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ABSTRACT
AIM: To reveal the efficiency of our surgical approach algorithm in patients with thoracolumbar pyogenic spondylodiscitis based on
the involvement of anatomical structure.
MATERIAL and METHODS: Data of patients who underwent debridement or stabilization surgery for thoracolumbar pyogenic
spondylodiscitis from January 2012 to December 2018 were reviewed. Lumbar and thoracolumbar spondylodiscitis was classified
into four stages based on anatomical involvement. Infection was limited in the disc space, which had not spread to the endplate in
stage 1 and progressed as two-level corpus involvement of >1/2 of vertebral corpus bony destruction or as failed treatment in stage
4. Neurological function was evaluated using Frankel’s grading postoperatively. Functional outcomes were categorized according
to the Kirkaldy–Willis criteria.
RESULTS: The study included 39 patients, with a mean age of 58.2 years. Of these patients, 10, 12, 13, and 4 had stages 1, 2,
3, and 4 spondylodiscitis, respectively. The mean follow-up period was 60.2 (12–184) months. All patients with stages 1 and 2
spondylodiscitis had grade E injury; 2 and 10 patients with stage 3 had grades D and E injuries, respectively; two patients with stage
4 had grade D injury and two had grade E injury at the last follow-up. Moreover, 100%, 84.6%, and 50% of the patients with stages
1 and 2, 3, and 4 spondylodiscitis achieved good or excellent results, respectively.
CONCLUSION: The choice of the surgical technique depends on the destruction severity at the adjacent vertebral corpus. Surgical
staging system for spondylodiscitis is useful and reliable in choosing appropriate surgical techniques.
KEYWORDS: Pyogenic spondylodiscitis, Surgical algorithm, Debridement, Functional status
ABBREVIATIONS: AP: Anteroposterior, CT: Computed tomography, MRI: Magnetic resonance imaging, TLIF: Transforaminal
lumbar interbody fusion

█

INTRODUCTION

S

pondylodiscitis is a bacterial infection that affects the
intervertebral disc and adjacent vertebral corpus. Its
incidence was reported as 2.4 cases per 100,000 people,
and this rate increases with age and immunosuppression. The
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morbidity rate varies from 5% to 56%. In addition, untreated
spondylodiscitis may result in neurological deficits and spinal
deformity (4,14,17).
In the literature, there is a consensus on diagnostic modalities
(2,4,17). However, there are many arguments on treatment

: 0000-0002-4386-9107
: 0000-0003-2681-0098
: 0000-0002-5039-6280

83

Akgul T. et al: Algorithm for Treatment Pyogenic Spondylodiscitis

modalities, such as conservative or combination with surgery.
Although there is no consensus on surgical treatment option
or timing (3,18) some studies recommend that external
stabilization can provide satisfactory results compared with
surgery even with the existence of neurological impairment
(8,16,23). Ultimately, surgical treatment was recommended
in patients unresponsive to antibiotic treatment, with severe
kyphotic deformity, progressive instability, epidural abscess,
and neurological deficits (1,3,16,18,23).
The gold standard for surgical treatment is debridement of
the infected area and maintenance of stability. Achievement
of stability is required in the treatment of osteomyelitis. In
the literature, satisfactory results were reported with either
minimally invasive procedure or open surgery. Unfortunately,
most of these studies were case series. However, the
reported cases were not categorized based on disease
severity (3,16,18,23). Some studies classified spondylodiscitis
according to spreading infection, which was based on
neurological status and instability (2,3,8,16). In the light of
knowledge presented in the literature with advanced surgical
treatment, we believe that the surgical approach for the
thoracic and lumbar areas should be considered separately
due to anatomical restriction.
This study aimed to show the efficiency of our surgical
approach algorithm in patients with pyogenic spondylodiscitis
based on the involvement of the adjacent anatomical structure.
█

