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Abstract

Objective: To evaluate the clinical efficacy and safety of ultra-short-course chemotherapy (<4

months) in treating spinal tuberculosis following complete debridement.

Methods: Clinical data of patients diagnosed with spinal tuberculosis, who underwent surgery

with postoperative chemotherapy for< 4 months at the General Hospital of Ningxia Medical

University between January 2005 and March 2015, were retrospectively analysed. Clinical man-

ifestations, American Spinal Injury Association grades, states of bone fusion and lesion healing,

deformity correction, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) levels and

adverse drug reactions, observed before and after surgery and at the final follow-up, were

assessed.

Results: Sixty patients were included, comprising 26 male and 34 female patients aged 16–78

years (mean, 40.85 years). Patients received postoperative chemotherapy for 3–4 months (mean,

3.61 months) and were followed for 25–129 months (mean, 70.61 months). Spinal tuberculosis

recurred after surgery in one patient, who was cured by subsequent surgery. At the final follow-

up, no symptoms of tuberculosis, local pain, abscess or sinus were observed. Daily life and
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working abilities were almost recovered in all patients. ESR and CRP levels were restored to

normal, bone grafts fused, lesions healed and neurological functions were recovered.

Postoperative chemotherapy-induced complications occurred in 10 patients (16.67%).

Conclusions: Complete debridement plus ultra-short-course chemotherapy for 3–4 months

may be safe and efficacious in treating spinal tuberculosis, and requires further investigation.
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Introduction

A conventional standard 9–18-month che-
motherapy regimen has been mainly
adopted by surgeons to effectively treat
tuberculosis. However, the prolonged
course of chemotherapy is likely to provoke
drug toxicity, interruption of treatment, or
modification of the regimen during the
course of chemotherapy. In addition, pro-
longed chemotherapy may lead to
decreased patient compliance and case
supervision difficulties.1 Consequently,
extensive attention has been given to short-
ening the course of chemotherapy to elimi-
nate adverse consequences during
tuberculosis management. In the 1970s,
short-course chemotherapy regimens for 6–
9 months were successfully adopted by col-
laborative groups of the British Academy of
Medical Sciences to effectively treat tubercu-
losis.2 In 2014, Merle et al.3 demonstrated
that a 4-month chemotherapy regimen to
treat tuberculosis yielded a lower withdrawal
rate (2.7% versus 5.0%) and a lower rate of
treatment failure (1.7% versus 14.6%) com-
pared with a standard regimen. In treating
spinal tuberculosis, the clinical efficacy and
safety of short-course chemotherapy (<9
months) has been widely recognized by mul-
tiple scholars.4,5

Since 1998, Professor Wang and his team
have shortened the course of chemotherapy

in an attempt to enhance the efficacy and
guarantee safety in the treatment of spinal
tuberculosis, suggesting that it is feasible to
adopt ultra-short-course chemotherapy (4.5
months on average) following radical
debridement surgery in patients diagnosed
with spinal tuberculosis.1 However, whether
the duration of chemotherapy in this proto-
col should be further shortened remains to
be confirmed. Thus, the aim of the present
study was to retrospectively analyse clinical
data from patients diagnosed with spinal
tuberculosis who underwent radical
debridement in combination with ultra-
short-course chemotherapy for 3–4
months at the General Hospital of
Ningxia Medical University between
January 2005 and March 2015, in order to
evaluate the clinical efficacy and safety of
this modified regime, thereby providing
clinical evidence for the application of
ultra-short-course chemotherapy after com-
plete debridement in the treatment of spinal
tuberculosis in clinical settings.

Patients and methods

Study population

Clinical data from patients with spinal
tuberculosis, who were admitted to the
Orthopaedics Department of the General
Hospital of Ningxia Medical University,
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Yinchuan, China between January
2005 and March 2015, were retrospectively
analysed.

Inclusion criteria comprised: (1) diagno-
sis of spinal tuberculosis, validated accord-
ing to histopathological examination or
positive tuberculosis culture; (2) treatment
with <4 months of ultra-short-course che-
motherapy after complete debridement; (3)
no active tuberculosis in other parts of the
body; (4) no severe liver or kidney dysfunc-
tion; and (5) no immune diseases, such as
active rheumatism, rheumatoid diseases,
hepatitis B, ankylosing spondylitis, systemic
lupus erythematosus, or similar conditions.
Patients were excluded from the study if: (1)
their condition could not be completely
debrided; (2) incomplete clinical informa-
tion was available; (3) the patient was lost
to follow-up; (4) the patient had active
tuberculosis; or (5) the patient had multi-
drug resistant tuberculosis.

