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Abstract
Background: Pyogenic vertebral osteomyelitis (PVO), which is a potentially life-threatening condition and is asso‑
ciated with significant morbidity and mortality, is a cause of back pain that can lead to neurologic deficits if not
diagnosed in time and effectively treated. The objective of this study is to compare the efficacy of posterior singlesegment and short-segment fixation combined with one-stage posterior debridement and fusion for the treatment
of mono-segmental lumbar or lumbosacral PVO.
Methods: Charts of all patients with mono-segmental lumbar or lumbosacral PVO were treated by single-stage
posterior debridement, bone graft fusion, and pedicle screw fixation from April 2012 to January 2016. All patients
were divided into two groups: sinlge-segment fixation (Group A, n = 31) and short-segment fixation (Group B, n = 36).
These patients were followed up for a minimum of five years. The clinical efficacy was evaluated and compared on
average operation time, blood loss, visual analog scale (VAS), erythrocyte sedimentation rate (ESR), C-Reactive protein
(CRP), neurological function recovery and local lordotic angle.
Results: All 67 patients were completely cured during the follow-up. All patients had significant improvement
of neurological condition and pain relief at the final follow-up. The VAS was 7.1 ± 0.7 in group A and 7.2 ± 0.6 in
group B pre-operatively, which decreased to 2.1 ± 0.6 and 2.0 ± 0.7, respectively, at three months after surgery, then
reduced to 0.4 ± 0.5 and 0.5 ± 0.5, respectively, at the final follow-up. ESR, CRP returned to normal limits in all patients
3 months after surgery. The mean blood loss and operation time in group A were less than that in group B (P < 0.05).
The local lordotic angle in group A was increased from preoperative − 1.7 ± 7.9° to postoperative 5.8 ± 7.1°, with angle
loss of 1.5 ± 0.8° at the final follow-up, respectively (P < 0.05). The local lordotic angle in group B was increased from
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preoperative − 1.6 ± 7.8° to postoperative 13.5 ± 6.2°, with angle loss of 1.3 ± 0.8° at the final follow-up, respectively
(P < 0.05). In the mean postoperative local lordotic angle, there was significant difference between the two groups at
the time of immediate postoperative period or the final follow-up (P < 0.05).
Conclusion: Posterior-only debridement, interbody graft using titanium mesh cage, posterior single-segment instru‑
mentation and fusion represent a safe and effective treatment option for selected patients with mono-segmental
lumbar and lumbosacral PVO. This approach may preserve more lumbar normal motor units with less blood loss and
operation time when compared with that of short-segment fixation. But short-segment fixation was superior to the
single-segment fixation in the correction of kyphosis.
Keywords: Mono-segmental, Lumbar, Lumbosacral, Pyogenic vertebral osteomyelitis, Titanium mesh cage, Posterior
mono-segmental instrumentation, Posterior short-segmental instrumentation

Introduction
Pyogenic vertebral osteomyelitis (PVO) comprises less
than 4% of all bone infections [1], but can be associated
with devastating morbidity and mortality, resulting in
significant pain, deformity and neurological deficit [2].
The diagnosis and management of PVO remains difficult,
not least because of the increasing elderly and immunocompromised population worldwide. The majority of
patients with PVO can be treated nonsurgically with
appropriate antibiotics and external immobilization, particularly if the diagnosis is made early and the causative
organism can be identified from a closed needle biopsy
[3]. As such, indications for surgery have been limited
to the unsuccessful conservative therapy, neurologic
impairment, epidural abscess formation, intractable pain,
or vertebral destruction leading to early or late spinal
instability or segmental kyphosis [4, 5]. However, the current surgical treatment of PVO is still controversial, especially the choice of fixed segment length and selection of
surgical approach. Although anterior approach have been
conventionally preferred, complicated anatomic layers,
segmental vessels, occasionally major vessels, and nerves
should not be overlooked [6]. Furthermore, some patients
often combined with cardiovascular and respiratory disease and single lung ventilation via anterior approach
could result in more complications [7]. The combined
posterior and anterior procedures lead to increased operating time, prolonged anesthesia, greater blood loss and
increased mortality, morbidity and complications.
Posterior instrumentation has become popular as a
technique for correction of kyphotic deformity and stabilization of the unstable spine in the past decade. In
addition, we have applied posterior-only surgery in the
treatment for spinal tuberculosis, which have got satisfactory clinical effects [7–9]. In view of this, posterior-only
surgery was used in the treatment of mono-segmental
lumbar or lumbosacral PVO.
There are no comparative studies on mono-segmental lumbar or lumbosacral PVO treated by posterior-only debridement, fusion, and single-segment vs.

