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Abstract

Background: This study was performed to compare different surgical approaches in the treat-

ment of spinal tuberculosis.

Methods: We conducted a literature search to identify and analyze papers published from

January 1966 to April 2018 relevant to comparison of the anterior, posterior, and anterior

combined with posterior approaches in the treatment of spinal tuberculosis of the thoracic

and lumbar regions.

Results: Twenty-five studies involving 2295 patients were identified in this systematic review.

The operative time was significantly longer in the anterior combined with posterior approach

than in the other two approaches. Blood loss was significantly greater in the anterior combined

with posterior approach (1125.0� 275.5 mL) than in the posterior approach (710.4� 192.4 mL).

The difference in correction of the kyphosis angle among the three procedures was not signif-

icant. The overall surgical and transthoracic complications were significantly lower in the

posterior approach. The clinical outcome of all patients improved, but there was no significant

difference among the three procedures.

Conclusions: Blood loss, overall surgical and transthoracic complications, and the operative

time are different among the three approaches. Therefore, different factors must be carefully

assessed in deciding among the three procedures.
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Summarized findings and

limitations of this study

1. The anterior combined with posterior

approach had a longer operative time

than either the anterior or posteri-

or approach.
2. The blood loss volume was smaller in the

posterior approach than in the anterior

combined with posterior approach.
3. The posterior approach had lower over-

all surgical complications and transtho-

racic complications than the other

two approaches.
4. In deciding among the three approaches,

specific features of spinal tuberculosis,

surgical experience, risks of surgical

complications ranging from neurological

to structural, and radiologic and clinical

outcomes must be carefully assessed.
5. One limitation of this study was that the

surgical procedure was not uniform; ante-

rior or posterior or combined approaches

were used in a one- or two-stage proce-

dure with different instrumentations.
6. Another limitation of this study was

that we only included retrospective stud-

ies in the review; thus, the indications for

the surgical procedures were proba-

bly different.

Background

Tuberculosis is one of the leading infectious

causes of death in the developing world.

Approximately 1% to 3% of affected

patients have involvement of the skeletal

system, and up to 50% have spinal involve-

ment, especially in the thoracic and lumbar

segments.1,2 Management of spinal tubercu-
losis involves clearance of the spinal pathol-
ogy, correction of spinal deformities,
prevention of neurological compromise,
and achievement of unrestricted
mobilization of the patient. The classic
“Hong Kong operation” involves direct
removal of the anterior spinal pathology
followed by careful reduction of stress on
the spinal cord and reconstruction of the
area by anterior instrumentation.3–5

However, several potential adverse
events may influence the choice of the
anterior surgical approach as the main
treatment option, such as prolonged immo-
bilization, progressive kyphosis, and graft
failure. Because of advancements in diag-
nostic techniques such as computed
tomography-guided biopsy and magnetic
resonance imaging as well as more effective
treatments such as anti-tuberculous chemo-
therapy, spinal tuberculosis is now
diagnosed at an earlier stage and the
number of severe cases has decreased.6,7

Additionally, posterior instrumentation
techniques for the correction and stabiliza-
tion of spinal deformities have become very
well developed. As a result, the treatment
for spinal tuberculosis tends to be more
diverse and less destructive.8–10

Whether the anterior, posterior, or anteri-
or combined with posterior surgical approach
most effectively eradicates spinal tuberculosis
remains controversial. Different surgical
methods for spinal tuberculosis of the thorac-
ic and lumbar region have rarely been
reported in systematic reviews.

We performed a systematic review of
surgical procedures for spinal tuberculosis
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and analyzed the radiologic data and

patient-related outcomes, including compli-

cations. The findings of this review will help

physicians choose the most effective man-

agement techniques for patients with tuber-

culosis in the thoracic or lumbar region.

Methods

This study was approved by the Ethics

Committee of Renji Hospital Affiliated to

Shanghai Jiao Tong University School of

Medicine. Written informed consent was

not needed because of the study design (sys-

tematic review).
Based on patient safety and the efficacy

of the procedures, we raised three clinically

crucial questions to determine the optimal

surgical procedure in treating thoracic and

lumbar tuberculosis. The primary data used

as evidence to answer these questions were

obtained from the treatment results, such as

the radiologic data and patient-related

outcomes. These three questions were

as follows:

1. Among the anterior, posterior, or anteri-

or combined with posterior approach for

thoracic or lumbar spinal tuberculosis,

which surgical procedure provides the

best radiologic outcome?
2. Among the anterior, posterior, or anteri-

or combined with posterior approach for

thoracic or lumbar spinal tuberculosis,

which surgical procedure most effectively

reduces complications?
3. Based on clinical results, is it possible to

choose among the anterior, posterior,

or anterior combined with posterior

approach for patients with thoracic or

lumbar spinal tuberculosis?

Inclusion criteria

The four inclusion criteria for studies in this

systematic review were as follows.

Target population: Adult patients with

spinal tuberculosis in the thoracic and

lumbar regions.
Type of study: Clinical study.
Interventions: Anterior, posterior, or

anterior combined with posterior approach

in the surgical treatment of spinal tubercu-

losis in the thoracic and lumbar regions.
Measurement of outcomes: We based the

outcome of this review on surgical outcomes

(radiographic outcomes and complications)

and patient-related outcomes (visual ana-

logue scale score, Oswestry Disability

Index, and similar measurements).

Exclusion criteria

We excluded case reports, studies published

only in abstract form, studies adopting

novel and nonconventional techniques,

and studies with a follow-up duration of

<1 year.

Identification of studies

We searched the Medline and Embase data-

bases for publications comparing the ante-

rior, posterior, or anterior combined with

posterior approach for the treatment of

thoracic and lumbar tuberculosis from

January 1966 to April 2018 using the fol-

lowing keywords in the PubMed search

engine: “tuberculosis” or “thoracic tuber-

culosis,” “lumbar tuberculosis,” and “spinal

tuberculosis” or “anterior approach” or

“posterior approach” or “surgical treatment”

or “decompression” or “debridement” or

“bone graft” or “instrumentation.” Two

authors independently read the titles and

abstracts of each paper and selected those

that fit the inclusion criteria. Two reviewers

extracted the data used in the review

(Figure 1). The overall incidence of surgical

complications associated with a procedure

was defined as the ratio of the overall

number of complications that occurred to

the total number of patients who underwent
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the procedure. The incidence of a specific

complication associated with a procedure

was defined as the ratio of the number of

occurrences of the specific complication to

the number of patients in the articles

reporting that complication using the surgi-

cal procedure.

Statistical analysis

The statistical analysis was performed using

the unpaired t-test, Fisher’s exact test, and

the chi-square test. Statistical significance

was confirmed when the P-value was

<0.05. Variables were calculated using

SPSS software version 25 (IBM Corp.,

Armonk, NY, USA).

Results

Twenty-five studies comparing the anterior,

posterior, or anterior combined with poste-

rior approach in treating spinal tuberculosis

in the thoracic and lumbar regions were

identified.11–35 Table 1 summarizes the

characteristics of the included studies.

Among the 25 studies, the anterior surgical

approach mainly referred to anterior
debridement, decompression, and bone

grafting with different fixations in a one-
or two-stage procedure; the posterior surgi-
cal approach mainly referred to posterior
debridement, decompression, and bone

grafting with different fixations in a one-
or two-stage procedure; and the anterior
combined with posterior surgical approach

referred to anterior and posterior (or poste-
rior and anterior) debridement, decompres-
sion, and bone grafting with different

fixations in a one- or two-stage procedure.

Operative time and estimated blood loss

The operative time and estimated blood loss
of different procedures for tuberculosis in

the thoracic and lumbar spinal regions
were reported in 20 studies14–18,20,22–35

(Table 2).
Of the 20 studies, 7

studies14,15,20,21,26,31,33 compared the opera-

tive time for the anterior approach (230.7
� 68.1 minutes) versus the anterior com-
bined with posterior approach (386.3
� 59.8 min), and a statistically significant

Figure 1. Flow diagram for selection of studies and specific reasons for exclusion.

4 Journal of International Medical Research



T
a
b
le

1
.
P
re
vi
o
u
s
re
p
o
rt
s
o
f
su
rg
ic
al
tr
e
at
m
e
n
t
o
f
th
o
ra
ci
c
an
d
lu
m
b
ar

sp
in
al
tu
b
e
rc
u
lo
si
s.