The present study was approved by the
ethics committee of the General Hospital of
Ningxia Medical University, and written
informed consent was obtained from each
patient.

Preoperative preparation

Bed rest immobilization for 2–4 weeks
(mean duration, 3.13� 0.79 weeks) was
instructed before surgery, and nutritional
support was provided. All patients were
administered 20mg/kg/day streptomycin
(S) by intramuscular injection, once daily;
5mg/kg/day isoniazid (H), orally, once
daily; 10mg/kg/day rifampicin (R), orally,
once daily; and 25mg/kg/day pyrazinamide
(Z) orally, once daily. The above quadruple
(SHRZ) antituberculosis treatment regimen
was administered for 2–4 weeks (mean, 3.1
weeks). Liver and kidney functions were
monitored, and patients were closely
observed to identify and treat incidental
drug-related side effects. Surgery was per-
formed when tuberculosis symptoms and

general condition of the patient were

improved.

Surgical indications

Indications for surgery included the follow-

ing: spinal cord and nerve compression

leading to dysfunction; presence of spinal

instability and kyphosis deformity; large

abscesses, cavities, dead bones, or sinus

tract formation; poor response to non-

surgical treatment. Patients presenting

with one of the above conditions were eli-

gible to receive surgical treatment.

Surgical procedures

All patients underwent radical resection of

the lesions by the present research team.6,7

Surgical procedures including decompres-

sion, deformity correction, bone grafting

and instrumentation were performed

according to topical pathological changes,

as previously described.8,9 Lesions were

debrided from the most severe side of ver-

tebral body damage or larger side of the

abscess to fully expose the abscess. First, a

thick needle was inserted into the abscess

and suction was applied to remove the

pus. Subsequently, the cavity was cut open

and the wall of the cavity was shaved with a

large-head spatula to expose the bone fistu-

la. The diseased vertebral body was identi-

fied along the bone fistula, the vertebral

segment vessels were ligated and then the

affected disc and damaged bone were

exposed and resected. Spinal canal decom-

pression was performed in patients with

spinal cord injury, and granulated tissue

and pus in the spinal canal were removed.

When the lesion wall was resected, particu-

larly the sclerotic wall, cutting, grinding and

chipping procedures were adopted to

completely and uniformly remove the scle-

rotic wall surface (approximately 2.0–

4.0mm). The pathological bone bridges

were completely resected. Multiple cavities
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were excised and cut open. After complete

debridement, the remaining interspace was

formed into the shape of a regular rectangle

or square, and a large piece of iliac bone

was harvested and embedded as a strut

graft. At 2 weeks postoperatively, various

imaging examinations were performed,

and the obtained images were used to deter-

mine whether the lesion was completely

removed. Images were evaluated by two

chief physicians (WDJ and ZLW) and the

operating surgeons, according to the stated

requirements. At 3 weeks following surgery,

ambulation was started while the patients

were wearing braces.

Implementation of ultra-short-course

chemotherapy

A regimen of SHRZ for 2 months/HRZ for

1–2 months was applied after surgery, using

the same dose and route of administration

as those used before surgery. A quadruple

regimen of SHRZ was utilized as intensive

chemotherapy, and a triple regimen of HRZ

was adopted as consolidation chemothera-

py. The whole course of chemotherapy was

supervised. Supportive treatments were

given to patients who experienced side

effects, and the chemotherapy regimen was

changed accordingly. If necessary, one or

several of the drugs in the regimen were

withdrawn temporarily. Anti-tuberculosis

treatment was terminated when the lesion

was determined to be cured. The indicators

of healing were as follows: (1) systemic and

local symptoms and signs had disappeared

or were alleviated; (2) erythrocyte sedimen-

tation rate (ESR) and C-reactive protein

(CRP) levels were restored normal; and (3)

imaging examinations showed no tubercu-

losis lesions and bone fusion was achieved.

These indicators were assessed at 15 days

and 1 month after surgery, then once a

month thereafter. If the first two of these

indicators were normalized, the third

indicator was checked until the lesion was
cured.

