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Abstract

Purpose This study aimed to explore the feasibility of
ultra-short-course chemotherapy in the treatment of spinal
tuberculosis.

Methods One hundred and eighty-five patients with
confirmed spinal tuberculosis and surgical indication were
included. The chemotherapy regimen was 2SHRZ/XHRZ.
According to the duration of the chemotherapy, the patients
were divided into two groups, the ultra-short-course che-
motherapy group with an average duration of 4.5 months,
and the standard chemotherapy group with an average
duration of 9 months. The same surgery was performed for
patients in the two groups.

Results The duration of the follow-up ranged from 61 to
87 months, with an average of 69.1 months. Erythrocyte
sedimentation rate and C-reactive protein, kyphosis and
nerve function, recovery of work, and activities of daily
living were not significantly different between the two
groups before or after treatment; however, the aforemen-
tioned indices were significantly different before and after
treatment within groups. There was no significant differ-
ence in postoperative bone graft healing between the two
groups. The drug side effects were significantly different
between the two groups.
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Conclusions With thorough focus debridement, bone
grafting, and internal fixation, the efficacy of ultra-short
chemotherapy was similar to that of standard chemother-
apy for the treatment of spinal tuberculosis. The ultra-
short-course chemotherapy can shorten the course of
treatment and reduce drug side effects.
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Introduction

Spinal tuberculosis is a common infectious disease, and its
incidence has increased in both developed and developing
countries in recent years [1, 2]. Chemotherapy combined
with surgical treatment is the main method of treatment for
spinal tuberculosis patients with surgical indications. With
the emergence of the new theory and new techniques of
spinal surgery, the surgical treatment of spinal tuberculosis
has developed rapidly; however, drug treatment is still the
9-month standard chemotherapy regimen that has been
used in the past several decades. The traditional standard
chemotherapy regimen has achieved satisfactory effec-
tiveness in the treatment of spinal tuberculosis [3], but its
greatest shortcoming is its excessively long duration.
Clinical studies have proven the effectiveness of 6- to
9-month short-course chemotherapy for the treatment
of spinal tuberculosis. On that basis, can the duration of
chemotherapy be further shortened for the treatment of
spinal tuberculosis? Chemotherapy regimens of less than
6 months are referred to as ultra-short-course chemother-
apy in the treatment of pulmonary tuberculosis [4-8],
whose success in the treatment of pulmonary tuberculosis
has been reported [9]; however, its application in the
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treatment of bone and joint tuberculosis has not been
reported.

In 2007, the authors reported satisfactory preliminary
results of 4- to 6-month ultra-short-course chemotherapy
regimen for the treatment of spinal tuberculosis [10]. In
order to investigate the exact effects of ultra-short-course
chemotherapy, we conducted this 5-year follow-up study to
compare the effectiveness of ultra-short-course chemo-
therapy and standard chemotherapy with thorough surgical
debridement in patients with spinal tuberculosis.

Materials and methods
Study design

To compare the effectiveness of ultra-short-course che-
motherapy and standard chemotherapy in combination with
thorough debridement in patients with spinal tuberculosis
through a prospective cohort study, patients with spinal
tuberculosis treated at our hospital from January 1998 to
January 2006 were included in this study, according to the
different chemotherapy regimens divided into ultra-short-
course chemotherapy group and the standard chemotherapy
group. The effectiveness of chemotherapy was observed of
two groups for at least 5 years.

Inclusion criteria

Spinal tuberculosis was diagnosed according to symptoms,
physical signs, imaging examination results, and etiologi-
cal and histopathological results. Patients were evaluated to
be appropriate candidates for surgical focus debridement
for tuberculosis and no contraindications to surgery. The
indications for surgery were as follows: cases with spinal
cord or cauda equina nerve or root compression causing
neurological dysfunction; cases where the stability of the
spine had been destroyed; cases with serious or progressive
kyphosis deformities; cases accompanied by large abscess
formation, bone sequestration, cavitation or sinus tract
formation. The patients met the study criteria signed
informed consent.

Grouping

One hundred and eighty-five patients met the inclusion
criteria and were randomly divided into two treatment
groups according to the different chemotherapy regimens
(Table 1). Randomized patients extract the envelope which
had a random number with different chemotherapy
regimens.

