or posterior fusion only, and kyphotic de-
formity due to asymmetric growth is probable in children
[11, 29, 30, 32, 35]. Recently, posterolateral or transpedic-
ular drainage without anterior drainage, or posterior instru-
mentation following anterior drainage in the same session
is offered as an alternative in attempts to avoid kyphotic
deformity [11, 12, 20, 32, 33]. Posterior instrumentation
in addition to anterior fusion, sequential or staged, is as-
sociated with increased morbidity [25, 35]. Use of ante-
rior instrumentation has been reported in a limited number
of series. Oga and co-workers evaluated the adherence ca-
pacity of Mycobacterium tuberculosis to stainless steel,
and demonstrated that adherence was negligible, and the
use of implants in regions with active tuberculosis infec-
tion is safe [31]. Kostuik reported his experience on cases
with healed or inactive disease [19]. Anterior plate fixa-
tion along with debridement and fusion of the active dis-
ease has been reported for a limited number of patients
with active disease by the present authors [5, 6].

The objective of this study was to evaluate the clinical
and radiographic results of 63 patients with active tuber-
culosis spondylitis, who were surgically treated by ante-
rior instrumentation along with anterior fusion.

Materials and methods

Sixty-three patients with a minimum follow-up of 2 years were in-
cluded in this study. All were 19 years old or older; the average

age at the time of operation was 46.8±13.4 years. Average follow-
up was 51.1±12.8 (range 24–81) months. Almost all patients had
general tuberculosis symptoms such as weight loss, moderate fever,
fatigue and predominantly back pain in their histories. Twenty-five
patients (39.7%) presented with partial or complete neural deficits.
Seven patients (11.1%) had active pulmonary system tuberculosis,
and one patient (1.6%) had active gastrointestinal tuberculosis at
the time of presentation. Overall, eight patients (12.7%) had active
primary tuberculosis. The patients were assessed clinically and ra-
diologically following hospitalization (Fig.1, Fig.2, Fig.3, Fig. 4).
In general, these patients were notable for mild increases in ery-
throcyte sedimentation rate (ESR) and relative lymphocytosis. Ra-
diology revealed kyphotic deformities due to vertebral collapse
and paravertebral abscess formation. The levels of involvement,
numbers of affected levels, and local kyphosis angles were assessed
radiologically and the sagittal contours were measured indepen-
dently for cervical, thoracic, thoracolumbar or lumbar segments.
Twenty-three patients had 99mTc bone scans, which were sugges-
tive of infection prior to referral to our center. We evaluated all pa-
tients with CT and MRI. CT scans mostly revealed bony destruc-

Fig.1A–C A 36-year-old man (N.O.) with Pott’s disease in the L4
vertebra. Two mobile segments were instrumented with anterior 
Z-plate and a 100% correction rate was obtained after anterior rad-
ical debridement and strut grafting. There was a 5° loss of correc-
tion and solid fusion mass was observed at the last visit. A Preop-
erative magnetic resonance (MR) image, sagittal view, and B pos-
teroanterior and C lateral radiographs, 40 months after surgery
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tion and the lack of any soft tissue masses. Vertebral collapse, de-
struction, paravertebral and/or psoas abscess, and spinal cord com-
pression due to abscess or bony debris were evident on MRI. Sixty-
one patients (96.8%) were diagnosed with tuberculosis spondylitis
pre-operatively in this prospective series. Only two patients (3.2%)
were misdiagnosed initially, as their radiology was notable for soft
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Fig.2A–E A 36-year-old woman (S.E.) with Pott’s disease in the
T12–LI vertebrae. Two mobile segments were instrumented with
anterior Z-plate, and a 100% correction rate was obtained after an-
terior radical debridement and strut grafting and instrumentation in
both the frontal and sagittal planes. A Preoperative posteroanterior
(A) and lateral (B) graphics, and sagittal MR image (C), and post-
operative posteroanterior (D) and lateral (E) radiographs Fig.3A–E A 37-year-old man (M.G.) with Pott’s disease in the

T8–9 vertebrae. Two mobile segments were instrumented with an-
terior Cotrel-Dubousset-Hopf (CDH) instrumentation, and a 66.7%
correction rate and complete neurologic impairment was obtained
after anterior radical debridement and strut grafting. There was a
5° loss of correction in local kyphosis angle at the last visit. Pre-
operative sagittal MR image (A) and postoperative posteroanterior
(B) and lateral (C) radiographs, and 36-month control posteroante-
rior (D) and lateral (E) radiographs



tissue masses; however, they were treated by anterior vertebrec-
tomies along with anterior instrumentation anyway.

