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Application of transforaminal-lumbar interbody fusion
technology combined with lesion clearance and chemotherapy
via catheter for the treatment of spinal tuberculosis
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Abstract. The aim of the present study was to analyze the
clinical and radiological outcomes of active thoracolumbar
spinal tuberculosis (TB) treated by application of transforam-
inal-lumbar interbody fusion technology combined with lesion
clearance and chemotherapy via catheter (TCLC). Posterior
debridement and indwelling catheterization in the lesion area
were performed for direct injection of anti-TB drugs, so as
to reduce the recurrence rate. The present prospective study
comprised 26 patients with active thoracolumbar spinal TB
who underwent TCLC at Hong Hui Hospital affiliated to Xi'an
Jiaotong University (Xi'an, China). The kyphotic Cobb angle
at presentation, after surgery and at the final follow-up were
22.7+9.8, 9.8+7.3 and 10.3+8.8°, respectively, with an average
correction of 13.1+5.4° after surgery, and a loss of correc-
tion of 1.8+1.0° at the final follow-up. The rate of correction
and loss of correction were 56.6 and 8.3%, respectively. At
six months after the surgery, all abnormal erythrocyte sedi-
mentation rates and C-reactive protein levels had returned
to normal. The average time to union was ~5 months. All
patients had bony union and improved neurological function,
with their daily activity returning to normal. In conclusion,
in the present study, application of TCLC for the treatment
of spinal TB achieved satisfactory healing of lesions. The
surgical treatment for spinal TB comprised the removal of
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the disease as far as possible, and the local administration
of anti-TB chemotherapy to the lesion is key to successful
treatment.

Introduction

Tuberculosis (TB) is a relatively common disease in developing
countries, including China and India (1,2). TB spondylitis is
considered to be a serious type of TB disease. The incidence of
spinal TB is increasing, with the spine being affected in an esti-
mated 50% of cases with musculoskeletal involvement (3.,4).
Previous studies have reported that surgical treatment is an
important strategy for the treatment of spinal TB.

Regarding the surgical removal of spinal TB, bone grafting
fusion is an important step in surgical therapy, which may
improve spinal stability, allow for recovery of the spinal cord
function and reduce the time to recovery for patients (5). The
safety and efficacy of internal fixation for the treatment of
spinal TB have been recognized by the majority of clinicians,
and this treatment has an important role in stabilizing the
decreased kyphotic deformity, reducing spinal cord compres-
sion. Hibbs (6) and Albee (7) reported on the posterior interbody
fusion for spinal TB, also known as Pott's disease, as early
as 1911. Anterior radical debridement and non-instrumented
fusion have been described by Ito et al (8) in 1934, followed
by Hodgson and Stock (9) in 1956. Combined anterior and
posterior fusion has been described by Mukhtar ef al (10) in
2003.1In 2013, Kumar ez al (11) reported on posterior interbody
fusion for selected cases of thoracolumbar spinal TB without
anterior instrumentation and without anterior or posterior
bone grafting.

The aim of the present study was to analyze the clinical
and radiological outcomes of active thoracolumbar spinal TB
treated by application of transforaminal-lumbar interbody
fusion (TLIF) technology combined with lesion clearance and
chemotherapy via catheter (TCLC). The study was performed
on 26 patients with active thoracolumbar spinal TB who
underwent TCLC. The present study assessed the changes
of the Cobb angle, erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) levels, the functional and radio-
logical outcomes, and the fusion status of patients with spinal
TB treated by using TCLC.
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Patients and methods

Patients. The present prospective study included 26 patients
diagnosed with TB spondylitis involving the thoracic spine
and lumbar spine. Permission from the Ethics Committee
of Hong Hui Hospital (Xi'an, China) and written informed
consent was obtained from the patients prior to the study
commencing. The Patients underwent a TLIF procedure
(unilateral decompression laminectomy, drainage of abscess
and posterior pedicle screw implementation). Various patients
with active TB spondylitis and with neurological involvement
were included in the study, and the procedures were performed
between October 2010 and October 2013. The pre-operative
kyphosis angle ranged from 5 to 50°. Patients with severe and
highly severe kyphosis (>50°), those with late-onset paraplegia
of healed disease with thoracic spine a bony internal gibbus,
and those with multi-segmental disease with destruction of
>2 vertebral bodies were excluded.

