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Posterior-only approach with titanium mesh
cages versus autogenous iliac bone graft for
thoracic and lumbar spinal tuberculosis
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Objective: This study aimed to compare the effectiveness of titanium mesh cages (TMCs) with autogenous iliac
bone grafts (AIBG) in posterior-only surgery for thoracic and lumbar spinal tuberculosis.
Design: Retrospective investigative design.
Setting: The First Affiliated Hospital of Fujian Medical University, Fuzhou, China.
Participants: A total of 146 patients with thoracic or lumbar tuberculosis.
Interventions: All patients underwent a posterior-only approach with either a TMC (86 cases) or AIBG (60 cases).
Outcomes measures: Operation duration, intraoperative blood loss, erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP), visual analogue scale (VAS), and related complications were used to compare the
effectiveness and feasibility of the two techniques. Frankel grading system, Cobb angle, and loss of angular
correction were employed to assess neurological and kyphotic improvements.
Results: There were significant improvements in ESR, CRP, VAS, Frankel grade, and Cobb angle at the last
follow-up (P < 0.05) when compared with the preoperative state. The TMC group was superior in operation
duration (P < 0.001), intraoperative blood loss (P = 0.007), VAS (P < 0.001), loss of angular correction (P <
0.001), and surgical complications as compared with the AIBG group. There were no significant differences
in the improvement of the Frankel grade and Cobb angle between the TMC and AIBG groups (P > 0.05). A
recurrence of tuberculosis was not found in either of the groups.
Conclusion: Compared to autogenous iliac bone grafts, titanium mesh cages could serve as a superior material
in posterior-only operative therapy for thoracic and lumbar spinal tuberculosis.

Keywords: Spinal tuberculosis, Titanium mesh cages, Autogenous iliac bone graft, Posterior-only approach

Introduction
The number of patients with tuberculosis (TB) is increas-
ing, especially in developing countries. As a frequently
seen form of extrapulmonary TB, spinal TB is the most
severe form of skeletal TB.1 The thoracic and lumbar
spine are the most commonly affected sites, with the
anterior andmiddle columns often being involved, result-
ing in kyphosis and even paraplegia.2 Therapies for thor-
acic and lumbar spinal TB include conservative and
surgical treatments.With the development of radiological
technology, such as computed tomography (CT)
and magnetic resonance image (MRI) scanning, anti-TB

chemotherapy remains the mainstay treatment for early
stage thoracic and lumbar spinal TB.3 Nevertheless, for
patients who have developed a progressive neurological
deficit, abscess, refractory infection, kyphosis, or segmental
instability, surgery is still required.4 Various surgical treat-
ments have been performed on patients with thoracic and
lumbar spinal TB,5,6 and a posterior-only debridement fol-
lowed byan interbody fusion and instrumentation has been
proven to be an effective approach.7 Titanium mesh cages
(TMCs) and autogenous iliac bone grafts (AIBG) have
both been applied in posterior-only surgery to restore ver-
tebral height. However, their clinical effectiveness has not,
as yet, been well compared. Therefore, this study aims to
review and compare the clinical efficacy of TMCs and
AIBGs in posterior-only surgery for patients with TB of
the thoracic and lumbar spine.
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Materials and methods
Patients
A total of 146 patients with thoracic or lumbar TB who
underwent a posterior-only approach in our hospital
fromSeptember 2009 toAugust 2016were retrospectively
reviewed. A diagnosis of TB was confirmed by clinical
manifestation, laboratory and radiological results, and
pathological examination. All patients included in the
study complained of typical symptoms of neck pain,
low-grade fever, night sweats, or weight loss. Laboratory
examination included the positive results of tuberculin
test andT-SPOT test, alongwith increased levels of eryth-
rocyte sedimentation rate (ESR) and C-reactive protein
(CRP). Radiological imaging included the identification
of spinal destruction or abscess through plain radio-
graphs, computed tomography (CT), or magnetic reson-
ance imaging (MRI). Pathological examination
observed the sequestrum and granulation tissues. Back
pain was rated using a visual analogue scale (VAS), and
neurological status was evaluated according to the
Frankel grading system. To restore vertebral height after
debridement, 86 patients received instrumentation with
aTMCand theother 60patients received instrumentation
with anAIBG. TheCobb anglewas the angle between the
first normal vertebrae above and below the lesion on
lateral radiographs.8 Bony fusion was assessed according
toLee’s standard:Adjacent surfacewithout gaps, obvious
trabecular bone through the graft surface, and displace-
ment of less than 3° on dynamic X-ray films.9 Indicators
including operation duration, intraoperative blood loss,
erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), VAS, and related complications were
used to assess the clinical effectiveness and feasibility of
the two surgeries.