short-segment fixation. Therefore, the aim of our clinical
study was to compare the clinical and radiological outcomes of posterior single-segment and short-segment
fixation combined with posterior-only debridement and
bone grafting fusion in treating mono-segmental lumbar
or lumbosacral PVO.

Material and methods
This study was a retrospective case series (level 4 evidence) and was approved by the ethics board committee
of our hospital. Charts of all patients with mono-segmental lumbar or lumbosacral PVO treated from April
2012 to January 2016 by posterior-only debridement,
interbody bone graft using titanium mesh cage, posterior instrumentation and fusion were retrospectively
reviewed.
Patients whose major lesion involves mono-segmental
with any of the following conditions were selected: (1)
failure of conservative treatment, (2) intractable back
pain, (3) vertebral destruction causing spinal instability, (4) neurological deterioration, (5) obvious abscess
formation.
Exclusion criteria were the following: (1) multi-segmental involvement with severe destruction of vertebral bodies, (2) multi-level large paraspinal abscesses or
gravitation abscess, (3) previous lumbar or lumbosacral
surgery.
According to the length of fixation, the cases were
divided into single-segment fixation group (group A,
where the fixed/fused range was limited to only one damaged motion segment) and short-segment fixation group
(group B, where the fixed/fused range included both the
one damaged segment and one normal motion segment
located above and below the damaged motion segment,
respectively). In group A, there were 31 cases (19 males
and 12 females) with a mean age 44.4 years (range 32 to
57 years). In group B, there were 36 cases (22 males and
14 females) with a mean age of 44.8 years (range 35 to
61 years).
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The main clinical symptoms of patients in two groups
included fever, low back pain, lower extremity radiation
pain, numbness, weakness, anorexia and weight loss.
Hematological inflammatory indices included erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
and total leukocyte count, which were documented
preoperatively, postoperatively and at follow-up. Pain
severity was assessed by visual analog scale (VAS). The
American Spinal Injury Association (ASIA) was used to
evaluate neurological function. All patients had imaging evaluations included radiographs, three dimensional
computed tomography (CT), and magnetic resonance
imaging (MRI) that were taken preoperatively to determine the affected level and detect vertebral body collapse, spinal instability, bone destruction, epidural and
paravertebral abscess formation, and narrowing of the
intervertebral space (Figs. 1a–f, 2a–c). The lumbar lordosis angle is the sagittal Cobb angle measured between the
superior end plate of L1 and the superior end plate of S1
on the radiographs.
The diagnosis was based upon clinical presentation,
imaging findings and laboratory examination, and subsequently confirmed by histopathological analysis of specimens obtained during surgery.
Pre‑operative management

Percutaneous biopsy of the affected vertebral bodies was
performed on all patients posteriorly through a transpedicular approach under CT monitoring. All patients
were in strict bed rest and were prescribed with continuous intravenous antibiotic therapy for at least 4 weeks
before surgery except ten, of whom experienced neurological deterioration after 2–3 weeks of continuous intravenous antibiotic therapy.
Surgical procedure