The cohort comprised 17 men and 9 women, and their
mean age was 45 years (range, 19-69 years). Neurological
assessment was performed using Frankel grading (12); three
patients were rated as Frankel grade B, six were of grade C and
seven were of grade D. A total of 10 patients without any neuro-
logical deficits were assigned a Frankel grade E. For each of
the patients, pre-operative anteroposterior and standing radio-
graphs of the spine were recorded, and computed tomography
(CT) scans, magnetic resonance imaging and hematological
investigations, including complete blood cell count, ESR and
CRP, were performed.

Surgical procedure. Under general anesthesia, patients
were positioned in the prone position on the spinal table.
The position of the affected vertebrae was confirmed using
fluoroscopy. The involved segment was exposed via a midline
posterior approach. Screws were temporarily connected by
a rod on one side to avoid instability during decompression.
Hemi-zygapophysial joints or bilateral zygapophysial joints
were made at the involved segment while retaining the lamina
as much as possible. Granulation tissue was debrided and the
abscess, if present, was drained through the inter-transverse
space. Pedicle screws were connected by rods and compression
was applied to correct the kyphosis through a zygapophysial
joint bone graft or lamina bone graft. An intra-operative biopsy
was obtained and sent for histopathological examination. To
maintain the stability of the spine and to facilitate post-oper-
ative vertebral fusion, an intervertebral bone graft from the
ilium was placed. Prior to this, a 0.7-mm epidural catheter was
implanted in the lesion. The kyphosis was corrected as much
as possible by applying compression between the screws prior
to tightening them to the rods.

Post-operative treatment and rehabilitation. After the opera-
tion, patients were treated with 0.1 g isonicotinic acid hydrazide
(INH) daily viainjection through the catheter. The mean duration
of follow-up for the retention of catheter was 2.2 months (range
2-4 months); four-drug chemotherapy (25 mg/ml isoniazid,
15 mg/ml rifamycin sodium, 25 mg/ml streptomycin, 20 mg/ml
acetazolamide; each administered orally) was continued for
3 months following catheter removal, followed by a two-drug
regimen (INH and rifampicin) for a further period of 8 months.

Mobilization was started in ambulatory patients on the
second post-operative day, and physiotherapy and sickbed
mobilization was started in non-ambulatory patients.
Post-operative bracing was continued for a minimum period
of 3 months following surgery in all patients. The disease was
considered healed when clinical evaluation indicated no spinal
tenderness or spasm, hematological parameters returned to
near normal levels and spinal fusion was evident on follow-up
radiographs. Radiographically, fusion was considered to be
complete when a bony bridge with trabeculation equal in
density to the adjacent vertebrae was present, radiolucent
zones were absent and no abnormal mobility (<5° of move-
ment) was observed at the fused segment on post-operative
flexion-extension radiographs. These criteria were previously
described by Schofferman et al (13) and Kim et al (14).

Statistical analysis. All calculations were performed using
SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Results were
presented as mean + standard deviation. Comparisons between
the three groups were performed using an unpaired t-test and
one-way analysis of variance followed by a Levene test. P<0.05
was considered to indicate a statistically significant result.

Results

Pre-operative patient characteristics. The present study
comprised 26 patients diagnosed with TB spondylitis
involving the thoracic spine and lumbar spine. Patients with
active TB spondylitis and with neurological involvement were
included in the study. The pre-operative kyphosis angle ranged
from 5 to 50°. The cohort comprised 17 men and 9 women, and
their mean age was 45 years (range, 19-69 years). The mean
duration of follow-up was 14.1 months (range, 9-24 months).
The locations of the lesions were distributed as follows: A
total of 3 cases of lumbar 2-3, 8 cases of lumbar 3-4, 12 cases
of lumbar 4-5 and 7 cases of lumbar 5-sacral 1 involvement.
Of the 19 cases with paravertebral abscesses, 9 had psoas
abscesses. The demographic and clinical characteristics of the
patients are presented in Table I.

