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Abstract

Background: Many surgeons have reported results similar to those of anterior debridement and bone grafting in
treating spinal tuberculosis in the lumbar region using only a posterior approach. However, there is still no consen-
sus regarding bone graft methods. This study aims to compare the clinical and radiological outcomes of morselized
versus structural iliac bone grafts in the treatment of lumbar tuberculosis via one-stage posterior surgery.

Methods: A retrospective study was performed with 82 patients with lumbar tuberculosis who had undergone
posterior-only debridement, bone grafting, and instrumentation between January 2014 and June 2018. Morselized
bone grafts were used in 43 patients, whereas structural iliac bone grafts were used in 39 patients. The clinical data
and imaging results of the patients were compared between the two groups to evaluate the clinical effects of the two
types of grafts.

Results: The operation time, blood loss and hospital stay values in the morselized bone group were significantly
lower than those in the structural iliac bone group (p <0.05). No significant differences were observed with respect to
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Cobb angle, or improvement of neurological function
between the two groups. The VAS pain scores for low back and leg pain decreased significantly after the operation
(p<0.05). However, postoperatively, the VAS score was higher in the structural iliac bone group than in the morselized
bone group, and there was no significant difference at the last follow-up between the two groups (p > 0.05). Bone
fusion was achieved in 41 patients (95%) in the morselized bone group and 38 patients (97%) in the structural iliac
bone group. There was no significant difference between the fusion rates of the two groups (p> 0.05).

Conclusion: The two graft techniques achieved comparable clinical outcomes in lumbar spinal tuberculosis treat-
ment. However, the morselized bone graft was more beneficial in terms of reducing surgical trauma and postopera-
tive complications.
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Introduction

The incidence of spinal tuberculosis is increasing in
developing countries and often leads to severe kyphosis
and permanent paralysis [1]. Chemotherapy is key for
treating spinal tuberculosis. However, patients with spi-
nal instability, nerve damage, and severe kyphosis often
require surgical treatment. The main purposes of surgi-
cal treatment are radical debridement, nerve decompres-
sion, and spinal reconstruction to prevent or improve
kyphosis.

The anterior approach provides direct access to the
lesion site, facilitating lesion removal and reconstruction
of the defect [2]. However, the anterior approach pro-
vides inadequate leverage for kyphosis correction. The
combination of anterior and posterior approaches over-
comes the limitations of the anterior approach and has
been widely adopted with good results [3, 4]. It should be
noted that the combined anterior and posterior approach
increases the operation time and is not conducive to early
patient recovery due to the large amount of trauma and
high risk of complications. In recent years, many spine
surgeons have performed one-stage posterior debride-
ment, bone grafting, and instrumentation for spinal
tuberculosis and achieved satisfactory clinical outcomes
[5-7].

Radical debridement is vital for the surgical treatment
of spinal tuberculosis, and bone grafting is necessary to
restore the height of the vertebral body and reconstruct
the stability of the spine [8, 9]. Although tricortical iliac
bone grafts are the gold standard for spine reconstruc-
tion [10], many surgeons have recently reported satisfac-
tory results when using morselized bone grafts to treat
spinal tuberculosis [11-13]. Some scholars also believe
that the structure of morselized bone is loose, the sup-
porting force is weak, the correction of kyphosis is poor,
and there is a risk of protrusion into the spinal canal [14].
Therefore, the difference in clinical efficacy between
structural iliac bone and morselized bone in posterior
surgery for lumbar tuberculous remains unclear.

This study aims to compare the clinical and radiological
outcomes of using morselized bone versus structural iliac
bone to treat lumbar tuberculosis via one-stage posterior
surgery.

Materials and methods

Patient selection

This was a retrospective study and was approved by the
ethics committee of the Affiliated Hospital of Southwest
Medical University. Patients who underwent surgical

treatment in our hospital for lumbar tuberculosis from
January 2012 to December 2018 were retrospectively
analysed.

Inclusion criteria: (1) The lesion involved one or two
adjacent lumbar segments (L1-L5); (2) patients received
debridement, autologous bone grafting, and instrumen-
tation via a posterior-only approach; (3) a definitive TB
diagnosis was obtained by pathological examination; and
(4) a minimum of 2 years of follow-up was completed.
Exclusion criteria: (1) multisegment lumbar tuberculo-
sis; (2) other spinal diseases affecting the postoperative
evaluation, such as adolescent scoliosis or ankylosing
spondylitis; and (3) loss of follow-up data for any reason,
including failure to follow up and death.