A
u
th
o
rs

St
u
d
y
d
e
si
gn

Y
e
ar
,
jo
u
rn
al

P
at
ie
n
ts
,
n

A
ge
,
y

Sy
m
p
to
m

d
u
ra
ti
o
n
,

m
o

L
ev
e
l
o
f

sp
o
n
d
yl
it
is

In
vo
lv
e
d

ve
rt
e
b
ra
l

b
o
d
ie
s,

n
(a
ve
ra
ge
)

Fu
si
o
n

le
ve
l

C
h
e
m
o
th
e
ra
p
y

Fo
llo
w
-u
p
,

m
o

C
lin
ic
al
o
u
tc
o
m
e

Fu
si
o
n
ra
te
s

L
e
e
e
t
al
.1
1

R
e
tr
o
sp
e
ct
iv
e

2
0
0
6
J
Sp
in
al

D
is
or
d
Te
ch

A
:
7

P
:
1
0

A
:
4
9
.0

P
:
6
3
.7

A
:
4
.1
4

P
:
2
.9
5

A
:

T
:
3

T
L
:
4

P
:

T
:
6

T
L
:
4

A
:
2
.2
9

P
:
2
.2
0

A
:
4
.1
4

P
:
4
.4
0

p
re
o
p
:
at

le
as
t
2
w
e
e
k
s;

p
o
st
o
p
:
IN

H
/R
FP
/

E
M
B
/P
Y
Z
:

2
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
:
1
0
m
o

1
8

(6
-4
2
)

V
A
S,

C
R
P
:
n
o

si
gn
ifi
ca
n
t
d
iff
e
re
n
ce
;

Fr
an
ke
l
gr
ad
e
:
im
p
ro
ve
d

in
b
o
th

gr
o
u
p
s

A
&
P
:
1
0
0
%

M
a
e
t
al
.1
2

R
e
tr
o
sp
e
ct
iv
e

2
0
1
2

In
t

O
rt
ho
p

A
:
7
4

P
:
8
3

A
:
3
8
.3

P
:
3
9
.8

N
/A

A
:

T
:
3
9

T
L
:
2
7

L
:
8

P
:

T
:
1
3

T
L
:
1
1

L
:
5
9

N
/A

A
:
4
.1
1

P
:
4
.2
1

p
o
st
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
:

3
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/E
M
B
:
9
m
o

3
7
(2
2
-7
2
)

E
SR

:

P
>
0
.0
5

E
x
ce
lle
n
t
an
d
go
o
d
:

A
:
7
0

P
:
7
8

P
>
0
.0
5

A
&
P
:
1
0
0
%

C
u
i
e
t
al
.1
3

R
e
tr
o
sp
e
ct
iv
e

2
0
1
3
M
ed

Pr
in
c
Pr
ac
t

A
:
7
4

P
:
7
0

N
/A

N
/A

A
:

T
:
3
9

T
L
:
2
7

L
:
8

P
:

T
:
4

T
L
:
7

L
:
3
9

L
S:

2
0

A
:
2
.8
9

P
:
2
.9
5

A
:
4
.1
1

P
:
4
.2
1

A
&
P
:
p
o
st
o
p
:
IN

H
/R
FP
/

E
M
B
/P
Y
Z
:

3
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/E
M
B
:
9
m
o

3
7
�6

.9
O
D
I,
E
SR

,
A
SI
A
im
p
ai
r-

m
e
n
t
sc
o
re
:

im
p
ro
ve
d
,
n
o

d
e
te
ri
o
ra
ti
o
n

A
:
9
2
.5
%

P
:
9
1
.6
%

Q
u
re
sh
i

e
t
al
.1
4

R
e
tr
o
sp
e
ct
iv
e

2
0
1
3

E
ur

Sp
in
e

J

A
:
5
7

A
P
:
3
0

N
/A

N
/A

N
/A

N
/A

N
/A

p
re
o
p
:
at

le
as
t
4
w
e
e
k
s;

p
o
st
o
p
:
IN

H
/R
FP
/

E
M
B
/P
Y
Z
:

3
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/E
M
B
:
at

le
as
t

9
m
o

6
4
(1
6
-1
3
2
)

D
e
n
is
sc
al
e
an
d
A
SI
A

im
p
ai
rm

e
n
t
sc
o
re
:

im
p
ro
ve
d
b
u
t
n
o
si
g-

n
ifi
ca
n
t
d
iff
e
re
n
ce

b
e
tw

e
e
n
A

an
d
A
P

1
0
0
%

in
e
ac
h
gr
o
u
p

H
e
an
d
X
u
1
5

R
e
tr
o
sp
e
ct
iv
e

2
0
1
2

In
t
O
rt
ho
p

A
:
1
3

A
P
:
1
4

A
:
4
0
.0

A
P
:
3
6
.0

A
:
6
.8

A
P
:
7
.5

A
:

L
5
:
2

S1
:
3

L
5
S1
:
8

A
P
:

L
5
:
4

S1
:
1

L
5
S1
:
9

A
:
1

A
P
:
1

N
/A

p
re
o
p
:
at

le
as
t
4
w
e
e
k
s;

p
o
st
o
p
:
IN

H
/R
FP
/

E
M
B
/P
Y
Z
:

1
2
m
o

A
ve
ra
ge
:
2
5

V
A
S,

O
D
I,
A
SI
A

im
p
ai
r-

m
e
n
t
sc
o
re
:

im
p
ro
ve
d
p
o
st
o
p
,
b
u
t
n
o

si
gn
ifi
ca
n
t
d
iff
e
re
n
ce

b
e
tw

e
e
n
A

an
d
A
P

N
/A (c
o
n
ti
n
u
e
d
)



T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

St
u
d
y
d
e
si
gn

Y
e
ar
,
jo
u
rn
al

P
at
ie
n
ts
,
n

A
ge
,
y

Sy
m
p
to
m

d
u
ra
ti
o
n
,

m
o

L
ev
e
l
o
f

sp
o
n
d
yl
it
is

In
vo
lv
e
d

ve
rt
e
b
ra
l

b
o
d
ie
s,

n
(a
ve
ra
ge
)

Fu
si
o
n

le
ve
l

C
h
e
m
o
th
e
ra
p
y

Fo
llo
w
-u
p
,

m
o

C
lin
ic
al
o
u
tc
o
m
e

Fu
si
o
n
ra
te
s

E
l-
Sh
ar
k
aw

i

an
d
Sa
id
1
6

R
e
tr
o
sp
e
ct
iv
e

2
0
1
2

In
t
O
rt
ho
p

A
P
:
2
5

P
:
3
2

A
P
:
4
7
.6

P
:
4
8
.7

N
/A

N
/A

A
P
:
2
.1
6

P
:
2
.1
2

N
/A

N
/A

A
P
:
6
.1
�2

.2

yr
s

P
:

4
.6
�1

.7

yr
s

V
A
S,

A
SI
A
im
p
ai
rm

e
n
t

sc
o
re
:
im
p
ro
ve
d
b
u
t

n
o
si
gn
ifi
ca
n
t
d
iff
e
r-

e
n
ce

b
e
tw

e
e
n
A
P

an
d
P

A
P
&
P
:
1
0
0
%

Z
h
an
g

e
t
al
.1
7

R
e
tr
o
sp
e
ct
iv
e

2
0
1
2

A
rc
h
O
rt
ho
p

Tr
au
m
a
Su
rg

A
P
:
1
6

P
:
2
0

A
P
:
6
8
.2

P
:
6
8
.6

N
/A

N
/A

A
P
:
2
.3
5

P
:
2
.4
4

N
/A

p
re
o
p
:
3
-5

w
e
ek
s;

p
o
st
o
p
:
IN

H
/R
FP
/

E
M
B
/P
Y
Z
:

9
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/H

R
E
:
3
-6

m
o

A
P
:
3
4
.1

�5
.7

P
:
3
5
.8
�5

.8

C
R
P,
E
SR

,
Fr
an
ke
l
sc
al
e
:

im
p
ro
ve
d
b
u
t
n
o
si
g-

n
ifi
ca
n
t
d
iff
e
re
n
ce

b
e
tw

e
e
n
A
P
an
d
P

N
/A

W
an
g

e
t
al
.1
8

R
e
tr
o
sp
e
ct
iv
e

2
0
1
4

E
ur

Sp
in
e

J

A
P
:
5
5

P
:
6
0

To
ta
l:

4
8
.6

�1
2
.8

N
/A

A
P
:

T
:
1
5

T
L
:
2
8

L
:
1
2

P
:

T
:
1
8

T
L
:
3
1

L
:
1
1

N
/A

N
/A

p
re
o
p
:
2
-4

w
e
ek
s;

p
o
st
o
p
:
IN

H
/R
FP
/

E
M
B
/P
Y
Z
:

6
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/E
M
B
:
at

le
as
t
9
-

1
2
m
o

2
1
.3

(1
2
-3
6
)

C
R
P,
E
SR

,
A
SI
A
im
p
ai
r-

m
e
n
t
sc
o
re
:
im
p
ro
ve
d

b
u
t
n
o
si
gn
ifi
ca
n
t
d
if-

fe
re
n
ce

b
e
tw

e
en

A
P

an
d
P

N
/A

M
e
h
ta

an
d

B
h
o
jr
aj
1
9

R
e
tr
o
sp
e
ct
iv
e

2
0
0
1
J
B
on
e

Jo
in
t
Su
rg

[B
r]

A
:
1
2

A
P
:
1
6

P
:
1
3

A
:
3
5
.3

A
P
:
3
1
.3

P
:
6
7

N
/A

N
/A

A
:
1
.7
5

A
P
:
2
.0
6

N
/A

N
/A

A
:
2
9
(7
-5
5
)

A
P
:
3
4
(6
-

6
0
)

P
:
3
5
(6
-6
1
)

Fr
an
ke
l
gr
ad
e
:
im
p
ro
ve
d

in
e
ac
h
gr
o
u
p

N
/A

L
i
e
t
al
.2
0

R
e
tr
o
sp
e
ct
iv
e

2
0
1
3

Sp
in
e

A
:
7

A
P
:
1
8

P
:
1
8

A
:
3
7
.7

A
P
:
3
2
.2

P
:
3
4
.9

A
:
7
.0

A
P
:
1
6
.0

P
:
3
2
.9

N
/A

A
:
3
.7

A
P
:
4
.1

P
:
5
.0

N
/A

p
o
st
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
:

3
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/P
Y
Z
:
9
-1
5
m
o

2
9
.6

(1
8
-6
3
)

E
SR

,
A
SI
A

im
p
ai
rm

e
n
t

sc
o
re
:
im
p
ro
ve
d
in

e
ac
h
gr
o
u
p

1
0
0
%

fo
r

e
ac
h
gr
o
u
p

Z
h
an
g

e
t
al
.2
1

O
b
se
rv
at
io
n
al

2
0
1
7
M
ed
ic
in
e

(B
al
tim

or
e)

A
:
3
2

A
P
:
4
2

P
:
6
3

A
:
6
3
.2

A
P
:
6
8
.2

P
:
6
5
.6

A
:
9
.2

A
P
:
7
.5

P
:
6
5
.6

A
:

L
:
3
2

A
P
:

L
:
4
2

P
:

L
:
6
3

A
:

1
:
1
7

2
:
1
5

3
o
r
4
:
1
0

A
P
:

1
:
1
0

2
:
1
2

3
o
r
4
:
1
0

P
:

1
:
2
6

N
/A

p
re
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
4
-6

w
e
e
k
s

p
o
st
o
p
:
1
2
-1
8
m
o

A
:
8
3
.4
�2

.4

A
P
:
8
5
.9

�4
.5

P
:
8
2
.7
�2

.8

V
A
S,

O
D
I,
M
ac
n
ab

e
x
ce
lle
n
t/
go
o
d
ra
te
,

Fr
an
ke
l
gr
ad
e
:

im
p
ro
ve
d
b
u
t
n
o
si
g-

n
ifi
ca
n
t
d
iff
e
re
n
ce

am
o
n
g
3
gr
o
u
p
s

N
/A (c
o
n
ti
n
u
e
d
)



T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

St
u
d
y
d
e
si
gn

Y
e
ar
,
jo
u
rn
al

P
at
ie
n
ts
,
n

A
ge
,
y

Sy
m
p
to
m

d
u
ra
ti
o
n
,

m
o

L
ev
e
l
o
f

sp
o
n
d
yl
it
is

In
vo
lv
e
d

ve
rt
e
b
ra
l

b
o
d
ie
s,

n
(a
ve
ra
ge
)

Fu
si
o
n

le
ve
l

C
h
e
m
o
th
e
ra
p
y

Fo
llo
w
-u
p
,

m
o

C
lin
ic
al
o
u
tc
o
m
e

Fu
si
o
n
ra
te
s

2
:
3
0

3
o
r
4
:
7

H
u
an
g

e
t
al
.2
2

R
e
tr
o
sp
e
ct
iv
e

2
0
1
7

J
O
rt
ho
p
Su
rg

R
es

A
:
3
7

P
:
1
4
9

A
:
4
6
.6

P
:
5
0
.9

A
:
1
2
.0

P
:
1
1
.7

A
:

L
:
1
9

T
:
1
8

P
:

L
:
7
3

T
:
7
6

A
:
2
.2
2

P
:
2
.2
4

N
/A

p
re
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
:
4
-6

w
e
e
k
s

p
o
st
o
p
:
at

le
as
t
1
2
m
o

1
ye
ar

C
o
b
b
’s
an
gl
e
,
V
A
S
p
ai
n

sc
o
re
,
Fr
an
ke
l
gr
ad
e
:

im
p
ro
ve
d
b
u
t
n
o
st
a-

ti
st
ic
al
ly

si
gn
ifi
ca
n
t

d
iff
e
re
n
ce

b
e
tw

e
en

2
gr
o
u
p
s

N
/A

L
iu

e
t
al
.2
3

R
e
tr
o
sp
e
ct
iv
e

2
0
1
5
C
lin

N
eu
ro
l

N
eu
ro
su
rg

A
:

T
:
1
0
,
L
:
1
0

A
P
:

T
:
1
0
,
L
:
1
0

P
:

T
:
1
0
,
L
:
1
0

A
:

0
-2
0
:
0

2
1
-4
0
:
1
4

4
1
-6
0
:
4

6
1
-8
0
:
2

A
P
:

0
-2
0
:
0

2
1
-4
0
:
1
0

4
1
-6
0
:
6

6
1
-8
0
:
4

P
:

0
-2
0
:
1

2
1
-4
0
:
7

4
1
-6
0
:
9

6
1
-8
0
:
3

N
/A

N
/A

A
:
1
.8
5

A
P
:
2
.1
1

P
:
2
.0
0

N
/A

IN
H
/R
FP
/E
M
B
/P
Y
Z
at

le
as
t
4
w
e
ek
s

A
ve
ra
ge
:
6
0

N
/A

N
/A

C
u
i
e
t
al
.2
4

R
e
tr
o
sp
e
ct
iv
e

2
0
1
6
O
rt
ho
p
Su
rg

A
:
3
9

P
:
4
2

N
/A

N
/A

A
:
3
.3
0

P
:
3
.9
5

A
:
2
.3
�0

.5

P
:
3
.2
�0

.9

p
o
st
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
:

3
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/E
M
B
:
at

le
as
t

9
m
o

1
7
-7
2
(a
ve
r-

ag
e
:
3
7
)

V
A
S,

C
R
P,
E
SR

:
n
o

si
gn
ifi
ca
n
t

d
iff
e
re
n
ce

N
/A

H
as
sa
n

e
t
al
.2
5

R
e
tr
o
sp
e
ct
iv
e

2
0
1
6
E
ur

Sp
in
e
J

A
:
2
0

P
:
3
3

A
:
3
5
.9
0

�1
0
.4
8

P
:

3
5
.6
4

�1
2
.0
7

N
/A

A
:

T
:
1
0

T
L
:
5

L
:
5

P
:

T
:
1
2

T
L
:
6

L
:
4

N
/A

N
/A

p
re
o
p
:
at

le
as
t
2
w
e
e
k
s;

p
o
st
o
p
:

9
m
o

1
2
-2
4
(a
ve
r-

ag
e
:
1
5
)