MATERIAL and METHODS

After the Institutional Review Board approved our study, we
retrospectively reviewed the prospectively recorded data of all
patients who underwent debridement or stabilization surgery
for pyogenic spondylodiscitis from January 2012 to December
2018. This study included 90 patients with spondylodiscitis
who underwent surgery in our clinic. The medical histories
and radiographic images of the patients were assessed using
the medical registration files. We evaluated the thoracic and
lumbar spine separately.
Inclusion criteria: Patients diagnosed with pyogenic spondylodiscitis, with a minimum follow-up of 1 year, lumbar and thoracolumbar junction spondylodiscitis, and those with available
demographics and medical records.
Exclusion criteria: Thoracic cases higher than T11, specific
infection, such as tuberculosis and Brucella osteomyelitis,
cervical spondylodiscitis, and patients treated conservatively.
Lumbar and thoracolumbar spondylodiscitis was classified
into four stages based on anatomical involvement. Standard
anteroposterior (AP) and lateral X-ray, computerized
tomography (CT), and magnetic resonance imaging (MRI)
were performed for all patients included in the study.
In patients diagnosed with spondylodiscitis whose clinical and
radiological evaluations were available, antibiotherapy was
started immediately after biopsy was taken under CT guidance
or isolated with blood culture. If the patients have neurological
deficit or epidural abscess, immediate surgical approach was
performed. By contrast, in patients who had discitis alone
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without neurological deficit, antibiotherapy was started and
bed rest was recommended. In this method, patients were
mobilized with thoracolumbar orthosis for assistance. If pain
was not controlled with medications or serum inflammatory
markers were increased under antibiotic treatment,
conservative treatment was considered unsuccessful.
All patients consulted the same infection specialist before and
after surgery. All patients with stages 1 and 2 spondylodiscitis
were treated conservatively, and aggressive antibiotherapy
was administered at the previous infective disease clinic.
This treatment method failed, and clinical status worsened
in all patients at stages 1 and 2. In patients who developed
sepsis, operative management was preferred for early local
control of infection, especially in patient at stages 1 and
2 spondylodiscitis. However, patients with stages 3 and 4
spondylodiscitis underwent surgery because of instability
rather than infection status. Specifically, the preoperative
neurological status of patients with stage 4 spondylodiscitis
was half Frankel C and half Frankel D. Clinical instability was
defined by White and Panjabi as the inability of the spine to
maintain its normal displacement under physiological loads,
which does not result in neurological deficits, incapacitating
deformity, or severe pain (25).
Surgical Procedure
All patients were prepared in the prone position on the
fluoroscopy table. All surgeries were performed by two
surgeons who specialized in spine surgery at a dual center.
Stage 1: In this stage, infection is limited in the disc space.
Infection has not spread to the endplate through the adjacent
vertebral corpus. In this stage, radiological examination shows
disc space height loss and foraminal stenosis. T2-weighted
MRI also showed edema at the epical area, and CT showed no
defective area adjacent to the vertebral corpus. In this stage,
all patients underwent surgery via only the posterior approach
and transforaminal lumbar interbody fusion (TLIF) from the
mostly affected foraminal side with hemilaminectomy. The
other side of the lamina was protected to achieve bony fusion.
Posterior stabilization was achieved using a pedicle screw
(Figure 1).
Stage 2: In this stage, the infection spreads to the adjacent
vertebral corpus from the affected disc space through the
endplate. Radiological examination shows disc space height
loss and foraminal stenosis without increase of kyphosis
degree <25°. T2-weighted MRI also showed edema of the
entire adjacent vertebral corpus; <1/3 of vertebral corpus bony
destruction does not pass the pedicle level at CT. Patients
without and with instability were classified as stage 2a and
2b, respectively. This stage is the transitional stage to choose
the surgical approach. Patients classified as stage 2 could
be treated similar to those in stage 1. Mega TLIF cage, with
height of 14 to 18 mm, was manufactured for this stage. The
mega TLIF cage is a special product for this type of surgery
and produced by a Turkish company. The maximum height
of the TLIF cage is smaller than that of the anterior lumbar
or direct lateral interbody fusion cage. At standard TLIF
instrumentation set, the maximum cage height is 13 mm. The
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Figure 1: In stage 1, sagittal computed tomography (CT) scans (A, B) show disc space narrowing without bony destruction. Magnetic
resonance imaging (MRI) shows T1 (C) and T2 (D) weighted disc space involvement. Postoperative lateral X-ray (E) in a patient who
underwent TLIF using iliac bone grafting shows increased disc space height.
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Figure 2: In stage 2A, sagittal computed tomography (CT) scans (A, B) show peridiscal bony destruction wherein <1/3 of vertebral
corpus bony destruction does not pass the pedicle level. Magnetic resonance imaging (MRI) shows T1 (C) and T2 (D) weighted disc
space involvement with extended bony edema of the entire corpus. Postoperative lateral X-rays in a patient who underwent TLIF using
Mega titanium TLIF cage shows increased disc space height (E), and the 6-month control shows full union (F).

