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Abstract
Despite the plethora of evidence in support of the use of structural osseous autograft in lumbar spondylodiscitis, attention has
recently been turned to the addition of synthetic materials such as polyetheretherketone (PEEK) to restore anterior vertebral column
support.
From January 2015 to April 2017, 7 patients with lumbar polymicrobial spondylodiscitis were surgically treated with a

minimally invasive oblique retroperitoneal approach to the infected focus. The patients underwent a standard lateral minimally
invasive oblique retroperitoneal approach using direct lateral interbody fusion system. The PEEK cages were loaded with autologous
bone graft. All the patients underwent posterior fixation with percutaneous pedicle screw instrumentation. Lumbar function was
measured using Oswestry Disability Index, and pain was measured with visual analog scale. Fusion and subsidence were also
recorded.
The study included 5 female and 2 male patients. The median age was 58.9 years. The duration of follow-up was 31.8±6.1

months (range: 24–47). All patients recovered from the infection without relapse within 24-month follow-up. Visual analog scale
significantly declined from 7.57±0.53 before surgery to 1.57±0.53 at 12-month follow-up. Mean Oswestry Disability Index
decreased from 72.14±6.82 before surgery to 22.28±2.13 after surgery. All patients had solid fusion at 2-year follow-up. Fusion
occurred at 6 to 15 months (mean 9.8 months).
The specific use of PEEK cages in lumbar polymicrobial spondylodiscitis suggests reliable outcome in terms of clinical and imaging

outcomes in our limited cases.

Abbreviations: CRP = C-reactive protein, CT = computed tomography, ESR = erythrocyte sedimentation rate, MRI =magnetic
resonance imaging, ODI = Oswestry Disability Index, PEEK = polyetheretherketone, VAS = visual analog scale.
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1. Introduction

For cases of spondylodiscitis requiring surgical debridement of
the anterior column and subsequent fusion, the choice of graft
material for structural support continues to be a topic of
debate.[1] The structural support with trimmed iliac bone/fibula
bone got its popularity in the last century.[2] The fusion rate for
structural support with trimmed iliac bone was high in a series of
researches.[3,4] However, the drawback for the cortical autograft
is significant donor site morbidity as well as the ability of sagittal
alignment maintenance.[5] The combination of titanium cages
and autograft was used in the setting of spondylodiscitis in the
past 2 decades.[6] Compared with the cortical autograft, the
combination of titanium cages and autograft had much less
donor site morbidity and acceptable fusion rate. However, the
outcomes of segmental correction and subsidence are inconsis-
tently reported.[7] Since 2009, several studies have examined the
use of polyetheretherketone (PEEK) implants in the setting of
spondylodiscitis.[8–13] Compared with the titanium cages, the
biomechanical properties of PEEK implants close to the vertebral
body. However, due to the potential for biofilm formation, there
are concerns with using PEEK implants in the setting of infection.
Within the current evidence on potential for biofilm formation,
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the results suggest that PEEK is equal or not lower than other
materials such as titanium.[14]

Here, we present a series of patients with lumbar spondylo-
discitis who were surgically treated with a minimally invasive
oblique retroperitoneal approach to the infected focus. More
specifically, this study was planned to investigate the usefulness of
PEEK, filled with autogenous bone graft, to reliably reduce and
stabilize destructed unstable septic spine at the infection site.
2. Materials and methods

2.1. Patient selection

We conducted a retrospective review of patients who had been
treated with the minimally invasive oblique retroperitoneal
approach for treatment of lumbar osteomyelitis. This study was
approved by the Institutional Review Board of The First
Affiliated Hospital of Chongqing Medical University. Informed
consent was obtained from all individual participants included in
the study. Patients were recruited from January 2015 to April
2017, and follow-up was continued until April 2019. All patients
were treated by the senior author (Prof Yun-Sheng Ou). The
patient demographics are summarized in Table 1.
2.2. Surgical procedure
2.2.1. Preoperative management. All patients were clinically
diagnosed with polymicrobial spondylodiscitis based on clinical
presentation, imaging findings (plain radiographs, computed
tomography [CT] scanning, and magnetic resonance imaging
[MRI]), and hematological examinations including blood cell
count analysis, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) level, and biopsy. Six of 7 patients had
Staphylococcus aureus and were started on appropriate intrave-
nous antibiotic therapies. Despite adequate medical manage-
ment, all the patients had remained nonambulatory due to
intractable back pain for varying periods of time before surgery.
The new microorganisms were detected in the open surgery.
Those microorganisms were mycobacterium species, Brucella,
Streptococcus, and Pseudomonas aeruginosa (Table 1).
The patients underwent a standard lateral minimally invasive

oblique retroperitoneal approach using direct lateral interbody
fusion (CLYDESDALE, Medtronic Sofamor Danek, Memphis,
TN) system. The patients underwent debridement with
Table 1

The patient demographics.

