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Abstract The aim of this study was to retrospectively

evaluate the safety, feasibility and efficacy of one-stage

posterior instrumentation combined anterior debridement

and interbody fusion for treatment of active thoracic and

lumbar spinal tuberculosis (TB) in children with kyphotic

deformity. A total of 20 children (12 boys, 8 girls) were

enrolled in this study from January 2006 to January 2011.

All patients underwent one-stage posterior instrumentation

combined anterior debridement and interbody fusion.

Clinical and radiographic results were analyzed. Patients

were followed up for 28.9 months on average. Improve-

ment was shown in all patients with neurologic dysfunction

according to American Spinal Injury Association Impair-

ment Scale. The mean preoperative angle of kyphosis was

35.2� ± 6.8� (range 26�–47�), which reduced to

9.7� ± 1.8� (range 6�–13�) postoperatively. The mean

angle of kyphosis at the last follow-up was 12.0� ± 1.9�
(range 9�–15�). Erythrocyte sedimentation rate and

C-reactive protein returned to normal in all patients within

6 months after surgery. All patients acquired bony fusion,

and no major complications were observed through the

final follow-up visit. One-stage posterior instrumenta-

tion combined anterior debridement and fusion were

demonstrated to be a safe and effective method to achieve

spinal decompression and kyphosis correction in children

with thoracic and lumbar spinal TB.

Keywords Posterior instrumentation � Anterior

debridement � Interbody fusion � Thoracic and lumbar

tuberculosis � Children � Kyphotic deformity

Introduction

Tuberculosis (TB) is one of the oldest diseases, and the

incidence has risen again during the past decades due to the

impact of the acquired immunodeficiency syndrome

(AIDS) pandemic and immigration [1–4]. Spinal TB is the

most common form of skeletal TB, constituting approxi-

mately 50 % of all cases [5, 6]. Although it could occur in

all individuals, children represent the high-risk group for

being affected by the disease [7].

Spinal TB refers to infection of one or more vertebral

bodies with Mycobacterium tuberculosis, with or without

involvement of the spinal cord [8, 9]. This pathology is

believed due to hematogenous dissemination, often without

an obvious primary focus in children, who may be vul-

nerable to discitis because of the persisting anastomosis

between the vertebral end plate and disk. Septic embolus

may result in thrombosis and bony necrosis, often with

extension to adjacent vertebral bodies, vertebral end plate

destruction, subligamentous spread and cord involvement

[3].

Conservative treatment, including chemotherapy and

orthopedic immobilization, remains the cornerstone of the

management of spinal TB in children. Surgical procedures

are advocated whether there is abscess formation, spinal

deformity or neural and vertebral instability [10, 11]. As
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growth retardation of the anterior column and unrestricted

growth of the posterior column might result in late-on

kyphosis in children with spinal TB, surgery should be

adopted aimed at spinal cord decompression, debridement,

deformity correction and late-onset deformity prevention

[12, 13].

Despite an abundance of literature on the treatment of

adult spinal TB, there is limited evidence to guide treat-

ment of spinal TB in children, which remains controversial.

The purpose of this study is to evaluate the safety, feasi-

bility and efficacy of one-stage posterior instrumentation,

anterior debridement and bone graft fusion for children

with active TB of thoracic and lumbar spine with kyphosis.

Materials and methods

Patient population

From January 2004 through January 2010 at our institution,

20 children patients (12 boys and 8 girls) diagnosed as

active thoracic and lumbar spinal TB and kyphotic defor-

mity were enrolled in this study. Diagnosis of active TB

was made based on clinical symptoms, laboratory findings

and radiographic evidence. They included (1) typical

symptoms such as weight loss, low-grade fever, night

sweats, and fatigue, or abscesses and fistulas; (2) signifi-

cantly high erythrocyte sedimentation rate (ESR) and

C-reactive protein (CRP); and (3) production of sequestra

and abscesses confirmed by computed tomography (CT)

scanning, or abnormal signal intensity of the involved

vertebrae, paravertebral abscesses or psoas abscesses.

Patients who had one of these manifestations as well as M.

tuberculosis infection confirmed postoperative through

laboratory tests such as acid-fast stain, bacterial cultures or

polymerase chain reaction, or pathology were defined as

having active spinal TB.