Preoperative procedure
At least two weeks prior to surgery, all of the patients
received anti-TB chemotherapy with isoniazid (5–
10 mg/kg•day, with maximal dose of 300 mg/day),
rifampicin (5–10 mg/kg•day, with maximal dose of
450 mg/day), ethambutol (15 mg/kg•day, with
maximal dose of 750 mg/day), and pyrazinamide
(25 mg/kg•day, with maximal dose of 750 mg/day).
Surgical treatment was performed upon relief of
typical symptoms; when the ESR, CRP, and tempera-
ture had significantly decreased; and when hypoprotei-
nemia had recovered.

Operative procedures
After general anesthesia the patients were positioned in a
prone position, and an incision was made at the posterior
midline. Both sides of the facet joints, spinous processes,

lamina, and nerve roots of the diseased vertebrae were
exposed, extending as far as one vertebra above and
below. Before debridement anddecompression, a tempor-
ary rod on the mild side of the abscess was employed to
stabilize the spine and avoid any spinal cord injury.
Next, any pus, the affected vertebral bodies, any necrotic
disc tissue, and the sequestrum and granulation tissues
were entirely cleared. After washing the surgical site
with hydrogen peroxide and saline, an AIBG (Fig. 1) or
TMC (Fig. 2) was used to recreate the intervertebral
height. For the AIBG technique, an autogenous tricorti-
cal bone graft was taken from the anterior superior iliac
crest. The internal fixation instrumentationwas then com-
pressed and stretched to correct the kyphosis. Lastly,
streptomycin (1 g) and isoniazid (0.3 g) were infused
onto the operation site. To achieve an improved and
focused debridement, two drainage tubes were inserted
into the abscess cavity before the incision was closed.

Postoperative management
When the volume loss for the surgical drains was under
30 ml/24 h, the drainage tubes were removed.
Postoperative patients received treatments of mannitol
dehydration (375 ml/day) and conventional nerve nutri-
tion (mecobalamin, 1.5 mg/day) to reduce any post-
operative edema of the incision and nerves, and to
accelerate neurological recovery. Patients were instructed
to exercise their limb muscles in bed for two weeks after
surgery, and wear an orthosis until bony fusion had
been achieved. Anti-TB chemotherapy, along with the
preoperative regimen, was administrated for six months
after surgery, followed by another 9–12months of isonia-
zid, rifampicin, and ethambutol. All patients underwent
periodical radiological and laboratory examinations at
one week, and three, six, and twelve months after
surgery, and annually thereafter.

Statistical analysis
All continuous data were presented as mean ± standard
deviation (SD). All data were statistically analyzed using
SPSS 21.0 software (IBM Corp., Armonk, NY, USA).
Pre and postoperative comparisons of the continuous
parameters were carried out by a paired-sample t-test.
Comparisons of continuous parameters between the
TMC and AIBG groups were carried out with an inde-
pendent-sample t-test. A P value <0.05 was considered
statistically significant.