The primary diagnosis of tuberculosis was made
according to the medical history, clinical examination,
laboratory results, radiologic imaging, and drug response.
A definitive diagnosis was made by histological examina-
tion and/or by polymerase chain reaction (PCR) analysis
of tissue removed during surgery. The indications for sur-
gery included intractable low back pain due to instability,
progressive neurological dysfunction, kyphosis formation
and negative responses to chemotherapy [11-13].

Preoperative preparation

Conventional anti-TB treatment was administered
2—4 weeks before surgery. The HREZ chemotherapy regi-
men was administered, including isoniazid (300 mg/day),
rifampicin (450 mg/day), ethambutol (750 mg/day), and
pyrazinamide (750 mg/day) [6, 7]. Patients with malnutri-
tion were given oral supplementation or parenteral nutri-
tion to improve their preoperative condition.

Surgical method

After administration of general endotracheal anaesthesia,
patients were placed in the prone position. A posterior
incision was made to expose the posterior spinal ele-
ments, including one or two vertebrae above and below
the affected segments. Pedicle screws were inserted
into one or two normal vertebrae above and below the
affected vertebra, respectively. Short pedicle screws were
implanted in the affected vertebra according to the char-
acteristics and conditions of the damaged vertebral bone.
Based on imaging data, the side with severe destruction
and large abscess were selected as the operating side.
After a temporary internal fixation rod was installed on
the contralateral side, the lamina and articular processes
were resected from the more severe side of the lesion,
and the tuberculosis focus was exposed. If the lesion was
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Fig. 1 A 68-year-old male with L2-3 tuberculosis. a The lateral X-ray
film before surgery demonstrated intervertebral stenosis between
the L2-3. b, ¢ Preoperative CT and MRl showed that L2-3 vertebral
bone destruction. d—f Postoperative X-ray and CT of a patient who
underwent posterior internal fixation from T12 to L5 and morselized
bone graft at L2-3. g, h X-ray at 26 months postoperative showing
bone fusion between L2 and L3, without signs of tuberculosis
recurrence and hardware failure

extensive, the ipsilateral pedicle was removed to provide
sufficient vision for debridement. Then, the sequestrum,
caseous tissue, necrotic intervertebral disc, and para-
vertebral abscess were removed using different types of
curets. After the lesion was cleared, the area was irrigated
with a large amount of normal saline. If the contralateral
lesion was not cleared satisfactorily or there was a large
paravertebral abscess on the contralateral side, it was
removed using the same method. After that, the local
morselized bone harvested during surgery (morselized
bone group) (Fig. 1) or structural iliac bone harvested
from the iliac crest (structural iliac bone group) (Fig. 2)
was implanted into the bone defect space to reconstruct
the anterior column based on patient preference. Then,
the prebent rod was installed, and the posterior screw
system was properly pressurized or distracted to correct
the kyphosis. Satisfactory internal fixation and correction
of kyphotic deformities were confirmed by C-arm fluor-
oscopy. Then, a drainage tube was placed, and the inci-
sion was closed layer by layer.

Postoperative care

The drainage tube was removed when the drainage vol-
ume was less than 50 ml/24 h [1]. Anti-tuberculosis
chemotherapy, which was the same as the preoperative
regimen, was continued for 3 months postoperatively,
followed by a regimen of isoniazid, rifampicin, and eth-
ambutol for another 12—15 months [6, 7]. Patients were
allowed to ambulate with the support of a waist brace
7 days after the surgery.