Surgery and outcomes. In the present study, the mean duration
of the operation was 130 min (range, 112-170 min), the mean
intra-operative blood loss was 550 ml (range, 470-820 ml)
and the mean duration of hospital stay was 7 days (range,
5-10 days). Data on the pre- and post-operative ESR and CRP
are presented in Table II. The number of patients with normal
ESR before operation was 4, CRP was 6, while the number
of patients with normal ESR after operation was 6, CRP was
10 in the first month. All patients with neurological deficits
exhibited an improvement in Frankel grading post-operatively
(Table IIT). The mean pre-operative kyphosis angle was 32.4°
(range, 5-50°). The angle of kyphosis was reduced to a mean of
7.2° in the immediate post-operative period (range, 0-12°), and
the difference was statistically significant (P<0.005).

Follow-up results. At the time of the final follow-up, the mean
kyphotic Cobb angle at presentation, after surgery and at the
final follow-up were 22.7+9.8, 9.8+7.3 and 10.3+8.8°, respec-
tively, with an average correction of 13.1+5.4" after surgery, and
aloss of correction of 1.8+1.0° at the final follow-up (Table I'V).
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Table I. Demographic and clinical characteristics of patients
(n=26).

Variables Value
Mean age (range, 19-69 years) 454+10.5
Gender 17
Male
Female 9
Occupation
Farmer 21
Other*© 5
Educational level
Basic school education 18
Higher school education 8
Duration of TB (months) 14.1£3.9
Other body sites infected
Thoracolumbar spine 24
Other?¢ 2

Values are expressed as n or the mean + standard deviation. TB,
tuberculosis; CI, confidence interval. *docotor, "worker, educator,
9lung and °chest.

Table II. Amount of patients with normal ESR and CRP levels
prior to surgery and at various post-OP stages.

Time-point ESR CRP

Pre-OP Post-OP (months) 4 (15.3) 6(23.1)
1 6 (23.1) 10 (38.5)
3 15 (57.7) 16 (61.5)
6 26 (100) 26 (100)

Values are expressed as n (%). ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; OP, operation.

The rate of correction and loss of correction were 56.6 and
8.3%, respectively. Complications were minor in nature and
included delayed wound healing in 1 patient and sinus forma-
tion in 1 patient. No major complications were reported. The
anterior vertebral lesions healed through bony fusion, which
was completed between 6 and 7 months post-operatively
(Figs. 1 and 2).

Discussion

In recent years, multiple treatments have been proposed for
spinal TB, but most clinicians perform isolated anterior lesion
clearance or posterior fixation fusion. Certain studies have
described the application of isolated anterior instrumented
fusion with good results (15,16). According to certain studies,
single anterior debridement and bone grafting are frequently
unsatisfactory in correcting kyphosis deformity or preventing
its progression (17-19). However, others have reported good

Table III. Post-operative Frankel grading (n).

Frankel grade (post-operative)
Pre-operative

Frankel grade A B C D E
A 0 0 0 0 0
B 0 0 0 2 1
C 0 0 0 2 4
D 0 0 0 2 5
E 0 0 0 0 10

Table IV. Kyphotic Cobb angle at presentation following
surgery.