Results
Baseline
There were 55 (64.0%) males and 31 (36.0%) females in
the TMC group with an average age of 53.1 ± 18.8 years
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old, and 33 (55.0%) males and 27 (45.0%) females in the
AIBG group with an average age of 48.0 ± 16.5 years
old. The affected thoracic and lumbar vertebrae were
2.5 ± 1.5 and 2.1 ± 0.4 in the TMC group, respectively,
and were 2.3 ± 0.7 and 2.1 ± 0.7 in the AIBG group,
respectively. Patients in the TMC and AIBG groups
had suffered with TB for an average duration of
11.3 ± 17.6 and 12.6 ± 17.9 months, respectively.
Before surgery, patients received chemotherapy for an
average duration of 19.8 ± 7.0 days in the TMC group
and 21.3 ± 13.6 days in the AIBG group. There were
no significant differences in age, sex, affected vertebrae
number, disease duration, and chemotherapy duration
between the TMC and AIBG groups (P > 0.05, Table
1). Preoperative VAS scores were 3.6 ± 1.2 in the
TMC group and 3.8 ± 1.1 in the AIBG group.
Preoperative ESR levels were 84.4 ± 24.3 mm/h in the
TMC group and 91.5 ± 29.3 mm/h in the AIBG
group. Preoperative CRP levels were 56.3 ± 14.4 mg/l
in the TMC group and 51.7 ± 18.1 mg/l in the AIBG
group (Table 2). In the TMC group, there was one
patient in each of the Frankel grades A and B, five
with grade C, 34 with grade D, and 45 patients with
grade E. In the AIBG group, there was one patient

with grade A, four with grade B, two with grade C, 22
with grade D, and 31 patients with grade E (Table 3).
There were no significant differences in the preoperative
VAS scores, ESR and CRP levels, and the Frankel
grading between the TMC and AIBG groups (P >
0.05, Tables 2 and 3). The average follow-up time was
59.2 ± 17.4 months in the TMC group and 68.0 ±
23.4 months in the AIBG group, with no significant
difference between the two groups (P > 0.05, Table 1).

Clinical efficacy comparison
The average operation duration in the TMC group was
191.8 ± 68.0 min, with a mean intraoperative blood
loss of 617.4 ± 499.6 ml. Whereas, patients in the
AIBG group underwent a significantly longer surgical
duration (P < 0.001) and had a higher intraoperative
blood loss (P = 0.007), with an average duration of
273.2 ± 82.8 min and blood loss of 946.0 ± 948.4 ml.
Patients in the TMC group achieved a more significant
level of pain relief (P < 0.001), with a postoperative
VAS score of 0.7 ± 0.9 as compared with 1.4 ± 0.6 in
the AIBG group (Table 2). After surgery, ESR and
CRP levels decreased to 15.5 ± 4.3 mm/h and 11.5 ±
7.1 mg/l, respectively, in the TMC group, and to

Figure 1 A 73-year-old male with thoracic tuberculosis (TB) (T7–8) treated via a posterior-only debridement, autogenous iliac bone
graft, internal fusion, and instrumentation. Preoperative radiography (a and b), MRI (c and d), and CT (e) showed the destruction of
T7–8 anterior andmiddle columns and the development of an abscess with marked bony destruction in a lesion around the vertebral
body of T7. Radiography (f and g) at the final follow-up showed the achievement of definitive bony fusion. Postoperative MRI (h and i)
and CT ( j) showed complete resolution of the epidural abscess and decompression of the neural component.
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16.0 ± 5.6 mm/h and 10.8 ± 6.8 mg/l, respectively, in
the AIBG group. Although there were significant differ-
ences between the pre and postoperative ESR and CPR
levels (P < 0.05), there were no significant differences in
the postoperative ESR and CPR levels between the

Figure 2 A 48-year-old femalewith thoracic TB (T7–8) treated via a posterior-only debridement, titaniummesh cage, internal fusion,
and instrumentation. Preoperative MRI (a and b) and CT (e and d) showed destruction of the T7–8 spinal column with kyphosis.
Radiography (e and f) showed definitive bony fusion and maintenance of the correction at the final follow-up. Postoperative MRI (g
and h) and CT (i and j) showed complete decompression of the neural component and good bony fusion.

Table 1 Baseline characteristics of the 146 spinal tuberculosis
patients.