Follow-up outcomes

A self-designed data collection system was
adopted to establish a database of patients
with spinal tuberculosis. Regular follow-up
and supervision were carried out by a spe-
cifically assigned member (JDS) of the pre-
sent team. Postoperative follow-up was
performed at 6 months after surgery and
once a year thereafter until 10 years after
surgery. Follow-up observational parame-
ters were as follows: (1) general condition;
(2) ESR and CRP levels, and liver and
kidney function parameters; (3) neurologic
recovery; (4) bone fusion and lesion healing,
measured using computed tomography
(CT) and magnetic resonance imaging
(MRI) scans, showing that the bone graft
interface was blurred, trabecular bones
were produced, the bone graft was corpu-
lent, and the bone graft was remodelled; (5)
kyphosis correction and long-term loss of
correction; and (6) instances of failure to
heal and relapse.

Statistical analyses

Data are presented as mean� SD or n (%)
prevalence, and were analysed using simple
descriptive statistics.

Results

Baseline data

Data from a total of 60 patients with spinal
tuberculosis were included in the study,
comprising 26 male and 34 female patients
aged 16–78 years (mean age, 40.85� 16.50
years). Twenty-three patients had anorexia,
weight loss, fever and night sweats; 26
patients developed fatigue; and 56 patients
suffered from a painful lesion. According to
the American Spinal Injury Association
(ASIA) classification, two cases were
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classified as grade B (nerve injury is located

below the plane, including sensory function

in the sacral segment without motor func-

tion); three as grade C (motor function is

retained below the nerve injury plane, and

the muscle strength of at least half of the

key muscles is <Grade III): 15 as grade D

(motor function is retained below the nerve

injury plane, and at least half of the key

muscles have muscle strength�Grade III);

and 40 as grade E (sensory and motor func-

tions are normal). Abscess formation was

detected in 38 cases, sequestrum in 53

cases, sclerosis in 45 cases, pathological

bone bridges in 10 cases and tuberculous

cavity in 50 cases. No sinus formation was

observed in any case. Lesions were identified

in the cervical spine in one case, the thoracic

spine in 28 cases, the lumbar spine in 29

cases and the sacral spine in two cases. A

single segment was involved in 48 cases,

double segments in six cases, and triple seg-

ments or more in six cases. Seventeen

patients presented with kyphosis with a

mean Cobb angle of 29.82� 8.62�. The

mean ESR was 37.25� 19.98mm/h (range,

23–71mm/h), and the mean CRP level was

27.13� 14.05mg/l (range, 7.1–60mg/l).
As shown in Table 1, the mean course

of postoperative chemotherapy was

3.61� 0.47 months (range, 3–4 months).

The mean follow-up duration was 70.61�
28.37 months (range, 25–129 months). At

two weeks after surgery, plain or enhanced

CT and MRI scans showed that the sclerot-

ic wall, multiple cavities, pathological bone

bridges and sequestrum, abscess, granula-

tion tissue, caseous necrotic substance,

sinus, and necrotic disc were completely

removed compared with those signs

observed before surgery (Figure 1A–C).

The imaging results were determined by

two chief physicians (WDJ and ZLW) and

one surgeon (JDS).

Postoperative chemotherapy-related

symptoms

During postoperative chemotherapy,

adverse reactions to anti-tuberculosis

drugs occurred in 10 patients (16.67%).

Five patients experienced gastrointestinal

reactions, two had mouth numbness, two

developed tinnitus, two had blurred vision,

two experienced rash and one patient pre-

sented with liver dysfunction (Table 2).

At the end of chemotherapy, no

tuberculosis-related symptoms, such as

fever, night sweats, or weakness, were

observed in any patient. No local pain,

Table 1. Baseline demographic and clinical data in patients with spinal tuberculosis.

Parameter

Postoperative wound infection status

Without infection (n¼ 58) With infection (n¼ 2)

Male/female 25/33 1/1

Mean age, years 38.75 72.50

Segment involvement (single/double/

multiple segments)

48/6/4 0/0/2

Mean preoperative ESR, mm/h 45 36.98

Mean preoperative CRP level, mg/l 28.5 21.50

Surgical approach (anterior/posterior/

anterior plus posterior)

14/4/42 0/0/2

Mean preoperative albumin, g/l 35.33 31

Data presented as mean or n prevalence.

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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abscess or sinus was reported. Normal daily

life and working abilities were recovered. The

mean ESR level was 8.08� 4.70mm/h, and

mean CRP level was 1.06� 0.51mg/l.