All surgical procedures were performed by the same
group of surgeons. All patients were operated under general anesthesia in prone position.
In group A, through posterior midline approach, the
lamina, facet joints, transverse processes were exposed.
Exposing the vertebral laminae of involved segments,
posterior pedicle screws were installed. Single segment
fixation was performed. Transpedicular screws were only
placed in the affected vertebrae. During transpedicular
screw insertion, the site should be situated at a distance
from the foci, but close to the end-plate to avoid exposing
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the screw after debridement. A temporary rod on the
mild side of the focus was stabilized to avoid spinal cord
injury induced by instability of the spine during decompression and focal debridement. After removing spinous
process of the affected vertebrae, unilateral partial laminectomy or hemilaminectomy at the more severe lesion
or more abscess side of the affected vertebrae was performed before debridement of the affected intervertebral
discs and vertebrae. If necessary, unilateral partial or total
facetectomy was also performed. Then, corpectomy and
discectomy were performed, and abscess was evacuated.
To achieve adequate debridement, compression wash and
negative pressure suction were alternatively performed
by inserting a urethral catheter into the abscess cavity.
Spinal cord monitoring was also used, including motorevoked and sensitive-evoked. One or two titanium mesh
cages which were filled with allograft bone and autogenous bone, coming from healthy lamina, spinous process
were shaped according to the shape and length of bone
graft bed (Fig. 1g). Posterior interbody graft was applied
posterolaterally. Interbody compression was performed
after placement of interbody titanium mesh cages. Then,
autogenous bone or an allograft of the proper size was
selected for posterior fusion on the segments that underwent decompression and focal debridement. Tissue
specimens obtained from the diseased spinal tissue at
operation were sent for microbiological culture and histopathological analysis in all cases.
In group B, short segment fixation was performed,
whose fixed range included both the one damaged segment and one normal motion segment located above and
below the damaged motion segment, respectively. Other
procedures were the same with group A.
Post‑operative management

Continuous flushing intervertebral space with 480,000
units of gentamicin and 3000 ml 0.9% sodium chloride
solution was performed for 24 h after surgery in cases,
which obvious purulent exudate was found intraoperatively. The drain was usually removed when irrigation of
drainage fluid was negative for three times after surgery
and white blood cell, ESR, CRP decreased obviousely
earlier than before, which often lasted for 2–3 weeks. All
patients were initially treated with intravenous broadspectrum antibiotic, and then the antibiotic therapy
was adjusted whenever organisms grown in cultures
were identified and the sensitivities to antibiotics of

(See figure on next page.)
Fig. 1 a–f Preoperative radiographs, CT and MRI showed that L2–L3 pyogenic vertebral osteomyelitis and lesion around vertebral body of
L2–L3 developed paravertebral abscess with marked bony destruction. g Posterior interbody grafts using titanium mesh cages was applied
posterolaterally. h–j Postoperative radiographs showed that posterior interbody graft using titanium mesh cage, posterior single-segmental
instrumentation and fusion. Postoperative CT and MRI showed completely resolution of epidural abscess. Interbody graft using titanium mesh
cages were placed satisfactorily. k, l Final follow-up radiographs and CT showed good bone fusion
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Fig. 2 a–c Preoperative CT, and MRI showed that L4–L5 pyogenic vertebral osteomyelitis and lesion around vertebral body of L4–L5 developed
paravertebral abscess with bony destruction.The abscess involved into the spinal canal with cord compromise resulted in neurologic deficit. d–g
Postoperative radiographs and CT showed that interbody graft using titanium mesh cage, posterior short-segmental instrumentation and fusion.
Postoperative MRI showed completely resolution of epidural abscess and decompression of neural component. h, i Final follow-up radiographs and
CT showed good bone fusion

these organisms were obtained. Intravenous antibiotic
medications were continued for at least 4 weeks (range
4–6 weeks) after surgery or until all laboratory parameters in terms of white blood cell counts, ESR and CRP

returned to normal limits. Patients were allowed to
ambulate after operation for 14 to 20 days. The postoperative external support was needed for 3–6 months. Follow-up examination was performed during the first year
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at 4 weeks, 3, 6, 9 months and 1 year. Subsequent followups were at yearly intervals. At each follow-up survey,
they were assessed clinically for neurological function
and pain and radiologically for spinal alignment and
fusion progress. Plain radiographs were obtained at each
follow-up measuring time to solid bony fusion (Figs. 1h,
2d, e). Successful fusion were defined as absence of local
pain and tenderness over the site of fusion, no abnormal
motion, no correction loss and hardware failure, presence of trabecular bone bridging between the grafts and
the vertebrae, and no lucencies at the bone-cage interfaces. In inconclusive cases, bony fusion was assessed by
three dimensional CT scan (Figs. 1i, j, 2f, g). Monitoring
of laboratory parameters (white blood cell counts, ESR,
CRP, hepatic function and renal function) was made regularly until these parameters returned to normal values.
Complications were also recorded.
Statistical analyses

SPSS24.0 statistical software was used for analysis.The
clinical information between the two groups were compared using Student’ s t test and Wilcoxon signed-rank
test. A rank sum test was used to analyze any discrepancy
in normal data distributions. A P-value < 0.05 was considered statistically significant.

