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Abstract

Objective: This study was performed to evaluate the surgical indications, clinical efficacy, and
preliminary experiences of nonstructural bone grafts for lumbar tuberculosis (TB).

Methods: Thirty-four patients with lumbar TB who were treated with nonstructural bone grafts
were retrospectively assessed. The operative time, operative blood loss, hospital stay, bone graft
fusion time, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) concentration, visual
analog scale (VAS) score, Oswestry Disability Index (ODI), American Spinal Injury Association
(ASIA) impairment grade, and Cobb angle were recorded and analyzed.

Results: The mean operative time, operative blood loss, hospital stay, Cobb angle correction,
and Cobb angle loss were 192.59 +42.16 minutes, 38529 +-251.82 mL, 14.91 £5.06 days,
9.02° +£3.16° and 5.54° +1.09°, respectively. During the mean follow-up of 27.53 +8.90
months, significant improvements were observed in the ESR, CRP concentration, VAS score,
ODI, and ASIA grade. The mean bone graft fusion time was 5.15 £ |.13 months. Three compli-
cations occurred, and all were cured after active treatment.

Conclusions: Nonstructural bone grafts may achieve satisfactory clinical efficacy for appropri-
ately selected patients with lumbar TB.
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Introduction
Spinal tuberculosis (TB) is the most
common type of extrapulmonary TB,

accounting for about 50% of osteoarticular
TB.! Spinal TB mostly occurs in the lower
thoracic and lumbar vertebrae, resulting in
vertebral body destruction, collapse, kypho-
sis, and even paralysis.” Surgical treatment
of TB is mainly suitable for patients with
spinal instability, severe kyphosis, or
impaired neurological function.’

Radical debridement is the key to suc-
cessful spinal TB surgery because it helps
to control TB lesions, improve the effect
of anti-TB chemotherapy, promote bone
graft fusion, and reduce the risk of TB
recurrence.* At present, the most common-
ly used bone grafts in spinal TB surgery are
autogenous iliac bone grafts and titanium
mesh bone grafts.’ Although these two
bone graft methods have achieved high
bone fusion rates and satisfactory clinical
efficacy, increasingly more attention is
being paid to associated surgical problems
such as donor site complications, titanium
mesh subsidence, and major surgical
trauma.®’ Thus, many surgeons are looking
for a new bone graft method that can
reduce surgical trauma and complications.

In recent years, the use of nonstructural
bone grafts has produced satisfactory clini-
cal efficacy in spinal fusion surgery.® Our
previous study showed that nonstructural
bone grafts have the advantages of less sur-
gical trauma and a shorter bone fusion time
than iliac bone grafts and titanium mesh
bone grafts in the surgical treatment of

single-segment thoracic TB. Therefore,
nonstructural bone grafts are expected to
become a general bone graft technique in
spinal TB surgery. However, some spinal
surgeons have wondered whether these pos-
itive results can be extrapolated to the
lumbar TB surgery population because the
lumbar spine sustains a greater loading
force than the thoracic spine and is devoid
of the protection of the rib cage.

The use of nonstructural bone grafts to
repair bone defects in lumbar TB surgery
has been rarely reported. Xu et al.'®
reported that the mean bone graft fusion
time was 5.1 months among 32 patients
with monosegmental lumbar spinal TB
undergoing compact bone grafting. Liu
et al.'! described 21 patients with lumbosa-
cral spinal TB who received nonstructural
bone grafts, and all patients achieved bone
fusion within 6 months postoperatively;
however, this study only included patients
with spinal TB at the L5/S1 segment.
Additionally, the two abovementioned stud-
ies mainly concentrated on imaging out-
comes (such as the Cobb angle); the
clinical outcomes were rarely reported.
Moreover, neither study specifically identi-
fied the surgical indications for the use of
nonstructural bone grafts for lumbar TB,
which may result in confusion among
spinal surgeons and limit the application
of this technique.