Total TMC group
AIBG
group P

Number of
patients

146 86 60

Age (years) 51.0 ± 18.0 53.1 ± 18.8 48.0 ± 16.5 0.92
Sex

Male 88 55 33 0.20
Female 58 31 27

Number of vertebra affected
Thoracic 2.5 ± 1.3 2.5 ± 1.5 2.3 ± 0.7 0.56
Lumbar 2.1 ± 0.6 2.1 ± 0.4 2.1 ± 0.7 0.80

Duration of
disease
(months)

11.9 ± 17.7 11.3 ± 17.6 12.6 ± 17.9 0.67

Chemotherapy
duration (days)

20.5 ± 10.2 19.8 ± 7.0 21.3 ± 13.6 0.39

Follow-up
(months)

58.5 ± 16.0 59.2 ± 17.4 57.5 ± 13.8 0.53

Note: TMC, Titanium mesh cages; AIBG, Autogenous iliac bone
graft.

Table 2 Comparison of clinical and radiologic parameters
between the two groups.

TMC group AIBG group P

Operation duration
(min)

191.8 ± 68.0 273.2 ± 82.8 <0.001

Blood loss (ml) 617.4 ± 499.6 946.0 ± 948.4 0.007
VAS (score)

Preoperative 3.6 ± 1.2 3.8 ± 1.1 0.28
Final follow-up 0.7 ± 0.9 1.4 ± 0.6 <0.001

ESR (mm/h)
Preoperative 84.4 ± 24.3 91.5 ± 29.3 0.11
Final follow-up 15.5 ± 4.3* 16.0 ± 5.6* 0.57

CRP (mg/l)
Preoperative 56.3 ± 14.4 51.7 ± 18.1 0.09
Final follow-up 11.5 ± 7.1* 10.8 ± 6.8* 0.55

Preoperative Cobb angle (°)
Thoracic 18.4 ± 13.1 14.3 ± 8.3 0.14
Lumbar −6.2 ± 13.7 −6.6 ± 9.0 0.87

Postoperative Cobb angle (°)
Thoracic 10.1 ± 7.1* 10.6 ± 4.7* 0.77
Lumbar −14.2 ± 12.7* −13.7 ± 13.1* 0.80

Loss of angular correction (°)
Thoracic 1.3 ± 0.2 2.4 ± 0.5 <0.001
Lumbar 1.4 ± 0.3 2.2 ± 0.4 <0.001

Note: TMC, titanium mesh cages; AIBG, autogenous iliac bone
graft; VAS, visual analogue scale; ESR, erythrocyte sedimentation
rate; CRP, C-reactive protein; *Significant difference compared
with pre-operation.
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TMC and AIBG groups (P > 0.05, Table 2).
Postoperative Frankel grading in the TMC group
achieved improvements for eight (9.3%) patients in
grade D and 76 (88.3%) patients in grade E. Similarly,
the AIBG group also achieved improvements for seven
(11.7%) patients in grade D, and 51 (85.0%) patients in
grade E. No significant difference was observed in post-
operative neurological function between the two groups
(P = 0.77, Table 3).

Radiological outcome comparison
There was no difference in the preoperative Cobb angles
of the thoracic (P = 0.14) and lumbar (P = 0.87) ver-
tebrae between the TMC and AIBG groups (Table 2).
After surgery, the thoracic Cobb angle corrected to
10.1° ± 7.1° in the TMC group and 10.6° ± 4.7° in
the AIBG group. The lumbar Cobb angle corrected to
−14.2° ± 12.7° in the TMC group and −13.7° ±
13.1° in the AIBG group. Meaning that there were sig-
nificant differences in thoracic and lumbar Cobb
angles between the pre and postoperative states of the
two groups (P < 0.05). However, no statistically signifi-
cant difference was found in the postoperative thoracic
(P = 0.77) and lumbar (P = 0.80) Cobb angles. A
lower level in the loss of angular correction was
observed in the TMC group as compared with the
AIBG group for both the thoracic (P < 0.001) and
lumbar (P < 0.001) vertebrae (Table 2).