There were 96 patients in the ultra-short-course che-
motherapy group (ultra-short group), of whom 54 were

males and 42 females; The mean age was 37.96
=+ 16.30 years; The lesions affected 1-2 segments in 64
patients, and three or more segments in 32 patients, and the
average number of affected vertebrae was 1.51 segments.
The most commonly affected vertebrae were the lumbar
vertebrae (41.7 %).

There were 89 patients in the standard chemotherapy
group (standard group), of whom 50 were males and 39
females. The mean age was 41.53 £ 15.76 years. The
lesions affected 1-2 segments in 66 patients, and three or
more segments in 23 patients, and the average number of
affected vertebrae was 1.37. The lumbar vertebrae were the
most commonly affected vertebrae (36.0 %).

Methods
Preoperative chemotherapy

Preoperative chemotherapy was the same in the two
groups. The duration of preoperative chemotherapy ranged
from 2 to 4 weeks, with an average of 3.1 weeks. The
chemotherapy was stopped when systemic toxic manifes-
tations of tuberculosis were alleviated and the general
condition of the patients improved. Surgery was performed
when the patients could tolerate surgery.

Surgical method

Anterior radical focus debridement, placement of an
intervertebral bone graft between the affected vertebrae
and anterior or posterior internal fixation were adopted in
the two groups. Radical focus debridement not only thor-
oughly removes the sequestrum, abscesses, granulation
tissue, caseous necrotic substance, sinus, and necrotic
intervertebral disc in the affected vertebrae, but also resects
the dead space or cavity, hardened wall, and pathologic
bony bridge [10].

One hundred and forty-two cases underwent posterior
fixation, combined with anterior debridement and strut
graft. All cases underwent intervertebral focal surgery. All
cases were operated in the forced prone position, and a
posterior median incision was made centered on the
affected vertebral body. In cases where the residual height
of the body was one-third to two-thirds of normal,
the normal screws were used via a posterior approach at the
affected body; in cases where the residual height of the
body was less than one-third of normal, a 25- to 35-mm
short screw was used and a connecting rod was added to
increase stability. All incisions were closed after fixation.
The cases were then changed to the lateral position, with
the deteriorated body super. After that, focal debridement
and graft implantation were undertaken via thoracic, tho-
racolumbar, or peritoneal approaches for different affected
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Table 1 Preoperative data in the ultra-short-course chemotherapy group and in the standard chemotherapy group

The ultra-short-course chemotherapy The standard chemotherapy 95 % CI P value
group group
Mean age (x £ ) 37.96 £+ 16.30 41.53 +£ 15.76 —8.227 to 0.132
1.087
Number of males/females 54/42 (96) 50/39 (89) - -
(n = 185)
Lesion location (n = 185) 96 89 - -
Cervical vertebrae 4/96 (4.2) 3/89 (3.4) - -
Cervical and thoracic vertebrae 2/96 (2.1) 1/89 (1.1) - -

Thoracic vertebrae
Thoracolumbar segment
Lumbar vertebrae
Lumbosacral segment
Vertebral involvement (n = 185)
1 or 2 vertebrae
>3 vertebrae
The kyphosis Cobb angle
(n = 185)
Abscess (n = 160)
Nerve compression (n = 54)
Combined with other parts TB
ESR (mm/H)

CRP (mg/L)

Duration of follow-up (months)

20/96 (20.8)
17/96 (17.7)
40/96 (41.7)
13/96 (13.5)
96

64/96 (66.7)
32/96 (33.3)
20.53 £ 8.64°

83/96 (86.5)
30/96 (31.3)

6

53.18 £ 18.12

27.11 £11.93

74.15 £ 7.44

18/89 (20.2)
25/89 (28.1)
32/89 (36.0)
10/89 (11.2)
89

66/89 (74.2)
23/89 (25.8)

19.35 + 8.65° —1.327 to
3.693

77/89 (86.5) - -

24/89 (27.0) - _

7 _ -

54.66 £ 18.72 —6.831 to 0.548
3.859

28.15 + 13.44 —4.728 to 0.575
2.633

74.08 £ 7.38 —2.084 to 0.951
2.219

The values without a unit are shown as number of cases/number of total cases (%)

segments; All cases underwent implantation of autologous
iliac bone. Posterior fixation, including CD, GSS, M8, and
SINO, was selected.

