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Abstract

Objective: The aim of this meta-analysis was to systematically evaluate the clinical efficacy and safety of short-
course chemotherapy (≤ 6 months) compared with the standard therapy (9–18 months) for patients with spinal
tuberculosis (TB) undergoing surgery in Chinese population.

Methods: In this meta-analysis, we searched electronic databases in the Cochrane Library, PubMed, Embase, China
National Knowledge Infrastructure (CNKI), Chinese Science and Technology Periodical Database (VIP), and Wanfang
data to determine the equivalence of short-course therapy (group A) and standard therapy (group B) for the drug
therapy of TB in Chinese population up to December 24, 2019. Weighted mean difference (WMD), odds risk (OR),
and their 95% confidence interval (CI) were calculated. All analyses of relevant outcome indicators were managed
by using the Review Manager (RevMan) 5.2 software.

Results: This meta-analysis included six trials published involving 851 patients (group A, 397; group B, 454) with
spinal TB. Results showed there were no significant differences between group A and group B in clinical cure rate
(OR = 0.61; 95% CI 0.19–2.00, p > 0.05), change of erythrocyte sedimentation rate (ESR) (WMD = − 0.75; 95% CI −
3.33 to 1.83; p > 0.05) and bone graft fusion rate (OR = 2.32; 95% CI 0.36–14.81, p > 0.05). Meanwhile, there were
fewer side effects (OR = 0.37; 95% CI 0.24–0.58, p < 0.05) in group A compared with group B.

Conclusions: The results of this meta-analysis showed that for patients with spinal TB undergoing surgery in
Chinese population, short-course chemotherapy could be equivalent to the standard chemotherapy in terms of
efficacy and have less side effects than the latter.
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Introduction
Spinal tuberculosis (TB) is the most common form of
extrapulmonary tuberculosis which is first reported by
Pott in 1782 [1, 2]. With the rapid growth of the global
population, the incidence of drug-resistant TB and the
number of spinal TB patients has shown an upward

trend [3, 4]. Spinal TB is labeled as “a disease of poverty”
due to its higher incidence of lower-income households
and poorly developed countries [5]. Usually, the symp-
toms are back pain, neurologic deficit or non-specific
complaints such as weight loss or fever [6]. The surgical
treatment of spinal TB has developed rapidly with the
improvement on theory and technology in spine surgery.
Surgical intervention could be performed to debride TB
infection lesions, alleviate the symptoms of nerve
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compression, correct kyphosis, rebuild spinal stability,
and help patients start daily activities as soon as possible
[7]. It is well known that anti-tuberculous chemotherapy
plays an important role in the treatment of spinal TB
[8]. The standard chemotherapy of 9–18 months course
has achieved satisfactory effectiveness in the past several
decades [8, 9]. But there are still many shortcomings
about standard chemotherapy, such as a long course of
treatment, the high incidence of patient non-
compliance, the toxic side effects, and difficulties in clin-
ical administration. Incomplete and inadequate treat-
ment is considered to most important factor leading to
secondary drug resistance development [10].
Due to a series of problems caused by long-term

chemotherapy, it is reported that shortening the
chemotherapy course might be more effective and
safer. Guidelines of the American Thoracic Society
recommended 6–9 months course for bone, joint, and
spinal TB [11]. The British Medical Research Council
trials reported that the treatment of 6 months course
could get a good effect on pulmonary TB patients
comparing with 8 months course [12]. It was thought
that there were no differences between pulmonary
and extrapulmonary disease in the most commonly
prescribed regimen of sensitive TB [3]. A study with
10-year follow-up period concluded that short-course
chemotherapy (≤ 6 months) was also effective in the
treatment of spinal TB [13]. However, patients aging
less than 15 years with an initial angle of kyphosis of
more than 30 degrees were excluded in this research.
Wang also confirmed the effectiveness of short-course
chemotherapy (≤ 6 months) on patients of spinal TB
undergoing surgical debridement [14]. China has the
second highest burden of the number of TB patients
in the world [15]. Thus, we perform a meta-analysis
of published clinical controlled studies of the short-
course chemotherapy (group A) and the standard
chemotherapy (group B) for patients with spinal TB
undergoing surgery in Chinese population. This study
aims to further understand the efficacy and safety of
short-course chemotherapy regimen for better clinical
application.