Time 1 2 3 Mean
Kyphotic 227+9.8° 9.8+7.3° 103+8.8° 13.1+54°
Cobb angle

outcomes for posterior fusion. Studies including that by
Giiven et al (20) used CT- or ultrasound-guided percutaneous
catheter drainage (PCD) to treat TB with abscess forma-
tion (21-23). Based on the results of long-term observation,
PCD is a safe, effective, minimally invasive treatment method
with advantages for abscess treatment, but it does not resolve
complications including deformity, severe nerve dysfunction
or spinal instability. However, local chemotherapy for TB
infection is effective, as it acts directly on the lesions. This
is particularly useful for TB patients after surgery, as they
are likely to present with post-operative scarring around
lesions and a limited local blood supply due to destruction
of blood vessels during surgery, which may lead to reduced
concentrations of systemic drugs and reduce the effectiveness
of systemic TB drugs. Furthermore, the anterior approach
may damage the spinal segment and the diaphragm. Soares
Do Brito et al (24) have reported a higher incidence of
complications arising from single anterior fusion compared
with those associated with individual post-fusion (25-29).
McDonnell ef al (30) have reported higher complication rates
for single-event anterior and posterior fusions compared with
multi-stage anterior and posterior fusions. They obtained an
incidence of major complications of 11% and an incidence of
minor complications of 24%. Simultaneous multi-level spinal
TB surgery has become popular due to its satisfactory clinical
outcomes (31,32); the disadvantages of combined anterior and
posterior approaches include bleeding, long operation time and
complications associated with the anterior approach (33,34).
For the treatment of spinal TB, posterior debridement,
intervertebral bone graft fusion and internal fixation compared
with anterior and posterior surgery has the following advan-
tages: i) The anatomic approach is a simple operation with little
trauma, while anterior surgery requires a wide exposure, and
a combined anterior and posterior approach further increases
the surgical trauma. ii) Posterior surgery avoids thoracotomy
and abdominal surgery, and reduces trauma to the lungs and
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Figure 1. Representative case of a 32-year-old male patient. (A and B) Sagittal 3-dimensional computed tomography images indicating the destruction of the L5
and S1 vertebrae. (C) Sagittal T2-weighted magnetic resonance image displaying the destruction of the L5 and S1 vertebrae, with an abscess on the vertebral
side. (D) Externally, the incision and an indwelling epidural catheter are visible after the surgery.

Figure 2. Representative case of the same 32-year-old male patient. (A) Sagittal 3D computed tomography image displaying the removal of tuberculosis
and bone graft. (B and C) Sagittal 3D computed tomography image demonstrating the fusion of the intervertebral bone graft between 6 and 7 months

post-operation. 3D, 3-dimensional.

abdominal cavity viscera, with a consequently low incidence
of complications. iii) Posterior osteotomy using a pedicle
screw rod system fixation of the spinal column provides
superior deformity correction with a sustained effect, allowing
the vertebral lamina bone graft to reach 360°. iv) Combined
with fixation of the diseased vertebrae, this approach reduces
the internal fixation and fusion range, avoiding excessive loss
of spinal movement units and associated complications.
Certain experts have raised concerns regarding posterior
surgery alone for TB, mainly for the following reasons:
i) Posterior surgery may destroy the originally normal
posterior column structure, potentially aggravating spinal
instability (35-37) and ii) The presence of anterior foci indi-
cates the risk of spreading to the rear of the spine (38). In the
present study, these disadvantages were avoided by selecting an
appropriate operation scheme: i) Since the posterior approach
cannot completely clear the lesion in all cases and dissemina-
tion is possible, a catheter was inserted during surgery for local

chemotherapy, through which anti-TB drugs were directly
administered; thereby, sufficient drug supply to the site of the
lesion was guaranteed and ii) TLIF technology was used to
gain access from a unilateral intervertebral foramen, avoiding
bilateral decompression as far as possible and reducing the
destruction of the posterior column.

The present study indicated that the TLIF approach is
sufficient in adults with spinal TB for the following reasons:
i) Effective chemotherapy via catheter is provided to ster-
ilize the vertebral body lesions without the requirement for
excessive anterior debridement or fusion; ii) Complications
associated with anterior approaches to the thoracolumbar
spine may be avoided; iii) TLIF technology may stabilize
the vertebral column and is conducive to vertebral fusion and
stability and iv) Inter-body bone grafting promotes interbody
fusion, permitting patients to undertake early rehabilitation.

However, the present study had certain deficiencies. The
amount of data obtained to support that TCLC was insufficient.
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In addition, the follow-up duration was relatively short. A
future prospective study with long-term follow-up of patients
treated with a posterior approach, including abscess clearance,
bone fusion and internal fixation for the treatment of complex
thoracic and lumbar spinal TB is required to provide further
evidence-based outcomes.

In conclusion, the present study indicated that application
of TCLC for the treatment of spinal TB provides satisfac-
tory healing of the lesions. During surgery, TB lesions were
removed as far as possible. After the operation, local chemo-
therapy with INH via catheter was essential for the successful
treatment of TB.
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