height of the mega TLIF cage ranges from 13 mm to 17 mm,
and it is inserted with the transforaminal technique (Figure 2,
3).
Stage 3: In this stage, the infection spreads to the adjacent
vertebral corpus from the affected disc space through the
endplate. Radiological examination shows disc space height
loss and foraminal stenosis with increase of kyphosis degree
>25°. T2-weighted MRI also showed edema of the entire
adjacent vertebral corpus, and CT showed that vertebral
corpus bony destruction extended to the inferior vertebrae
through the pedicle level. Patients with stage 3 underwent
combined surgery. Anterior debridement with the anterior
column was supported with viable strut graft after correction
of segmental kyphosis. Posterior fusion was performed using
a pedicle screw and rod combination (Figure 4).
Stage 4: In this stage, radiological examination showed
two-level corpus involvement of >1/2 of vertebral corpus

bony destruction or failed treatment requiring an extensive
approach. Two-level corpectomy is necessary, which could
be performed with an anterior approach. Structural allografts
combined with titanium cage were used to provide anterior
colon support. Posterior fusion using pedicle screw and rod
combination were added to surgery (Figure 5, 6).
Intraoperative specimens from necrotic material were obtained
for histopathological evaluation, detection of causative
microorganism, and for culture and sensitivity testing in all
cases. Finally, 2 g vancomycin, which was spread over the
operative field after wound irrigation, was used as prophylaxis
for surgical site infection.
Postoperative Care and Follow-up
Opioid and non-steroid anti-inflammatory drugs were administered for postoperative pain management. Immediately,
postoperative AP and lateral views were routinely performed
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Figure 3: In stage 2B, sagittal computed tomography (CT) (A, B) shows peridiscal bony destruction and listhesis. Magnetic resonance
imaging (MRI) shows T1 (C) and T2 (D) weighted disc space involvement with extended bony edema of the entire corpus. Postoperative
lateral X-ray in a patient who underwent TLIF using Mega titanium TLIF cage shows increased disc space height (E), and the 6-month
control shows full union (F).
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Figure 4: In stage 3, lateral X-ray (A) shows segmental kyphosis of >25°. Computed tomography (CT) (B) shows vertebral corpus
bony destruction extended to the inferior vertebrae through the pedicle level. Magnetic resonance imaging (MRI) shows T1 (C) and
T2 (D) weighted disc space and bony destruction. Early postoperative sagittal CT view (E) shows segmental kyphosis correction with
combined approach anterior debridement and iliac bone graft insertion posterior pedicle screw rod combination. One-year follow-up
lateral X-ray shows fusion (F).
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Figure 5: In stage 4, lateral X-ray (A) shows two-level corpus involvement of >1/2 of vertebral corpus bony destruction. Sagittal
computed tomography (CT) view (B, C), T2-weighted sagittal magnetic resonance imaging (MRI) (D) view also showed the destruction.
Early postoperative lateral X-ray view (E) shows segmental kyphosis correction with combined approach anterior debridement and
titanium cages filled with iliac bony graft insertion posterior pedicle screw rod combination. One-year follow-up sagittal CT (F) shows
fusion with minimally decreased lordosis angle.
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Figure 6: In stage 4, radiological examination shows two-level corpus involvement of >1/2 of vertebral corpus bony destruction after
failed surgical intervention. Lateral X-ray shows three-vertebra corpus involvement (A). Sagittal computed tomography (CT) (B), and
magnetic resonance imaging (MRI) (C) show bond destruction and disc space involvement. The patient underwent staged combined
approach due to medical condition. Lateral X-ray was taken immediately after the first surgery for posterior stabilization (D). In the
second stage, anterior debridement was performed, and fibula strut graft combined with expandable titanium cage was used (E). At
6-months follow-up, lateral X-ray shows good autogenous strut fibula graft with maintenance of good sagittal plane correction (F).