A
SI
A
,
V
A
S,

O
D
I:

im
p
ro
ve
d
b
u
t
n
o
si
g-

n
ifi
ca
n
t
d
iff
e
re
n
ce

b
e
tw

e
e
n
A
an
d
P

A
:
1
0
0
%

P
:
9
5
.4
%

(c
o
n
ti
n
u
e
d
)



T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

St
u
d
y
d
e
si
gn

Y
e
ar
,
jo
u
rn
al

P
at
ie
n
ts
,
n

A
ge
,
y

Sy
m
p
to
m

d
u
ra
ti
o
n
,

m
o

L
ev
e
l
o
f

sp
o
n
d
yl
it
is

In
vo
lv
e
d

ve
rt
e
b
ra
l

b
o
d
ie
s,

n
(a
ve
ra
ge
)

Fu
si
o
n

le
ve
l

C
h
e
m
o
th
e
ra
p
y

Fo
llo
w
-u
p
,

m
o

C
lin
ic
al
o
u
tc
o
m
e

Fu
si
o
n
ra
te
s

A
ss
ag
h
ir

e
t
al
.2
9

R
e
tr
o
sp
e
ct
iv
e

co
h
o
rt

2
0
1
6
E
ur

Sp
in
e
J

A
:
4
3

P
:
4
9

A
:
4
9
.5

�1
1
.2

P
:
4
7
.0
�7

.0

A
:
8
.7
�2

.3

P
:
7
.5
�2

.5

A
:

T
:
4
3

P
:

T
:
4
9

A
:
1
:
4
3

P
:
1
:
4
9

N
/A

p
re
o
p
:
IN

H
/R
FP
/E
M
B
:

3
w
e
ek
s

A
:
4
8
.0
�7

.9

m
o

P
:
4
7
.5 �9
.5

m
o

Fr
an
ke
l
cl
as
si
fic
at
io
n
,

O
D
I:

n
o
st
at
is
ti
ca
lly

si
gn
ifi
ca
n
t

d
iff
e
re
n
ce
s
b
e
tw

e
en

th
e
2
gr
o
u
p
s

A
:
1
0
0
%

P
:
1
0
0
%

W
an
g
e
t
al
.2
6

R
e
tr
o
sp
e
ct
iv
e

2
0
1
7
Sp
in
e

A
:
5
7

A
P
:
6
5

P
:
6
2

A
:
4
0
.1

�1
3
.2

A
P
:
3
8
.5

�1
4
.5

P
:

3
9
.3

�1
5
.1

A
:
9
.6
�4

.8

A
P
:
9
.8
�5

.2

P
:
9
.5
�4

.9

N
/A

N
/A

N
/A

p
re
o
p
:
H
R
Z
E
fo
r
2
-4

w
e
ek
s

p
o
st
o
p
:
an
ti
-T
B
ch
e
m
o
-

th
e
ra
p
y
w
it
h
H
R
Z
E

fo
r
at

le
as
t
1
8
m
o

A
:
7
3
.6
�4

.5

A
P
:
7
4
.3

�4
.2

P
:
7
2
.7
�3

.8

E
SR

,
C
R
P,
A
SI
A
:

im
p
ro
ve
d
b
u
t
n
o
st
a-

ti
st
ic
al
ly

si
gn
ifi
ca
n
t

d
iff
e
re
n
ce

am
o
n
g

3
gr
o
u
p
s

N
/A

L
iu

e
t
al
.2
7

R
e
tr
o
sp
e
ct
iv
e

2
0
1
6
M
ed
ic
in
e

(B
al
tim

or
e)

A
P
:
3
6

P
:
2
2

A
P
:
4
0
.5

�1
6
.5

P
:

4
3
.9

�1
2
.1

N
/A

A
P
:

L
1
-2
:
1
5

L
2
-3
:
9

L
3
-4
:
2

L
4
-5
:
9

L
5
-S
1
:
1

P
:

L
1
-2
:
4

L
2
-3
:
4

L
3
-4
:
1

L
4
-5
:
1
0

L
5
-S
1
:
3

N
/A

N
/A

p
re
o
p
:
at

le
as
t
2
w
e
e
k
s;

p
o
st
o
p
:
IN

H
/R
FP
/

E
M
B
/P
Y
Z
:

2
m
o
,
fo
llo
w
e
d
b
y
IN

H
/

R
FP
/E
M
B
:f
o
r
7
-1
0
m
o

A
P
:
2
2
.3

�6
.2

P
:
2
1
.6
�5

.7

E
SR

,
C
R
P,
A
SI
A
:

im
p
ro
ve
d
b
u
t
n
o
st
a-

ti
st
ic
al
ly

si
gn
ifi
ca
n
t

d
iff
e
re
n
ce

am
o
n
g

3
gr
o
u
p
s

A
P
:
1
0
0
%

P
:
1
0
0
%

O
m
ra
n

e
t
al
.2
8

R
e
tr
o
sp
e
ct
iv
e

2
0
1
7
C
lin

Sp
in
e
Su
rg

A
:
2
2

P
:
2
3

To
ta
l:

3
2
.5
�4

.5

N
/A

A
:

T
:
1
2

T
L
:
8

L
:
2

P
:

T
:
1
3

T
L
:
5

L
:
5

N
/A

N
/A

p
re
o
p
:
A
T
T
1
ye
ar

p
o
st
o
p
:
p
ar
e
n
te
ra
l
ce
p
h
-

al
o
sp
o
ri
n
u
n
ti
l
d
ra
in

re
m
o
va
l,
IN

H
/R
FP
/

E
M
B
/P
Y
Z
fo
r
3
m
o
,

fo
llo
w
ed

b
y
IN

H
/R
FP
/

E
M
B
fo
r
at

le
as
t
9
m
o

A
:
3
6
�5

.5

P
:
3
6
�5

.5

V
A
S,

O
D
I,
E
SR

,
C
R
P,

A
SI
A
:
im
p
ro
ve
d
b
u
t

w
it
h
n
o
si
gn
ifi
ca
n
t

d
iff
e
re
n
ce

b
e
tw

e
en

th
e
2
gr
o
u
p
s

A
:
9
1
.3
%

P
:
1
0
0
%

(c
o
n
ti
n
u
e
d
)



T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

St
u
d
y
d
e
si
gn

Y
e
ar
,
jo
u
rn
al

P
at
ie
n
ts
,
n

A
ge
,
y

Sy
m
p
to
m

d
u
ra
ti
o
n
,

m
o

L
ev
e
l
o
f

sp
o
n
d
yl
it
is

In
vo
lv
e
d

ve
rt
e
b
ra
l

b
o
d
ie
s,

n
(a
ve
ra
ge
)

Fu
si
o
n

le
ve
l

C
h
e
m
o
th
e
ra
p
y

Fo
llo
w
-u
p
,

m
o

C
lin
ic
al
o
u
tc
o
m
e

Fu
si
o
n
ra
te
s

X
u
e
t
al
.3
0

R
e
tr
o
sp
e
ct
iv
e

ca
se
-c
o
n
tr
o
l

2
0
1
5
Sp
in
al

C
or
d

A
P
:
1
6

P
:
1
7

A
P
:
6
9
.8

�4
.2

P
:
7
0
.5
�5

.1

N
/A

A
P
:

L
:
1
6

P
:

L
:
1
7

N
/A

N
/A

p
re
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
:
2
-3

w
e
e
k
s

p
o
st
o
p
:s
am

e
re
gi
m
e
n
fo
r

1
2
-1
8
m
o

A
P
:
4
1
.4

�4
.2

P
:
4
1
.3
�3

.7

(a
ve
ra
ge
:

4
1
.3
)

E
SR

,
V
A
S,

A
SI
A
:

im
p
ro
ve
d
b
u
t
n
o
st
a-

ti
st
ic
al
ly

si
gn
ifi
ca
n
t

d
iff
e
re
n
ce

b
e
tw

e
en

2
gr
o
u
p
s

A
P
:
1
0
0
.0
0
%

P
:
9
4
.1
2
%

Sh
i
e
t
al
.3
1

R
e
tr
o
sp
e
ct
iv
e

2
0
1
4
J
Sp
in
al

D
is
or
d
Te
ch

A
:
7
8

A
P
:
5
4

P
:
1
6

A
:
4
1
.0

A
P
:
3
7
.9

P
:
3
9
.1

A
:
7
.3

A
P
:
7
.1

P
:
8
.0

A
:

T
1
-T
4
:
0

T
5
-T
9
:
3
3

T
1
0
-L
2
:
3
1

L
3
-L
4
:
1
4

L
5
-S
1
:
0

A
P
:

T
1
-T
4
:
4

T
5
-T
9
:
6

T
1
0
-L
2
:
2
0

L
3
-L
4
:
7

L
5
-S
1
:
1
7

P
:

T
1
-T
4
:
0

T
5
-T
9
:
0

T
1
0
-L
2
:
4

L
3
-L
4
:
1
1

L
5
-S
1
:
1

A
:
1
.7
2

A
P
:
1
.6
3

P
:
1
.2
5

N
/A

N
/A

A
:

>
6
m
o
:
7
1

A
P
:

>
6
m
o
:
5
3

P
:

>
6
m
o
:
1
5

A
SI
A
:
o
n
ly
si
gn
ifi
ca
n
tl
y

im
p
ro
ve
d
in

th
e

n
ai
ls
þs

cr
ew

s
an
d

p
e
d
ic
le

sc
re
w
s
gr
o
u
p
s

E
SR

,
C
R
P
:
im
p
ro
ve
d
si
g-

n
ifi
ca
n
tl
y
in

al
l
gr
o
u
p
s

W
it
h
in

2
w
e
e
k
s

A
:
9
1
.0
3
%

A
P
:
9
8
.1
5
%

P
:
8
3
.7
5
%

L
in

e
t
al
.3
2

p
ro
sp
e
ct
iv
e

co
n
se
cu
ti
ve

co
h
o
rt

2
0
1
5
M
ed
ic
in
e

(B
al
tim

or
e)

A
:
2
1

P
:
2
2

A
:
3
9
.4

�1
2
.8

P
:

3
9
.0

�1
1
.8

N
/A

A
:

T
1
:
3

T
2
:
8

T
3
:
6

T
4
:
4

P
:

T
1
:
2

T
2
:
9

T
3
:
8

T
4
:
3

N
/A

N
/A

p
re
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
:
2
-4

w
e
e
k
s

p
o
st
o
p
:s
am

e
re
gi
m
e
n
fo
r

1
2
-1
8
m
o

N
/A

Fr
an
ke
l
sc
al
e
:
im
p
ro
ve
d

b
u
t
n
o
st
at
is
ti
ca
lly

si
gn
ifi
ca
n
t
d
iff
e
re
n
ce

b
e
tw

e
e
n
2
gr
o
u
p
s

A
:
9
5
.2
3
%

P
:
9
0
.9
1
%

(c
o
n
ti
n
u
e
d
)



T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

St
u
d
y
d
e
si
gn

Y
e
ar
,
jo
u
rn
al

P
at
ie
n
ts
,
n

A
ge
,
y

Sy
m
p
to
m

d
u
ra
ti
o
n
,

m
o

L
ev
e
l
o
f

sp
o
n
d
yl
it
is

In
vo
lv
e
d

ve
rt
e
b
ra
l

b
o
d
ie
s,

n
(a
ve
ra
ge
)

Fu
si
o
n

le
ve
l

C
h
e
m
o
th
e
ra
p
y

Fo
llo
w
-u
p
,

m
o

C
lin
ic
al
o
u
tc
o
m
e

Fu
si
o
n
ra
te
s

W
u
e
t
al
.3
3

R
e
tr
o
sp
e
ct
iv
e

st
u
d
y

2
0
1
8
W
or
ld

N
eu
ro
su
rg

A
:
7
3

A
P
:
8
4

P
:
2
3
7

A
:
3
4
.8
5

�1
2
.2
4

A
P
:
3
3
.7
1

�1
1
.9
6

P
:

3
5
.8
0

�1
3
.1
1

A
:
1
4
.8
6

�1
3
.0
1

A
P
:
1
2
.7
7

�1
1
.5
7

P
:

1
2
.5
6

�1
5
.4
3

T
h
o
ra
ci
c

N
/A

N
/A

p
re
o
p
:
R
FP
/I
N
H
/E
M
B
/

P
Y
Z
fo
r
at

le
as
t
2

w
e
ek
s

p
o
st
o
p
:
R
FP
/I
N
H
/P
Y
Z
/

E
M
B
fo
r
at

le
as
t

1
8
m
o

A
:
3
6
.7
7

�2
.5
3

A
P
:
3
7
.3
0

�3
.2
9

P
:

3
7
.0
9

�3
.1
2

A
SI
A
,
V
A
S,

O
D
I,
E
SR

:

im
p
ro
ve
d
in

al
l

3
gr
o
u
p
s

A
:
1
0
0
%

A
P
:
1
0
0
%

P
:
1
0
0
%

H
u
an
g
e
t
al
.3
4

R
e
tr
o
sp
e
ct
iv
e

st
u
d
y

2
0
1
4
Pl
os

O
ne

A
P
:
7

P
:
1
6

A
P
:
4
3
.1

P
:
4
5
.3

N
/A

A
P
:

T
:
2

L
:
0

T
L
:
5

P
:

T
:
1
0

L
:
0

T
L
:
6

N
/A

N
/A

p
re
o
p
:
IN

H
/R
FP
/E
M
B
/

P
Y
Z
fo
r
4
m
o
,
fo
l-

lo
w
ed

b
y
R
FP
/I
N
H
/

P
Y
Z
fo
r
at

le
as
t
a

fu
rt
h
e
r
9
m
o

A
P
:
4
5
.4

P
:
5
5
.6

O
D
I,
E
SR

,

C
R
P
:
im
p
ro
ve
d

A
P
:
1
0
0
%

P
:
1
0
0
%

L
iu

e
t
al
.3
5

R
e
tr
o
sp
e
ct
iv
e

ca
se
-c
o
n
tr
o
l

2
0
1
6
C
lin

N
eu
ro
l

N
eu
ro
su
rg

A
P
:
1
6

P
:
1
8

A
P
:
6
9
.6

�4
.2

P
:
6
9
.9
�4

.6

6

m
o

(a
ve
ra
ge
)

T
h
o
ra
ci
c

A
P
:
1
.9
4

P
:
1
.9
4

N
/A

p
re
o
p
:
R
FP
/I
N
H
/E
M
B
/

P
Y
Z
fo
r
1
4
-2
1
d
ay
s

(m
e
an
,
1
5
.7
�1

.9
d
ay
s)

p
o
st
o
p
:
R
FP
/I
N
H
/

P
Y
Z
/E
M
B
fo
r
1
2
-

1
8
m
o

A
P
:
4
1
.6

�4
.4

P
:
4
0
.6
�3

.6

(m
e
an

fo
llo
w
-u
p

ti
m
e
:

4
0
.9

�4
.0
)

Fr
an
ke
l
sc
al
e
,
E
R
S,

V
A
S:

im
p
ro
ve
d
b
u
t
n
o
st
a-

ti
st
ic
al
ly

si
gn
ifi
ca
n
t

d
iff
e
re
n
ce

b
e
tw

e
en

2
gr
o
u
p
s

N
/A

A
,
an
te
ri
o
r
ap
p
ro
ac
h
;
P,
p
o
st
er
io
r
ap
p
ro
ac
h
;
A
P,
an
te
ri
o
r
co
m
b
in
e
d
w
it
h
p
o
st
e
ri
o
r
ap
p
ro
ac
h
;
T
,
th
o
ra
ci
c;
T
L
,
th
o
ra
co
lu
m
b
ar
;
L
,
lu
m
b
ar
;
L
S,
lu
m
b
o
sa
cr
al
;
p
re
o
p
,
p
re
o
p
e
ra
ti
ve
;
p
o
st
o
p,
p
o
st
o
p
e
ra
ti
ve
;

IN
H
:i
so
n
ia
zi
d
;R

FP
:r
ifa
m
p
ic
in
;E
M
B
:
e
th
am

b
u
to
l;
P
Y
Z
:p
yr
iz
in
am

id
e
;E
SR

:e
ry
th
ro
cy
te

se
d
im
e
n
ta
ti
o
n
ra
te
;C

R
P
:
C
-r
e
ac
ti
ve

p
ro
te
in
;O

D
I:
O
sw

e
st
ry

D
is
ab
ili
ty

In
d
e
x
;
V
A
S:
vi
su
al
an
al
o
gu
e
sc
al
e
;A

SI
A
:

A
m
e
ri
ca
n
Sp
in
al
In
ju
ry

A
ss
o
ci
at
io
n
;
N
/A
:
n
o
t
av
ai
la
b
le
.



difference was detected (t¼�4.540,

P¼ 0.001). Among the 20 studies, 11 stud-

ies16–18,20,21,26,27,30,31,33,35 compared the

operative time for anterior combined with

posterior approach (335.4� 69.9 minutes)

versus the posterior approach (228.4

� 78.6 minutes), and a statistically signifi-

cant difference was detected (t¼ 3.373,

P¼ 0.003). Among the 20 studies, 11 stud-

ies16–18,20,21,26,27,30,31,33,35 compared the

operative time for the anterior approach

(220.8� 51.5 minutes) versus posterior

approach (213.9� 69.3 minutes), and no

statistically significant difference was

detected (t¼ 0.262).
Of the 20 studies, 11 studies16–

18,20,21,26,27,30,31,33,35 compared the blood

loss for the anterior approach (809.3

� 317.3 mL) versus the anterior combined

with posterior approach (1310.5� 524.2

mL), and no statistically significant differ-

ence was detected (t¼�2.164). Among the

20 studies, 11 studies16–18,20,21,26,27,30,31,33,35

compared the blood loss for the anterior

combined with posterior approach (1125.0

� 275.5 mL) versus the posterior approach

(710.4� 192.4 mL), and a statistically signif-

icant difference was detected (t¼ 4.092,

P¼ 0.001). Among the 19 studies, 11 stud-

ies16–18,20,21,26,27,30,31,33,35 compared the

blood loss for the anterior approach (778.9

� 246.5 mL) versus the posterior approach

(770.1� 255.8 mL), and the difference was

not statistically significant (t¼ 0.082).

Radiographic outcome

Twenty studies11,12,14,16–18,20,22–26,28–35

reported the preoperative kyphosis angle

and correction of the kyphosis angle in

patients with thoracic and lumbar spinal

tuberculosis (Table 3).
Of the 20 studies, 13 studies11,12,14,20,21,23–

26,28,29,32,33 compared the preoperative

Table 2. Operative time and blood loss of different procedures for thoracic and lumbar spinal tuberculosis.

Authors Year

Operative time

(A) (minutes)

Operative time

(AP) (minutes)

Operative time

(P) (minutes)

Blood loss

(A) (mL)

Blood loss

(AP) (mL)

Blood loss

(P) (mL)

Qureshi et al.14 2013 125 344 N/A 1254 2213 N/A

He et al.15 2012 190 497 N/A 410 980 N/A

El-Sharkawi

and Said16
2012 N/A 262 156 N/A 900 794

Zhang et al.17 2012 N/A 445.6 349.4 N/A 1159.4 632.5

Wang et al.18 2014 N/A 231.4 160 N/A 1023.8 760

Li et al.20 2013 281.3 382.0 294.1 620.0 1002.0 1130.6

Zhang et al.21 2017 270.7 349.7 349.7 649.0 840.0 409.5

Huang et al.23 2017 200.1 N/A 236.0 671.6 N/A 732.3

Cui et al.24 2016 210 N/A 240 450 N/A 560

Hassan et al.25 2016 165 N/A 188.18 580.00 N/A 822.73

Assaghir et al.29 2016 167.3 N/A 153.1 1015.2 N/A 986.6

Wang et al.26 2017 256.6 388.2 170.6 798.7 1167.9 625.0

Liu et al.27 2016 N/A 335.7 257.5 N/A 1048.6 769.6

Omran et al.28 2017 190 N/A 165 700 N/A 950

Xu et al.30 2015 N/A 276 .9 193.8 N/A 1187.5 804.7

Shi et al.31 2014 175.8 318.5 143.8 1227.1 1889.7 467.7

Lin et al.32 2015 196 N/A 142 1150 N/A 1142

Wu et al.33 2018 315.44 424.62 270.79 706.16 1080.95 644.35

Huang et al.34 2014 N/A N/A N/A N/A N/A N/A

Liu et al.35 2016 N/A 274.4 166.9 N/A 1075.6 776.9

A, anterior approach; P, posterior approach; AP, anterior combined with posterior approach; N/A, not available.
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kyphosis angle for the anterior approach

(29.0� 10.19 degrees) versus the posterior

approach (29.9� 14.2 degrees), and no sta-

tistically significant difference was detected

(t¼�0.197). Among the 20 studies, 10 stud-

ies16–18,20,22,26,30,33–35 compared the preoper-

ative kyphosis angle for the anterior

combined with posterior approach (29.8

� 8.5 degrees) versus the posterior approach

(26.0� 10.9 degrees), and no statistically sig-

nificant difference was detected (t¼ 0.871).

Among the 20 studies, 4 studies20,21,26,33

compared the preoperative kyphosis angle

for the anterior approach (27.5� 10.2

degrees) versus the anterior combined with

posterior approach (27.5� 7.7 degrees), and

no statistically significant difference was

detected (t¼ 0.001).
Of the 20 studies, 10 studies11,12,14,20,24–

26,28,29,32 compared the correction of the

kyphosis angle for the anterior approach

(16.7 degrees, 50.3%� 20.4%) versus pos-

terior approach (22.2 degrees, 73.8%

� 36.5%), and no statistically significant

difference was detected (t¼�1.342).

Among the 20 studies, 9 studies16–

18,20,22,26,30,34,35 compared the correction of

the kyphosis angle for the anterior com-

bined with posterior approach (19.9

degrees, 66.8%� 22.8%) versus the posteri-

or approach (19.3 degrees, 74.2%

� 23.5%), and the difference was not statis-

tically significant (t¼ 0.208). Among the 20

studies, 3 studies20,21,26 compared the cor-

rection of the kyphosis angle for the anteri-

or approach (19.0 degrees, 58.1%� 17.0%)

versus the anterior combined with posterior

approach (21.6 degrees, 72.3%� 2.9%),

and the difference was not statistically sig-

nificant (t¼�0.349).

Table 3. Preoperative kyphosis angle and correction of kyphosis angle in different procedures for thoracic
and lumbar spinal tuberculosis.

Author Year

Preop

KA (A)

(degrees)

Preop

KA (AP)

(degrees)

Preop

KA (P)

(degrees)

Correction

of KA (A)

(degrees, %)

Correction

of KA (AP)

(degrees, %)

Correction

of KA (P)

(degrees, %)

Lee et al.11 2006 21.20 N/A 18.91 4.9 (22.9%) N/A 5.2 (27.3%)

Ma et al.12 2012 22.1 N/A 7.4 11.5 (52.0%) N/A 12.6 (170.3%)

Qureshi et al.14 2013 26.41 N/A 51.05 7.5 (28.5%) N/A 28.7 (56.3%)

El-Sharkawi and Said16 2012 N/A 21.7 23.7 N/A 18.3 (84.3%) 19.9 (84.0%)

Zhang et al.17 2012 N/A 33.1 31.9 N/A 9.4 (28.4%) 8.8 (27.8%)

Wang et al.18 2014 N/A 36.27 5.29 N/A 30.98 (85.45) 24.11 (67.6%)

Li et al.20 2013 41.70 37.35 40.75 32.8 (77.4%) 27.0 (74.7%) 26.7 (69.9%)

Zhang et al.21 2017 22.9 23.9 28.5 52% 69% 74%

Huang et al.23 2017 12.2 N/A 4.6 N/A N/A N/A

Cui et al.24 2016 32.1 N/A 33.8 10.2 (31.8%) N/A 12.6 (37.3%)

Hassan et al.25 2016 30.45 N/A 30.91 22.25 (73.1%) N/A 26.41 (85.44%)

Assaghir et al.29 2016 36.6 N/A 38.5 79.2% N/A 69.9%

Wang et al.26 2017 27.3 29.3 28.4 45.0% 73.1% 72.5%

Omran et al.28 2017 49 N/A 50 60.9% N/A 80%

Xu et al.30 2015 N/A 18.8 17.9 N/A 16.3 (86.7%) 15.4 (89.5%)

Shi et al.31 2014 N/A N/A N/A N/A N/A N/A

Lin et al.32 2015 36.5 N/A 34.5 30.9% N/A 68.5%

Wu et al.33 2018 18.01 19.33 21.54 N/A N/A N/A

Huang et al.34 2014 N/A 34.57 19.69 N/A 14.28 (41.31%) 11.63 (59.07%)

Liu et al.35 2016 N/A 43.4 41.9 N/A 24.9 (57.37%) 25.1 (59.90%)

Preop, preoperative; KA, kyphosis angle; A, anterior approach; P, posterior approach; AP, anterior combined with

posterior approach; N/A, not available.
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Surgical complications

Twenty studies11–14,16–18,20–22,24–31,33,35

reported various surgical complications in
the treatment of thoracic and lumbar
spinal tuberculosis (Table 4). Overall, the
incidence of surgical complications was as
follows: anterior approach, 103/1879
(5.48%); anterior combined with posterior
approach, 126/1904 (6.62%); and posterior
approach, 67/2262 (2.96%). The difference
in the incidence of overall surgical compli-
cations between the anterior approach and
anterior combined with posterior approach
was not statistically significant (v2¼ 2.146),
but that between the anterior and posterior
approaches (v2¼ 16.552, P¼ 0.000) and
that between the anterior combined with
posterior approach and posterior approach
(v2¼ 31.271, P¼ 0.000) were statistical-
ly significant.