Therefore, we conducted the present ret-
rospective cohort study not only to evaluate
the clinical efficacy and safety of nonstruc-
tural bone grafts in patients with
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single-segment lumbar TB but also to spec-
ify the surgical indications for this bone
graft method.

Material and methods

This retrospective cohort study was
approved by the Ethics Committee of the
First Affiliated Hospital of Chongqing
Medical University (2017-067). All of the
participants provided written informed con-
sent to participate in this study before their
data were used for research purposes. The
work is reported in line with the STROBE
criteria.'? All details that may identify the
patients have been de-identified in this
study.

Patient selection

The medical records of hospitalized patients
who were diagnosed with spinal TB in our
department from January 2015 to December
2017 were retrospectively analyzed.

The inclusion criteria were as follows: (1)
preoperative diagnosis of spinal TB; (2) age
of >18 years; (3) single-segment lumbar TB
(L1/2-L4/5); (4) surgical treatment by one-
stage posterior debridement, bone graft
fusion, and internal fixation; (5) use of a
nonstructural bone graft (autologous gran-
ular bone graft) during surgery; (6) follow-
up time of >12 months; and (7) availability
of complete clinical and imaging data.

The exclusion criteria were as follows: (1)
suspected spinal TB without a pathological
diagnosis; (2) multisegmental spinal TB,
cervical or thoracic spine TB, or other
types of TB; (3) history of spinal surgery;
and (4) spinal TB with active pulmonary
TB, a malignant tumor, or other severe
conditions.

Preoperative management

All patients were treated with regular anti-
TB chemotherapy (rifampicin at 450 mg/
day, isoniazid at 300 mg/day, pyrazinamide

at 1500 mg/day, and ethambutol at 750 mg/
day) for at least 2 weeks preoperatively. All
patients underwent X-ray, computed
tomography (CT), and magnetic resonance
imaging examinations and laboratory tests
after admission. The preoperative sagittal
Cobb angle was also measured on lateral
X-ray examination. Surgery was performed
when the symptoms of TB poisoning (such
as low fever, night sweats, and wasting) had
been relieved, the erythrocyte sedimentation
rate (ESR) had returned to normal or signif-
icantly decreased, and any underlying dis-
ecases such as diabetes, coronary heart
disease, or hypertension were under control.
However, if the patient developed rapid
deterioration of neurological function, the
surgery was performed immediately.

Surgical procedure

The patients were placed in the prone posi-
tion after induction of general anesthesia,
and a longitudinal midline incision was
made. The sacrospinalis was then stripped
off the lamina, and the facet joints on the
contralateral side were exposed through the
Wiltse approach.'? Pedicle screws were
inserted into the one or two normal verte-
brae superior and inferior to the lesion
segment, and the titanium rod of the non-
debridement side was temporarily locked.
Unilateral laminectomy was performed to
clear off the caseous necrotic tissue, pus,
granulation tissue, sequestrum, and necrot-
ic disc. The paravertebral or psoas abscess
was then drained using a soft catheter tube
inserted into the abscess cavity.

The vertebral plate harvested during sur-
gery was converted into 3- to 5-mm granu-
lar bone fragments, implanted into the
vertebral space, and tamped down. If the
local bone particle volume was too low,
another 3-cm-long incision was made
along the posterior superior iliac spine to
expose the iliac crest, and the cancellous
bone was removed to create bone particles.
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The posterior margin was covered with a
gelatin sponge containing isoniazid to pre-
vent bone graft particles from entering the
spinal canal. Finally, the rods were locked.
Streptomycin (1.0 g) and isoniazid (0.3 g)
were placed in the lesion, two drainage
tubes were placed in the incision, and the
incision was closed layer by layer. The path-
ological materials taken from the lesion site
were sent for culture and pathological
examination.