All patients, with the exception of those who had recently de-
veloped or demonstrated progressive neurologic deficits that re-
quired urgent decompression, underwent three-drug antitubercu-
lous chemotherapy prior to surgery for 3 weeks. Presence of a large
abscess, vertebral collapse and spinal instability, local kyphotic de-
formity with impending increase and neurological compromise
constituted the surgical indications.

Access to the involved vertebrae was gained by means of tho-
racotomy in the thoracic region and thoracophrenolumbotomy in
the thoracolumbar and lumbar region. The abscess was drained if
present, and neural decompression was carried out with complete
corpectomy of the destroyed vertebra. Anterior fusion was accom-
plished with tricortical autologous graft from the iliac crest, and at
least three costal parts were obtained by the thoracotomy. Anterior
instrumentation at the levels just above and below the fused seg-
ments was performed using titanium Z-plate instrumentation [44]
in 23 patients and Cotrel-Dubousset-Hopf (CDH) instrumentation
[14] in 40 patients. After radical debridement, two bolt screws were
attached to the vertebrae above and below the corpectomy area in
patients treated with Z-plate instrumentation. Afterwards, the Z-plate
was fitted to these bolt screws and security bolts were screwed
tightly. Spongious screws were then fixed. In the thoracic region,
titanium thoracic Z-plates, and in the lumbar region standard tita-
nium Z-plates, were used. In patients treated with CDH, vertebral
implants were first attached by two spongious screws. The 6-mm
rod, bent according to the curve, was then inserted in plates. Dero-
tation maneuver followed distraction. The other rod (4 mm) and
drawers were positioned and the locking screws screwed. Average
operation time was 1.6±0.7 h. For all patients in this study, so-
matosensory evoked potentials (SSEP) and transcranial cortical
magnetic stimulation-motor evoked potentials (TkMMEP) were
combined for intra-operative neurologic monitoring. The mean
blood loss was 670±110 cc, and an average of 2.3±1.1 units of
banked blood was transfused.

Patients were allowed to turn in bed on the 1st postoperative
day, sitting on the 2nd, and they were encouraged to stand and
walk on the 3rd postoperative day. Active rehabilitation was started
immediately for patients who had neural deficits. No cast immobi-
lization or bracing was used in patients with satisfactory bone qual-
ity. Light braces were used for 4 months in 13 osteoporotic patients.

Diagnosis was confirmed by histopathological examination.
Postoperative chemotherapy regimen consisted of rifampicin (R)
15 mg/kg (maximum 600 mg/day), isoniasid (INH) 6 mg/kg (max-
imum 300 mg/day), and streptomycin 1 g daily for a month. There-
after, ethambutol (EMB) 25 mg/kg/day (maximum 2.5 g/day) re-
placed streptomycin for 6 months. EMB, in turn, was replaced by
piranizamid 25 mg/kg daily (maximum 2 g/day) on the 6th month,
and chemotherapy was discontinued after 1 year.

Patients with neural deficits were graded according to the
Frankel scale [9]. Local kyphosis was measured as the angle be-
tween the upper and lower end plates of the collapsed levels post-
operatively and at the last follow-up visit. These values were cor-
rected by subtracting 5° per level from the thoracic values and by
adding 10° per level to the lumbar angles. On lateral radiographs,
sagittal contours between the T2 and T12 vertebrae and the L1 and
L5 vertebrae were measured by the Cobb method. Normal thoracic

Fig.4A–E A 61-year-old man (B.U.) with Pott’s disease in the
L2–3 vertebrae. Three mobile segments were instrumented with an-
terior CDH and a 66.7% correction rate in the sagittal plane and
100% correction rate in the frontal plane were obtained after ante-
rior radical debridement and strut grafting. There was no loss of
correction and solid fusion mass was observed at the last visit. Pre-
operative posteroanterior (A) and lateral (B) radiographs and sagit-
tal MR image (C), and postoperative posteroanterior (D) and lat-
eral (E) radiographs
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physiological kyphosis and physiological lumbar lordosis were ac-
cepted as 30°–50° and 40°–60° respectively [4]. All measurements
were made in cooperation with a radiologist. Sagittal contours
were given (+) and (–) angle values if they had kyphotic and lor-
dotic patterns, respectively. Presence of significant consolidation,
along with the absence of implant failure or correction loss and
pain relief, was considered a sign of fusion. At the last follow-up,
implant failure and other complications were also evaluated. The
last follow-up visits were made in January 2001, and patients who
had more than 2 years follow-up were included in the study. The
tests used for statistical assessment were the Wilcoxon matched-pair
signed-ranks test, and the Mann-Whitney-U test (SPSS for MS
Windows), with confidence intervals of 95%.