Postoperative complications
Four cases in the TMC group and two cases in the
AIBG group suffered from cerebrospinal fluid leakage,
and two cases in the TMC group and three cases in
the AIBG group suffered from an infection at the
incision site. Twenty-three patients (38.3%) in the
AIBG group suffered from donor site complications,
including persistent pain in 19 patients, a large hema-
toma in three patients, and infection in one patient,
which were cured by symptomatic treatment, antibiotics,
and debridement. Twenty-one cases (24.4%) suffered
from subsidence in the TMC group. No instrumentation
related complications were found in any patient at the

time of the last follow-up (Figs. 3 and 4). Recurrence
of tuberculosis was not found in any of the patients.

Discussion
The spine is the most common extrapulmonary site of
TB. Most patients with spinal TB can be treated with
conservative chemotherapy. However, surgical treat-
ments are required for those patients who develop
kyphotic deformities or neurological deficits in order
to debride the infection focus, recover nerve function,
and reconstruct the spinal intervertebral height.10,11

Although different approaches have been reported to
be employed in the treatment of spinal TB, a preferred
approach has yet to be established.
During the late 19th and early 20th centuries, surgical

options for the treatment of spinal tuberculosis were
limited. Capener pioneered a procedure termed a “lateral
rhachotomy”, providing the surgeon with a more ventral
exposure from a more lateral trajectory.12 However, the
approach was not popularized because of its limitation.
In the 1960s, Hodgson et al. reported the anterior debride-
ment and interbody fusion approach for the treatment of
spinal tuberculosis.13 Since TB lesions frequently involve
the anterior and middle columns of spine,14,15 an
anterior-only approach could thoroughly remove the TB
focus and achieve spinal cord decompression.16,17

However, the anterior-only approach suffered disadvan-
tages in the form of ineffective correction of kyphosis
and complications related to the thoracic and abdominal
cavities.18 In 1976, Larson and his team developed the
“lateral extracavitary approach (LECA)”, which allowed
the surgeon access to both the posterior and lateral
aspects of the spinal canal through the same incision in
order to achieve posterior fusion and instrumentation
without any complications related to the thoracic and
abdominal cavities.19 However, disadvantages, including
the degree of operational difficulty and procedure-related
complications such as excessive blood loss, could not be
ignored. With the development of pedicle screws, pos-
terior-only and combined anterior-posterior approaches
subsequently became more widespread.20,21

Table 3 Neurologic status evaluated by Frankel grade.

Frankel grade (%)

TMC group (n = 86) AIBG group (n = 60)

Preoperative Postoperative Preoperative Postoperative

A 1 (1.2) 0 (0) 1 (1.7) 0 (0)
B 1 (1.2) 1 (1.2) 4 (6.7) 0 (0)
C 5 (5.8) 1 (1.2) 2 (3.2) 2 (3.3)
D 34 (39.5) 8 (9.3) 22 (36.7) 7 (11.7)
E 45 (52.3) 76 (88.3) 31 (51.7) 51 (85.0)

Note: TMC, titanium mesh cages; AIBG, autogenous iliac bone graft.
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Recently, the surgical treatment of spinal TB tends to
be undertaken with a smaller incision and static inter-
body fixation through only one approach.22,23 A
single-stage approach also minimizes the risk of tubercu-
losis spread. Zhang et al.7 indicated that a posterior-only
approach achieved a more satisfactory outcome when
compared to a combined anterior-posterior approach,
due to the advantages of minor surgical invasion and
less procedure-related complications. Moreover, the pos-
terior-only approach was demonstrated to be effective
for those patients with obvious kyphosis and neurologi-
cal deficits, owing to the persistent spinal cord com-
pression.7 Kyphosis correction was obviously
improved for all patients at the final follow-up in the
present study, which confirmed that a posterior-only
approach could serve as an effective therapy in the man-
agement of thoracic and lumbar spinal tuberculosis.
In 1982, Larson firstly used an AIBG to recreate

intervertebral height, although this was for odontoid
fractures.24 Subsequently, Maiman and others began
using TMCs in the LECA for thoracic and lumbar
spinal tuberculosis.25 Nowadays, TMCs and AIBGs
are widely used for interbody grafts to reconstruct

spinal intervertebral height after a posterior-only debri-
dement. However, few studies have compared the effi-
cacy of the two materials. In the present study, we
quantitatively assessed the clinical and radiological par-
ameters, as well as postoperative complications, to
compare the clinical effectiveness of TMCs and
AIBGs in posterior-only surgical therapy for thoracic
and lumbar spinal tuberculosis.
AIBGs are regarded as gold standard treatment for

bone defect repairs, with the advantages of good osteo-
genesis, bone induction, bone conductibility, and bio-
compatibility, which bring an optimal fusion rate.11