Causative organism
Patient
no. Gender Age

Segmental
of infection

Blood
culture Biopsy 1

∗
Biopsy 2†

1 Female 62 L3/4 E coli E coli E coli/Mycobacterium

2 Female 58 L4/5 MSSA MSSA MSSA/Mycobacterium
3 Male 54 L4/5 MSSA MSSA MSSA/Mycobacterium
4 Female 65 L4/5 MSSA MSSA MSSA/Brucella
5 Male 67 L4/5 None MRSA MRSA/Mycobacterium

6 Female 52 L3/4 MSSA MSSA MSSA/Streptococcus
7 Female 54 L3/4; L4/5 None MSSA MSSA/Pseudomonas aeruginosa

E coli=Escherichia coli, MRSA=methicillin-resistant Staphylococcus aureus, MSSA=methicillin-suscep
∗
An image-guided aspiration biopsy.

† Biopsy from open surgery.
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discectomy, and either partial or complete corpectomies at
the affected levels, which ranged from L3 to L5. The core
technology for treating the lumbar spondylodiscitis is a
thorough debridement. The anterior approach is useful for
ventral decompression, but posterior decompression may be
difficult, and it will also be difficult to remove the abscess of the
opposite psoas muscle. The posterior approach gave us direct
access to posterior decompression. These 2 approaches have
different advantages and are used by the different indications.
Following debridement, the patients underwent subsequent
PEEK cage placement. The cages were loaded with autologous
bone graft. All the patients underwent posterior fixation with
percutaneous pedicle screw instrumentation (or using the
Wiltse paraspinal muscle-splitting approach).

2.2.2. Postoperative management. For the patients who had
an identified microbiology, a 6-month antibiotic treatment
(intravenous 6 week; oral 5 month) was administered. Reap-
pearance of clinical symptoms and a vertebral lesion meeting the
relapse diagnostic criteria were not found in our limited cases.
2.3. Postoperative evaluation

We evaluated functional characteristics using Oswestry Disabili-
ty Index (ODI).[15] The patient’s perception of reasons for the
pain was measured with visual analog scale (VAS).[16] To assess
deformity, a radiologist measured Cobb angle in the sagittal
plane on plain radiographs as the angle between the superior
endplate of the L1 and superior endplate S1. Fusion was assessed
using the criteria of Lee et al.[17] Subsidence was assessed using
the criteria of Pee et al[18] with 5mm of sinking of graft material
under the endplates.
2.4. Statistical analysis

Descriptive statistics were used to explore the mean scores and
standard deviations for outcome measures. Differences in
categorical variables were assessed with x2 or Fisher exact tests.
t Tests or Wilcoxon rank-sum tests were used to compare
parametric and nonparametric continuous data. A P< .05 was
considered statistically significant. Data were presented in the
form of x± s and processed by SPSS (Version 22.0, IBM Corp.,
New York, NY).
Neurological status

Pre Las Associated diseases Symptoms on admission

D E Endocarditis/tuberculous pleurisy 39 °C
Back pain

D E Rheumatic disease Back pain
D E Diabetes mellitus Back pain
D E Liver cirrhosis Back pain
D E Liver cirrhosis/diabetes mellitus 39°C

Back pain
D E Endocarditis Back pain
D E End-stage renal disease Back pain

tible Staphylococcus aureus, Pre=preoperation, Las= last follow-up.



Table 2

The change of inflammation results.