Results

Tuberculosis infection was found in 102 vertebrae of 63
patients. The thoracic region was the leading site for in-
fection, with 38 vertebrae involved in 25 patients. The
thoracolumbar region was the second most common site
for infection, with 34 vertebrae involved in 21 patients,
followed by the lumbar region, with 30 vertebrae involved
in 17 patients. The most commonly affected vertebra was
L1, with 18 cases (17.6%). This was followed by 16 cases
of T12 affection, 14 cases of L3, 9 of T11 and 9 of T10.

Age, sex, involved vertebral segment, follow-up pe-
riod, instrumented mobile segments, preoperative and post-

operative local kyphosis angles at the involved vertebra,
postoperative and final correction percentages at the local
kyphosis angles and their rates of correction loss at the
last follow-up are illustrated in Table 1 and Table 2. Over-
all, an average of 2.4±0.7 mobile segments was included
in the instrumentation and fusion area. Involvement was
seen in 1.6±0.5, 1.7±0.5 and 1.6±0.5 levels for the tho-
racic, thoracolumbar and lumbar regions respectively, and
2.3±0.6, 2.6±0.7 and 2.2±0.8 mobile segments were in-
strumented in each respective region.

It was possible for all patients in this series to be fol-
lowed closely because of the way the social security sys-
tem operates, so no patients were lost to follow-up. The
preoperative local kyphosis angle was 23.4°±10.9° (10°–
80°), and this was corrected to 5.4°±6.3° (0°–22°), with a
correction rate of 79.7±20.2% (42.3–100%) for the entire
study population (Table 3, Table 4). This correction rate
was statistically significant (t: 18.02, P<0.05). On aver-
age, 1.1°±1.7° of correction loss was noted in the local
kyphosis angle, and the final correction was measured to
be 74.2±23.3%. Values for the correction and loss of cor-
rection parameters for the regions of involvement can be
seen in Table 3. A comparison of the average values of
these groups showed that they were nearly the same, but
the highest correction rates were obtained in the thora-
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Table 1 Data on the 23 patients treated with Z-plate instrumentation (LK local kyphosis)

Patient Age Sex Follow-up Affected No. of No. of Preop. Postop. Postop. Loss of Final 
period level affected instru- LK LK LK LK LK 
(months) vertebrae mented (degrees) (degrees) correction correction correction 

mobile (%) (degrees) (%)
segments

S.D. 35 F 48 T7–8 2 2 14 6 57.1 0 57.1
U.A. 60 M 50 T7–8 2 2 20 8 60 0 60
G.M. 66 M 51 T10–11 2 2 13 7 46.2 2 30.8
Y.M. 69 F 49 T10–11 2 3 14 0 100 0 100
K.K. 48 M 49 T10–11 2 2 30 8 73.3 5 56.7
C.H. 37 M 52 T10–11 2 2 23 0 100 0 100
A.M. 32 M 54 T11–12 2 3 14 0 100 0 100
S.E. 36 M 74 T12–L1 2 3 30 5 83.3 2 76.6
S.A. 54 F 46 T12-L1,2 3 3 57 22 61.4 4 54.4
S.R. 61 M 79 T12–L1 2 1 10 0 100 0 100
B.F. 43 F 48 T12–L1 1 2 15 0 100 0 100
S.S. 48 M 62 T12–L1 2 3 22 12 45.5 0 45.5
E.M. 22 M 81 T12–L1 2 2 18 8 55.6 0 55.6
T.L. 57 M 51 L1 1 2 20 0 100 2 90
Y.S. 27 M 59 L2–3 2 1 30 10 66.7 0 66.7
Y.A. 50 M 76 L2–3 2 3 20 10 50 0 50
K.V. 51 M 68 L2–3 2 1 18 0 100 0 100
K.N. 49 M 53 L3 1 2 14 0 100 2 85.7
S.L. 59 F 61 L4 1 2 26 10 61.5 0 61.5
N.O. 36 M 40 L4 1 1 15 0 100 5 66.7
Y.G. 20 F 55 L3–4 2 3 19 4 78.9 0 78.9
A.I. 67 M 50 L3–4 2 2 32 10 68.8 0 68.8
M.A. 53 F 76 L3–4 2 3 20 0 100 4 80



columbar region, followed by lumbar and thoracic in-
volvement.

