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Abstract The goal of this study was to assess the efficacy
of one-stage surgical management for children with spinal
tuberculosis by anterior decompression, bone grafting,
posterior instrumentation, and fusion. Between January
2002 and December 2006, 15 cases with spinal tuberculosis
were treated with one-stage posterior internal fixation and
anterior debridement. All cases were followed-up for an
average of 30.3 months (range 12–48 months). The average
neurological recovery in the patients was 0.93 grades on the
scale of Frankel et al. (Paraplegia 7:179–192, 1969). The
average preoperative kyphosis was 36° (range 19–59°), and
the average postoperative kyphosis was 23° (range 15–38°)
at final follow-up. At final follow-up, minimal progression
of kyphosis was seen, with an average kyphosis of 27°
(range 16–40°). An average loss of correction of 4° was
seen at final follow-up. One-stage surgical management for
children with spinal tuberculosis by anterior decompres-
sion, bone grafting, posterior instrumentation, and fusion
was feasible and effective.

Introduction

Tuberculosis of the spine is still prevalent in many parts of
the world and is an important orthopaedic problem [12]. It

is known that spinal tuberculosis is more severe, dangerous
and disabling in children than it is in adults. Children
represent a high-risk group for acquiring the disease, and it
still remains a leading cause of paraplegia in developing
nations [19, 21, 22, 24]. It is believed that aggressive
surgical treatment should be adopted in the management of
such patients with spinal tuberculosis [8, 25]. We report
here a group of 15 children with spinal tuberculosis treated
by one-stage anterior interbody autologous bone grafts and
posterior instrumentation. The aim of this clinical study is
not only to verify the importance of early reconstruction of
spinal stability, but also to evaluate the results of this
method.

Patient population

From January 2002 to December 2006, 15 consecutive
children with spinal tuberculosis were enrolled in the
study. There were seven males and eight females. The
mean age at the time of diagnosis and treatment
initiation was 10.3 years (range 5–16 years). Diagnosis
was based on clinical and haematological criteria. All
patients had the symptoms of tuberculosis, such as
weight loss, moderate fever, and fatigue. The patients
were admitted due to severe back pain or paraparesis,
with mean symptom duration of 3.63 months (range 1–
5 months). The thoracic spine was involved in six
patients, the thoraco-lumbar spine (T11-L2) in four and
the lower lumbar spine in five. The ESR was used to
evaluate whether the lesion was “active” or not, and
whether the disease was healed. The angle of the
kyphosis was measured on lateral radiographs by
drawing a line on the upper surface of the first normal
vertebra above the lesion and one through the lower
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surface of the first normal vertebra below the lesion,
measured with an average of 36° (range 19–59°). The
classification of Frankel et al. [4] was used to assess the
neurological compromise, resulting in two patients with
grade B, three with grade C, six grade D and four grade E
(normal neurological status.)

Preoperative

All patients received routine chest X-rays and sputum
examination for the tubercle bacillus, but all were found to
be without open tuberculosis or acute miliary pulmonary
tuberculosis (Fig. 1). Except for cases which required
emergency operations due to severe neurological deficit,
all patients received standard antituberculous chemothera-
py. Antitubercular therapy was started immediately after the
preliminary diagnosis of tuberculous spondylitis. All
patients received four first-line antitubercular drugs (i.e.
isoniazid, rifampicin, ethambutol, and pyrazinamide) for 4–
12 weeks before operation and bed rest for at least three
weeks before surgery. Surgery was planned only if there
was no evidence of recovery. Intraoperative specimens
taken from the lesion site revealed tuberculous spondylitis
by histological analysis or a positive acid-fast stain or
culture in all patients. Pathological evaluation revealed
typical caseating necrosis and granulomatous formation in
all patients. Acid-fast stains from the local lesion sites or
culture for the mycobacterium were positive in fourteen
patients. When the patients regained normal appetite
without low fever, anaemia and hypoproteinemia, surgery
was carried out.