However, the limitations of AIBGs are also apparent.
Kemp et al.26 reported postoperative correction loss
and progressive kyphosis development as a consequence
of the autografts failure to maintain sagittal plane align-
ment. In the present study, patients in the AIBG group
demonstrated a more severe loss of angular correction.
Moreover, the AIBGs demonstrated a risk of fixation
failure and stress fractures.16 Furthermore, nonunion,
graft collapse or dislodgement, and donor site compli-
cations, such as chronic pain and infection, can also
not be ignored.27 Iliac crest donor site complications

Figure 3 A 63-year-old female with lumbar TB (L3–4) treated via a posterior-only debridement, autogenous iliac bone graft, internal
fusion, and instrumentation. Preoperative radiography (a and b), MRI (c and d), and CT (e) showed the development of an abscess
around the vertebral body of L3–4 with neurological deficit. Radiography (f and g) and CT (h) at the final follow-up showed the
achievement of definitive bony fusion. Postoperative MRI (i and j) showed complete resolution of the epidural abscess and
decompression of the neural component.
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have been a serious postoperative concern for both
patients and surgeons in AIBGs. In the AIBG group
of the present study, 19 patients with persistent pain,
three with a large hematoma, and one patient with an
infection requiring drainage were observed. The donor
site complication rate was 38.3% (23/60), which is con-
sistent with one previous study.28

Many studies have reported that TMCs hold large
advantages in reliable spinal reconstruction, stable
bony fusion, and low implant-related problems.27 For
example, TMCs are filled with excised vertebral
lamina and articular processes, avoiding donor site
related complications. Additionally, posterior instru-
mentation and TMCs enforce the stability of operative
segments, correction and maintenance of the deformity,
and bony fusion. Moreover, the Cobb angle loss in the
TMC group was smaller than that in the AIBG group
for the present study, which may be attributed to a
reduction of bone resorption. However, TMCs continue
to have some limitations. In the present study, the TMC
group had a subsidence rate of 24.4%, which is consist-
ent with one previous study.29 In our opinion, the subsi-
dence behavior of TMCs may be attributed to factors
including three-dimensional segmental stability, TMC

design, contact area of the implant–bone interface,
and the bone quality of the vertebral end plates. If the
upper part of the vertebra is not severely destroyed by
infection, transpedicular screws can be placed into the
affected vertebra to decrease the settling. In the
current study, solid bony fusion, improvement of neuro-
logical function, and good radiographic outcomes were
achieved in the TMC group, although with an accepta-
ble loss of kyphosis.
There are several limitations to our study. Firstly, it

was a single-centered retrospective study rather than a
prospective study, which could cause selection bias.
Secondly, our study included a relatively limited
number of patients, which may also have attenuated
the outcome comparison.

Conclusion
Compared to autogenous iliac bone grafts, titanium
mesh cages could serve as a superior material for the
posterior debridement, internal fusion and instrumenta-
tion of thoracic and lumbar spinal tuberculosis.
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Figure 4 A 56-year-old male with lumbar TB (L4–5) treated via a posterior-only debridement, titanium mesh cage, internal fusion,
and instrumentation. Preoperative radiography (a and b), MRI (c and d), and CT (e) showed destruction of the L4–5 anterior and
middle columns with neurological deficit. Radiography (f and g) at the final follow-up showed the achievement of definitive bony
fusion. Postoperative MRI (h and i) and CT ( j) showed complete resolution of the epidural abscess and decompression of the neural
component.
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