When the sagittal contours of the involved areas were
analyzed, the preoperative average kyphosis angle was
found to be 43.7°±11.5° for the thoracic and 24.0°±16.3°
for the thoracolumbar regions, and the preoperative aver-
age lumbar lordosis angle was found to be –20.5°±8.9°.
Postoperatively, these angles were found to have been
corrected to 35.9°±9.0°, 4.5°±6.9° and –33.0°±4.5° re-

spectively. Correction rates for the global sagittal contour
angles were statistically significant (thoracic t: 5.68; tho-
racolumbar t: 7.83; lumbar t: 7.61; P<0.05).

Of the 25 patients with neurologic deficits, 5 were
Frankel A, 4 Frankel B, 10 Frankel C and 6 Frankel D.
Postoperatively, four patients (16.0%) had partial recov-
ery; two patients with Frankel A and one patient with
Frankel B involvement improved to Frankel D, while one
patient with Frankel A improved to Frankel C. One pa-

Table 2 Data on the 40 patients treated with Cotrel-Dubousset-Hopf instrumentation

Patient Age Sex Follow-up Affected No. of No. of Preop. Postop. Postop. Loss Final 
period level affected instru- LK LK LK of LK LK 
(months) vertebrae mented (degrees) (degrees) correction correction correction 

mobile (%) (degrees) (%) 
segments

Y.S. 32 M 50 T5 1 2 30 15 50 0 50
T.C. 64 M 24 T5–6 2 3 20 8 75 0 75
M.G. 37 M 36 T6–7 2 4 15 5 66.7 5 33.3
S.H. 44 F 48 T7 1 2 14 0 100 0 100
B.U. 29 M 49 T7–8 2 3 15 0 100 0 100
A.S. 45 F 51 T8 1 2 17 5 70.6 1 64.7
G.N. 66 M 50 T8–9 2 2 26 15 42.3 0 42.3
C.D. 61 M 26 T8–9 2 3 28 0 100 2 92.9
V.T. 52 M 44 T8–9 2 3 24 4 83.3 4 66.7
Y.E. 44 F 59 T9 1 2 36 15 58.3 0 58.3
E.K. 58 F 25 T9 1 2 20 0 100 0 100
K.V. 42 M 54 T10 1 2 22 12 45.6 3 31.8
D.Z. 32 F 58 T10 1 2 39 22 43.6 0 43.6
A.R. 62 F 46 T10 1 2 30 0 100 0 100
S.S. 44 M 38 T10 1 2 18 0 100 0 100
O.G. 21 F 51 T10–11 2 2 34 18 47.1 3 38.2
G.B. 19 M 38 T10–11 2 3 26 4 84.6 0 84.6
M.C. 36 M 51 T11 1 2 20 0 100 0 100
K.L. 40 F 32 T11 1 2 16 4 75 2 62.5
V.B. 43 F 51 T11–12 2 4 80 22 72.5 0 72.5
K.Z. 60 F 50 T12 1 2 34 0 100 2 94.1
Y.C. 38 M 54 T12-L1 2 3 15 0 100 0 100
I.O. 58 F 57 T12-L1 2 2 12 0 100 0 100
U.B. 61 F 54 T12-L1 2 3 20 0 100 2 90
I.N. 58 F 54 T12-L1 2 3 10 0 100 0 100
T.B. 45 M 50 T12-L1 2 3 25 10 60 5 40
A.A. 38 M 49 T12-L1 2 3 18 2 88.9 0 88.9
E.S. 56 M 28 T12-L1 2 3 24 0 100 0 100
N.C. 53 F 54 L1 1 2 22 8 63 2 54.5
S.K. 62 F 28 L1 1 2 24 0 100 0 100
B.B. 60 F 24 L1 1 2 16 0 100 0 100
G.S. 60 M 56 L1–2 2 3 18 5 72.2 0 72.2
T.R. 40 F 50 L2 1 2 24 6 75 2 66.7
B.U. 61 F 58 L2–3 2 3 20 4 66.7 0 66.7
A.C. 46 F 44 L2–3 2 2 24 8 66.7 2 58.3
A.D. 22 M 42 L2–3 2 3 34 12 64.7 0 64.7
D.A. 30 F 64 L3 1 2 18 0 100 0 100
R.B. 58 M 54 L3 1 2 20 0 100 0 100
V.A. 39 M 83 L3–4 2 3 32 5 84.4 5 68.8
T.U. 52 M 50 L3–4 2 3 34 14 58.8 4 47.1
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tient, who had been treated for active pulmonary tubercu-
losis and referred to our hospital 38 days after the onset of
the neurological symptoms had no change. The remaining
20 patients (80.0%) had complete recoveries.