Operative

The operation was carried out in two steps. The surgery
was performed under general endotracheal anaesthesia.
All patients were operated upon in the lateral position.
Normally, the approach was from the severely damaged
side of the spine. In the first step all patients underwent
anterior radical debridement, decompression and autog-
enous bone grafting, as described by Hodgson and
Stock [6]. The abscess was drained and the necrotic
material within the body and disc above and below the
affected vertebral bodies was identified and resected with
conventional rongeurs and curettes down to bleeding
normal bone. The decompressive procedure was per-
formed down to the epidural space. After careful haemo-
stasis, a quantity of normal saline was used for space
irrigation to eliminate residual tuberculous tissue. Then,
3–4 g of streptomycin was placed in the operation area.
Slots were made in healthy bleeding bone of the vertebral
bodies above and below the affected levels, and the spinal
defect was measured. The resultant gap was repaired with
suitable-length bone grafts. Bone grafts were harvested
from the iliac crest or rib in this procedure. The interbody
fusion technique was initiated using an autografting bone
applied between the vertebrae by means of an elongated
bone impactor, and a local drainage tube was inserted
routinely before the incision was closed. After the anterior
surgical procedure, the patient’s position was changed to
prone and a posterior midline incision was made. In the
second step, the spine was stabilised using a trans-
pedicular screw and rod system. Exposing the vertebral
laminae of involved segments, the posterior pedicle screw

Fig. 1 Preoperative radiographs showing an anterior segmentation defect at L3
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system was installed to complete kyphosis correction.
Finally, another drainage tube was placed through the
erector spinae. The average operative time was 263
minutes (range 231–421 minutes). The average blood loss
was 650 ml (range 330–1080 ml) which increased with the
operative time. The average postoperative stay was ten
days (range 7–14 days).

Postoperative

The drain was usually removed after 72 hours. After
operation, bracing for three months was recommended.
All patients were treated with an antituberculous chemo-
therapy regimen for 12–18 months. The usual regimen
followed was four-drug chemotherapy (rifampicin, isonia-
zid, ethambutol, and pyrazinamide) for eight weeks
followed by three drugs (rifampicin, isoniazid, and etham-
butol) for six weeks and two drugs (rifampicin and
isoniazid) for the remainder of the period. Liver functions
and sedimentation rates were monitored carefully at regular
intervals. Follow-up examination was performed during the
first year at six weeks, three months, nine months and one
year. Subsequent follow-ups were at six-month intervals.
All cases were followed-up for an average of 30.3 months
(range 12–48 months). The parameters used in the follow-
up were local deformity angle, ESR, spinal bony fusion,
and neurological status.

Results

The wounds were healed without chronic infection or sinus
formation. All patients achieved fusion. There was no

recurrence of the disease in any of the patients at the last
follow-up (Figs. 2 and 3).

Neurological status

Three patients improved two grades and eight patients
improved one grade (Table 1). The average neurological
recovery in the patients was 0.93 grades on the scale of
Frankel et al. [4].

Deformity

The average postoperative kyphosis was 23° (range 15–
38°). At final follow-up, minimal progression of
kyphosis was seen, with an average kyphosis of 27°
(range 16–40°). An average loss of correction of 4° was
seen at final follow-up.

Complications

Complications occurred in three patients. One had a
prolonged intercostal drainage tube in situ for five days
due to persistent air leak, which resolved without any
further intervention. Pneumonitis occurred in one pa-
tient, which responded well to antibiotics. We found
that the anterior graft displaced in one patient. No
complications related to instrumentation occurred. There
was no mortality.

Discussion

The spine constitutes almost 50% of the osteoarticular
tuberculosis [13], usually presenting with a spine deformity

Fig. 2 Postoperative radio-
graphs showing placement of
autogenous bone graft, supple-
mented with dorsal fusion with
instrumentation. Postoperative
segmental kyphosis measures
15°
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such as kyphosis, neurological deficit and even paraplegia
[8, 25]. Antituberculosis chemotherapy is very important to
cure the disease and prevent recurrence [18]. It should be
emphasised that surgery cannot replace chemotherapy in
managing spinal tuberculosis [15]. Chemotherapy with
radical surgery is the basic treatment of spine tuberculosis.
It must be regular and long-lasting. Although chemotherapy
is the mainstay in the management of spinal tuberculosis,
surgical procedures are still important.

The management of spinal tuberculosis is a combi-
nation of clinical and surgical treatment.

Indications for surgery are neurological deficits, spinal
instability, severe and/or progressive kyphosis, no response
to chemotherapy treatment, non-diagnostic and large para-
spinal abscess [8, 25]. The spinal cord can be compressed
by the inflammatory focus, debris and caseation from the
anterior aspect; therefore, to be decompressed, an anterior
approach is necessary. This radical anterior procedure led to
complete neurological recovery in most cases [15]. Surgical
treatment of tuberculosis of the spine remains controversial.
Indications for surgery vary from one centre to another [1,
8, 15, 25]. There is a wide spectrum of treatment options
available for children with tuberculosis. A judicious use of
conservative therapy and operative decompression when
indicated is the usual management [18].

