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Abstract
Purpose Our aim was to study the safety and outcomes of
posterior instrumentation and transforaminal lumbar
interbody fusion (TLIF) for treating pyogenic lumbar
spondylodiscitis.
Methods Retrospective analysis was performed on prospec-
tively collected data of 27 consecutive cases of lumbar pyo-
genic spondylodiscitis treated with posterior instrumentation
and TLIF between January 2009 and December 2012. Cases
were analysed for safety, radiological and clinical outcomes of
transforaminal interbody fusion using bone graft ± titanium
cages. Interbody metallic cages with bone graft were used in
17 cases and ten cases used only bone graft. Indications for
surgical treatment were failed conservative management in
17, neurodeficit in six and significant bony destruction in four.
Results There were no cases reporting cage migration, loos-
ening, pseudoarthrosis or recurrence of infection at a mean
follow-up of 30 months. Clinical outcomes were assessed
using Kirkaldy–Willis criteria, which showed 14 excellent,
nine good, three fair and one poor result. Mean focal deformi-
ty improved with the use of bone graft ± interbody cages, and
the deformity correction was maintained at final follow-up.
Mean pre-operative focal lordosis for the graft group was
8.5° (2–16.5°), which improved to 10.9 °(3.3–16°); mean
pre-operative focal lordosis in the group treated with cages
was 6.7 °(0–15°), which improved to 7°(0–15°) .
Conclusion TLIFs with cages in patients with pyogenic lum-
bar spondylodiscitis allows for acceptable clearance of

infection, satisfactory deformity correction with low incidence
of cage migration, loosening and infection recurrence.
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Introduction

Pyogenic vertebral osteomyelitis is an uncommon disorder
with a reported incidence between 2–7 % [1–3]. The source
of spread of such infections is often haematogenous; however,
direct spread may occur during spine surgery or an interven-
tional procedure, such as epidural injections, nerve-root
blocks or discography [2–6]. Primary treatment consists of
systemic antibiotics, bracing and rest [2, 4, 7, 8]. Surgery is
warranted in certain clinical scenarios, such as cases refractory
to conservative treatment, presence of neurological deficit,
epidural abscess and progressive bony destruction with defor-
mity or instability [2–4, 7–9]. Spondylodiscitis being an ante-
rior lesion has traditionally been treated using anterior de-
bridement with or without supplemented posterior
stabilisation [3, 4, 8–10]. However, there has been a recent
surge in the literature showing satisfactory results in
spondylodiscitis management with a single-stage posterior ap-
proach, especially with spinal tuberculosis [11–13]. Metallic
implants have been safe ly used in tuberculos is
spondylodiscitis due to poor biofilm formation; however, me-
tallic implants in the setting of pyogenic infections cause con-
cern due to the the risk of biofilm formation and recurrences
[14–16]. There are few reports documenting posterior lumbar
interbody fusion with instrumentation and its feasibility for
treating pyogenic lumbar spondylodiscitis. [1, 9]. We present
results of treating pyogenic lumbar spondylodiscitis with a
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single-stage posterior approach using pedicular screw instru-
mentation and transforaminal lumbar interbody fusion (TLIF).
We assessed the use of posterior instrumentation and metallic
interbody spacers with particular focus on safety and out-
comes of this technique for treating pyogenic lumbar
spondylodiscitis.

Materials and methods

We retrospectively reviewed data collected prospectively from
27 consecutive cases of pyogenic lumbar spondylodiscitis
treated using a posterior approach with pedicular screw instru-
mentation and TLIF between January 2009 and December
2012. All cases had proven spondylodiscitis based on histo-
pathological findings, and 71 cases were treated. The study
was approved by the institutional review board, all ethical
standards as per the Declaration of Helsinki were followed
and informed consent was obtained from all participants. His-
topathology confirmed tuberculous aetiology in 29 cases,
which were excluded from the study. There were 42 cases of
proven pyogenic lumbar spondylodiscitis based on histopath-
ological confirmation. Fifteen patients who did not document
significant vertebral body destruction underwent conservative
treatment with antibiotics, rest and bracing. The study was
conducted on the 27 consecutive cases that underwent
transforaminal interbody fusion for lumbar pyogenic
spondylodiscitis. Indications for selection into this group were
failure of conservative management, significant bony destruc-
tion with resulting deformity or instability and neurological
deficit. The medical records were assessed for clinical presen-
tation, medical comorbidities, indication for surgery, culture
positivity, isolated organism, antibiotic duration, previous sur-
gical procedures and clinical outcome. Baseline erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and total
and differential counts prior to surgery and at each follow-up
visit were documented.