No apparent pseudoarthrosis or implant failures could
be demonstrated at the latest follow-up. All patients demon-
strated clinical healing of the tuberculosis infection. No
recurrences, reactivation or draining sinuses were encoun-
tered. Two patients among the earlier cases of our series
suffered major vascular complications. One patient with
T9 involvement developed an aortic aneurysm, which was
diagnosed at the 20th postoperative day, and the patient
was immediately operated. The other patient had L4–L5
destruction, and the iliac vein, which had adhered to the
L5 corpus, was torn during the dissection, and had to be
repaired using a Teflon graft during operation.

Secondary late non-specific infection developed in two
patients, whose implants were removed at 14th and 16th
postoperative months, and the infected area debrided.
Both were confirmed to be positive for acid-fast staining
on retrospective evaluation, and it was considered that the
staphylococcal infections in these patients were secondary.
Fortunately, both could be treated by debridement and IV
antibiotics (sulbactam ampicillin 1 g two times daily, for 
6 weeks), amid sagittal correction losses of 4°.

Patients were also divided in two groups according to
the type of instrumentation (Table 1, Table 2). In the 23
patients treated with Z-plate instrumentation and 40 pa-
tients treated with CDH instrumentation, the respective
mean ages were 46.9±14.2 and 46.7±13.0 years, average
numbers of involved levels were 1.8±0.5 and 1.6±0.5, and
average preoperative local kyphosis angles at the involved
vertebral levels were 21.5°±9.9° and 24.4°±11.5°. When
these groups were compared with regard to these preoper-
ative parameters, no statistically significant differences
were noted (age t: –0.73; number of involved vertebrae 
t: –2.11; local kyphosis t: 1.0; P>0.05). The mean numbers
of mobile segments that were instrumented in patients un-

dergoing Z-plate and CDH instrumentation were 2.2±0.7
and 2.5±0.6 respectively. Postoperative local kyphosis an-
gles were corrected to 5.2°±5.7° and 5.6°±6.6°, and 78.6±
21.1% and 80.4±19.9% correction rates were obtained re-
spectively. These correction rates were statistically signifi-
cant (Z-plate t: 11.9; CDH t: 14.0; P<0.05) (Table 3). They
were not significantly different when compared with one
another (t: 0.33, P>0.05). At the last control visit, correc-
tion loss rates in Z-plate and CDH groups were 1.1°±1.8°
and 1.2°±1.7° and final correction rates were 73.2±20.8%
and 74.9±24.9% respectively. In the CDH group, an aver-
age scoliotic curve of 9.4°±5.6° was seen in 18 patients,
and was completely corrected postoperatively. In five pa-
tients with Z-plate instrumentation, a mean scoliotic curve
of 6.7°±5.4° was seen; in one patient this was corrected to
5° and persisted, in three patients it was entirely corrected,
and in the remaining patient it increased from 6° to 10°.
Additionally, in five patients without any scoliotic defor-
mity preoperatively, an average of 5.2°±2.6° of scoliotic
curves developed. Postoperatively, therefore, seven patients
(30.4%) of this group had scoliotic curves.

Discussion

A prospective series of 63 patients with tuberculosis spon-
dylitis was treated with anterior instrumentation along with
anterior debridement and fusion. Analysis of the clinical
and radiological results of these patients revealed that this
procedure was associated with a very satisfactory rate of
deformity correction as well as the maintenance of correc-
tion. A very high rate of fusion was achieved, with a neg-
ligible number of complications.