Transthoracic complications included
pleural effusion, pneumonia, pneumotho-
rax, hemopneumothorax, and injury to the
intercostal nerves, pleura, and lung paren-
chyma. The incidence of transthoracic com-
plications was 25/294 (8.50%) in the
anterior approach, 30/338 (8.88%) in the
anterior combined with posterior approach,
and 8/322 (2.48%) in the posterior
approach. Statistically significant differen-
ces were found between the anterior and
posterior approaches (v2¼ 10.531,
P¼ 0.001) and between the anterior com-
bined with posterior approach and posteri-
or approach (v2¼ 12.414, P¼ 0.000).
However, there was no statistically signifi-
cant difference between the anterior
approach and anterior combined with pos-
terior approach (v2¼ 0.052).

Hardware failure was found in 14 of 249
patients (5.62%) treated with the anterior
approach, in 1 of 83 patients (1.20%)
treated with the anterior combined with
posterior approach, and in 4 of 151 patients
(2.65%) threated with the posterior
approach. The incidence of hardware

failure was not significantly different
among the three surgical approaches.

The incidence of revision surgery was
7/57 (12.28%) in the anterior approach,
1/25 (4.0%) in the anterior combined with
posterior approach, and 1/18 (5.56%) in the
posterior approach. The incidence of revi-
sion surgery was not significantly different
among the three surgical approaches.
Further detail is shown in Figure 2.

Other surgical complications included
anti-tuberculosis drug-induced liver dys-
function, acute respiratory distress syn-
drome, chest and back pain, cerebrospinal
fluid leakage, donor site problems, dural
tear, deep vein thrombosis, fistula, intercos-
tal neuralgia, intraoperative excessive
bleeding, local abscess, neural effusion,
nonunion, paralytic ileus, pulmonary
embolism, persistent injury, postoperative
paralysis, pressure ulcer, pseudarthrosis,
psoas abscess, recurrence, residual neuro-
logical defects, root injury, segmental
artery injury, sinus formation, superficial
infection, urinary infection, vascular
injury, water–electrolyte imbalance, wound
dehiscence, and wound infection (Table 4).

Only one study29 reported the recurrence
rate in the anterior approach (2/57, 3.51%)
and anterior combined with posterior
approach (2/65, 3.08%), and the difference
was not statistically significant.

Clinical outcome

All 25 studies reported the clinical out-
comes of the different procedures for
spinal tuberculosis in the thoracic and
lumbar regions. There were no uniform cri-
teria for the assessment of these clinical out-
comes. Clinical outcomes were evaluated
using the American Spinal Injury
Association impairment score, Oswestry
Disability Index, visual analogue scale
score, Frankel grade, Denis scale, erythro-
cyte sedimentation rate, and C-reactive pro-
tein concentration. The 25 studies involved
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Table 4. Surgical complications of different procedures for thoracic and lumbar spinal tuberculosis.

Complication References Anterior, n (%)

Anterior

þ posterior,

n (%)

Posterior,

n (%)

Transthoracic complication

Pleural effusion 11, 18, 32, 54 4/29 (13.79%) 3/71 (4.23%) N/A

Pneumonia 11,17, 33 1/7 (14.29%) 3/32 (9.38%) N/A

Pneumothorax 17, 30, 34, 48 17/208 (8.17%) 17/135 (12.59%) 1/36 (2.78%)

Hemopneumothorax 17 N/A 4/16 (25.00%) N/A

Intercostal nerve injury 29, 48 N/A N/A 7/286 (2.44%)

Pleural injury 48 N/A 3/84 (3.57%) N/A

Lung parenchymal injury 29 2/43 (4.65%) N/A N/A

Total 25/294 (8.50%) 30/338 (8.88%) 8/322 (2.48%)

Hardware failure

Loosening or pull-out

of instrumentation

11, 13, 20, 26, 30 8/192 (4.17%) 1/83 (1.20%) 3/120 (2.5%)

Cage subsidence 32 N/A N/A 3/22 (13.64%)

Unspecific 14 6/57 (10.53%) N/A N/A

Total 14/249 (5.62%) 1/83 (1.20%) 4/155 (2.58%)

Revision surgery (due to)

Implant failure 14, 16, 26 6/57 (12.28%) 1/25 (4.00%) 1/18 (5.56%)

Deformity 14 1/57 (12.28%) N/A N/A

Total 7/57 (12.28%) 1/25 (4.00%) 1/18 (5.56%)

Recurrence 30 2/57 (3.51%) 2/65 (3.08%) N/A

Other complications

Anti-TB drug-induced

liver dysfunction

33 N/A 1/16 (6.25%) N/A

ARDS 32 1/22 (4.54%) N/A N/A

Chest and back pain 34 8/78 (10.26%) 7/54 (12.96%) 2/16 (12.50%)

CSF leakage 17, 30, 48 2/57 (3.51%) 2/65 (3.08%) 9/299 (3.01%)

Donor site problem 16, 31, 48 4/73 (5.48%) 14/145 (9.66%) 2/269 (0.74%)

Dural tear 16, 27 N/A N/A 3/65 (4.62%)

DVT 16, 29 1/43 (2.33%) 1/25 (4.00%) N/A

Fistula 33, 54 N/A 2/32 (6.25%) N/A

Intercostal neuralgia 18, 30, 32, 48, 54 2/95 (2.11%) 5/84 (5.95%) 4/163 (2.45%)

Intraoperative excessive

bleeding

32 N/A N/A 1/23 (4.35%)

Local abscess N/A 1/16 (6.25%) N/A

Nerve root injury 27 N/A N/A 1/33 (3.03%)

Neural effusion 30 2/57 (3.51%) N/A N/A

Nonunion 27 N/A N/A 1/33 (3.03%)

Paralytic ileus 16, 31 N/A 2/61 (3.28%) N/A

PE 11 N/A N/A 1/10 (10.00%)

Persistent injury 29 N/A N/A 3/49 (6.12%)

Postoperative paralysis 27 N/A N/A 1/33 (3.03%)

Pressure ulcer 48 N/A 1/84 (1.19%) N/A

Pseudarthrosis 20, 26 1/39 (2.56%) N/A 1/42 (2.38%)

Psoas abscess 33 N/A N/A 1/17 (5.88%)

(continued)
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a total of 2295 patients: 702 who underwent

the anterior approach, 1095 who underwent

the posterior approach, and 498 who under-

went the anterior combined with posterior

approach. Overall, the clinical outcomes of

all patients improved, but there was no sig-

nificant difference among the three different

approaches (Table 1).

Figure 2. Comparison of complications depending on the anterior, anterior combined with posterior, or
posterior approach. *Statistical difference in transthoracic complications between anterior and posterior
approach and between posterior and anterior combined with posterior approach (P< 0.05).

Table 4. Continued.