Ultrasonography demonstrated no cold

abscess formation, and CT scanning at 4

months postoperatively revealed that the

bone graft interface was blurred, trabecular

bones were produced, and no new tuberculo-

sis lesion was formed (Figure 1D).

Follow-up outcome assessment

During the final follow-up visit, all patients

were cured and free of symptoms, such as

fever, night sweats, weakness or local pain.

Figure 1. Representative images from a 29-year-old female patient diagnosed with spinal tuberculosis in
T10–11. Surgical treatment comprised one-stage posterior T10, 11 pedicle screw fixation, posterolateral
fusion and anterior complete removal of tuberculosis lesion, and strut grafting using the iliac bone: (A and B)
preoperative sagittal computed tomography (CT) scan and magnetic resonance image (MRI) showing T10–
11 vertebral body destruction with abscess and sequestrum formation; (C) sagittal CT image obtained 2
weeks after surgery showing complete debridement and reliable bone grafting; (D) sagittal CT image
obtained 4 months after surgery showing bone healing (antituberculosis drugs were consequently with-
drawn); (E and F) CT images at 5 years after surgery showing bone healing and remodelling.

6 Journal of International Medical Research



All patients were recovered and had normal
daily life and work abilities. The mean ESR
level was 4.53� 4.13mm/h and the mean
CRP level was 1.08� 0.72mg/l. Two
patients had postoperative wound infection,
which was subsequently cured after
debridement and drainage. The ASIA
grades were improved after surgery: grade
B was improved to grade D in two cases,
grade C was improved to grade D in one
case and grade E in two cases, and grade D

was improved to grade E in 15 cases
(Table 3). CT scans showed that all patients
had bone healing and remodelling
(Figure 1E and F). Following surgery, the
mean Cobb angle was 14.82� 6.22� (range,
5–26�) in 17 patients with kyphosis, and
at the final follow-up assessment, the
mean Cobb angle was 17.66� 5.06�

(range, 9–33�). The degree of correction
was 15.00� 7.26�, the loss of correction
was 2.84� 3.72�, and the rate of correction

Table 2. Adverse drug reactions in 10 patients with spinal tuberculosis.

Patient

Adverse reaction Drug

associated

with adverse

reaction

Gastrointestinal

reaction

Numb

mouth Tinnitus

Blurred

vision Rash

Liver

dysfunction

1 þ þ INH

2 þ RFP

3 þ þ RFP

4 þ þ INH

5 þ þ SM

6 þ –

7 þ SM

8 þ –

9 þ –

10 þ –

þ, adverse reaction; –, specific drug causing adverse reaction was unknown, symptoms disappeared after symptomatic

treatment; INH, isoniazid; RFP, rifampicin; SM, streptomycin.

Table 3. Recovery of postoperative American Spinal Injury Association (ASIA) neurological function grade
in 60 patients with spinal tuberculosis.

Preoperative

ASIA classification n

ASIA classification at the final follow-up

A B C D E

A 0

B 2 2 0

C 3 1 2

D 15 15

E 40 40

ASIA grade A, no sensory and motor function in the sacral segment of spinal cord (S4 and S5); B, nerve injury is located

below the plane, including sensory function in the sacral segment without motor function; C, motor function is retained

below the nerve injury plane, and the muscle strength of at least half of the key muscles is<Grade III; D, motor function is

retained below the nerve injury plane, and at least half of the key muscles have muscle strength � Grade III; and E, sensory

and motor functions are normal.
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loss was 9.52%. The overall correction rate
was 50.30% (n¼ 17) and the deformity cor-
rection was satisfactory.

Postoperative recurrence

Postoperative recurrence involving spinal
tuberculosis in L4–5 occurred in one
patient. The patient was initially treated
by posterior internal fixation, anterior
debridement and iliac bone grafting. At 4
months after surgery, the lesion was
healed and drugs were withdrawn. At 6
years post-surgery, tuberculosis recurred in
L4–5, which was treated by anterior
debridement and bone grafting. After sur-
gery, the patient was treated with SHRZ for
2 weeks followed by HRZ for 22 weeks and
was cured after 24 months.