Baseline
(n=7)

3 wk
(n=7)

1 mo
(n=7)

12 mo
(n=7)

Leukocytes (109/L) 13.20±4.30 8.35±5.24
∗

8.88±4.15
∗

6.24±0.83
∗

ESR (mm/first hour) 69.85±9.09 28.17±13.5
∗

25.42±43.9
∗

5.85±41.7
∗

CRP (mg/L) 110.14±29.04 35.00±7.24
∗

28.00±4.08
∗

9.28±3.19
∗

CRP=C-reactive protein, ESR= erythrocyte sedimentation rate.
∗
P< .05 (comparing to baseline numbers).

Table 3

The change of functional and image results.

Baseline
(n=7)

3 wk
(n=7)

1 mo
(n=7)

12 mo
(n=7)

ODI 72.14±6.82 – 35.85±3.43
∗

22.28±2.13
∗

VAS 7.57±0.53 4.83±0.57 3.42±0.53
∗

1.57±0.53
∗

Lumbar lordosis (°) 28.42±3.40 – 31.00±1.73
∗

28.14±2.47

ODI=Oswestry Disability Index, VAS= visual analog scale.
∗
P< .05 (comparing to baseline numbers).
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3. Results

The mean age was 58.9 years (52–67) for lumbar spondylo-
discitis. All patients had significant back pain; 3 patients
complained of brachialgia. Two patients suffered from infection
with significant epidural mass and sensorimotor deficits. The
most common pathogenic germ was S aureus, less common were
mycobacteria species or Streptococcus. The etiology of the
infection was known in 2 cases: 1 was spondylodiscitis because of
steroid medication and 1 was spondylodiscitis because of an
infected wound in a patient with diabetes after lumbar disc
operation (Table 1).
For those patients, an oblique retroperitoneal approach

decompression and debridement followed by posterior stabiliza-
tion using transpedicular screws and intervertebral fusion using
PEEK implants was performed. The antibiotic therapy started
immediately after surgery and microbiological tests, often
included nafcillin/vancomycin and lasted, on average for 2
weeks intravenously, decrease of CRP and relief of complaints
and was thereafter continued to take oral antibiotics, on average,
for 6 weeks. As for the patients with mycobacteria species,
patients continued to take oral HREZ (isoniazid, 300mg/d;
rifampicin, 450mg/d; ethambutol, 750mg/d; pyrazinamide, 750
mg/d) chemotherapy postoperatively. Pyrazinamide was discon-
tinued at 6 months. The patients required 9- to 12-month
regimens of HRE chemotherapy. CRP significantly declined
(baseline: 110.14±29.04; 12-month follow-up: 9.28±3.19).
Mean ESR decreased from 69.85±9.09 before surgery to 28.17
±13.5 after surgery, and with 5.85±41.7 at 12-month follow-up
(Table 2).
All patients recovered from the infection without relapse. The

neurological deficits improved, and the lumbar lordosis was
preserved in all patients. Pain significantly declined (baseline:
7.57±0.53; 12-month follow-up: 1.57±0.53). Mean ODI
decreased from 72.14±6.82 before surgery to 35.85±3.43 1
Figure 1. Preoperative imaging of a 62-year-old woman with vertebral osteomy
Table 1). A 62-year-old female patient with L3/4 spondylodiscitis and osteitis. Preop
computed tomography (D) scan show L3/4 bone destruction, and the Kyphosis an
panels B and C) shows lesions with paravertebral abscess. MRI scan shows bone
disk enhancement, and a small prevertebral abscess (the white arrow in panels

3

months after surgery, and all patients had solid fusion at 2-year
follow-up (Table 3). Fusion occurred at 6 to 15months (mean 9.8
months). Three cases had subsidence.
3.1. Illustrative cases (case 1 in Table 1)

A patient was a 62-year-old womanwith 2 months of severe back
pain and paraspinal muscular spasm (VAS: 8; ODI: 80). Routine
lateral radiographs showed disc space narrowing at L3/4 with
vertebral body height loss (Fig. 1A). Initial MRI showed L3/4
spondylodiscitis and osteitis in both adjacent vertebral bodies. A
culture of a biopsy specimen was obtained with Escherichia coli.
elitis caused by Escherichia coli and Mycobacterium tuberculosis (case 1 in
erative neurologic impairment was Frankel grade D. Preoperative X-ray (A) and
gle is 35°. MRI (fat-suppressed, gadolinium-enhanced, T2-weighted MRI scan,
marrow and disk edema, spinal epidural abscess (the white arrow in panel B),
B and C). MRI=magnetic resonance imaging.