Postoperative management

Antibiotics were prophylactically adminis-
tered for the first 3 days after surgery, and
the preoperative anti-TB chemotherapy was
continued for 18 to 24 months. The incision
drain was removed when the drainage
volume was <40 mL/day, and an X-ray
examination was performed after extuba-
tion. One week after surgery, the patients
were allowed to get out of bed while wear-
ing braces, the application of which was
continued for 3 months. An X-ray exami-
nation; measurement of the ESR, C-reac-
tive protein (CRP) concentration, and
hepatic and renal function; and CT and
magnetic resonance imaging examinations
(if necessary) were performed 1, 3, 6, and
12 months postoperatively. The postopera-
tive and follow-up sagittal Cobb angle was
measured on a lateral X-ray.

Outcome assessment

The following clinical outcomes were
assessed: (1) operative time, operative
blood loss, and hospital stay; (2) visual
analog scale (VAS) score and Oswestry
Disability Index (ODI); (3) ESR and CRP
concentration preoperatively and at the last
follow-up; (4) neurological function preop-
eratively and at the last follow-up using the
American Spinal Injury Association (ASIA)
impairment grade; and (5) complications
throughout follow-up.

The following imaging outcomes were
assessed: (1) the Cobb angle preoperatively,
postoperatively, and at the final follow-up
as measured on a lateral X-ray (the Cobb
angles of lordosis and kyphosis of the sur-
gical segments are expressed as positive and
negative values, respectively) and (2) the
bone graft fusion time. The criterion
reported by Bridwell et al.'"* was used to
evaluate whether bone fusion had been
achieved according to the CT scan during
follow-up. Grade I and II were defined as
bone graft fusion in this study.

Statistical analysis

IBM SPSS Statistics for Windows, Version
19.0 (IBM Corp., Armonk, NY, USA) was
used for statistical analysis. Quantitative
data are expressed as mean + standard devi-
ation. A paired t-test was used for intra-
group comparison of quantitative data.
The Mann-Whitney rank sum test and y°
test were used for intragroup comparison of
ordered and disordered qualitative data,
respectively. A P value of <0.05 was con-
sidered statistically significant.

Results

Thirty-four patients were included in this
study. Their mean age, body mass index,
operative time, operative blood loss, and
hospital stay were 39.71 +£15.75 years,
21.3142.06 kg/m?, 192.59 + 42.16 minutes,
385.29 +251.82 mL, and 14.91 +5.06 days,
respectively. The mean Cobb angle correc-
tion and Cobb angle loss were 9.02° 4+ 3.16°
and 5.54° +1.09°, respectively (Table 1).
The mean follow-up time was 27.53 +
8.90 months, and the ESR, CRP concentra-
tion, VAS score, and ODI were significantly
lower at the final follow-up than preopera-
tively (P < 0.001). The ASIA grade was also
significantly improved at the final follow-up
(P=0.004). The mean Cobb angle was
15.07° +£3.95° preoperatively and
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significantly increased to 18.74° 4+5.43° at
the final follow-up (P < 0.001). The mean
bone graft fusion time was 5.15+1.13

months (Table 2).

Three patients developed postoperative
complications (hepatic function damage in
two and renal function damage in one). All

complications were cured after active
treatment.

Table |I. Patients’ general characteristics.

Index Value

Number of patients 34

Sex, male/female 16/18

Age, years 39.71 £ 15.75
Body mass index, kg/m* 21.31+£2.06
Operative time, minutes 192.59 +-42.16
Operative blood loss, mL 385.29 £251.82
Hospital stay, days 1491 +5.06
Cobb angle correction 9.02° £3.16°
Cobb angle loss 5.54° £ 1.09°
Follow-up time, months 27.53£8.90
Bone graft fusion time, months ~ 5.15£ 1.13
Complications (n) 3

Data are presented as n or mean =+ standard deviation.

Discussion

The operative time and operative blood loss
of nonstructural bone grafts in the present
study were similar to those reported by Xu
et al.,'” but they were significantly less than
those of iliac bone grafts and titanium mesh
bone grafts in our previous study.'” Three
possible reasons for these differences are as
follows. (1) Iliac bone grafts and titanium
mesh bone grafts have a high requirement
for the bone grafting bed, requiring exten-
sive removal of bone tissue during the sur-
gery.'® (2) It may be difficult to implant an
iliac bone mass or titanium mesh into the
intervertebral space because of its large
volume or sharp edge, whereas granular
bone is small and convenient to implant.
(3) The titanium mesh is serrated and does
not easily slip after implantation; therefore,
if the model is unsatisfactory, it is difficult
to remove during surgery.

