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Abstract
Purpose Both the antero-posterior and anterior approaches
have been used for treating L5-S1 vertebral tuberculosis.
However, no studies have compared the efficacy of the two
methods in treating the disease.
Methods The antero-posterior (AP group, 14 cases) and
anterior (A group, 13 cases) approaches were performed on
L5-S1 vertebral tuberculosis cases who were followed up
for average of 25 months. Clinical and radiographic data
were obtained from and compared between groups.
Results Average operative time, blood loss and pre-operative,
post-operative and last follow-up of lumbo-sacral angles for
groups AP and Awere 497 min vs 190 min, 980 ml vs 410 ml,
22.3° vs 20.6°, 29.8° vs 25.7° and 28.3° vs 23.6°, respectively.
Averaged visual analogue scale (VAS) scores in groups AP
and A, respectively, were 6.5 vs 6.0 points before surgery and
3.0 vs 2.8 points after surgery. Mean ODI scores were 60.2 vs
63.0 points before and 30.0 vs 28.5 points after the operation
for groups AP and A, respectively. Six cases in the AP group
and five in the A group who exhibited neurological symptoms
recovered to American Spinal Injury Association (ASIA)
grade E. The average hospitalisations of groups AP and A
lasted for 21 and 15 days, respectively. Bony fusion was
achieved in both groups, with an average fusion time of five
and four months, respectively.
Conclusions Both the antero-posterior and anterior
approaches can effectively heal L5-S1 vertebral tuberculosis,
but the average surgical time, blood loss and hospital stay

following the anterior approach are prominently less than
those following the antero-posterior approach.

Introduction

There is an increasing incidence of tuberculosis in
developing countries. In China, there are 140,000 new
cases each year. Spinal tuberculosis is the most common
type of bone tuberculosis, which usually develops in the
lumbar and lower thoracic spine. Lumbo-sacral tuberculosis
is rare, accounting for only 2–3% of all spinal tuberculosis
[1]. The therapeutic strategy for lumbo-sacral tuberculosis
includes conservative and operative treatments, as with
other types of spinal tuberculosis. Early diagnosis and
timely conservative treatment can effectively heal lumbo-
sacral tuberculosis [2]. In clinical research that reviewed 26
cases of lumbo-sacral spinal tuberculosis after an average
follow-up of 20 years, both conservative and surgical
treatment led to fusion in 26 cases. However, kyphosis
associated trunk shortening occurred in all patients treated
conservatively. They also had a higher incidence of back
pain (54%) in pregnancy and a higher chance of Caesarean
section (44%) [3]. Surgical treatment is required for patients
who have progressive neurological functional disturbances,
unstable or severely deformed spines, massive cold ab-
scesses and who do not respond to conservative treatment
[4]. Various surgical treatments have been performed on
patients with lumbar tuberculosis [5–10]. However, there is
a lack of clinical studies comparing the single-stage antero-
posterior (AP) approach with the single-stage anterior (A)
approach. Therefore, this study aimed to review and
compare the therapeutic efficacy of the two approaches
during an average follow-up of 25 months.
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Materials and methods

Clinical data

This was a retrospective, clinical, comparative study. From
February 1997 to December 2006, 27 cases of lumbo-sacral
tuberculosis received surgical treatment. Surgery was
performed on patients with neurological functional impair-
ment (11 cases) and patients who did not respond well to
conservative treatment (16 cases): 14 in the AP group and
13 in the A group. Every case was confirmed by computer
tomography (CT)-guided biopsy. Patients receiving conser-
vative treatment were excluded from our study. Study
participants were followed up at 1, 3, 6, 12, 24 and
36 months post surgery for an average of 25 months. Three-
dimensional CT and digital subtraction angiography were
performed on all patients to reveal vertebrae damage and
iliac vascular bifurcation. Patients who had <1/3 remaining
of the affected vertebrae (L5–S1) and an iliac vascular
bifurcation that was too low (below the L5–S1 intervertebral
space or the S1 vertebrae), were all assigned to the AP group
[4, 11, 12], as it is difficult to fix the plate in these situations.
Conversely, the combination of the anterior and posterior
approaches can overcome these unfavourable conditions: the
pedicle screw system in the posterior approach has the
advantage of maintaining stability of the affected vertebrae;
in the anterior approach, the bone or mesh cage can
implanted into the L5–S1 space, even if there is a low iliac
vascular bifurcation and only 1/3 of the affected vertebra
remains.