http://www.md-journal.com


Figure 2. The follow-up imaging of a 62-year-old woman with vertebral osteomyelitis caused by Escherichia coli and Mycobacterium tuberculosis (case 1 in
Table 1). (A) The image was obtained 2 weeks after the surgery, and the Kyphosis angle is 34°. (B) The image was obtained 1 year after the surgery, and the
Kyphosis angle is 33°, with no obvious Kyphosis angle lost. The circle in panel A shows no bone formation 2 weeks after the surgery. The circle in panel B shows
bone formation 1 year after the surgery. One year after the surgery, CT scan shows strong bony fusion. (C) Coronary CT reconstruction obtained through the central
portion of the disc space (the white arrow), demonstrating trabecular bone formation. (D) Sagittal CT reconstruction obtained through the central portion of the disc
space, demonstrating trabecular bone formation crossing the disc space (the white arrows). CT=computed tomography.
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A 4-week standard antimicrobial treatment was given as initial
management. However, the back pain and paraspinal muscle
spasm were not relieved (VAS: 8; ODI: 84). Second MRI showed
enlarged L3/4 spondylodiscitis and paravertebral abscess
(Fig. 1B). During chemotherapy, severe back pain persisted,
and new radicular pain occurred (Frankel grade D). Preoperative
MRI and CT showed sequestrated bone in L3/L4 body and
herniated disc mixed with vertebral abscess, and the Kyphosis
angle was 35° (Fig. 1C and D). The patient underwent single-
stage debridement via oblique retroperitoneal approach, PEEK
cage filled with autologous bone graft, and posterior fixationwith
percutaneous pedicle screw instrumentation (Fig. 2A). The
culture of specimen from the surgery was obtained with E coli
and mycobacteria species. After surgery, the patient’s radicul-
opathy alleviated immediately, and the back pain alleviated and
disappeared in 1 month. A standard antimicrobial treatment was
given. ESR and CRP value returned to normal in 2 months after
surgery. One-year follow-up with 3D-CT and lateral radiograph-
ic demonstrated strong bony fusion, with no obvious Kyphosis
angle lost (Fig. 2B, C, and D). The final functional results were
VAS: 1 and ODI: 20.

4. Discussion

4.1. Antibiotic treatment

Optimal management of lumbar spondylodiscitis relies first on the
early detection of such patients. Diagnosis of spondylodiscitis
should be considered in patients with neworworsening back pain,
fever, elevated ESR or CRP, and sometimes with bloodstream
infection or infective endocarditis. An image-guided aspiration
biopsy in patients with suspected lumbar spondylodiscitis (based
on clinical, laboratory, and imaging studies) should be takenwhen
a microbiologic diagnosis has not been established by blood
cultures or serologic tests.[19] However, the causative micro-
4

organisms are often not identified, and a recent study reported an
increasing incidence of spondylodiscitis with no microbiologic
diagnosis.[20] Etiologies of cases of microbiologically confirmed
spondylodiscitis are summarized in Table 1. Several reasons may
attribute to the poor microbiological diagnostic yield in spondy-
lodiscitis. First, empirical antibiotic therapy has been reported in
some studies to have a negative effect on microbiologic
diagnosis.[15] Second, there is an epidemiologic change for
spondylodiscitis as the isolation of less virulent microorganisms
among confirmed spondylodiscitis.[20] Third, there aremore than1
kind of microorganisms in a single patient. Here in our limited
cases, the reason for unsuccessful treated patient initially was the
incompletemicrobiological diagnostic. So, bone samples should be
cultured for aerobic and anaerobic bacteria and for fungi. Among
patients with a suggestive history, cultures should also be
performed for mycobacteria and Brucella species.
To our knowledge, there are just few reports for the mixed

infection of spondylodiscitis. Giger et al[21] reported Streptococ-
cus mitis and Gemella morbillorum of thoracic vertebrae. The
patient was treated with antibiotics and antifungal drugs, and
recovered fully. The current results are congruent with prior
studies by Issa et al.[22] Increased vertebral instability was found
in polymicrobial vertebral osteomyelitis. The lower back pain
and neurological dysfunction were also found in our 7
consecutive cases. Those 2 reasons lead to a higher operation
rate for polymicrobial vertebral osteomyelitis compared to
monomicrobial group. However, the prognosis of polymicrobial
vertebral osteomyelitis was even to monomicrobial group. The
mean ODI decreased from 77 prior to surgery to 31 after surgery,
and all patients had solid fusion at 1-year follow-up in our study.
4.2. PEEK in spondylodiscitis