The mean bone graft fusion time was
5.15+1.13 months in our study, which is
similar to the times reported in the studies
by Xu et al. '® and Liu et al.'! but signifi-
cantly shorter than that of iliac bone graft

Table 2. Comparison of clinical and radiological outcomes between preoperative period and final

follow-up.
Outcomes Preoperative Final follow-up P value
ESR, mm/h 45.69 + 13.74 14.15+4.44 <0.001
CRP, mg/L 32.19£27.57 9.88+5.78 <0.001
Cobb angle 15.07° £ 3.95° 18.74° £ 5.43° <0.001
VAS score 532£1.12 .59 +0.74 <0.001
ODI, % 38.68 £ 11.40 15.15+5.22 <0.001
ASIA grade 0.004

A I 0

B 0 I

C 4 0

D 4 3

E 25 30

Data are presented as n or mean = standard deviation.

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; VAS, visual analog scale; ODI, Oswestry
Disability Index; ASIA, American Spinal Injury Association.
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and titanium mesh bone graft repair
reported in another previous study.'> Two
possible reasons for these differences are as
follows. (1) The contact arca between the
granular bone and vertebral body was
large because of the small volume of the
granular bone, and this may be beneficial
to nutrient infiltration and neovasculariza-
tion.'” (2) The implanted granular bone can
induce proliferation of peripheral bone
mesenchymal cells, secrete bone morphoge-
netic protein, and promote osteogenesis.'®

The main concerns regarding nonstruc-
tural bone grafts used in lumbar spinal TB
surgery are the insufficient supporting force
and poor ability to correct kyphosis
because of the loose structure of the
graft.'®!" In our study, the Cobb angle cor-
rection was satisfactory and similar to the
results reported by Xu et al.'” A possible
reason is that the correction of kyphosis
deformity mainly depends on the posterior
pedicle nail-rod system rather than the sup-
port of the anterior column.'® However, the
Cobb angle loss was more severe than that
reported by Xu et al.,'® which may be
explained as follows. (1) The patients in
the study by Xu et al.'” were asked to stay
in bed for 4 weeks postoperatively, while in
our study, the patients were allowed to get
out of bed only 1 week after surgery. (2) A
brace was used for at least 12 months post-
operatively in the study by Xu et al.,'® but it
was used for only 3 months in our study. (3)
In some patients in our study, the bilateral
lamina and spinous processes were removed
during the surgery, which may have affect-
ed the stability of the lumbar spine.° (4)
Granular bone is easily absorbed because
of its small volume.*' (5) The difference in
the length of the posterior fixation segment
may also affect local stability and the Cobb
angle loss.'”** However, Cobb angle loss
does not necessarily indicate poor improve-
ment of clinical symptoms.

The ESR, CRP concentration, VAS
score, ODI, and neurological function

were all significantly improved at the final
follow-up compared with preoperatively,
similar to the findings in previous stud-
ies.” " This may be due to the effectiveness
of anti-TB chemotherapy, radical TB lesion
debridement, and spinal canal decompres-
sion.”* The improvements in clinical out-
comes may indicate that although the
Cobb angle loss after nonstructural bone
graft repair in lumbar TB surgery is greater,
it does not affect patients’ clinical symp-
toms or control of TB lesions. This result
may be related to the short bone graft
fusion time of nonstructural bone grafts
because after bone graft fusion, the loss of
the Cobb angle is reportedly mild and does
not negatively affect the clinical
outcome.”!”

Although the incidence of complications
of nonstructural bone graft repair in this
study (8.8%) was higher than that reported
by Liu et al.'' (4.8%), no serious complica-
tions occurred. The main complications in
this study were hepatic and renal function
damage, which were mainly related to the
long-term anti-TB chemotherapy. All cases
were cured after active treatment, which
also indicates the safety of nonstructural
bone grafts in lumbar spinal TB surgery.