Complication References Anterior, n (%)

Anterior

þ posterior,

n (%)

Posterior,

n (%)

Residual neurological

defects

29 1/43 (2.33%) N/A 2/49 (4.08%)

Sinus formation 12, 13, 18, 20, 30, 34 6/226 (2.65%) 8/192 (4.17%) 5/187 (2.67%)

Superficial infection 29, 30, 32, 33, 34 9/200 (4.50%) 18/135 (13.33%) 5/150 (3.33%)

Urinary infection 48 N/A 3/84 (3.57%) N/A

Vascular injury 20, 30, 32 2/57 (3.51%) 3/65 (4.62%) 3/80 (3.75%)

Water–electrolyte

imbalance

30, 48 7/130 (5.38%) 11/149 (7.38%) 2/62 (3.23%)

Wound dehiscence 11, 16, 18 1/74 (1.35%) 2/80 (2.50%) 5/125 (4.00%)

Wound infection 31, 34, 54 11/78 (14.10%) 11/106 (10.38%) 2/62 (3.23%)

Total 103/1879 (5.48%)* 126/1904 (6.62%)* 67/2262 (2.96%)

Anti-TB, anti-tuberculous; ARDS, acute respiratory distress syndrome; CSF, cerebrospinal fluid; DVT, deep vein throm-

bosis; PE, pulmonary embolism; N/A, not available.

*P< 0.05, the incidence of overall surgical complication was significantly different between the anterior and anteri-

orþ posterior procedures.
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Discussion

The choice of the optimal surgical method
for spinal tuberculosis remains controver-
sial and challenging. The anterior, posteri-
or, and combined surgical approaches are
the three most commonly used techniques
in the surgical treatment of spinal tubercu-
losis. The anterior part of the vertebra and
intervertebral disc is the most commonly
affected area in spinal tuberculosis; there-
fore, the classic “Hong Kong operation”
involves direct removal of the anterior
spinal pathology followed by careful reduc-
tion of stress on the spinal cord and recon-
struction of the area by anterior
instrumentation.3–5 However, several
potential adverse effects may influence the
choice of the anterior surgical approach as
the main treatment option: progressive
kyphosis, prolonged immobilization, and
graft failure. These complications are
major concerns among surgeons and histor-
ically required a second-stage posterior sur-
gical treatment36; however, this treatment
was subsequently developed into a one-
stage operation.37–39 Several parameters
are used to evaluate the management of
spinal tuberculosis in the thoracic and
lumbar regions, including estimated blood
loss during the operation, radiographic
results and others, and these parameters
were compared in this systematic review to
help surgeons choose the most effective sur-
gical procedure.

The traditional operation is carried out
anteriorly and therefore allows access to the
spinal pathology and direct release of the
obstruction. The traditional approach,
which includes debridement and strut graft
fusion, has therefore been widely and effec-
tively adopted to manage spinal tuberculo-
sis in the active state.3,38,40 Moreover, the
traditional approach enables complete
removal of psoas and paravertebral
abscesses and restoration of the normal sag-
ittal alignment through anterior

debridement and strut graft fusion, espe-
cially in patients with severe anterior
pathology involving multiple levels. In a
study by Jin et al.,41 all 23 patients who
underwent one-stage anterior debridement,
anterior interbody autografting, and instru-
mentation achieved therapeutically effective
outcomes. Likewise, Huang et al.39

reported that one-stage surgical manage-
ment using anterior decompression, bone
grafting, posterior instrumentation, and
fusion was effective for all children with
spinal tuberculosis in their study.

In a study involving patients with tuber-
culous spondylitis, the researchers found
that an operation involving posterior
fusion may facilitate adequate debridement
of the spinal pathology and ensure postop-
erative spinal stabilization.42 Because the
posterior approach does not involve the
establishment of a surgical pathway
through thoracotomy and thoracoabdomi-
nal access, patients of advanced age who
have impaired pulmonary function are
spared from further risk.16,19,38 Ma et al.12

evaluated 217 patients and reported no sig-
nificant differences in spinal cord decom-
pression, correction of deformity, or pain
relief between anterior instrumentation
and posterior instrumentation. However,
the posterior approach showed a higher
potential for maintaining the correction of
deformity.12

The present study showed that the ante-
rior combined with posterior approach had
a longer operative time than either the ante-
rior or posterior approach. The blood loss
volume was smaller in the posterior
approach than in the anterior combined
with posterior approach. The posterior
approach had a lower overall surgical com-
plication rate and transthoracic complica-
tion rate than the other two approaches.
The correction of the kyphosis angle and
hardware failure were not significantly dif-
ferent among the three procedures.
However, some studies have indicated that
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posterior instrumentation can achieve
better correction of kyphosis because the
anterior part of the vertebra is more com-
monly involved and does not allow for firm
fixation.43,44 Furthermore, when using the
anterior approach only, more consideration
must be given to stabilization to prevent
graft-associated complications, particularly
when the surgery involves longer segments
of the spine.45 In this review, differences
were noted in the severity of abscesses and
vertebral destruction among the patients
with spinal tuberculosis undergoing surgery
as well as in the surgical conditions and
experiences among the spine centers; this
was likely to reflect the trends and charac-
teristics of the different surgical procedures.

The authors of recently published papers
have expressed a preference for increasingly
more individualized surgical options tai-
lored to different characteristics of patients
with spinal tuberculosis. Nussbaum et al.46

reported different treatment options for
patients with different extents of bone
involvement. In their study, only patients
with high-level bone destruction of the ver-
tebral body were qualified as candidates for
aggressive debridement and fusion. Rezai
et al.5 reported that operative management
with radical debridement and fusion was
needed only when more than 50% of the
vertebral body was destroyed. Kato
et al.47 used minimally invasive posterior
instrumentation through the anterior and
posterior combined approach to treat
patients with extensive thoracolumbar
spinal tuberculosis as a two-stage surgery.
To precisely approach the spinal pathology
with accurate screw fixation and avoid vas-
cular and neurological structural damage,
intraoperative fluoroscopy with a compara-
tively large amount of radiation48 is used in
minimally invasive surgery for spinal tuber-
culosis. A computer-navigated technique
was developed to replace repetitive fluoros-
copy and thus ensure less radiation expo-
sure, although several studies showed no

improvement in outcomes.49 Before
performing the operation, the surgical
indication and proper procedure or instru-
mentation must be carefully considered
based on the specific features of the tuber-
culosis pathology, surgical experience, risks
of surgical complications ranging from neu-
rological to structural, and potential radio-
logic and clinical outcomes.18,20,50–53

Stricter indications for surgical manage-
ment should be proposed because of the
potential for serious outcomes (reconstruc-
tion failure, massive bleeding, nerve root
lesions, and other major complications
directly related to the spinal surgery)54–56

as well as the presence of compromising
conditions among different groups of
patients.57 Nene and Bhojraj58 reported
that conservative management achieved a
success rate of 98% in a selected group of
patients with thoracic spinal tuberculosis.
In an effort to guide clinical management,
Mehta and Bhojraj19 devised a classification
system based on magnetic resonance imag-
ing results, while Oguz et al.59 presented
another standard based on clinical features
and the condition of vertebral involvement.
Although surgery is important in the treat-
ment of spinal tuberculosis and significantly
influences patients’ quality of life, anti-
tuberculous chemotherapy should still be
considered the most important factor
in determining the treatment options.
A proper suggestion is the use of a combi-
nation of anti-tuberculous drug therapy for
more than 12 months (3HRZE/9HRE)
because the recurrence of spinal tuberculo-
sis is always relevant to failure to comply
with anti-tuberculous chemotherapy.

This systematic review has three main
limitations. First, although we searched
the Medline and Embase databases, an
incomplete literature search may have
biased our analysis because we only includ-
ed articles written in English; all articles
written in other languages were excluded.
However, we believe that the articles we
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included from these two databases consti-
tute a very important part of the field. The
second limitation is that the surgical proce-
dure was not uniform; anterior, posterior,
or combined approaches were used in one-
or two-stage procedures with different
instrumentations. Finally, we only included
retrospective studies in this systematic
review. There were no prospective studies
comparing surgical procedures in the liter-
ature. Thus, the indications for the surgical
procedures were probably different. More
randomized controlled prospective studies
should be designed in the future to draw a
more reliable conclusion about the treat-
ment of spinal tuberculosis in the thoracic
and lumbar regions.

Conclusion

In conclusion, no justification of superiority
among the three procedures was established
in this systematic review. When deciding
among the three procedures for treatment
of thoracic and lumbar spinal tuberculosis,
surgeons must thoroughly consider the
patient’s specific features of spinal tubercu-
losis, the surgeon’s own surgical experience,
the risks of surgical complications ranging
from neurological to structural, and the dif-
ferent possible outcomes.
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