Most of the patients with spondylodiscitis can be treated with
appropriate antibiotic therapy. However, surgical intervention is
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indicated in the settings of infection refractory to medical
management, abscess debridement, correction of significant
deformity, as well as decompression of neural elements. The
anterior approach to the lumbar spine has been preferred because
pathology mainly affects vertebral bodies and disc spaces in some
patients. It also allows direct access to the infected focus and is
convenient for debriding/reconstructing the defect. With the
advancement of modern spinal instrumentations in the past 2
decades, a minimally invasive lateral approach to the lumbar
spine was also a choice for the lumbar spondylodiscitis.[23]

Traditionally, human bone graft (the iliac crest, vascularized
rib, or the fibula) has been espoused as the gold standard for
anterior fusion in the setting of pyogenic spondylodiscitis.[24]

However, autograft options have disadvantages in several
important ways, namely mechanical stability and donor site
morbidity. Later, the usage of titanium cage was also a choice in
our early study[25] and other researches.[7] Commonly used
synthetic options include metal (titanium mesh or cages) or
organic polymers (PEEK or carbon fiber). PEEK cages have been
widely used during the past decade.[26] The radiolucency and low
elastic modulus make them attractive for spinal fusion. An in
vitro study has shown that PEEK implants have a similar or lower
rate of biofilm formation as comparedwith titanium.[14] Here, we
treated 7 patients with a minimally invasive oblique retroperito-
neal approach to the infected focus. The usefulness of PEEK, filled
with autologous bone, to reconstruct anterior columnar defects
following debridement had acceptable results within 24-month
follow up. There are several advantages of this procedure
compared to cortical autograft. First, there is a limited donor site
morbidity that is associated with no-cortical autograft. Second,
cage size is easily customizable to the size of the defect created
following debridement. Third, synthetic grafts provide immediate
structural stability, and there is no period of resorption. The
results are encouraging in our limited cases.
4.3. Review the literature

In the past 10 years, almost 9 studies have examined the use of
PEEK implants in the setting of pyogenic/non-pyogenic spondy-
lodiscitis.[8–13,18,27,28] These studies include 150 patients fol-
lowed up between 6 months and 6 years. Thereonly one patient
underwent early revision secondary to refractory infection with
cage subsidence.[33] The fusion rates were well recorded in 4
studies, with 3 studies finding a 100% fusion rate in 34 patients
and 1 study finding a 90.5% fusion rate in 21 patients.[10–12] The
cage subsidence is a common phenomenon, with 1 study finding a
67% of PEEK implants subsidence.[10] However, the subsidence
rate was even higher in the strut group in 1 study. For the
functional part, the result looks good. Brase et al[13] reported 9
patients, and the neurological deficits improved in all patients.
Pain significantly declined (from 8.1 to 3.2).MeanODI decreased
from 77 before surgery to 31 after surgery, and life quality
improved likewise.[13] There was no difference in clinical and
imaging outcomes between the strut group and cage group in the
study by Pee et al.[18] Collectively, the specific use of PEEK cages
in spondylodiscitis showed successful outcome in terms of clinical
and imaging outcomes. Nonoperative management of pyogenic/
non-pyogenic spondylodiscitis remains the mainstay of treat-
ment. However, in cases where surgical debridement and
stabilization is indicated, synthetic graft is a viable option that
avoids donor site morbidity, allows for immediate and durable
stability, and is easily customizable to the size of the defect. These
5

benefits outweigh what appears to be a low risk of recurrent
infection, and thus should be considered by surgeons managing
this challenging problem.
5. Limitations

Information on some of the baseline characteristics (eg, race/
ethnicity, education, nutritional status) was lacking. Other
limitations included a small sample size and relatively short-term
follow-up period.More studies are needed to investigate this issue.
6. Conclusion

The specific use of PEEK cages in lumbar polymicrobial
spondylodiscitis suggests reliable outcome in terms of clinical
and imaging outcomes in our limited cases.
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