Follow-ups

All patients were examined at 3-month intervals in the
1st year and then every 6 months. Blood panels, the ESR,
C-reactive protein (CRP), and hepatic and renal func-
tions were checked during each follow-up. Plain films
or CT scans were performed to investigate bony fusion.
The bone graft fusion criteria reported by Bridwell et al.
[15] were used to evaluate bone graft fusion, and the time
of bone graft fusion was recorded. The American Spinal
Injury Association (ASIA) criteria was used to evaluate
preoperative and postoperative neurological function.
Visual analogue scale (VAS) scores were used to assess
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Fig.2 A 39-year-old female with L4-5 tuberculosis. a The lateral X-ray
film before surgery demonstrated intervertebral stenosis between
the L4-5. b, ¢ Preoperative CT and MRl showed that L4-5 vertebral
bone destruction with paravertebral abscess. d—-f Postoperative X-ray
and CT of a patient who patient underwent posterior internal fixation
from L2 to ST and structural iliac bone graft at L4-5. g, h X-ray at

24 months postoperative showing bone fusion between L4 and L5,
without signs of tuberculosis recurrence

the severity of pain. The preoperative and postopera-
tive kyphosis angles were evaluated using the standard
method for measuring the kyphosis angle [10]. Images
parameters including Cobb angle and fusion status were
independently measured by two senior spinal surgeons
(SX. and JY). If there is any disagreement for graded data,
they discuss together.

Statistical analysis

All data were statistically analysed using SPSS 19.0 soft-
ware (SPSS Inc., Chicago, IL). The normality of the data
were tested by Shapiro—Wilk test before further statis-
tical analysis. The interobserver agreement of images
parameters was evaluated through the calculation of the
kappa coefficient. The continuous variables were com-
pared between the two groups by t test, and the classifi-
cation data were analysed with the Mann—Whitney test
or the Chi-square test. Paired t tests were used for intra-
group comparisons. A P value<0.05 was considered sta-
tistically significant.

Results

Patient information

There were 82 patients enrolled in this study, includ-
ing 43 patients in the morselized bone group and 39
patients in the structural iliac bone group, according to
the inclusion criteria. There was no significant difference
in age, sex, follow-up time, lesion segment, paravertebral
abscess, intraspinal abscess, or ASIA score (P >0.05). The
basic information of the patients in both groups is shown
in Table 1.

Clinical outcomes

The operation time, blood loss, and hospital stay in
the morselized bone group were significantly less than
those in the structural iliac bone group (P<0.05). In
both groups, the ESR and CRP gradually declined after
the operation and had returned to normal at the last
follow-up. There was no significant difference between
the two groups (P>0.05). Compared with preopera-
tive scores, the postoperative VAS scores in both groups
decreased significantly (P<0.05), but the mean postop-
erative VAS score in the structural iliac bone group was
higher than that in the morselized bone group (P >0.05).
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Table 2 The postoperative clinical and radiological data of

groups patients in two groups
Measurements Morselized Structural iliac P-value Measurements Morselized Structural iliac  P-value
bone group bone group (39) bone group  bone group
(43) (43) (39)
Age (year) 4744124 4824120 0912 Operative time (min) 1443+£236 2153+3238 0.008
Gender Blood loss (ml) 337241052 507.6+1676 0.003
Male 23 22 0.756 Hospital stay (d) 11.7£21 145+£29 0.001
Female 20 17 ESR
Follow-up (month) 287+43 30.14£6.2 0.273 Preoperative 433+11.8 5434125 0.553
Segments Postoperative 21.2+8.0*% 19.7£81% 0.898
L1-2 4 5 0.146 Final follow-up 11.0£4.3* 11.0£4.6% 0.874
L2-3 13 M CRP
L3-4 12 14 Preoperative 356+£145 357+£158 0.724
L4-5 12 8 Postoperative 13245.3% 174+£53% 0.854
L5-S1 2 1 Final follow-up 73+£23% 6.6+ 2.6% 0.536
Paravertebral abscess  30/43(69%) 28/39(71%) 0.840 VAS
Intraspinal abscess 12/43(27%) 9/39(23%) 0617 Preoperative 6.9+£09 6.8+09 0.903
ASIA scores Postoperative 2.84+0.8* 4.1+£09* 0.352
C 2 1 0.666 3 months follow-up 3.04+0.7% 294+06% 0.862
D 4 6 Final follow-up 23+£09% 24+£08* 0417
E 37 32 Cobb (°)
Preoperative 3.1£638 3152 0.136
Postoperative 134+£48* 126 +£4.7* 0.99
No significant difference was observed between the two Finel fO”OW__Up _ 109407 1A 000
Bone graft fusion time (m) 5.1+1.7 47416 0.857
grouPs at 3 months F)r the last follf)w—up (P>0.05). Neu- Fusion rate 05% (41/43)  97% (38/39) 0617
rological outcomes improved significantly after the sur- ASIA scores
gery in both groups, and no significant difference was
C 0 0.502
observed at the last follow-up (Table 2). o 1
E 42 37
Radiological outcomes Complications 4(9.3%) 10 (25.1%) 0051