Forty-three cases underwent one-stage anterior fixation,
combined with anterior debridement and strut graft. This
strategy was used for cases where the residual height of the
body was two-third of normal; the normal screws can be
used at the affected body. All cases were operated in the
lateral position, with the deteriorated body super. After
that, focal debridement, graft implantation, anterior defor-
mity correction, and internal fixation were performed, and
were undertaken via thoracic, thoracolumbar, or peritoneal
approaches for different affected segments; all cases
underwent implantation of autologous iliac bone. Anterior
fixation, including Z-Plate and Ventrofix, was selected.

Chemotherapy regimen
The duration of chemotherapy was 4-6 months with an

average of 4.5 months in the ultra-short group. The che-
motherapy regimen was 2SHRZ/2-4HRZ. Streptomycin
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(S) 20 mg/kg/d, with a maximum dose of 1.0 g, was given
by intramuscular injection, once per day. The following
agents were taken orally, once daily: isoniazid (H) 5 mg/
kg/d, with a maximum dose of 300 mg; rifampicin
(R) 10 mg/kg/d, with a maximum dose of 0.6 g; and pyr-
azinamide (Z) 25 mg/kg/d, with a maximum dose of 2.0 g.
The intensification phase was 2 months. The consolidation
phase was 2—4 months, during which time the doses were
the same as those during the intensification phase. The
duration of chemotherapy was 9 months in the standard
group, and the average duration was 12 months. The che-
motherapy regimen was 2SHRZ/7HRZ. The daily dose of
standard group was the same as that in ultra-short-course
chemotherapy group.

Observation methods and outcomes

A unified clinical data collection form was used to collect
data, and a spinal tuberculosis database was established.
Patients were supervised by a specific person and were
examined regularly, and the results were recorded. Patients
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were examined after admission, before surgery, 2 weeks
after surgery, every month within 6 months after surgery,
and every year within 10 years after surgery. The following
outcomes were recorded. (1) Clinical manifestations: Toxic
symptoms of TB, local pain, recovery of ability to work
and to perform activities of daily living. (2) Recovery of
neurological function was assessed using the ASIA scales.
(3) Bone graft healing and correction of deformity were
observed using imaging including X-ray, CT scan or CT
reconstruction, and MRI scan or contrast-enhanced MRI.
The time of examination was before surgery, 2 weeks after
surgery, 5 months after surgery, and every year within
10 years after surgery. The Cobb angle was measured in
the lateral X-ray image for the assessment of correction of
deformity, and bone graft healing was assessed according
to Moon’s standard [11]. (4) Laboratory tests employed
were ESR, CRP, and tests to assess drug side effects,
including liver and kidney function. (5) B-mode ultrasound
was used to assess cold abscess. The aforementioned time
of examination was adjusted if concerns arose during the
course of treatment.

The DOTS recommended by the World Health Orga-
nization (WHQO) was used, and the short-course chemo-
therapy regimen was changed into the ultra-short-course
chemotherapy regimens. The direct observation was
changed as follows: (1) A specific person was responsible
for supervision. (2) Regarding health education, patients
were taught the methods and the possible outcomes of the
disease. (3) A follow-up card was created, and was given to
each patient, and each patient received medicine and had
follow-up visits according to the instructions on that card.
(4) Telephone and/or the Internet was used for
communication.

Statistical analysis

SPSS11.5. was used for data analysis. The quantitative data
of the two groups were shown as X + s and were compared
using pairwise t test. The categorical data of the two groups
were compared using x° test. o = 0.005 used for the test
standards.

Results

One hundred and eighty-five patients met the inclusion
criteria and were followed. There were 96 patients in the
ultra-short group and 89 patients in the standard group. The
duration of follow-up ranged from 61 to 84 months in the
ultra-short group, with an average duration of 67.5 months.
The duration of follow-up ranged from 64 to 87 months in
the standard group, with an average duration of
70.3 months. There was no significant difference in the

preoperative age, sex, lesion location, number of affected
vertebrae, number of patients with abscess, the kyphosis
Cobb angle, ESR and CRP test, neurological function
score, or occurrence of combined extraspinal tuberculosis
between the two groups (Table 1).