for all patients to evaluate implant or graft placement, sagittal and coronal alignment, and deformity correction. Standard
parenteral antibiotic (generally third-generation cephalosporins) was started postoperatively and continued until drain
removal (1 or 2 days postoperatively). Once microbiological
evaluation was completed, and if a microorganism was detected, specific antibiotherapy was started and continued for
2–4 weeks intravenously, and oral antibiotics were continued
for 3 months according to the culture and sensitivity results
with strict monitoring of laboratory investigations (e.g., total
blood counts, erythrocyte sedimentation rate, and C-reactive
protein [CRP]).
Patients were rehabilitated immediately based on their
tolerance level. All patients were permitted to sit on the
bed or walk supported with a thoracolumbosacral orthosis,
which was continued for 3 months with a walker. Passive and
active movements of the trunk and lower limb muscles were
individualized after discharge.
Subsequently, the patients were followed up at the outpatient
clinic for 1, 3, 6 and 12 weeks, 6 months, 1 year, and thereafter,
once a year.
Outcome Measures
The neurological function of all patents was evaluated using
Frankel grading pre- and postoperatively. Frankel grade for
spinal cord injury: A: Complete loss of motor and sensory
function; B: incomplete, preserved sensation only; C:
incomplete, preserved motor (non-functional); D: incomplete,
preserved motor (functional); E: complete return of all motor
and sensory functions but may have abnormal reflexes (5).
Functional outcomes in all patients were categorized as
excellent, good, fair, and poor according to the Kirkaldy–Willis
criteria (11).

█

RESULTS

The study included 39 patients (18 women and 21 men), with
a mean age of 58.2±8.4 years (range, 47–72 years). Of these
patients, 10, 12, 13, and 4 patients had stage 1, 2, 3, and
4 spondylodiscitis, respectively (Table I). The mean follow-up
period was 60.2 months (12–184).
Neurological Results
In stage 1, one patient had Frankel grade D injury and nine had
grade E injury preoperatively; at the last follow-up, all patients
had grade E injury.
In stage 2, four patients had grade C injury, four had grade D
injury, and four patients had grade E injury postoperatively; at
the last follow-up, all patients had grade E injury.
In stage 3, two patients had grade B injury, five had grade
C injury, four had grade D injury, and two had grade E injury
preoperatively; at the last follow-up, three and ten patients
had grade D and E injuries, respectively.
In stage 4, two patients had grade C injury, and two had grade
D injury preoperatively; at the last follow-up, two patients had
grade D injury, and two had grade E injury.
Functional evaluation at the final visit showed excellent results
in eight patients and good in two patients in stage 1, with
100% of patients achieving a good or excellent result. In stage
2, excellent and good results were achieved in eight and four
patients, respectively, with 100% of patients having a good
or excellent result. In stage 3, excellent, good, and fair results
were achieved in four, seven, and two patients, respectively,
with 84.6% of patients having a good or excellent result. In
stage 4, good and fair results were achieved in two and two
patients, respectively, with 50% of patients having a good
result.
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Table I: Flow Diagram of Patients and Categorization of Study Groups

The mean preoperative erythrocyte sedimentation rate (ESR)
and CRP level were 86 ± 16 mm/h and 77.2 ± 33 mg/L in stage
1, 73.8 ± 13 mm/h and 61 ± 29 mg/L in stage 2, 44 ± 10 mm/h
and 20 ± 13 mg/L in stage 3, and 33.2 ± 8 mm/h and 17 ± 9
mg/L in stage 4. All ESR and CRP levels decreased to normal
limits at the final follow-up.
No major complications were observed after these procedures.
No additional surgery was required for any patient. In one
patient, a vacuum-assisted closure system was used for
prolonged drainage without an irrigation system. By contrast,
the drain was removed from the patients when the total
drainage amount was <50 cc/day.
█