For the spinal lesion, adequate debridement, decompres-
sion and anterior graft placement is used, although this
procedure has been indicated mainly in adults [2, 28] with
few reports in children in the literature. One-stage surgical
management for children with anterior decompression,
bone grafting, posterior instrumentation and fusion can be
safely performed in children in our experience.

Spinal tuberculosis is a common cause of severe
kyphotic deformity. Severe kyphosis is more often a
complication of childhood spinal tuberculosis than of

adult disease [9, 19, 20]. In spite of effective treatment for
spinal tuberculosis, it is common to find residual kyphosis
and instability at the end of treatment [21]. Moon [14]
reported that combining chemotherapy with anterior
autogenous bone grafting following radical debridement
is an efficient method to cure spinal tuberculosis and
prevent progression of kyphotic deformity. There was a
reduction of the angles of kyphosis and deformity
following surgery, which was maintained throughout
subsequent years of follow-up. In our 15 patients this
has resulted in an improvement in the correction of the
deformity as well as encouraging neurological recovery
and allowing early mobilisation. Reconstruction of spinal
stability is beneficial to heal spinal tuberculosis and avoid
recurrence. Tuberculosis of the spine is an unstable lesion
that tends to progress at least until there is sound bony
fusion. Bone fusion of the vertebrae is thought to be the
most reliable evidence of healing of spinal tuberculosis
[1]. Without instrumentation, the grafted bone may
displace or may be absorbed and a long period of external
fixation may be required, marring the therapeutic effect of
this surgery. Thus, many authors had explored the

Table 1 Neurological grading

Preoperative Number of cases Postoperative

A B C D E

A 0 0 0 0 0 0

B 2 0 0 0 2 0

C 3 0 0 0 2 1

D 6 0 0 0 0 6

E 4 0 0 0 0 4

Fig. 3 Four-year follow-up
radiographs showing good in-
corporation of the autogenous
bone graft and maintenance of
the correction
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feasibility of internal fixation after debridement and bone
grafting [5]. In order to reduce deformity, posterior
fixation is followed by anterior debridement and fusion.
In our series, all cases were performed with autogenous
bone graft and internal fixation. Posterior instrumental
stabilisation and anterior interbody fusion were found
helpful in arresting the disease early, providing early
fusion, preventing progression of kyphosis, and correcting
the kyphosis [11].

We performed one-stage surgical management for
children with spinal tuberculosis by anterior decompres-
sion, bone grafting, posterior instrumentation, and fusion.
This method has been proven as a useful technique [3, 10,
23, 27]. The anterior approach leads the surgeon directly
to the lesion and allows good visualisation. Decompres-
sion of the spinal cord anteriorly can be obtained
directly and completely [17]. Posterior instrumentation
can effectively prevent the excessive growth of the
posterior column in children. Rigid stabilisation of the
spine allows early mobilisation of these patients when
compared to the prolonged periods of immobilisation
which were originally recommended [10]. Posterior
instrumentation surgery was not a hazard in spinal
tuberculosis infection. The adherence properties of Myco-
bactarium tuberculosis to stainless steel was evaluated
experimentally [16]. It has been proven that tubercle
bacillus has no adhesiveness to autogenous bone and
instruments, and it is safe to graft bone and use
instrumentation in an infection focus [26]. There were no
cases of persistence or recurrence of infection after
surgery, and instrumentation provided immediate stability
and protected against development of kyphotic deformity.
We therefore suggest that posterior instrumentation should
be undertaken to prevent kyphosis in children.

Neurological complications are the most feared in spinal
tuberculosis [7]. Prompt treatment can reverse paralysis and
minimise the potential disability. Some patients' significant
neurological improvement was seen immediately postoper-
atively followed by a return of the paraplegia due to
subsequent cord compression. Many factors determined
such a partial recovery of neurological function; long-term
compression of the spinal cord resulting from the delay of
diagnosis and surgery, was, no doubt, the major reason. It is
important for children to have early diagnosis and early
therapy to prevent spinal tuberculosis.

In conclusion, for children with tuberculosis, systemic
antituberculosis chemotherapy was the cornerstone of
treatment, with tuberculous focus clearance second, spinal
fusion by bone grafting third, and kyphosis correction
fourth. Through these surgical procedures, problems such
as radical debridement, anterior spinal decompression,
reconstruction of spinal stability by bone grafting, and
kyphosis correction may be achieved. One-stage surgical

management for children with spinal tuberculosis by
anterior decompression, bone grafting, posterior instrumen-
tation, and fusion was feasible and effective.
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