Results
All 67 patients were completely cured during the followup. In group A, involved levels were observed at 5 cases
in L1–2, 6 cases in L2–3, 6 cases in L3–4, 7 cases in L4–5,
and 7 cases in L5–S1. In group B, involved levels were
observed at 5 cases in L1–2, 6 cases in L2–3, 7 cases in
L3–4, 10 cases in L4–5, and 8 cases in L5–S1.
Only 25 patients could be presumed for the source of
the spinal infection despite careful diagnostic examination: 15 patients had undergone invasive procedures
such as lumbar punctures and epidural injections before
they experienced infection, of whom 9 patients were in
group A, and 6 patients in group B. 4 patients had urinary tract infections, of whom 2 patients were in group
A, and 2 patients in group B. In goup A, 2 patients suffered from bacteremia at another hospital, and a blood
culture obtained postoperatively at that hospital revealed
infection. 4 patients suffered from bacteremia at our hospital before surgery, and a blood culture obtained postoperatively at our hospital revealed infection, of whom
one patient was in group A, 3 patients in group B. All
patients had no recent (fewer than 12 months) nonspinal
procedures or previous surgical interventions to the
spine. Medical comorbidities in group A included diabetes mellitus in seven patients, smoking in seven patients,
hypertension in three patients, chronic obstructive pulmonary disease (COPD) in two patients, hepatitis B in
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one patient and alcoholic hepatitis in two patients. Medical comorbidities in group B included diabetes mellitus
in nine patients, smoking in nine patients, hypertension
in four patients, COPD in one patient, hepatitis B in two
patients.
All patients underwent blood culture and seven had
urine culture done, but infectious organisms were isolated from blood culture in only ten patients, of whom
one had positive urine cultures as well. The primary causative organism was Staphylococcus aureus in seven cases
and Escherichia coli in three cases. Laboratory examination revealed a leukocytosis in 33 of the 67 patients. All
patients had elevation of erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP). In group A, the ESR
ranged from 40 to 127 mm/h (average, 84.2 mm/h). The
CRP ranged from 31 to 86 mg/L (average, 52.9 mg/L).
In group B, the ESR ranged from 45 to 122 mm/h (average, 83.7 mm/h). The CRP ranged from 32 to 87 mg/L
(average, 51.4 mg/L). Cultures of biopsy specimens were
positive for Staphylococcus aureus in six patients, Staphylococcus epidermidis in two patients, Escherichia coli in
two patients, but the diagnosis of PVO was confirmed
histologically in all of them.
The mean periods of follow-up was 77.8 ± 10.5 months
in group A and 80.9 ± 10.0 months in group B. The intraoperative blood loss and operation time in group B were
more than that in group A, with a significant difference (P < 0.05) (Table 1). 54 patients of tissue specimens
obtained from the diseased spinal tissue at operation had
positive cultures. In group A, the most common causative organism was Staphylococcus aureus, which was positive in 10 patients. Other organisms were Staphylococcus
epidermidis in 6 patients and Pseudomonas species in 3
patients; Salmonella species in 3 patients and Escherichia
coli in 2 patients. In group B, the most common causative organism was also Staphylococcus aureus, which was
positive in 12 patients. Other organisms were Staphylococcus epidermidis in 7 patients and Salmonella species
in 4 patients; Escherichia coli in 4 patients and Pseudomonas species in 3 patients.
Resolution of infection was exhibited in all, as
noted by normalization of the ESR and CRP levels.
All patients had significant improvement in constitutional symptoms and back pain after surgery. White
blood cell, ESR, CRP returned to normal limits in all
patients 3 months after surgery (Table 1). All patients
had pain relief. The VAS was 7.1 ± 0.7 in group A and
7.2 ± 0.6 in group B pre-operatively, which decreased
to 2.1 ± 0.6 and 2.0 ± 0.7, respectively, at three months
after surgery, then reduced to 0.4 ± 0.5 and 0.5 ± 0.5,
respectively, at the final follow-up (Table 1). All
patients achieved bone fusion. The bony fusion time
was 5.4 ± 1.0 months in group A and 5.2 ± 0.9 months
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Table 1 The clinical data of patients
Group A (N = 31)