Materials and methods
This meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) guidelines [16]. The protocol was
registered in PROSPERO (CRD42020171508).

Search strategy
We searched in the Cochrane Library, PubMed, Embase,
China National Knowledge Infrastructure (CNKI), Chin-
ese Science and Technology Periodical Database (VIP),
and Wanfang data from the inception dates to

December 24, 2019. The search terms included the key-
words of “spinal tuberculosis,” “short-course,” “chemo-
therapy,” and “study.” Relevant journals and references
from retrieved articles were also searched manually. The
search time was set from the time each database was
established to December 2019. There were no language
restrictions for publication.

Selection of research studies
For inclusion in this meta-analysis, trials were re-
quired to meet the following eligibility criteria: (1) all
published reports with a controlled clinical study,
prospective study or retrospective study design, ran-
domized controlled trials (RCTs) were given priority;
(2) Chinese patients suffered from Spinal TB and re-
ceived surgical treatment; (3) the study compared the
clinical efficacies of short-course therapy and standard
therapy; and (4) at least one of the following out-
comes was reported, including the clinical cure rate,
bone graft fusion rate, correction of the Cobb angle,
change of erythrocyte sedimentation rate (ESR),
change of C-reactive protein (CRP), change of motor
function scores, change of sensory function scores
and side effects.
Exclusion criteria were (1) duplicate reports of earlier

trials; (2) the animal experiment, case report, review, or
comment; and (3) full texts were unavailable.

Quality assessment and data extraction
Two reviewers (LL and SC) independently identified the
literatures by reading the title and abstract. The full texts
of relevant studies were screened to identify the finally
eligible ones. Disagreements between the two reviewers
were resolved by discussion and consensus. The senior
author (ZK) was also consulted. The following informa-
tion was extracted in this study, which included (1) basic
information on the study, including research title, first
author, publication time, and country; (2) baseline of the
study subject characteristics, including design, sample
size, age, and gender; and (3) intervention measures.
For RCTs, the Revised Jadad scale [17] was used to

evaluate the quality. The Revised Jadad scale included
the random sequence production (2 points), allocation
concealment (2 points), appropriateness of blinding (2
points), and description of dropouts and withdrawals (1
point). The total scores were 7 points, 4–7 points meant
high quality, and 0–3 points meant poor quality. Mean-
while, we used the Newcastle-Ottawa Quality Assess-
ment Scale (NOQAS) [18] as the tool to evaluate the
quality assessment of the non-RCTs. The NOQAS con-
sisted of 9 points in 3 major categories: selection of the
study population (4 points), comparability between
groups (2 points), and measurement of exposure factors
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(3 points). When a study ≥ 6 points, it was divided into
high-quality.

Statistical analysis
We managed the data using the Review Manager (RevMan)
5.2 software (The Cochrane Collaboration, Oxford, United
Kingdom). We expressed results for dichotomous out-
comes as odds risk (OR) and continuous outcomes as
weighted mean difference (WMD) with 95% confidence in-
tervals (CIs). The heterogeneity of treatment effects be-
tween studies was investigated using Cochran’s Q test and
the I2 statistic. When there were no significant differences
in heterogeneity test between studies (P> 0.05, I2< 50%),
analysis used fixed effects model. Otherwise, the random ef-
fects model was used. If there was statistical heterogeneity
between the results of the study, we further analyzed the
source of the heterogeneity. After excluding the effect of
obvious clinical heterogeneity, we used subgroup analysis
or sensitivity analysis to resolve the heterogeneity. There
were significant differences between the two groups with p
< 0.05. We also used a funnel plot for the presence of publi-
cation bias if there were more than 10 studies included.

Results
Study selection
Initially, we searched 1572 articles (The Cochrane Li-
brary (n=11), PubMed (n=224), Embase (n=304), CNKI
(n=322), VIP (n=99), and Wanfang data (n=612) poten-
tially eligible trials. 1408 trials were excluded for the fol-
lowing reasons: duplicate reports, lack of comparison,
and high dropout rates. Finally, 6 articles [14, 19–23]
were included in the meta-analysis. The PRISMA Flow
Diagram was shown in Fig. 1 and the PRISMA checklist
was detailed in Table S1 (Supplementary Material). One
article [19] included three groups of 6-month course, 9-
month course, and 18-month course chemotherapy, so
we combined the two groups of 9- or 18-month course
for better comparison.