Cohen kappa’s values of interobserver reliability of
images parameters was 0.82, therefore we took the aver-
age value of the measurements of two senior spinal sur-
geons as the final value.The postoperative local Cobb
angle increased in both groups compared with the pre-
operative value and decreased slightly at the final follow-
up. However, there was no significant difference between
the two groups (P>0.05). Bone fusion was achieved in
41 patients (95%) in the morselized bone group and 38
patients (97%) in the structural iliac bone group, which
was not a significant difference (P >0.05). The mean dura-
tion of bony fusion in both groups was not significantly
different (P >0.05).

Complications

In this study, 4 patients (9.3%) in the morselized bone
group had complications, including 1 case of postopera-
tive nerve root irritation, 2 cases of fusion failure, and 1
case of sinus tract formation. In comparison, 10 patients
(25.1%) in the structural iliac bone group had complica-
tions, including 2 cases of intraoperative dural sac tears,

* Compared with preoperative (P <0.05)

3 cases of postoperative nerve root irritation, 1 case of
fusion failure, and 4 cases of complications at donor sites.

Discussion

The goal of lumbar spinal tuberculosis surgery is to radi-
cally debride lesions, relieve spinal cord compression,
restore spinal stability and improve the quality of life
of patients [1-3]. A single one-stage anterior approach
with interbody fusion has been successfully applied, to
the clinic and this method has the advantage of allow-
ing anterior direct decompression and instrumentation.
However, anterior surgery may provide insufficient bio-
mechanical stability for the spine, especially for patients
with osteoporosis, and it is common to find residual
kyphosis or hardware failure at the end of treatment [6,
7]. Thus, the use of a combination of anterior debride-
ment and posterior fixation was implemented, which
helped to control the disease early, provide early fusion,
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and maintain the correction of the kyphosis [8, 9]. How-
ever, combination procedures are associated with a
large amount of surgical trauma and more postoperative
complications.

In recent years, many studies on the treatment of spinal
tuberculosis via a single-stage posterior approach have
reported good clinical efficacy [5-7]. Radical debride-
ment, bone grafting and internal fixation were performed
with one incision, simplifying the operation and greatly
reducing the surgical trauma compared with anterior sur-
gery or combined posterior and anterior surgery. Zhang
et al. [6] treated thoracolumbar tuberculosis via one-
stage posterior debridement, fusion, and pedicle screw
fixation and reported that all patients achieved bone
fusion within 10 months, without recurrence during a
4-year follow-up. Subsequently, Hassan et al. [16] com-
pared one-stage anterior and posterior surgeries to treat
thoracolumbar tuberculosis. The results showed that
both the anterior and posterior approaches successfully
treated thoracolumbar tuberculosis. These results indi-
cated that posterior-only surgery is feasible and effective
for treating thoracolumbar tuberculosis. However, there
is also a risk of incomplete lesion clearance, especially for
patients with multisegment tuberculosis. Therefore, most
authors [5-7, 16] agree that the indications for single
posterior surgery include the following: (1) the tubercu-
losis focus mainly involves the intervertebral space, and
bony destruction is present in less than 50% percent of
the vertebrae height; (2) the lesion scope does not exceed
2 levels; and (3) the lesion destruction and psoas abscess
are mainly on one side and mild on the other side.

Although posterior-only surgery for lumbar tuber-
culosis has achieved satisfactory clinical results, recon-
struction of bony defects after debridement remains a
major challenge. Structure iliac bone grafts are the most
common method used in spinal tuberculosis surgery.
However, morselized bone grafts have also been used
to treat spinal tuberculosis with satisfactory results. The
difference in clinical and radiographic results between
the structural iliac and morselized bone graft meth-
ods remains unclear in posterior surgery for lumbar
tuberculosis.