Group B (N = 36)

P value

Gender (M/F)

19/12

22/14

0.99

Age (years)

44.4 ± 6.7

44.8 ± 6.3

0.69

Blood loss (ml)

447 ± 55

Operation time (min)

589 ± 86

177 ± 18

Duration of follow-up (months)

77.8 ± 10.5

Fusion time (months)
Pre

7.1 ± 0.7

Post
FFU
Pre

84.2 ± 20.7

Pre

0.27
0.54
0.36

83.7 ± 17.2

0.92

8.9 ± 1.5

52.9 ± 14.7

TMP

0.22

0.5 ± 0.5

9.0 ± 1.8

CRP(mg/l)

0.55

2.0 ± 0.7

0.4 ± 0.5

TMP

5.2 ± 0.9
7.2 ± 0.6

2.1 ± 0.6

ESR(mm/h)

< 0.01

80.9 ± 10.0

5.4 ± 1.0

VAS

< 0.01

208 ± 17

0.49

51.4 ± 15.1

4.8 ± 1.2

0.66

5.0 ± 1.1

0.79

M male, F female, Pre pre-operative, Post post-operative, TMP three months post-operative, FFU final follow-up

Table 3 Comparison of the local lordotic angle
Table 2 Neurological status evaluated by the ASIA impairment
scale
ASIA scale

Group A (N = 31)

Group B (N = 36)

Pre

Pre

FFU

FFU

A

0

0

0

0

B

1

0

2

0

C

4

0

3

0

D

12

2

14

3

E

14

29

17

33

Pre pre-operative, FFU final follow-up

Group

n

Local lordotic angle (°)
Pre

A

31

B

36

Statistic

Post

Correction
loss (°)
FFU

− 1.7 ± 7.9# 5.8 ± 7.1*

4.3 ± 6.9*

t =  − 0.047

t =  − 5.125 t = 1.149

− 1.6 ± 7.8# 13.5 ± 6.2* 12.3 ± 6.0*

P = 0.963

t = 4.075

P = 0.000

P = 0.000

1.5 ± 0.8

1.3 ± 0.8

P = 0.255

Pre pre-operative, post post-operative immediately, FFU final follow-up
*

Compared with pre-operative value, P < 0.05

#

Compared with the value at immediately after operative, P < 0.05

Complication

in group B (Figs. 1k, l, 2h, i) (Table 1). No neurological deterioration after surgery was noted in any of the
cases. Neurologic deficits improved at final follow-up
(Table 2). At the last follow-up, the AISA grades of
both two groups were significantly improved compared with that before operation (P < 0.05), and there
was no significant difference between the two groups
(P > 0.05) (Table 2). Mean preoperative local lordotic
angle was similar between the two groups (Table 3).
There was significant difference between the two
groups at postoperative and final follow-up local lordotic angle (P < 0.05) (Table 3), and the local lordotic
angle of the two groups was significantly improved
compared with that before operation (P < 0.05)
(Table 3). There was no obvious loss of correction in
both groups (Table 3).

Postoperative skin infection occurred in two cases (1 in
group A and 1 in group B), which were all cured after
antibiotic therapy and wound dressing. No complications related to instrumentation occurred. Four patients
(2 in group A and 2 in group B) suffered from pneumonia, resolutive with anti-inflammatory and symptomatic
supportive treatment during one week. No graft fracture,
sliding or resorption was observed.