Clinical symptoms

Disappearance of toxic symptoms of TB and local pain and
recovery of ability to work and to perform activities of
daily living were seen in 90/96 (93.8 %) in the ultra-short
group, and 85/89 (95.5 %) in the standard group.

Correction of deformity and fusion of bone graft

The mean preoperative Cobb angle was 20.53 + 8.64° in
the ultra-short group, and the Cobb angle was 5.65 £ 4.60°
after surgery. The deformity correction rate was 72.5 %.
The Cobb angle was 7.45 + 4.87° at the last follow-up in
that group. The loss correction Rate was 8.8 %. The mean
preoperative Cobb angle was 19.35 £ 8.65° in the standard
group, and the Cobb angle was 6.15 £ 4.92° after surgery.
The deformity correction rate was 68.2 %. The Cobb angle
was 7.62 £ 5.17° at the last follow-up in that group. Loss
correction Rate was 7.6 % at the last follow-up in that
group. There was no significant difference in the Cobb
angle between the two groups before treatment (P > 0.05)
or after treatment (P > 0.05). For each group, the Cobb
angle was significantly different before and after treatment
(P < 0.05). The average healing time was 5.3 months
(range 3.0-5.5). At the last follow-up, 100 % of grafts had
achieved fusion in the ultra-short group, and 98.9 % of
grafts had achieved fusion in the standard group. Bone was
not healed in one patient with severe acute renal failure,
who was not compliant with the recommended chemo-
therapy. There was no significant difference in bone heal-
ing between the two groups (P > 0.05).

Neurological function ASIA scores

In both groups, neurological function ASIA scores were
lower than normal before surgery, but they were not sig-
nificantly different between the two groups (P > 0.05). The
neurological function ASIA score increased in the two
groups after surgery. There were no significant differences
between the two groups (P > 0.05). Within each group, the
neurological function ASIA score were significantly dif-
ferent before and after treatment (P < 0.05) (Table 2).

ESR and CRP

In both groups, ESR and CRP were higher than normal
before treatment, but they were not significantly different

@ Springer



278

Eur Spine J (2013) 22:274-281

Table 2 Neurological conditions in the two groups (ASIA scores)

Group Motor function scores P value  Sensory function scores P value

Before treatment  Last follow-up Before treatment  Last follow-up
Ultra-short-course chemotherapy group  76.18 £+ 11.54 98.21 + 4.72 0.000 181.59 £ 24.53 220.90 + 8.67 0.000
Standard chemotherapy group 76.21 £ 15.5 96.69 £ 6.18 0.000 180.13 £+ 32.19 218.09 £+ 11.54  0.000
P value 0.985 0.063 0.731 0.065

The normal total scores of motor function: 200. The normal total scores of sensory function: 224

Table 3 Changes in ESR and CRP in the two groups

Groups ESR (mm/H)

CRP (mg/L)

Before treatment

At the end of treatment

Before treatment At the end of treatment

Ultra-short-course chemotherapy group 53.18 £ 18.12 7.74 £ 3.58 27.11 £ 11.93 1.00 £ 0.52
Standard chemotherapy group 54.66 £ 18.72 8.19 + 3.98 28.15 + 13.44 0.90 £ 0.55
P value 0.548 0.418 0.575 0.231

Normal range of ESR: male 0-15 mm/h; female 0-20 mm/h. Normal range of CRP: 0-2.87 mg/L

between the two groups (P > 0.05). ESR and CRP of 88
cases in the ultra-short-course chemotherapy group and 83
cases in the standard chemotherapy group returned to
normal after treatment. There were no significant differ-
ences between the two groups (P > 0.05). Within each
group, ESR and CRP were significantly different before
and after treatment (P < 0.05) (Table 3).

Unhealed lesions at the end of chemotherapy

At the end of the chemotherapy, good therapeutic results
were achieved in 171 of 185 patients in the two groups.
ESR and CRP did not return to normal in only 14 patients:
8 cases (8.3 %) in the ultra-short-course chemotherapy
group, and 6 cases (6.7 %) in the standard chemotherapy
group. The causes were explored (Table 4). Of the 14
patients, 13 were cured after surgery and by adjusting the
chemotherapy regimen (Table 4). One patient discontinued
chemotherapy because of acute renal dysfunction and had
protracted disease.