Of these patients, TB involved two vertebral bodies in

10 cases and three vertebral bodies in 10 cases. Age at the

operation was 9.25 ± 3.68 years [mean ± standard devi-

ation (SD)] (range 2–14 years). There was no patient with

history of active pulmonary TB. Six patients had classic

symptoms of TB including night fever, loss of weight and

fatigue. The others were hospitalized because of back pain,

paraparesis and sensory disturbance. The neurologic status

was graded according to the American Spinal Injury

Association (ASIA) Impairment Scale, and all patients

suffered from neurologic deficits (ASIA B to D) before

surgery (Table 1), including motor weakness, sensory

changes, pain radiating to the lower extremities and void-

ing difficulty.

Laboratory tests revealed an increased ESR

(mean ± SD, 68.8 ± 11.6 mm/h; range 45.9–89.4 mm/h)

and a positive CRP (mean ± SD, 33.4 ± 9.9 mg/L;

19.2–50.2 mg/L) in all patients. Lateral plain radiographs

were used for measurements preoperative and postopera-

tive as well as at the final follow-up visit, according to the

technique of Rajasekaran et al. [10]. Written informed

consent was obtained from all patients, and the study

protocol was approved by the Xiangya Hospital Ethics

Committee and met the guidelines of the appropriate

governmental agency.

Preoperative preparation

Patients participating in this study were treated with the

HRE [isoniazid (H), rifampicin (R), ethamutol (E)] che-

motherapy regimen for 2–4 weeks prior to surgery. HRE

dosing consisted of isoniazid 5–10 mg/kg/day with no

more than 300 mg/day, rifampicin 5–10 mg/kg/day with

no more than 300 mg/day and ethambutol 15 mg/kg/day

with no more than 500 mg/day. Surgery was performed

when the ESR had significantly decreased and the tem-

perature returned to normal, and anemia and hypoprotein-

emia resolved completely.

Operative technique

After initiation of general anesthesia, the patient was

placed prone over two bolsters, with adequate padding of

the bony prominences. Particular care was taken to prevent

hyperextension of the neck and pressure on the eyes or

abdomen.

Extraperiosteal dissection was performed through a

midline incision to expose the posterior spinal elements,

including laminae, facet joints and transverse processes.

Pedicle screws were then inserted under fluoroscopic

guidance into normal vertebrae (two or more above and

below the lesion). Laminectomy was performed in four

patients, because of serious compression of spinal cord and

infectious lesions in spinal canal according to radiographic

evidence. The cantilever beam technique was used for

deformity correction. Ponte osteotomies were performed to

increase flexibility in 5 patients, as rigidity was found

during surgery. After instrumentation and deformity cor-

rection, the anterior column was elongated and the height

of collapsed vertebrae restored. Decortication and onlay

bone grafting, autografting from the spinous process, or

adding a chip bone allograft then followed.

Patients were then placed in a lateral decubitus position,

and the bodies of the apical vertebrae were exposed

through an extrapleural or extraperitoneal anterior–lateral

approach. Discectomy of the adjacent upper and lower

intervertebral space and the apical or/and adjacent corp-

ectomy was completed. If necessary, the postero-inferior

portion of the upper adjacent vertebral body and postero-
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superior portion of the lower adjacent vertebral body were

removed for complete decompression. Suitable strut grafts

were inserted in the corpectomy spaces for reconstructing

the spine. Tricortical rectangular grafts from the iliac crest

were harvested from 8 patients, and allograft struts were

used in 5 cases, and cylindrical titanium cages filled with

chip autograft or allograft bone were used in the rest of

patients. Streptomycin 1.0 g and isoniazid 0.2 g were

administered locally. A drain was placed and incisions

were closed. Resected specimens were collected for bac-

terial culture and pathological diagnosis.

Postoperative care

Ambulation with a brace was allowed beginning on the

fourth or fifth postoperative day (depending on neurologic

status) after the drain removal. All patients received

aforementioned three-drug chemotherapy for 2 months that

included isoniazid, rifampicin and ethambutol. This was

followed by two-drug chemotherapy with isoniazid and

rifampicin for another 9 months. Patients were followed up

at 4 weeks, 3 months, 6 months, 1 year and every

6 months thereafter. At each visit, the neurologic evalua-

tion was performed and the radiologic angle of the defor-

mity documented. Patients were braced till the follow-up

radiographs showed adequate healing and fusion.