Discussion
Our study showed that all the patients in the two
groups were cured without relapse, reinfection or
long-term pain after surgery. All patients got bone
fusion at the final follow-up without complications
related to the internal fixation. This observation might
indicate that both short-segment fixation and singlesegment fixation can achieve the goal of long-term
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clinical treatment. And single-segment fixation techinique showed less invasive, which also can meets
the requirements of reconstruction stability in the
treatment of PVO. Single-segment fixation creates a
relatively smaller surgical field of exposure and the
procedure was performed with limited surgical access,
thus causing little damage to the structure and physiological function of the spine, which is therefore less
invasive, with reduced operative time and blood loss.
Furthermore, in our study, the operation time and
intra-operative blood loss in the single-segment fixation group were significantly lower than those in the
short-segment fixation group, which brought relatively
smaller surgical trauma.
From clinical perspective, previous studies have
shown that the monosegmental fixation is a safe and
effective technique in patients with spinal fractures
with a minimum two years follow-up [10]. It can save
motion segments in patients with adequate spine stability and good functional outcomes [10, 11]. Biomechanical experiments and finite element analysis have also
indicated that single-segment fixation can meet the stability requirements necessary for spinal fracture reconstruction [12]. Single-segment fixation is more hard
in the treatment of PVO than that in the treatment of
spinal fracture due to the pathological features of PVO.
The vertebrae infected by PVO often present new bone
formation and bone sclerosis, so the bone mineral density of infected vertebrae is generally higher than normal vertebrae. This results in stronger holding forces in
the vertebrae with infection lesions than in those vertebrae with fractures, when performing pedicle scews
of placement. In our study, pedicle screws were often
inserted close to the endplate, which could get stronger
holding forces on the vertebrae. This can achieve good
reconstruction of spinal stability, which can get pain
relief. In our study, all patients experienced significant
relief of low back pain after surgery.
The incidence of PVO is increasing, which may be
attributable to various factors such as the aging of the
society, the abuse of intravenous drugs, the widespread
use of immunosuppression therapy for organ implant
recipient and the progress in diagnostic methods with
higher specificity [13–15]. These diseases often affect the
“at-risk” populations, namely the elderly and the immunocomprimised due to malnutrition, diabetes mellitus,
chronic smoking, intravenous drug abuse [13–15]. The
most common site of infection is the lumbar spine (45–
50%) [16]. Spinal infections are often preceded by infections elsewhere in the body; and predisposing conditions
include a genitourinary infection, urinary tract intervention, intravenous drug abuse, immunosuppression,
indwelling vascular catheter, diabetes mellitus [17, 18].
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Despite recent advances in imaging, and microbiological and histopathological techniques, the early detection
of vertebral osteomyelitis remains difficult. The onset of
the symptom is often insidious and could easily be underestimated (or ignored) by both patients and doctors. The
most common symptom is back pain; it may be insidious
in onset during the early stages of infection but typically
worsen at the advanced stage. Neurologic deficit may not
be present until later in the course of disease. Other constitutional symptoms, such as fever, weight loss, chills,
and anorexy are non-specific.Timely diagnosis of pyogenic vertebral osteomylitis depends on its consideration in patients with back pain and fever, especially those
who are elderly, diabetic or immunocompromised. Delay
in diagnosis of results in more severe tissue destruction,
spinal instability and worsening neurological deficit [15].
So early diagnosisof PVO, especially identification of
etiologic microorganism, become very important in the
treatment of patients with PVO. The procedures for this
step include blood cultures, percutaneous tissue biopsy
and culture, and open biopsy and culture. When clinical
history, laboratory values, and radiographic studies suggest spinal infection, blood cultures are firstly performed
but show lower positive rates than other procedures [19].
When the result of blood cultures is negative, the procedures for obtaining infected tissue should be considered
before antibiotic treatment starts [20]. In order to get
enough tissue more accurately from the pathologic area,
percutaneous CT-guided needle biopsy is a good option
to enhance the culture result [21]. The low positive rate
of percutaneous needle biopsy in our study may be due
to failure in the procedure, low-virulence organisms, and
prior antibiotic use before admission. If biopsy cultures
fail to show an organism, histological analysis can often
confirm the diagnosis [22].
Surgical treatment of PVO consists of radical debridement, reconstruction of anterior column with or without posterior stabilization aiming for fast postoperative
mobilization [16]. There is a broad range of options
for the surgical management of spinal infections,
which include anterior or posterior approach, combined anteriror and posterior surgery, with or without
instrumentation.
Because the inflammation is usually anterior to the
neural contents, anterior operative approach is usually
preferred. An anterior approach allows radical debridement, direct decompression and reconstruction of anterior column. However, this procedure has not been