Detailed patient information for both groups and levels of
involvement are showed in Table 1. In the AP group, X-ray
and CT/magnetic resonance imaging (MRI) revealed
vertebral body damage, intervertebral space narrowing and
paravertebral abscess formation in all patients (Fig. 1a, b, c).
Ten cases were complicated by an anterior sacro-iliac
abscess. All patients underwent a single stage, posterior
pedicle-screw fixation combining anterior debridement with
an autogenous iliac bone graft (Fig. 1d).

X-ray and CT/MRI were performed for all A group
patients, revealing severe damage to the involved vertebral
body, intervertebral space narrowing and prevertebral
abscess in all cases (Fig. 2a, b); 11 cases were complicated
by an anterior sacro-iliac abscess. All 13 patients received a
single-stage anterior debridement and autogenous iliac
bone-graft fusion combined with plate fixation (Fig. 2c).

Chemotherapy programme

The most common antitubercular chemotherapy programme
was a combination of isoniazid, rifampicin, ethambutol and
pyrazinamide, with or without streptomycin. Chemotherapy
was usually administered for 4 weeks before and 1 year
after surgery on an outpatient basis.

Operative approach

AP group The patient was placed in the prone position. The
standard pedicle-screw (Medtronic, Inc. Minneapolis, MN
USA) technique was used to fix the L5 and S1, and an
autogenous bone graft was inserted on the lamina and facet
joint. The patient was then placed in the supine position and
paramedian incision and retroperitoneal approach were
used to reach the diseased vertebrae. After radical debride-
ment, the autogenous iliac bone or mesh with the
autogenous iliac bone was tightly inserted into the L5-S1
bone groove (Fig. 1d).

A group The patient was placed in the supine position with
the head higher than the feet. A paramedian incision was
made through the skin midway between the symphysis
pubis and the umbilicus. An open retroperitoneal approach
was performed to expose the diseased vertebrae, and after
radical debridement, the autogenous iliac bone was tightly
inserted into the L5-S1 bone groove. Two self-locking
titanium anterior lumbosacral vertebrae plates (PACH;
General Corp., Germany) of suitable length were selected
and anteriorly fixed at L5-S1 (Fig. 2c).

Observation index

The various indicators were observed and compared, as
shown in Tables 2, 3, 4.

Statistical analysis

The paired t test was employed to compare groups by
average operative time, blood loss, length of stay, lumbo-

Table 1 Information on the patients and their level of involvement

Sex AP group A group

Male 10 8

Female 4 5

Mean age 36 (18-65) 40 (20-63)

Number of affected vertebrae 14 13

L5 4 2

S1 1 3

L5-S1 9 8

Course of disease (month) 7.5 (5-12) 6.8 (4-14)

AP anteroposterior, A anterior
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sacral angles before and after surgery and VAS and ODI
scores, with p≤0.05 being statistically significant.

Results

Histopathological examination results confirmed tuberculosis
in all cases. All patients had significant improvement in
constitutional symptoms after surgery. Average operative time,
blood loss, pre- and post-operative lumbo-sacral angles,
lumbo-sacral angles at the last follow-up, pre- and post-

operative VAS and ODI scores, average stay and neurological
American Spinal Injury Association (ASIA) scores before
surgery and at final follow-up are shown in Tables 2–4.

One case of massive iliac abscess occurred in the AP
group after the surgery. After needle aspiration under B-
mode ultrasound guidance, catheter flushing and draining,
the patient healed well. The other patients in the AP group
also had a good recovery. In the A group, there was no
tuberculosis recurrence and no occurrence of tubercular
peritonitis, erectile dysfunction or retrograde ejaculation.
Bony fusion was obtained in both the AP (Fig. 1d) and A