Statistical analysis

All statistical analyses were performed with SPSS version

19.0 statistical software (SPSS, Inc., Chicago, IL, USA).

Paired t test and Wilcoxon’s rank sum test were used in this

study. Discrepancy in normal distribution was analyzed

using the rank sum test with a significance level of 0.05.

Results

The duration of surgery averaged 3 h and 30 min (range

2 h 30 min to 4 h). Average blood loss was 480 mL (range

250–700 mL), and the average of hospitalization time was

15.4 days (range 10–19 days). All patients were followed

Table 1 Clinical data on all patients

Serial no. Age Sex Levels Interbody fusion Deformity (�) Correction obtained Correction lost (�) Neurology (ASIA)

Pre Posta FFUb,c Angle Percentage Pre Postd FFUe

1 2 M L2-4 Titanium mesh 31 9 12 22 71 3 B D E

2 6 F T6-8 Autograft 37 11 14 26 70 3 C D E

3 12 M T11-L1 Allograft 47 13 15 34 72 2 B D E

4 7 M L1-3 Titanium mesh 28 9 11 19 68 2 B C E

5 11 F T8-9 Autograft 32 8 10 24 75 2 D E E

6 8 M L1-3 Allograft 45 10 13 35 78 3 C D E

7 13 F T12-L1 Autograft 39 9 11 30 77 2 B C E

8 12 M T10-12 Allograft 46 13 15 33 72 2 C E E

9 14 M L2-3 Titanium mesh 27 8 9 19 70 1 B D E

10 10 F L1-2 Autograft 33 10 12 23 70 2 D E E

11 14 F T7-8 Allograft 37 12 15 25 68 3 C E E

12 8 M T9-11 Titanium mesh 30 11 13 19 63 2 B D E

13 9 M T12-L2 Autograft 41 9 11 32 78 2 B D E

14 13 F T9-10 Titanium mesh 29 7 9 22 76 2 C E E

15 12 M L4-5 Autograft 34 9 12 25 74 3 B D E

16 5 F T7-8 Allograft 28 10 13 18 64 3 C D E

17 3 M T12-L1 Titanium mesh 32 6 9 26 81 3 B C E

18 7 M T10-12 Autograft 36 11 13 25 70 2 D E E

19 13 F L2-3 Autograft 26 8 11 18 69 3 B D E

20 6 M T11-L1 Titanium mesh 45 10 12 35 78 2 C E E

Pre preoperative, Post postoperative, FFU final follow-up
a Analyzed by paired t test, compare postoperative to preoperative in kyphosis angle, t = 19.573, P = 0.000
b Analyzed by paired t test, compare final follow-up to postoperative in kyphosis angle, t = -17.612, P = 0.000
c Analyzed by paired t test, compare final follow-up to preoperative in kyphosis angle, t = -17.899, P = 0.000
d Wilcoxon’s signed rank test, compare postoperative to preoperative, P \ 0.05
e Wilcoxon’s signed rank test, compare final follow-up to postoperative, P \ 0.05
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up for a period ranging from 18 to 48 months (mean ± SD,

28.9 ± 6.44 months), and all of them had thoroughly bony

fusion, with a fusion time ranging from 6 to 12 months

(mean 8.8 months). No recurrence was observed, and there

were no cases of failure of fixation by the final follow-up.

All patients who showed incomplete neurologic lesions

before surgery improved after surgery according to ASIA’s

grade, and all of them returned to normal by final follow-up

(P \ 0.05). The sagittal profile was corrected in all cases

(Figs. 1, 2, 3, 4). The mean preoperative kyphosis was

35.2� ± 6.8� (range 26�–47�) and reduced to 9.7� ± 1.8�
(range 6�–13�) after surgery, with a correction rate of

72.2 %. The mean angle of kyphosis at the last follow-up

was 12.0� ± 1.9� (range 9�–15�). The mean correction loss

was 2.4� ± 0.6� (range 1�–3�), and there was no statisti-

cally significant difference in the mean angles of kyphosis

between the postoperative and final follow-up measure-

ments (Table 1). The ESR and CRP decreased gradually

after surgery and returned to normal in all patients within

6 months (P \ 0.05).