successful in preventing the progression of kyphosis or
correcting the pre-existing kyphosis. And surgery performed with an anterior approach could result in higher
mortality, especially for patients with combined cardiovascular and respiratory disease [23, 24]. Although
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anterior-only surgery can be performed, combined anteroposterior surgery provides for a more rigid spinal construct and better kyphosis correction. This combined
procedure has a longer operation time, longer healing
duration, and higher surgical trauma, especially for aged
patients. The decision to perform anteroposterior spinal
surgeries in a single-stage or 2-stage fashion is complex
and remains controversial.
Nowadays, authors have tended to emphasize the
importance of tailoring the management options according to patient general medical condition, degree of bony
destruction and location of compressive lesions. Also, as
posterior instrumentation has become popular as a technique to stabilize the unstable spine and more effective
regimens of appropriate antibiotics have become available, posterior-only procedure become an alternative
treatment of spinal infection [25]. We have treated contiguous spinal tuberculosis by posterior-only approach
surgery and achieved good clinical effects [7–9]. We preferred posterior approach because some patients were
in a poor medical condition and it was felt that surgery
involving abdominal cavity would subject them to a high
anaesthetic risk, with potential severe postoperative
anterior complications. This approach far away from the
abdominal cavity is characterized as the simple approach.
It avoids high anaesthetic risk of anterior procedure with
possibility to develop postoperative severe complications. Because there is no advantage of radical surgery
over debridement when an extensive spinal lesion is
present [26], we only removed focal tissues and tissues
in focal edges, especially the sclerotic walls, caves, dead
spaces, and so on, which could result in a incurative or
recurrent result for vertebral osteomyelitis and reach the
subnormal substance of bones between normal cancellous bones and pathologic bones. In our study, neurological function in patients with paraplegia was significantly
improved postoperatively, which was similar to the result
after anterior decompression [27].
The choice of the fixation range in lumbar segment
remains controversial. Short-segment fixation provided
stronger fixation and is still used by most surgeons for
treatment of mono-segment lumbar PVO. Longer fixed
segment range can distribute the longitudinal stress of
the spine, which can significantly maintain the spinal
stability and prevent loss of the correction. But shortsegment fixation sacrificed two normal motion segments,
affecting the activity of the lumbar spine in the long term
and leading to aggravation of adjacent segment degeneration (ASD), which may ultimately cause ASD-related
complications [28]. However, despite sacrificing more
spinal functional units, our study have already demonstrated that compared with single-segment fixation,
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short-segment fixation can get better correction of
kyphosis.
Recently, many studies reported that titanium mesh
cages have been shown to be effective for reconstructing a deficient anterior column after a corpectomy in
the treatment of PVO [4, 5, 29], by providing immediate
spinal stability and improving sagittal balance, and thus
facilitating bone healing. The use of titanium mesh cages
has several benefits over other bone struts. The cage provides immediate stability, is rigid, and can tolerate compression forces well. The significant interface strength
between the cage and endplates prevents it from extrusion or displacement. Most of all, the titanium mesh cage
is the ideal shape, or it can be tailored to be positioned
between adjacent vertebral endplates. It has relatively
large weight-bearing surfaces. It is mechanically strong
enough that can prevent from leading to discrete loss of
height of a fused motion segment, which may be due to
osteoporosis of the vertebrae [30]. Compression on the
interbody titanium mesh cages allowed correction of the
kyphosis.
Indications for the single-segment fixation techniques
for the treatment of mono-segmental lumbar or lumbosacral PVO include: (1) lesions involved only a single
motion segment, (2) ability to implant devices between
adjacent vertebrae, (3) kyphosis angle < 20°. Contraindications to single-segment fixation include: (1) patients
with severe kyphosis deformity, (2) presence of osteoporosis, (3) patients with vertebral osteomyelitis with bone
healing or bone silent oscillation, accompanied by kyphosis deformity; these patients require osteotomy or internal fixation.
The limitations of our study include the retrospective nature of the report, the relatively small sample of
patients in different groups. A much larger, randomized
controlled trial is required to elucidate the benefits and
risks of our method. However, the data here may serve
as preliminary results that can aid surgeons and patients
in decision-making and in the design of future welldesigned prospective studies.

Conclusions
Posterior-only debridement, interbody graft using titanium mesh cage, posterior single-segment instrumentation and fusion represents a safe and effective treatment
option for selected patients with mono-segmental lumbar and lumbosacral PVO. This approach may preserve
more lumbar normal motor units with less blood loss and
operation time when compared with that of short-segment fixation. But short-segment fixation was superior to
the single-segment fixation in the correction of kyphosis.
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