Discussion

In the present study, 60 patients with spinal
tuberculosis underwent 3–4-month postop-
erative chemotherapy on the basis of com-
plete debridement. The long-term follow-up
showed that only one patient (1.67%) expe-
rienced a recurrence, and all other patients
(98.3%) were effectively cured. The Cobb
angle was improved after surgery in 17
patients with thoracolumbar kyphosis,
with a correction rate of 50.30%. The
ASIA grades were improved, and daily life
and work abilities were recovered in all
patients. Bone fusion was achieved, lesions
were healed, and outcomes were satisfacto-
ry. Compared with the results of Jin et al.10

and Cui et al.11 in the treatment of spinal
tuberculosis by debridement, the recurrence
rate in the present study was relatively low
even though ultra-short-course chemother-
apy was adopted. Notably, Jin et al.10 and
Cui et al.11 adopted antituberculosis treat-
ment with a duration of 1–1.5 years. Spinal
tuberculosis cannot be efficiently treated by
prolonging the course of chemotherapy
alone without paying attention to the

surgical method. Incomplete debridement
is a risk factor for postoperative recurrence
and non-healing in patients diagnosed with
spinal tuberculosis.12,13 In the present
study, the sequestrum was removed, and
abscess, granulation tissue, caseous necrotic
substance, sinus and necrotic discs were
also eliminated to approximately 4mm of
the sclerotic wall surface. In addition, mul-
tiple cavities and pathologic bone bridges
were removed until the sub-normal bone
appeared.6 The sclerotic wall is made up
of dense laminae and is a bony barrier
between the centre of the lesion and the dis-
eased vertebra, which limits the absorption
of antituberculosis drugs into the lesion.14

Complete debridement can eliminate the
sclerotic walls and facilitate the uptake of
tuberculosis drugs to effectively kill residual
Mycobacterium tuberculosis.15 In addition,
complete debridement can simplify the pro-
cess of tuberculosis healing and can speed
up bone graft fusion. The presence of dor-
mant bacteria has been considered as the
main cause of tuberculosis recurrence.16–18

In contrast, complete debridement can
eliminate dormant bacteria in the lesion
and remove the source of recurrence.
Antituberculosis drug treatment plays a
pivotal role in the treatment of spinal tuber-
culosis.19–21 First-line antituberculosis
drugs can effectively treat spinal tuberculo-
sis, kill M. tuberculosis during its phases of
both rapid proliferation and slow growth,
and have strong antibacterial activities, rel-
atively few side effects, and relatively long
half-lives. The combination of rifampicin
with streptomycin and isoniazid enhances
the therapeutic efficacy of these drugs, and
combined use of pyrazinamide and other
first-line antituberculosis drugs can enhance
the antibacterial activity of the other
drugs.22 Therefore, chemotherapy regimens
containing first-line antituberculosis drugs,
SHRZ for 2 months/HRZ for 1–2 months,
were adopted in the present study. A qua-
druple regimen of SHRZ was chosen during
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the phase of rapid proliferation to kill
M. tuberculosis quickly, and then a triple
regimen of HRZ was adopted during the
phase of slow growth to prevent the resur-
gence of M. tuberculosis.

Patient compliance with standard che-
motherapy regimens is poor due to the
long course of treatment and extensive
adverse reactions to chemotherapy drugs.
As recommended by the World Health
Organization, the use of directly observed
treatment short-course (DOTS) is an effec-
tive strategy to improve the healing rate in
tuberculosis patients receiving chemothera-
py.23 DOTS chemotherapy was also
employed in the present study as follows:
(1) a patient database was established and
supervised by a specifically assigned profes-
sional; (2) the supervisor monitored
patients taking the medicines; (3) follow-
up cards were given to patients to guide
them to take medicines and present at a
follow-up visit according to information
on the cards; (4) the patients were super-
vised by regular text messages, phone
calls, and via the internet. The findings in
the present study demonstrated that ultra-
short-course chemotherapy (less than 4
months) in combination with complete
debridement may yield a high level of clin-
ical efficacy and safety in the treatment of
spinal tuberculosis. Nevertheless, the cur-
rent results may be limited by the fact that
this was a retrospective study conducted at
a single centre involving a small sample size
and relatively short chemotherapy dura-
tion. Therefore, further multicentre, large-
sample prospective studies are urgently
required to validate the current results.

Conclusions

Postoperative ultra-short-course chemo-
therapy for 3–4 months may be an effica-
cious treatment of spinal tuberculosis.
Complete debridement combined with
ultra-short-course chemotherapy may

enhance clinical efficacy, lower the recur-
rence rate, lower the incidence of adverse
drug reactions, reduce treatment cost and
increase patient compliance. The therapeu-
tic safety and efficacy shown in the present
study requires validation by clinical trials
with a large sample size.
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