Fig. 1 a Pre-operative lateral
radiography of a 59-year-old
man with L5 tuberculosis who
had severe low back pain
despite conservative treatment.
b Sagittal magnetic resonance
imaging showed moderate
destruction of the L5 vertebral
body and a prevertebral cold
abscess extending caudally to
S1. c Sagittal computed tomog-
raphy showed destruction of
the L5 vertebral body and
sequestrum. d Post-operative
lateral radiography, showing
pedicle screw fixation with the
mesh placed anteriorly. Fusion
was seen at 36 months postop-
eratively, and a transverse
connector was placed for
additional stability
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Fig. 2 a Pre-operative lateral
radiography of a 33-year-old
woman with L5–S1 tuberculosis
that caused a neurologic deficit.
b Sagittal magnetic resonance
imaging showed destruction
of the L5–S1 vertebral body
and a prevertebral cold abscess
extending caudally to S1. c
Post-operative antero-posterior
(C-1) and lateral (C-2) radiog-
raphy showing the self-locking
titanium anterior lumbo-sacral
vertebrae plate fixation anteriorly.
d Post-operative sagittal (D-1)
and coronal (D-2) computed
tomography showing fusion at
12 months post-operatively
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(Fig. 2d) groups, with an average fusion time of five and
four months, respectively. Average operative time, blood
loss and stay for the A group was significantly less than for
the AP group (Tables 2 and 3). In both groups, no cases
with loosened or broken fixation or with absorbed,
detached or subsided grafts were observed. Also, the nerve
root and spinal cord were not injured iatrogenically.

Discussion

Early diagnosis and regular and adequate conservative anti-
tubercular treatment can actually cure tuberculosis [2].
Bhojraj and Nene [13] reported on 62 cases of lumbar and
lumbo-sacral tuberculosis that were treated with conservative
therapy, 55 of which were cured in the 2-year follow-up.
Surgical treatment was only performed on patients with severe
or progressive neurological functional impairment, unstable
spine or severe spinal deformity. For patients who do not
respond well to conservative treatment, who have relatively
massive cold abscesses in the lumbo-sacral vertebrae or who
cannot tolerate long-term immobilisation, surgical treatment is
still required. Lumbo-sacral tuberculosis surgery is performed
with the aim of debriding the focus of infection as completely
as possible, restoring nerve function and reconstructing spinal
stability. For lumbo-sacral tuberculosis, especially L4-L5 and
L5-S1 tuberculosis, posterior debridement and bone-graft
fusion is usually adopted by researchers for fear of impairing
the presacral nerve and great vessels [13, 14]. Zaveri and

Mehta [14] treated 15 cases of lumbar and lumbo-sacral
tuberculosis (four L5-S1) with transforaminal lumbar inter-
body fusion and pedicle screw fixation. Average follow-up
was 41 months. All 15 cases were cured.

For lumbo-sacral tuberculosis with severe vertebral
damage (<1/3 affected vertebrae remaining) or where the
iliac vascular bifurcation is too low to be fixed by the plate,
the AP approach has been suggested [4, 11, 15]. Its
advantage lies in keeping the tubercular focus away from
the fixation and fusion region, thus decreasing the incidence
of tubercular expansion. This is also the reason we chose the
AP option instead of debriding from behind. Even in cases of
failure of union or re-occurrence in the tubercular focus
region, the posterior fusion is not influenced, and the second-
stage revision surgery is comparatively easier [12].

Limitations of the AP approach are also apparent. In our
experience, with two positions and two incision being used in
the procedure, a long operative time (497 min), large blood
loss (980 ml), large wounds, prolonged hospitalisation
(21 days) and comparatively higher costs, the AP approach
may not be tolerated by patients >65 years who have a poor
general state of health.

In the anterior approach, the tubercular focus can be
debrided thoroughly under direct vision. The bony fusion is
also relatively fast. Mukherjee and Dau [16] reported that
among the 38 cases with lumbar tuberculosis (two with
lumbo-sacral tuberculosis) who had undergone single-stage
anterior debridement and bone-graft fusion, 36 obtained
bony union and had complete pain relief at the 4-year

Table 2 Average operative time, blood loss, pre-operative and post-operative lumbo-sacral angles, and lumbo-sacral angles at the last follow-up in
the antero-posterior (AP) and anterior (A) groups

Average operative
time (min)

Average blood
loss (ml)

Average pre-operative
lumbo-sacral angles (°)

Average post-operative
lumbo-sacral angles (°)

Lumbo-sacral angles
at the last follow-up (°)

AP 497 (380–600) 980 (820-1500) 22.3 (21-24.5) 29.8 (25-31) 28.3 (23-29)

A 190(128-210)* 410 (350-600)* 20.6 (18-23)** 25.7 (24-30)** 23.6 (20-28)**

*p<0.05, significant difference; **p>0.05, no significant difference

Table 3 Pre- and post-operative visual analogue scale (VAS) and ODI
scores and average stays for antero-posterior (AP) and anterior (A)
groups