In our previous study, we considered
that the indication for use of nonstructural
bone grafts in single-segment thoracic TB
was bony destruction of <50% of the ver-
tebral height.” Therefore, when we initially
applied nonstructural bone grafts to lumbar
TB, these grafts were also mainly applied to
patients with vertebral bone destruction of
<50% (Figure 1). However, with increases
in cases and surgical experience, we found
that nonstructural bone grafts also had sat-
isfactory clinical efficacy in some cases of
lumbar TB with vertebral bone destruction
of >50% but with no serious bone cortical
destruction and in which the pedicle screws
could be implanted in at least one side of
the affected vertebra (Figure 2). We believe
that two possible reasons for this are as
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Figure I. A 46-year-old man with L2/3 spinal tuberculosis who underwent nonstructural bone graft repair.
(a—d) Preoperative computed tomography showed that the L5 vertebral body and the L2/3 intervertebral
disc were destroyed (<50% of the height of the vertebrae). (e, f) Postoperative X-ray. (g—j) Computed

tomography at 5 months postoperatively showed bone fusion between L2 and L3, and X-ray examination
showed good location of the posterior instrument. (k, I) X-ray at 24 months postoperatively showed good

location of the posterior instrument.

follows. (1) If the cortical bone is relatively
complete, the stability of the spinal anterior
column may be not seriously destroyed. (2)
The posterior pedicle screw system is a type
of three-column fixation that can effectively
maintain the stability of the spinal anterior
column and is conducive to bone graft
fusion.?

Therefore, we consider that the indica-
tions for one-stage posterior debridement,
nonstructural bone graft repair, and inter-
nal fixation for single-segment lumbar TB
are as follows: (1) progressive aggravation
of neurological impairment or local insta-
bility or kyphosis deformity; (2) single-
segment lumbar TB with (a) bony
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Figure 2. A 29-year-old woman with L1/2 spinal tuberculosis who underwent nonstructural bone graft
repair. (a—d) Preoperative computed tomography showed that the L1/2 vertebral body and the L1/2 inter-
vertebral disc were destroyed (>>50% of the height of the vertebrae), but the cortical bone was still
complete and the pedicle screws could be implanted in both sides of the LI and L2 vertebrae. (e, f)
Postoperative X-ray. (g—j) Computed tomography at 5 months postoperatively showed bone fusion between
LI and L2. (k, I) The posterior instrument was removed at 20 months postoperatively.

destruction of <50% of the height of the
vertebrae or (b) bony destruction of
>50% of the height of the vertebrae, but
with no serious bone cortical destruction
and the ability to implant pedicle screws
into at least one side of the affected verte-
bra; and (3) localization of the TB lesion

mainly in the former column with no
involvement of the posterior column.
Based on our experience with successful
nonstructural bone graft repair in lumbar
TB surgery, we recommend the following.
First, unilateral laminectomy rather than
bilateral laminectomy should be performed,
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and the spinous process and posterior liga-
mental complex should be retained during
the surgery to preserve the local stability.
Second, during debridement of the TB
lesions, the sclerotic bone and bone bridge
between the anterior edge of the vertebral
bodies should be preserved. Third, rigid
pedicle screw fixation should be guaranteed
with either no or only mild distraction of
the vertebral interspace.

This study had three main limitations.
First, this was a single-center retrospective
study. Second, the sample size was small
and the follow-up time was short. Third,
the surgeons had different levels of experi-
ence and thus may have had different sur-
gical experiences with granular bone grafts.

In summary, the use of nonstructural bone
grafts may achieve satisfactory clinical effica-
cy in alleviating symptoms, correcting kypho-
sis, and improving neurological function for
appropriately selected patients with single-
segment lumbar TB. Because of the potential
limitations of this study, prospective compar-
ative studies with long-term follow-up are
needed to validate our findings.
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