Anterior instrumentation in active tuberculosis infection
is a relatively new concept, and the results of this study
should probably be compared to those achieved with other
modalities of surgical treatment as well as other reports on
anterior instrumentation.
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Table 3 Average preoperative
local kyphosis postoperative
and final correction rates, and
loss of correction values ac-
cording to vertebral regions 
(n number of patients)

Preop. LK Postop LK t P Final LK Loss of 
correction correction LK   
(%) (%) correction

Thoracic (n=25) 22.6°± 7.5° 75.1±22.4 13.5 <0.05 69.8±25.6 1.2°±1.8°
Thoracolumbar (n=21) 24.0°±16.4° 85.8±18.9 7.8 <0.05 81.2±24.7 0.9°±1.5°
Lumbar (n=17) 23.5°± 6.6° 78.9±12.7 19.3 <0.05 72.4±16.3 1.4°±1.9°
Total (n=63) 23.4°±10.9° 79.7±20.2 18 <0.05 74.2±23.3 1.1°±1.7°

Table 4 Average preoperative
and postoperative local kypho-
sis, loss of correction values
and postoperative and final
correction percentages of the
patients treated with Z-plate or
CDH instrumentation (n num-
ber of patients)

Preop. Postop. t P Postop. LK Final LK Loss of
LK LK correction correction correction  

(%) (%)

Z-plate (n=23) 21.5°± 9.9° 5.2°±5.7° 11.9 <0.05 78.6±21.1 73.3±20.8 1.1°±1.8°
CDH (n=40) 24.4°±11.5° 5.6°±6.6° 14 <0.05 80.4±19.9 74.9±24.9 1.2°±1.7°
Total (n=63) 23.4°±10.9° 5.4°±6.3° 18 <0.05 79.7±20.2 74.3±23.3 1.1°±1.7°



Indications for surgery in spinal tuberculosis are re-
ported to include the presence of a large paraspinal ab-
scess, the presence of severe bone destruction and kyphotic
deformity, neurologic deficit with spinal cord compres-
sion, and lack of response to conservative treatment [33].
Posterior fusion had been the standard surgical procedure
for the limited correction and prevention of progression of
deformity in many centers before the safe and liberal use
of anterior spinal surgery became feasible. However, pos-
terior fusion does not appear to alter the natural course of
the disease process; pseudoarthrosis and bending of the
fusion mass very frequently leads to a substantial increase
in the kyphotic deformity [1, 11, 40].

Anterior debridement without fusion in the treatment
of spinal tuberculosis has been evaluated in Medical Re-
search Council (MRC) studies performed in Hong Kong
and Bulawayo. The findings showed that the magnitude
and rate of progression of the kyphotic deformity in patients
who underwent this treatment were similar in patients
who underwent no surgery, and were significantly worse
than in patients treated with anterior debridement and fu-
sion [22]. Longitudinal follow-up of the same group of
patients revealed that bony fusion occurred later in those
who were treated with anterior grafting compared to pa-
tients treated with debridement only, but the rates of fu-
sion were similar at 5 years [23]. Over 10 years, the de-
bridement group exhibited mean increases in kyphosis of
9.8° for thoracic and thoracolumbar lesions and 7.6° de-
grees for lumbar lesions, compared with minor changes in
the fusion group [24]. Upadhyay and co-workers reported
the latest follow-up of the same group of patients, conclud-
ing that the debridement group demonstrated increases in
kyphotic deformity for up to 6 months. Adult patients
demonstrated an arrest in progression, while some sponta-
neous correction of the deformity occurred in the pediatric
patients [38, 39, 40, 41]. Aksoy et al. reported a series of
100 patients with either posterior or anterior fusion only,
and demonstrated that kyphotic deformity developed less
frequently after anterior fusion [1]. Rajasekaren and
Soundarapandian reported a 59% rate of kyphotic defor-
mity with anterior fusion [32].

With anterior debridement and fusion, the MRC trials
demonstrated that an increase in kyphotic deformity oc-
curred in only 17% of patients compared to 39% of pa-
tients treated with chemotherapy. In contrast to patients
treated with only anterior debridement, the progression of
the kyphotic deformity was considerably less, especially
during the first 6 months of the treatment [22, 23, 24, 25].
Kyphotic deformity did not significantly increase in these
patients after 6 months regardless of the treatment method.
In another study, 59% of patients had favorable results
(excellent or good), 19% were rated as fair, and 22% as
poor [32].

The necessity of prolonged immobilization following
anterior procedures, and the relatively high rates of pro-
gression of kyphosis frequently related to the problems with

strut grafts, prompted the idea that tuberculosis spondyli-
tis may be stabilized by posterior instrumentation [10,
36]. Oga and co-workers obtained good clinical results,
but the instrumentation was extended to an alarming aver-
age of 8.5 levels, in spite of the fact that only 3.5 levels on
average were involved by the disease [31]. Moon et al. re-
ported very good rates of correction and good maintenance
of correction for both children and adults; fusion occurred
in 4 months in single-level spondylodesis cases and in 
6 months in two-level [28] cases.