One patient’s operative incision became infected with

superficial Escherichia coli, which was cured by using

antibiotics drugs. No other perioperative complication was

observed.

Discussion

The progression of spinal TB in adults and children has

differences. In children, there is more cartilaginous bone

and blood vessels in vertebrae, and vertebral fascia and

periosteum is more loosen, which lead M. tuberculosis

Fig. 1 Case number 1. Preoperative X-ray, CT indicated the

destruction of L2-4 level (a–c). The CT images found paravertebral

abscess and space-occupying lesions in spinal canal (b, c). Titanium

mesh filled with autograft was used for interbody fusion. X-ray and

CT (d–f) showed that kyphosis was corrected remarkable, and grafted

thoroughly fused at latest follow-up
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more prone to affect adjacent vertebral bodies and diffuse

subligamentously [9]. Furthermore, as tuberculosis prefer-

entially affects the anterior elements of the vertebral col-

umn, the growth retardation of the anterior column and

unrestricted growth of the posterior column in children

would result in late-on deformity [12]. Therefore,

destruction is more severe and causes a higher degree of

deformity at presentation in children during the active

phase of the disease, and progression of deformity might

continue even after the infection is healed by chemotherapy

[11]. The main indications for surgical intervention in adult

are the presence of a neurologic deficit, abscess formation,

persistent or recurrent infection, severe pain, local kyphosis

and segmental instability [1, 3, 9, 12], which are equally

applicable to pediatric patients. The aims of surgery are

spinal cord decompression, debridement, deformity cor-

rection and late-onset deformity prevention.

Considering the fact that spinal TB mainly affects the

anterior column of the spine, including vertebral body

and disk materials, several surgeons have advocated

anterior procedure and emphasized its advantages as

reaching the focal points of the disease directly, effective

debridement of the lesion and decompression of the

spinal cord [13–15]. The disadvantages of the anterior

approach used alone include insufficient kyphosis cor-

rection and postoperative loss of correction [16, 17].

Children are at particular risk of progressive kyphosis

after successful anterior reconstruction because of per-

sistence of growth in the posterior spine despite anterior

arrest. Bailey et al. [12] reported a series of 100 children

patients in the same institute who had anterior debride-

ment and arthrodesis, and the angle of kyphosis was

increased in 72 patients in long-term follow-up. Posterior

in situ arthrodesis either as a prophylactic or as a salvage

Fig. 2 Case number 6. Preoperative X-ray demonstrated the destruc-

tion of L1-3 (a). Both CT and MRI (b–d) images found heteroge-

neously hyperintense signal intensity changes, prevertebral and

epidural collection, thecal indentation and cord compression.

Allograft was used for interbody fusion (e), and there was no obvious

correction loss 3 months after surgery (f). At final follow-up, fixation

was in good shape, obtained interbody fusion, without signs of

tuberculosis recurrence (g, h)
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procedure has been advocated to treat this skeletal

growth imbalance [17].

Some surgeons recommended single-stage posterior

debridement and fixation [18, 19]. They emphasized

shorter operative time, less blood loss and wounds of

this surgery. However, this strategy can only be used

with localized foci of no more than three levels and

without extensive formation of abscesses. It is difficult to

remove complete anterio-lateral debridement if the

abscess is large and sticky [20]. On the contrary, thor-

ough debridement is especially important for pediatric

patient [9].

Based on the aforementioned reasons, combined anterior

and posterior operation was adopted in the present study,

which enables sufficient focus debridement and stabiliza-

tion after kyphosis correction. That was also proposed by

other surgeons [20–26].

However, there were still controversial issues in this

approach. The first one is on operation stage. Some sur-

geons hold the view that two-stage surgery is more safe and

effective for children, especially for the patients in poor

general condition due to minor surgical invasion [26]. But

serious complications were not seen in some others’ single-

stage report, indicating that prolonged anesthesia and

Fig. 3 Case number 11. The

levels of T7-8 involved in X-ray

and MRI preoperatively (a, b).

Vertebral bone destructed and

cord compressed by intraspinal

abscess. The patients had

interbody fusion with allograft

strut. At final follow-up, fixation

was in good shape, obtained

interbody fusion, without signs

of tuberculosis recurrence (c, d)
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surgery were not associated with increased morbidity [20,

24, 25], which was similar to our results.