Study characteristics
There were 6 articles [14, 19–23] including 3 RCTs, 1
prospective study, and 2 retrospective studies. All arti-
cles were conducted in China, which included 4 articles
[20–23] written in Chinese and 2 articles [14, 19] were
written in English. Quality assessment showed that the 3

Fig. 1 PRISMA flow diagram
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RCTs included 2 [19, 21] high-quality studies with
scores ≥ 4 and one low-quality study [20] with scores <
4. The 3 retrospective studies were high-quality studies
with scores ≥ 6. The basic characteristics of these studies
were summarized in Table 1.

Meta-analysis results
Main outcomes

Clinical cure rate The clinical cure was defined as dis-
appearance of TB toxic symptoms and local pain, recov-
ery of ability to work, and to perform activities of daily
living. Two studies [14, 19] with a total of 299 patients
(group A, 121; group B, 178) reported the clinical cure
rate. Subgroup analysis was performed on the basis of
study design. Because the heterogeneity was not signifi-
cant (P=0.55, I2=0.0%), a fixed effects model was used to
the data analysis. The combined results of data showed
that there were no significant differences between group
A and group B in clinical cure rate (OR=0.61; 95% CI
0.19–2.00, p > 0.05) (Fig. 2). It suggested that the short-
course chemotherapy was no worse than the standard
chemotherapy in clinical cure rate.

Change of ESR Four separate studies [14, 20–22], con-
sisting of 661 patients (group A, 334; group B, 327) were
divided into two subgroups based on the different de-
sign. Testing of heterogeneity was not significant (P=
0.99, I2=0.0%), so we used the fixed effects model to
conduct the meta-analysis. No significant difference was

found in the change of ESR between two groups (WMD
= − 0.75; 95% CI − 3.33 to 1.83; p > 0.05) (Fig. 3). It
meant that the short-course chemotherapy may be com-
parable to standard chemotherapy for the treatment of
spinal TB.

Bone graft fusion rate Four studies [14, 20, 21, 23]
reported bone graft fusion rate at the last follow-up
including 597 patients (group A, 272; group B, 322).
There was no statistical heterogeneity across studies
(P=0.89, I2=0.0%), a fixed-effects model was used.
There were no significant differences (OR=2.32; 95%
CI 0.36–14.81, p> 0.05) between two groups in bone
graft fusion rate (Fig. 4).

Side effects The data of side effects was available in all
six separate studies [14, 19–23], which including 851 pa-
tients (group A, 397; group B, 454). Meanwhile, these
studies divided into two subgroups considering the dif-
ferent designs. Because of no significant statistical het-
erogeneity (P=0.43 and I2=0.0%), a fixed-effects model
was used for the data analysis. The combined results
showed that there were statistically significant differ-
ences between group A and group B in side effects (OR=
0.37; 95% CI 0.24–0.58, p < 0.05) (Fig. 5). It indicated
that the incidence of side effects in short-course chemo-
therapy was significantly lower than that in standard
chemotherapy.

Table 1 Characteristics of studies included in the meta-analysis

References Year of
publication

Country Design Mean
follow-
up
(month)

Basic data Treatment QAS

Group A Group B Group
A

Group B

Sample
size

Age in
years
(mean±
SD)

Male
(%)

Sample
size

Age in
years
(mean±
SD)

Male
(%)

Hong Liu
et al. [20]

2017 China RCT 36 98 40.7±4.2 51(52%) 98 40.1±4.7 50(51%) 2SHRZ/
2–4HRZ

2SHRZ/7–
16HRZ

3

Bo Wang
et al. [21]

2015 China RCT NA 40 42.11±
2.09

28(70%) 40 42.34±
2.21

27(68%) 2SHRZ/
2~4HRZ

2SHRZ/10–
16HRZ

4

Yongli He
et al. [22]

2015 China RS 71 100 41.7±5.4 58(%) 91 41.3±5.8 50(55%) 2SHRZ/
2–4HRZ

2SHRZ/7–
16HRZ

7

Yirong
Zheng
et al. [23]

2014 China RS 78.6 38 NA NA 38 NA NA 2SHRZ/
2–4HRZ

2SHRZ/7–
16HRZ

6

Upadhyay
et al. [19]