Several studies have demonstrated satisfactory results
using posterior instrumentation along with anterior de-
bridement and fusion [25, 27, 31, 37]. Güven et al. re-
ported a series of ten cases with posterior instrumentation,
in which there was a 3.4° loss in the correction of local
kyphosis [10]. Domaniç et al. reported that, in their series
with anterior debridement, correction of the kyphosis was
more successful in patients who underwent additional pos-
terior CD instrumentation [8]. Yau et al. reported higher
success rates with anterior fusion and posterior instrumen-
tation in the same session [42]. In a recent series, 72 adult
patients with different surgical procedures were assessed.
Eight patients underwent only anterior debridement and
fusion, leading to an 8.6% correction rate and an average
correction loss of 23.6° during follow-up. This compares
to 76.8% average correction and 2.5° correction loss in 11
patients who had posterior instrumentation following an-
terior radical surgery [6].

Kostuik reported a series of 79 patients who underwent
anterior decompression and anterior internal fixation in
1983, among whom 51 had neurologic deficits. He reported
two patients developing deformity because of spinal tu-
berculosis [19]. There has been very limited experience
with anterior instrumentation following anterior radical
debridement and fusion, especially in the early cases with
active disease [5]. The reluctance to use this procedure
probably arises from an assumption that placing the in-
strumentation in an area with active infection would lay
the patient open to complications like disease reactivation
or secondary infection [17]. This assumption, however, is
not supported by the results of the present study, which
demonstrate that anterior instrumentation in the presence
of active infection does not cause any major complica-
tions, probably because of the poor adherence capacity of
the tuberculosis bacilli to metals.

This series is not the first in the literature reporting the
use of anterior instrumentation. We reported our first nine
cases in 1996 [5]. Yılmaz and co-workers reported on 22
patients with single- or two-level and 16 with multilevel
involvement, treated with anterior instrumentation. Their
rates of correction were 64% and 81% for short and long
fusions respectively; an overall average of 3° of correc-
tion loss was encountered and there were no major com-
plications [43]. In another study, comparing the results of
45 patients treated with anterior radical debridement and
anterior instrumentation with those treated with posterior
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instrumentation, we reported that, with anterior instrumen-
tation, statistically similar correction rates can be obtained,
but this procedure required fewer mobile segments to be
instrumented. Also in this study, we suggested that poste-
rior instrumentation may be preferable if there were vari-
ous regions of involvement, more than two vertebrae were
involved and if involvement included the lumbosacral
junction [6]. In the present study, the results of 63 patients
with 50.9 months of follow-up were evaluated, and our
correction rates in local kyphosis angle (79.7±20.2%), our
correction loss at the last control visit (1.1°±1.7°) and our
final correction rate (74.3±23.3%) were compatible with
the results reported in the literature. Evaluation of the ef-
fect on sagittal global contours showed a statistically sig-
nificant correction rate in the thoracic, thoracolumbar and
lumbar regions; correction loss rates at the last control
visit were found to be very low. The normal physiological
sagittal contours were maintained in the thoracic and tho-
racolumbar regions in 88% and 71.4% of the patients re-
spectively, but physiological normal lumbar lordosis was
restored in five patients. It is noted that carrying out a dis-
traction for correction of the local kyphosis deformity in
thoracic region resulted in a decrease in the global kypho-
sis angle, but despite this effect, neither hypokyphosis nor
lordosis was noted in the thoracic region. The procedure
played a positive role in the lumbar region by increasing
lordosis. Implant failure and pseudoarthrosis were not
noted, and a solid fusion mass was obtained in all patients.
Tuberculosis reactivation was not noted.

Therefore, based on our results and those reported with
the use of posterior instrumentation, it can be stated that
instrumentation in active tuberculosis spondylitis can be
performed safely with few complications, and is effective
in obtaining and maintaining the correction of the defor-
mity as well as obviating the need for external support.
The two major advantages of anterior over posterior in-
strumentation are (1) the operation can be performed with
a single approach, and (2) the inclusion of unnecessarily
large number of levels into fusion can be avoided.