Side effects

Side effects included allergic skin reactions and gastroin-
testinal reactions, blurred vision, hearing impairment, and
abnormal liver and kidney function. Adverse events
occurred in 8 (8.3 %) patients in the ultra-short-course
chemotherapy group, and in 18 (20.2 %) patients in the
standard chemotherapy group. The incidence of adverse
events in the standard group was significantly higher than
that in the ultra-short group (P < 0.05). All patients
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experiencing adverse events were treated with conservative
treatment, and all of them recovered (Table 5).

Discussion

The 9- to 18-month standard chemotherapy regimen has its
shortcomings for the treatment of spinal tuberculosis. The
major disadvantage is the long duration of drug treatment,
which many patients cannot tolerate. Second, the long drug
administration makes supervision laborious and time-con-
suming, and long-term combination therapy may readily
lead to side effects, increasing the incidence of tissue and
organ damage [12, 13]. In our patients, the overall inci-
dence of side effects was 20.2 % in the standard chemo-
therapy group and 8.3 % in the ultra-short group. The
incidence in the standard chemotherapy group was signif-
icantly higher than that in the ultra-short-course chemo-
therapy group. Anti-TB-drug-induced side effects not only
bring additional pain to patients, but also affect compliance
with chemotherapy, which may even lead to failure of
chemotherapy. Faced with a series of problems caused by
long-term chemotherapy, further shortening of the duration
of chemotherapy may be necessary for the treatment of
spinal tuberculosis in clinical practice.

Ultra-short-course chemotherapy is feasible in theory
and practice for the treatment of spinal tuberculosis. In the
1970s, the short-course chemotherapy regimen of the MRC
(Medical Research Council) proved that the duration of
chemotherapy for pulmonary tuberculosis can be shortened
to 6-9 months [14], and short-course chemotherapy was
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Table 4 Unhealed lesions at the end of chemotherapy in the two
groups

Standard X P
chemotherapy
group (cases)

Ultra-short-course
chemotherapy
group (cases)

Reasons for
poor efficacy

Multidrug- 3 2 - -
resistant TB

Other parts of 3 1 - -
TB

Severe liver 0 2 - -
and renal
dysfunction

Diabetes 1 1 - -

Rheumatic 1 0 - -
disease

Total 8 6 5.101 0.021

Table 5 Side effects of chemotherapy in the two groups

Side effects Ultra-short-course Standard 2 P

chemotherapy chemotherapy
group (cases) group (cases)

Allergic 1 2 - -
reactions
(rash,
fever)

Nausea and 3 4 - -
vomiting

Vision 0 3 - -
dysfunction

Auditory 1 3 - -
dysfunction

Liver and 3 6 - -
kidney
dysfunction

Total 8 18 5.407 0.020

also successful in the treatment of spinal tuberculosis [15—
18]. Ultra-short-course chemotherapy has been explored and
applied in the treatment of pulmonary tuberculosis. The
recognized ultra-short-course chemotherapy regimen was
4.0-5.5 months [8]. When the 2SHRZ/4HR-based ultra-
short-course chemotherapy regimen with an average dura-
tion of 4.7 months was adopted, the rate of conversion to
negative results in smear-positive pulmonary tuberculosis
was 98.3 %, and the bacteriological relapse rate was only
1.9 % during the 2-year follow-up [19]. The 5-month ultra-
short-course chemotherapy regimen for the initial treatment
of smear-positive pulmonary tuberculosis reached a con-
version rate of 97.0 %, and a 3-year recurrence rate of 2.2 %
9. Therefore, we inferred that ultra-short-course chemo-
therapy should be feasible in the treatment of spinal tuber-
culosis. First, all of the chemotherapy regimens for