DISCUSSION

The incidence of spondylodiscitis increases with aging and
immunosuppression due to chronic disease. Spine surgeons
and infection disease specialists can treat this disease
as a team. In the literature, there is an agreement on the
diagnostic tools and criteria. Long-term antibiotic treatment is
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recommended after isolating the bacterial agent in culture (2).
By contrast, surgical intervention is recommended in patients
with progressive neurological deficits, instability, and failed
conservative treatment.
There is no consensus on surgical treatment of early-stage
spondylodiscitis. Bettini et al. reported good results with only
external stabilization and antibiotherapy combination without
surgical treatment (3). Although conservative treatment of
discitis without debridement is useful in infection eradication,
we realized that the time course of antibiotic treatment is
longer, and mobile lumbar spine is healed with residual
deformity affecting other parts of the mobile lumbar spine (7).
Particularly, space narrowing resulted in foraminal stenosis
and segmental kyphosis, which affect patient satisfaction
(6). The complication rates ranged from 12% to 18% (3,22).
Early surgeries providing rapid recovery without disability
were recommended by some studies as case series (10,21).
Therefore, we categorized early discitis as stage 1 nonspecific
spinal pain, and surgery is suggested for incredible pain that
negatively affect mobilization.
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Rutges et al. reviewed 25 studies focusing on spondylodiscitis.
Consequently, they reported that isolated anterior approach
could result in better clinical outcome (18). Many techniques,
such as minimally invasive, anterior, and posterior combined
procedures were introduced with high success, with relapse
rates ranging from 0% to 10%. Debridement of the infected
tissue until viable tissue is reached has been known to be
the key factor that determines surgical treatment success.
Comparative studies showed that both surgical approaches
have satisfactory results in debridement of infected tissue
(23,26). Stabilization could be performed via posterior
approach open or percutaneously either via anterior approach.
İsolated anterior debridement and fusion have superior results
than combination due to the single approach (3,13,24). We
believe that anterior support is mandatory in maintaining
stability and achieving solid fusion. Recently, technology
improvement offers an option to provide anterior support
through only the posterior approach in selective cases
(8,9,15). On the contrary, these cases reported in literature did
not have a uniform involvement. Spondylodiscitis varies from
basic discitis to spinal instability with huge kyphosis angle.
Therefore, providing the same treatment options is impossible
for every case with varied severity.
The literature lacks a surgical algorithm for treatment choice
due to difficulty in classification. The PS classification
presented by Akbar et al. based on neurological status and
instability gives details for general treatment options and
has a lack of surgical option choice (1). Similarly, Pola et al.
presented their classification system based on similar criteria,
and the algorithm is almost the same in a previous study
(16). Recently, Homagk et al. introduced spondylodiscitis
severity scores and classified them into three main groups
(8,20). This classification provides surgeons a preference for
their treatment choice based on the criteria for thoracic and
lumbar spondylodiscitis. As reported and supported by our
study, treatment should be chosen based on classification.
The present classification based on anatomical involvement of
bone destruction is useful in choosing the surgical approach
with high success rate.
We recommend not only one approach for all stages of
spondylodiscitis. The early stage of the infection could be
treated with only the posterior approach by using TLIF (24).
Shetty et al. also reported satisfactory results with TLIF in the
treatment of spondylodiscitis (20). We believe that posterior
access has a limitation due to nerve structure position that
restrains in supporting the anterior column with higher titanium
cage filled with autogenous or strut graft. According to our
staging, we recommend the combined approach to correct
patients with increased kyphotic deformity, and debridement
is necessary if infection involves more than one vertebral
corpus. We also suggest that using titanium cage is safe
in supporting the anterior colon in the treatment of discitis.
Korovessis et al. and Schomacher et al. reported that using a
titanium cage is safe and reliable tool even in an infected area
after adequate debridement (12,19).
This study has several limitations. This is a retrospective
study with a relatively small number of cases. Patient-specific

covariates such as smoking habit and medical comorbidities
were not evaluated, which affected the union rate and
functional results. In this study, there was no control group for
comparison of the effectiveness of the algorithm.
█

CONCLUSION

In the present study, debridement and stabilization in surgical
treatment of pyogenic spondylodiscitis have satisfactory
results. Surgical technique choice depends on the destruction
severity at the adjacent vertebral corpus. Surgical staging
system for spondylodiscitis is useful and reliable in choosing
appropriate surgical techniques.
█
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