In the present study, we compared the clinical efficacy
and radiological outcomes of using morselized bone and
structural iliac bone to treat lumbar tuberculosis via a
posterior-only approach. Compared with the structural
iliac bone group, the morselized bone group had the ben-
efit of a shorter operation time and less blood loss. Liu
et al. [7] reported similar results using morselized bone
as graft material in the surgical treatment of thoracic
and lumbar spinal tuberculosis. The reason may be that
surgeons must perform multiple tedious procedures to
harvest structural bone from a patient’s iliac crest [17].
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Moreover, the iliac block must be reshaped, and usually
several attempts at insertion must be made because it is
difficult to implant a larger size iliac block to reconstruct
anterior column defects with a posterior-only approach
[18]. In addition, structural iliac bone makes greater
demands on the bone graft bed, extensively sclerosed
bones need to be removed, and some patients also need
to have the pedicles of the lesion segment removed to
successfully implant the iliac block [6, 12]. In contrast,
local morselized bone is harvested from the vertebral
lamina, spinous process, and articular process, and it is
easy to prepare and implant, as in TLIF and PLIF surgery,
a familiar operative procedure for all spinal surgeons [12,
18]. It does not require extensive intraoperative exposure,
shortening the operation time and reducing bleeding.
Moreover, the hospital stay in the structural iliac bone
group was longer than that in the morselized bone group.
We believe that the main reasons are the greater surgical
trauma and incidence of postoperative complications in
the structural iliac bone group.

The ultimate goal of bone grafting is to achieve bone
fusion and long-term segmental stability. There was a
lack of consensus on how to evaluate segmental fusion.
Although different methods have been reported, the
major criterion used to assess fusion is the presence of
bone connections between adjacent vertebrae. Proietti
et al. [19] believed that it was difficult to evaluate fusion
and microinstability, and facet fusion would help in
defining the success rate in spinal fusion surgeries as an
indirect evaluation method. After intervertebral fusion,
spontaneous facet fusion (SFF) may occur, and the fusion
rate increases over time. The incidence of SFF showed
a large difference (ranging from 19.0 to 68.9%) and is
affected by many factors, such as the patient’s age, body
mass index, and the presence of arthritis preoperatively
[20]. The advantages of SFF include increased spine sta-
bility and prevention of internal fixation failure when
intervertebral fusion fails. However, there is still contro-
versy about the effect of SFF on the clinical symptoms of
patients. The majority believe that SFF does not affect the
improvement of clinical symptoms [21, 22]. Interestingly,
Proietti et al. [19] divided the surgical segments into
immobilization and nonimmobilization groups accord-
ing to the presence of SFF and found that patients with
immobilization had significantly improvements in VAS
scores for back pain and the lower limbs and in the ODI
compared with the nonimmobilization group.

In our study, the intervertebral fusion status was mainly
assessed, while SFF was not careful observated. Based on
our observations, both graft methods achieved a good
fusion rate that was similar to the outcomes of previous
studies, and there was no significant difference in loss of
the kyphosis angle between the two groups. The possible
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reasons are as follows: (1) the majority of internal fixa-
tions involved 2 normal vertebral bodies above and below
the infected vertebra, which can improve early enough
mechanical stability, facilitate early fusion and maintain
the correction of kyphosis; (2) implanted morselized
bone or iliac bone has very good bone conduction, bone
induction, and osteogenic properties, which is more ben-
eficial in promoting early fusion; and (3) early use of a
rigid brace contributes to early ambulation and reduces
the probability of correction loss and internal fixation
failure. Undoubtedly, apart from excellent bone graft
materials, complete excision of the lesion and effective
anti-tuberculosis drugs played a vital role in successful
fusion in patients with spinal tuberculosis.

In the study by Liu et al. [7], the perioperative com-
plication rate was 9.1% (2/22), while in Du’s study [11],
the complication rate of posterior surgery for thora-
columbar tuberculosis was 30% (19/61). In this study, 14
cases (17%) had complications, including 4 cases in the
morselized bone group (9%) and 10 cases in the struc-
tural iliac bone group (25%). The major postoperative
complications were intraoperative dural sac tears, post-
operative nerve root irritation, and complications at
donor sites. We found that the incidence rates of dural
sac tears and nerve root irritation were significantly
higher in the structural iliac bone group than in the
morselized bone group, which may be associated with
the intraoperative implantation of the iliac bone. During
single-stage posterior surgery for lumbar spine tubercu-
losis, it is relatively difficult to implant an iliac block due
to the presence of lumbar nerve roots [17]. To success-
fully implant the large-sized bone block, the nerve roots
and dural sac of the affected lumbar level were often
retracted to make room for the operative procedure.
Excessive pulling of the nerve root and dural sac during
the implantation of bone grafts may result in postopera-
tive nerve root oedema, causing postoperative pain and
numbness in the area innervated by the nerve root [12].
If the bone block is trimmed with an unsmooth surface
frequently, it can easily tear the dural sac during implan-
tation [23]. In addition, complications at the donor sites
in the structural iliac bone group were higher than those
in the morselized bone group, which may be related to
harvesting iliac bone from structural iliac bone. Compli-
cations at donor sites have been reported in up to 40% of
cases [24]. In contrast, using morselized bone as the bone
graft material can prevent such iatrogenic injury.