The other matter is whether the posterior fixation should

be performed before or after anterior debridement. Many

surgeons [21, 22, 25] considered posterior fixation without

prior anterior debridement was a risk of increased neuro-

logic injury, but Wang et al. [20] and Mukhtar et al. [24]

found no incidence of neurologic exacerbation occurred in

their posterior prior surgery and achieved a higher kyphosis

correction rate.

In treatment of children with multiple-level tuberculosis

causing evident kyphosis and with extensive abscesses, we

prefer posterior screw instrumentation prior to anterior

approach. Posterior instrumentation enabled best correction

of the sagittal profile, restoration of vertebral height and

reconstruction of segmental stability by appropriate dis-

traction in active stages of spinal TB. The posterior pro-

cedure was completed before the strut graft was inserted,

which ensured maximum correction of the kyphosis and

avoided shortening by elongation of the anterior column.

Patients with a history longer than 6 months who tend to

have facet fusion leading to rigid deformity that cannot be

reduced by fixation alone. Thus, Ponte osteotomies were

performed to increase flexibility and facilitate correction

[20]. For patients with seriously compressed spinal cord

according to clinical symptoms and radiographic evidence,

Fig. 4 Case number 17. Preoperative X-ray demonstrated the

destruction of T12-L1 (a). CT and MRI (T2) showed vertebral bone

destruction and paravertebral abscess (b–d). At final follow-up,

fixation was in good shape, obtained interbody fusion, without signs

of tuberculosis recurrence (e, f)
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we considered laminectomy to be performed before

deformity correction. That provided enough buffer space

for spinal cord during posterior correction deformity pro-

cedure, which prevented further neurologic dysfunction

aggravated. Furthermore, combined anterior and posterior

fusions can prevent the imbalanced spinal growth of chil-

dren, and maintain long-term correction.

We achieved a mean kyphosis correction of 25.5�, with

a correction rate of 72.2 %, higher than previously reported

by Huang et al. (33 %) [21], Louw et al. (51 %) [22],

Moon et al. (49 %) [23] and Mukhtar et al. (64 %) [24].

During the follow-up, the correction was satisfactorily

preserved with loss of correction of 2.4� on average, which

was better than reported by Huang et al. (4�) [21], Louw

et al. (3.3�) [22] and Sundararaj et al. (4.64�) [25], similar

with Moon et al. (3�) [23] and Mukhtar et al. (3�) [24]. In

our study, graft-related problems were not seen, which we

believe is attributable to the solid fixation of the posterior

instrumentation. No incidence of neurologic exacerbation

occurred in our study, and all patients experienced

improvement of their neurologic function.

Existing guidelines vary in their recommendations

regarding treatment duration from 6 to 12 months [27]. In

our institution, standard treatment is for at least 1 year, as

described elsewhere [11]. For children, HRE chemotherapy

regimen consisting of isoniazid, rifampicin and ethambutol

is recommended for 3 months followed by a 9 months HR

chemotherapy regimen (3HRZ/9HR). All patients showed

disease resolution after treatment for this duration, and no

recurrence was observed in the follow-up. None of our

patients had any complications secondary to chemotherapy.

What’s had to be mention, eight cases underwent

interbody fusion by titanium mesh cages which filled

autogenous bone or allogeneic bone. Placement of instru-

mentation in the setting of a spinal infection has been

controversial. Ha et al. [28] affirmed that titanium mesh

cages have gained acceptance in reconstructive surgery

performed in the setting of concomitant infection. The

adherence and biofilm formation of M. tuberculosis were

evaluated on various spinal implant surfaces. M. tubercu-

losis was rarely adhered to metal surfaces and showed

scanty biofilm formation, which provide the basis for

successful implantation and instrumentation in TB lesions.

Additionally, internal fixation should be removed at certain

time, when the bone grafts were thoroughly fused by X-ray

or CT. The growth of the spine would be affected by the

long term of residual internal fixation.

Conclusion

One-stage posterior instrumentation and anterior debride-

ment can be an effective treatment method of active

thoracic and lumbar spinal TB with kyphosis in children.

Effective kyphosis correction and thorough debridement

were achieved in this procedure. Reconstruction of spinal

stability, thorough debridement and standard regimen of

chemotherapy are the keys to the early eradicate spinal TB.
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