1996 China RCT 175.2 25 32.6±
18.3

9(36%) 89 NA 46(52%) 3SHR/
3HR

3SHR/6HR or
3H+S+
PASNa/15S+
PASNa

4

Zili Wang
et al. [14]

2013 China PS 69.1 96 37.96 ±
16.3

54(56%) 89 41.53 ±
15.76

50(56%) 2SHRZ/
2–4HRZ

2SHRZ/7HRZ 8

NA Not available, RCT Randomized controlled trial, RS Retrospective study, PS Prospective study, R Rifampicin, H Isoniazid, Z Pyrazinamide, S Streptomycin, PASNa
Sodium para-aminosalicylic acid, QAS Quality assessment score: the Newcastle-Ottawa Scale (NOQAS) was used for assessing the quality of retrospective study or
prospective study, the Revised Jadad’s scale was used for RCT
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Additional outcomes

Correction of angle after operation The subgroup ana-
lysis was used in this data analysis based on the different
designs of the study. Five studies [14, 19–22] with a total
of 775 patients (group A, 359; group B, 416) reported
the correction of angle after the operation. The fixed-
effects model was chosen because heterogeneity was not
identified (P=0.61, I2=0.0%). The results (Fig. 6) showed
that the 95% CI range for the WMD contained zero
(WMD = 0.60; 95% CI − 0.53 to 1.73; p > 0.05), indicat-
ing that the results did not reveal a statistically signifi-
cant difference between two groups in the correction of
angle after operation.

Change of CRP The studies [14, 20–22] which divided
into two subgroups, consisting of 661 patients (group A,
334; group B, 327), were included to assess the change
of CRP. The fixed-effects model was used to determine
the overall effects because the heterogeneity among the
studies was not significant (P=0.93, I2=0.0%) (Fig. 7).
There were no significant differences in the change of

CRP between two groups (WMD = − 0.48; 95% CI −
2.05 to 1.09; p > 0.05).

Improvement of motor function score Four studies
[14, 20–22] included 661 patients (group A, 334; group
B, 327) and divided into two subgroups. We used a
fixed-effects model to the Data analysis under the prem-
ise of no statistical heterogeneity (P > 0.83 and I2=0.0%).
The pooled WMD in two groups is 0.29 (95% CI − 1.47
to 2.06, p > 0.05) (Fig. 8), which suggests that there were
no significant differences in the improvement of motor
function score comparing two chemotherapy regimens.

Improvement of sensory function score The meta-
analysis for improvement of sensory function score was
shown in Fig. 9. We also divided four studies [14, 20–
22] (group A, 334; group B, 327) into two subgroups.
Meanwhile, no significant heterogeneity existed between
studies (P=0.95, I2=0.0%), so fixed effect model was ap-
plied. There were no significant differences (WMD =
2.30; 95% CI − 1.43 to 6.03; p> 0.05) in improvement of
sensory function score.

Fig. 2 Clinical cure rate

Fig. 3 Change of ESR
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Sensitivity analysis and publication bias For sensitivity
analysis, single elimination of each study had no signifi-
cant influence on the overall results. This meta-analysis
included 6 studies which were less than 10, so to find
out relevant bias is usually impossible. Therefore, the
funnel plots were not used to evaluate the publication
bias of the study results.

Discussion
Spinal tuberculosis is classified to be a severe form of
extrapulmonary tuberculosis which is accounted for 2% of
all cases of TB and 15% of extrapulmonary TB cases [24].
The development of antimicrobial chemotherapy and the
introduction to new antibiotics deeply revolutionized
treatment for TB [25]. Anti-TB chemotherapy should fol-
low the principles of early medication, combined

medication, regularly full-course medication, and appro-
priate dosage [26]. The standard chemotherapy of 9-18
months course is widely used around the world. Mean-
while, we also should give attention to the management of
side-effects. Rajasekaran, S pointed out that short-course
chemotherapy has many inherent advantages: improved
patient compliance, lower failure rates, lower cost, and
lower incidence of drug resistance [27]. Directly Observed
Treatment Short Course (DOTS) defined by the WHO is
an effective strategy to increase cure rates in the develop-
ing world [28]. Patients could follow the drug regimen of
short-course under the observation of a doctor.
Surgical intervention is necessary in cases with specific

indications: no response to chemotherapy, abscess, sig-
nificant kyphosis, or worse neurological status [29]. Sur-
geons need to choose a reasonable plan based on the