Although satisfactory outcomes were obtained, there
are several limitations to this study. First, it was a retro-
spective study, and the choice of a one-stage posterior
approach was mainly based on the surgeon’s experience,
which may affect the clinical outcomes between the two
groups. Second, only a small sample size and short-term
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follow-up data were available for both groups. Thus, we
believe that a randomized control study with a larger
sample size and long-term follow-up is needed to con-
firm the significance of this study.

Conclusion

In summary, the two grafting techniques may achieve
comparable clinical outcomes in the treatment of lumbar
spinal tuberculosis. Compared with structural iliac bone
grafts, the morselized bone grafts may have the advan-
tage of involving a short operation time and less blood
loss and that was more beneficial in reducing postop-
erative complications. However, this study was a single-
centre retrospective study with a small sample size and a
short follow-up time. The above conclusions require fur-
ther follow-up.

Abbreviations

VAS: Visual analogue scale; ESR: Erythrocytic sedimentation rate; CRP:
C-reactive protein; ASA: American Standards Association; SFF: Spontaneous
facet fusion.

Acknowledgements
The authors thank the other investigators, staff, and participants of the study
for their valuable contributions.

Author contributions

Study design, QW, SX, YMS; data collection, GJW; data analysis, SZ; writ-
ing original draft preparation, SX; prepared figures, JY. All authors read and
approved the final manuscript.

Funding
No funds were received in support of this work.

Availability of data and materials

The datasets supporting the conclusions of this article are included within
the article. The raw data can be requested from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Ethics Committee of the Affili-

ated Hospital of Southwest Medical University. All patients provided written
informed consent prior to their inclusion in this study.

All the methods were performed according to the appropriate guidelines and
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 February 2022 Accepted: 9 May 2022
Published online: 14 May 2022

References

1. Huang QS, Zheng C, Hu Y, et al. One-stage surgical management for chil-
dren with spinal tuberculosis by anterior decompression and posterior
instrumentation. Int Orthop. 2009;33(5):1385-90.



Xu et al. BMC Surgery (2022) 22:184

20.

21.

22.

Benli IT, Acaroglu E, Akalin S, et al. Anterior radical debridement and
anterior instrumentation in tuberculosis spondylitis. Eur Spine J.
2003;12:224-34.

ZhongY,Yang K, Ye Y, et al. Single posterior approach versus combined
anterior and posterior approach in the treatment of spinal tuberculosis: a
meta-analysis. World Neurosurg. 2020;147:115-24.

Fukuta S, Miyamoto K, Masuda T, et al. Two-stage (posterior and anterior)
surgical treatment using posterior spinal instrumentation for pyogenic
and tuberculotic spondylitis. Spine. 2003;28(15):E302-8.

Wang ST, Ma HL, Lin CP, et al. Anterior debridement may not be necessary
in the treatment of tuberculous spondylitis of the thoracic and lumbar
spine in adults: a retrospective study. Bone Joint J. 2016;98-B(6):834-9.
Zhang H, Zeng K, Yin X, et al. Debridement, internal fixation, and recon-
struction using titanium mesh for the surgical treatment of thoracic and
lumbar spinal tuberculosis via a posterior-only approach: a 4-year follow-
up of 28 patients. J Orthop Surg Res. 2015;10:150.

Liu JM, Zhou Y, Peng AF, et al. One-stage posterior surgical management
of lumbosacral spinal tuberculosis with nonstructural autograft. Clin
Neurol Neurosurg. 2016;153:67.

JinW, Wang Q, Wang Z, et al. Complete debridement for treatment of
thoracolumbar spinal tuberculosis: a clinical curative effect observation.
Spine J. 2014;14:964-70.