VAS ODI Average
stay (days)

AP pre-operative 6.5 (5–8) 60.2 (49–70)

AP post-operative 3.0 (2–4)** 30.0 (25–41) ** 21 (14–35)

A pre-operative 6.0 (5–8.5) 63.0 (45–68)

A post-operative 2.8 (2–4.5)**, *** 28.5 (23–42) **, *** 15 (10–27)*

*p<0.05, significant difference, ** p<0.05 within AP and A groups,
respectively, significant difference, ***p>0.05 between AP and A
groups, no significant difference

Table 4 Neurological American Spinal Injury Association (ASIA)
scores before surgery and at the final follow-up in the antero-posterior
(AP) and anterior (A) groups

AP A

ASIA score Pre-operative Final
follow-up

Pre-operative Final
follow-up

A 0 0 0 0

B 3 0 2 0

C 2 0 2 0

D 1 0 1 0

E 8 14 8 13

Total 14 14 13 13
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follow-up, and five cases with neurological symptoms
recovered. A long-term follow-up (average 20 years) of
26 cases of lumbo-sacral tuberculosis found that anterior
debridement and bone graft fusion can significantly reduce
the incidence and degree of lumbo-sacral kyphosis compared
with conservative treatment [3]. Through the anterior
approach, debridement, fusion and fixation can be completed
at the same time, and only one position and one incision are
needed during surgery. As a result, operative time is greatly
shortened (190 min), blood loss is reduced (410 ml), and the
length of stay is relatively short (15 days).

The pre-condition for L5-S1 tuberculosis anterior de-
bridement and plate fixation is understanding the contribu-
tion of the anterior L5-S1 vertebral iliac blood vessels.
Through dissection of 37 human cadavers, Tribus and
Belanger [17] found that the average distance from the iliac
vascular bifurcation to the top of the L5-S1 disc was
18 (range 7–36) mm and the average distance between the
left common iliac vein and the right common iliac artery
was 33.5 (range 12–50) mm. Most (87.8%) specimens had
a space for fixing a plate at L5-S1. Capellades et al. [18]
reported that 81.95% of patients had room for a surgical
procedure at L5-S1. In 18.05% of the population, however,
venous structures overlapped the centre of the L5-S1 disc
(the iliac vascular bifurcation was too low), which reduces
the operative window. In this case, it is dangerous to
perform plate implantation (as in the A group); instead, a
small mesh or autogenous bone graft is inserted into the L5-S1
intervertebral space without much difficulty (as in the AP
group) because it requires slight traction of the vessels, which
provides enough room to insert the bone graft or mesh. The
limited ability of the tuberculosis bacillus to adhere to
titanium alloy plates is part of the biological basis for anterior
plate fixation [19]. Although the lumbo-sacral anterior plate
can prevent the graft from dislocating and subsiding into the
L5-S1 intervertebral space because of its excellent supportive
ability [19, 20], the anterior approach and plate fixation is
technically demanding and should only be performed by
surgeons whose extensive experience can guarantee a high
success rate [3].

Many researchers report that patients with spinal
tuberculosis who suffer from functional neurological
disturbance obtain satisfactory functional restoration and
recovery from tuberculosis through debridement, decom-
pression and stabilisation of the spinal cord [21–24].
Results of our study agree with these statements. Patients
with functional nerve impairment—six in the AP group and
five in the A group–recovered to grade E in the ASIA
scoring system. All patients in both groups obtained bony
fusion.

There is no clinical research to date comparing the AP
and A approaches for lumbo-sacral tuberculosis; therefore,
our study may be of benefit to the field. Our research

indicates that individualised treatment should be employed
in treating lumbo-sacral tuberculosis. For carefully selected
cases of lumbo-sacral tuberculosis, both approaches can
successfully cure the disease. There were no significant
differences in the time required to obtain bony union, in
back-pain relief or in improved lumbar function. Except for
patients with <1/3 of the affected vertebrae (L5–S1)
remaining and whose iliac vascular bifurcation is too low,
anterior debridement, bone-graft fusion and plate fixation
have the advantages of a shorter operative time, less blood
loss and a shorter length of stay. There were limitations to
our research: this was a retrospective rather than a
prospective study, and the A group had no cases with an
iliac-vessel bifurcation that was too low and with <1/3 of
the affected vertebrae (L5–S1) remaining, which might
have led to biased clinical outcomes and conclusions.
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