Fig. 4 Bone graft fusion rate

Fig. 5 Side effects
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individual condition of patients. The basic surgical
method is debridement of TB lesions. A meta-analysis
summarized that complete radical debridement had
more advantages compared with incomplete radical de-
bridement such as lower incidence of recurrence, lower
rate of adverse reaction, shorten healing time, and faster
recovery [30]. Three approaches to the surgical manage-
ment for spinal TB included the anterior, approach, the
posterior approach, and the combined approach [31].
Some scholars considered that the anterior approach
had better quality in terms of debridement and bony fu-
sion, while the posterior approach was the best mean to
achieve reduction followed by stable sagittal alignment
[32]. A recent systematic review showed that no justifi-
cation for superiority over the three procedures [33].
It remains a controversial issue that which chemother-

apy course should be selected for better clinical results
and higher safety. To our knowledge, this study is the
first meta-analysis designed to compare the efficacy and
safety between short-course and standard chemotherapy
in the treatment of spinal TB. Systematic reviews and
meta-analysis are often considered the highest level of

evidence. Besides, systematic reviews and meta-analysis
are critical to summarize evidence which relates to
healthcare interventions [16]. This meta-analysis of eight
effective indicators analyzed the efficacy and safety of
short-course chemotherapy versus standard chemother-
apy in the treatment of spinal TB. Our results showed
that short-course chemotherapy had less side effects
compared with the standard group. The side effects in-
cluded anaphylaxis, gastrointestinal reactions, abnormal
liver, and kidney function, and auditory nerve injury. In
addition, there were no differences between the two
groups in the aspects about clinical cure rate, bone graft
fusion rate, correction of angle after the operation,
change of CRP, change of ESR, improvement of motor
function score, and improvement of sensory function
score. It indicated that patients might benefit from the
short-course chemotherapy.
It is noted that these outcomes could not exclude the

contribution of surgical treatment of TB lesions. In
order to rule out this bias, all included studies under-
went through debridement treatment. We found that
short-course chemotherapy was also suitable for

Fig. 6 Correction of angle after the operation

Fig. 7 Change of CRP
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conservative treatment of spinal TB [34]. Ravinder
Kumar Banga concluded that there were no significant
differences in clinical, radiological, and ESR values com-
pared 6 with 12months of conservative therapy [35].
Drug-resistant TB was not mentioned in this meta-

analysis, which was a major threat to TB control efforts.
Drug resistance, especially multidrug-resistance seriously
affected the prognosis of patients with spinal TB. Bac-
teriological confirmation and drug susceptibility testing
should be sought to guide therapy [36]. The treatment
course for patients with drug-resistant TB was pro-
longed [37]. As drug-resistant TB is always accompanied
with irregular medications and side effects, this meta-
analysis might provide a more simplified treatment to
enhance the compliance of patients for reducing the
emergence of drug-resistant TB.
Some limitations of this study should be discussed.

Firstly, randomized controlled trials were the best study
design to avoid biased results. Although four RCTs were
included in the present article, 3 of them were high-
quality. The non-RCTs were also recruited in this meta-
analysis which tended to exaggerate the real results [38].
Secondly, the number of studies and patient samples was

small. Many important differences might not identify
some of the consequences. More high-quality randomized
controlled trials were required to guide the selection.
Thirdly, we were unable to conduct a comprehensive ana-
lysis incorporating other relevant clinical data. Although
this meta-analysis of 6 studies included 851 patients, we
considered that the observed indicators were insufficient.
Finally, all recruited studies were published from China.
We should interpret these results with caution, because
each country had ethnic and regional differences. The in-
herent heterogeneity among including studies limited the
strength of our conclusions. Regardless of these limita-
tions, our results might still provide valuable information
to clinicians.

Conclusions
The results of this meta-analysis showed that for pa-
tients with spinal TB undergoing surgery in Chinese
population, short-course chemotherapy could be equiva-
lent to the standard chemotherapy in terms of efficacy
and have less side effects than the latter. It still requires
the clinician to make a comprehensive judgment based
on the specific situation of patients.

Fig. 8 Improvement of motor function score

Fig. 9 Improvement of sensory function score
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