pulmonary tuberculosis are appropriate for extrapulmonary
tuberculosis. The effects of short-course chemotherapy in
extrapulmonary tuberculosis are similar to those in pul-
monary tuberculosis [20-22]; spinal tuberculosis is a com-
mon type of extrapulmonary tuberculosis; therefore, the ultra
short-course chemotherapy should have the same effects.
Second, the density of Mycobacterium tuberculosis organ-
isms in lesions of spinal tuberculosis is less than the density
in lesions of pulmonary tuberculosis [23]. The chemotherapy
with an average duration of 4.5 months should be effective in
the treatment of spinal tuberculosis. Third, the effectiveness
of surgery plus chemotherapy in the treatment of spinal
tuberculosis should be superior to that of simple chemo-
therapy in the treatment of pulmonary tuberculosis. Spinal
tuberculosis is treated with surgery, which removes the
tuberculous lesions to the maximal extent. Surgery limits the
pathological complexity of lesions, enabling more rapid
progress in the direction of recovery, thus greatly shortening
the course of treatment. Fourth, thorough focal debridement
removes the mechanical barrier to the anti-TB drug, thus
allowing it to enter the lesions more effectively and to kill
residual Mycobacterium tuberculosis [24].

In 2007, we reported a 3-year follow-up study on the
effects of the ultra-short-course chemotherapy in the
treatment of spinal tuberculosis 10, and the preliminary
effectiveness was satisfactory. This 5-year follow-up study
showed more clearly that there was no significant differ-
ence in correction of deformity, improvement of function,
healing of the bone graft, or recovery of ESR and CRP
between the ultra-short-course chemotherapy and the
standard chemotherapy. Compared with the results repor-
ted in the literature, the ultra-short-course chemotherapy
achieved satisfactory results in correcting or maintaining
the kyphosis angle [25-28].

Our data showed that in the ultra-short-course chemo-
therapy group, the number of cases with abnormal ESR and
CRP caused by incomplete removal of the focus, and
persistent extraspinal TB was higher than that in the stan-
dard chemotherapy group at the end of chemotherapy,
which might be caused by the insufficient duration of the
chemotherapy. This study shows that on the basis of
thorough debridement, the efficacy of ultra-short-course
chemotherapy in the treatment of spinal tuberculosis is
similar to that with standard chemotherapy, and signifi-
cantly shortens the course of treatment. The new chemo-
therapy regimens can be implemented easily and be
cost-efficient, especially in the developing countries and
poor areas to alleviate the shortage of healthcare funding.

In this group of patients, ultra-short-course chemotherapy
is appropriate when the following conditions are met: (1) the
focus can be removed completely. Incomplete debridement
of the focus is the main factor limiting the effectiveness of the
ultra-short-course chemotherapy. (2) Patients do not have
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active extraspinal tuberculosis. Extraspinal tuberculosis
requires extended chemotherapy. (3) Patients have no seri-
ous liver and kidney dysfunction. Patients with serious liver
and kidney dysfunction show poor compliance with che-
motherapy. (4) Patients have no comorbid conditions. The
effectiveness of the ultra-short-course chemotherapy is poor
in patients with severe comorbidities (such as diabetes and
active rheumatic diseases). (5) The ultra-short-course che-
motherapy is suitable for patients receiving either initial or
repeated chemotherapy.

Application of the DOTS strategy is the key to ensuring
the success of chemotherapy. DOTS strategy is summa-
rized by the WHO and is an effective method to improve
the cure rate of chemotherapy. It is the most cost-effective
strategy [29]. DOTS strategy has achieved a high cure rate
in the treatment of pulmonary tuberculosis, but its efficacy
in the treatment of spinal tuberculosis has not been repor-
ted. We modified the DOTS strategy, applied it in the ultra-
short-course chemotherapy for the treatment of spinal
tuberculosis, and obtained excellent results; however, we
must emphasize that some surgeons believe that surgery is
more important than chemotherapy, and this misconception
should be corrected. Understanding this concept is impor-
tant for the implementation of the DOTS strategy.

Conclusions

This study demonstrated that in conjunction with thorough
focal debridement, bone grafting, and internal fixation, the
effectiveness of ultra-short chemotherapy was similar to
that of standard chemotherapy in the treatment of spinal
tuberculosis. Ultra-short-course chemotherapy can shorten
the course of treatment and reduce drug side effects;
however, ultra-short chemotherapy is not suitable for
patients with incomplete focus debridement, concurrent
active extraspinal tuberculosis, severe liver and kidney
dysfunction, or serious medical comorbidities.

As a prospective cohort study, the data used for this
study were collected routinely; all patients had signed the
informed consent form before treatment. This study did not
require special approval by the Ethics Committee.

Conflict of interest None.
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