Cui X, Li LT, Ma YZ, et al. Anterior and posterior instrumentation with dif-
ferent debridement and grafting procedures for multi-level contiguous
thoracic spinal tuberculosis. Orthop Surg. 2016;8(4):454-61.

Assaghir YM, Refae HH, Alameddin M. Anterior versus posterior
debridement fusion for single-level dorsal tuberculosis: the role of
graft-type and level of fixation on determining the outcome. Eur Spine J.
2016;25:3884-93.

. DuX,0uYS, Zhu, et al. One stage posterior debridement, nonstructural

bone graft in the surgical treatment of single segment thoracic tubercu-
losis: a retrospective single-center cohort study. Int J Surg. 2019,65:134-9.
Suya D, Shao L, Gu R, et al. Could nonstructural interbody fusion be an
alternative surgical technique for treatment of single segment thoracic
and lumbar spinal tuberculosis via a posterior-only approach? World
Neurosurg. 2019;130:e316-23.

Rexiti P, Abudurexiti T, Abuduwali N, et al. Debridement and internal fixa-
tion from a single posterior approach for the treatment of lumbosacral
tuberculosis. World Neurosurg. 2018;120:e392-9.

Hu MW, Liu ZL, Zhou Y, et al. Posterior lumbar interbody fusion using
spinous process and laminae. J Bone Joint Surg Br. 2012;94(3):373-7.
Bridwell KH, Lenke LG, Mcenery KW, et al. Anterior fresh frozen structural
allografts in the thoracic and lumbar spine. Do they work if combined
with posterior fusion and instrumentation in adult patients with kyphosis
or anterior column defects? Spine. 1995;20(12):1410.

Hassan K, EImorshidy E. Anterior versus posterior approach in surgical
treatment of tuberculous spondylodiscitis of thoracic and lumbar spine.
Eur Spine J. 2016;25(4):1056-63.

Wang YX, Zhang HQ, Liao W, et al. One-stage posterior focus debride-
ment, interbody graft using titanium mesh cages, posterior instru-
mentation and fusion in the surgical treatment of lumbo-sacral spinal
tuberculosis in the aged. Int Orthop. 2016;40:1117-24.

Wang YX, Zhang HQ, Li M, et al. Debridement, interbody graft using
titanium mesh cages, posterior instrumentation and fusion in the surgical
treatment of multilevel noncontiguous spinal tuberculosis in elderly
patients via a posterioronly. Injury. 2016;48:378-83.

Proietti L, Perna A, Ricciardi L, et al. Radiological evaluation of fusion pat-
terns after lateral lumbar interbody fusion: institutional case series. Radiol
Med. 2021;126(2):250-7.

Pu XX, Zhao L, Wang X, et al. Research progress of spontaneous facet
fusion after lumbar spine surgery. Chin J Restor Reconstruct Surg.
2022;36(41):1-5.

Gazzeri R, Panagiotopoulos K, Princiotto S, et al. Spontaneous spinal
arthrodesis in stand-alone percutaneous pedicle screw fixation without
in situ fusion in patients with lumbar segmental instability: long-

term clinical, radiologic, and functional outcomes. World Neurosurg.
2018;110:e1040-8.

Satake K, Kanemura T, Nakashima H, et al. Nonunion of transpsoas lateral
lumbar interbody fusion using an allograft: clinical assessment and risk
factors. Spine Surg Relat Res. 2018;2(4):270-7.

Page 8 of 8

23. Zeng H,Wang X, Pang C, et al. Posterior only versus combined posterior
and anterior approaches in surgical management of lumbosacral
tuberculosis with paraspinal abscess in adults. Eur J Trauma Emerg Surg.
2018;40(5):607-16.

24. Myeroff C, Archdeacon M. Autogenous bone graft: donor sites and tech-
niques. J Bone Joint Surg Am. 2011;93(23):2227.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Comparison of clinical and radiological outcomes of local morselized bone grafts and structural iliac bone grafts in the treatment of lumbar tuberculosis with posterior-only surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Patient selection
	Preoperative preparation
	Surgical method
	Postoperative care
	Follow-ups
	Statistical analysis

	Results
	Patient information
	Clinical outcomes
	Radiological outcomes
	Complications

	Discussion
	Conclusion
	Acknowledgements
	References