It should be noted that all patients included in this
study have undergone a very aggressive alternating three-
drug antibiotic regimen for 12 months, which has been the
standard protocol at our center over the years, despite re-
cent reports suggesting that shorter and less aggressive
chemotherapy may be as effective. The 14th report of
the MRC demonstrated that the clinical results at 3 years
were excellent in patient groups receiving INH and R for 
6 months and in those receiving the same drugs for 9 months,
but only in those receiving INH and PAS or EMB for 
18 months [26]. In 1998, the MRC Working Party on Tu-
berculosis of the Spine published the findings of a 15-year
follow-up study of a series of patients with spinal tuber-
culosis who received a variety of treatments. They found
anterior radical debridement and anterior strut grafting to
be the most successful procedure for neurologic recovery,
fusion and preventing kyphotic deformity, when compared

against ambulatory chemotherapy, nonambulatory chemo-
therapy with debridement, and chemotherapy with Hong-
Kong procedure [25]. Likewise, Upadhyay and co-work-
ers have found that a regimen consisting of INH, R and
streptomycin given for as short as 6 months yielded com-
parable results with a regimen of INH, PAS and strepto-
mycin, in a group of patients who underwent surgical de-
bridement and grafting [41] .The use of a more aggressive
regimen for longer periods might have been effective for
a better control of the disease in our series, eventually lead-
ing to uneventful healing. Shorter and less aggressive reg-
imens in the presence of anterior internal fixation material
needs to be tested further.

Finally, it may be argued that in patients with sus-
pected tuberculosis spondylitis, the diagnosis, as well as
the absence of secondary non-specific infection, needs to
be confirmed before starting the process of surgical deci-
sion making. However, in areas where tuberculosis is an
endemic problem, the rate of correct pre-operative diag-
nosis may be very high.

In addition to classical radiographs and laboratory
tests, MRI is the best method for diagnosing tuberculosis
[36]. Radionuclide imaging is not very helpful in these
cases. There are high false-negative rates with technetium
(33%) and gallium (70%) scans. CT imaging reveals the
extent of bony destruction better than MRI [36]. An and
co-workers reported a diagnostic accuracy of 97% with
MRI in a series of patients with spinal tumors or infectious
diseases [2]. In his series of 24 patients, Desai reported
that diagnosis of the disease was possible in the very early
stages with MRI [7]. Hoffmann et al. reported that MRI
was necessary and very useful for surgical planning and
diagnosing the canal compromise [13]. In the present
study, our pre-operative rate of diagnosis was 96.8% (61
out of 63 patients) when a combination of MRI, CT and
laboratory studies was used. The two patients diagnosed
with solid tumors pre-operatively constitute the false-neg-
ative cases of this series. It should be noted, however, that
these figures may be misleading. The probable false-posi-
tive cases who turned out not to be cases of tuberculosis
spondylitis at surgery were not included in this database;
hence, it cannot be claimed that the diagnostic accuracy of
these methods combined is as high as 96.8%. Schmitz and
co-workers have demonstrated that fluorine-18 flouro-2-
deoxy-D-glucose positron emission tomography is more
sensitive and accurate in the diagnosis of tuberculosis
spondylitis than MRI, especially in the presence of metal-
lic implants [34]. This technique may be used to achieve a
higher rate of diagnostic accuracy in the future.

Conclusion

In patients without vertebral instability and deformity, we
prefer conservative management, and in those who have
abscess formation in addition, we use invasive radiologi-
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cal techniques in combination with abscess drainage and
chemotherapy. It is our contention that, in patients with ver-
tebral destruction and collapse, moderate to severe kyphotic
deformity and large abscess formation, vertebral instabil-
ity and neurological deficits and instability, anterior radi-
cal debridement, anterior strut grafting and anterior instru-
mentation is an optimal method. In patients with involve-
ment in different vertebral regions and multiple levels and
in those whose global sagittal contours are markedly de-
formed owing to local kyphosis, and in patients who have
difficulty in undergoing anterior instrumentation due to
lumbosacral junction involvement, posterior instrumenta-

tion may be preferred, after anterior radical debridement
and anterior strut grafting at the same or a subsequent ses-
sion.

In conclusion, based on the results of this study on the
treatment of active tuberculosis spondylitis with anterior
instrumentation along with anterior debridement and fu-
sion, it can be stated that this procedure provides a very
high and effective rate of deformity correction and main-
tenance. Furthermore, as demonstrated by several other
studies, the use of metallic implants in the presence of ac-
tive tuberculosis infection appears to be a safe procedure
associated with a very low rate of complications.
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