Radiological parameters for X-rays and magnetic reso-
nance imaging (MRI) were assessed using VEPRO PACS
software. Pre-operativeMRI scans were assessed to document
lesion extent and ascertain the presence of any epidural ab-
scess formation. Pre-operative X-rays were assessed for bony
destruction, instability and deformity. These were compared

with post-operative X-rays to assess radiological outcome.
Follow-up radiographs at six weeks, three months,
six months, 12 months and yearly thereafter were analysed
from the archives. Final radiological fusion was assessed
using plain radiographs by criteria suggested by Lee et. al.
(Table 1) [9]. Twenty patients had repeat MRI to document
lesion healing. Neurological deficits were assessed using
Frankel grading [17]. Clinical outcomes were assessed using
Kirkaldy–Willis criteria, defined as:

(a) Excellent. Patient returned to normal work and other
activities with little or no complaint

(b) Good. Patient returned to normal work but may have
some restriction in other activities and may—on occasion after
heavywork—have recurrent back pain requiring a few days’ rest

(c) Fair. Patient work capacity was reduced, necessitating a
lighter job or working part time, and may occasionally have
pain recurrence requiring absence from work for one or two
weeks once or twice a year

(d) Poor. Patient does not return to work [18].

Surgical procedure

All cases were treated with a posterior-only surgery, with no
anterior procedure being performed. Fixation was done using
pedicular screw instrumentation spanning the lesion. Pedicular
screws were used in the involved vertebral body level. Instru-
mentation was extended cranially and caudally if significant
vertebral body destruction precluded short-segment fixation
spanning just the index level. Debridement of the
spondylodiscitis lesion with fusion was performed using a
transforaminal lumbar interbody approach. Debridement was
carried out to the opposite side using curettes and rongeurs of
a standard TLIF preparation set. End-plate preparation was
done with curettes, with meticulous care being taken to avoid
breaching the anterior longitudinal ligament. In the setting of a
pyogenic infection, the necrotic disc would often separate at the
subchondral junction and could be extracted en mass using a
transforaminal approach. This would signal debridement ade-
quacy of the infective focus. In cases with epidural-space ab-
scess collection, a posterior decompression was combined with
the fusion procedure. Postdebridement interbody fusion was
performed with bone graft harvested from the iliac crest. We
performed interbody fusion using interbody metallic titanium

Table 1 Criteria for assessing
fusion GRADE DESCRIPTION

Definitive fusion Definitive bony trabecular bridging across the graft–host interface, no
motion (<3°) on flexion–extension radiograph, no gap at interface

Probable fusion No definitive bony trabecular crossing, but no detectable motion and
no identifiable gap at the interface

Possible pseudoarthrosis No bony trabecular crossing, no movement but identifiable gap at the interface

Definite pseudoarthrosis No traversing trabecular bone, definitive gap, or movement >3°
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box cages in conjunction with bone graft in 17/27 cases; in ten
cases, iliac graft only was used. Intra-operative debridement
samples were sent for cultures and histopathological examina-
tion; four patients underwent staged procedures. Cases with
large abscess collection and extension to the posterior
paraspinal musculature—beyond confines of the epidural
space—were selected as candidates requiring staged debride-
ment. First-stage surgery entailed posterior debridement of in-
fective tissue outside the neural canal, and posterior decompres-
sion was performed to drain the epidural component of the
infective focus. A delayed definitive TLIF was performed as a
second-stage procedure over a seven to ten day period.

We performed TLIF with iliac crest bone grafting for initial
cases. With satisfactory outcomes noted for these cases, we
subsequently used interbody metallic cages as spacers in con-
junction with iliac-crest grafts for interbody fusion.

Results

Mean patient age was 48 (22–83) years. There were 19 men
and eight women, and mean follow-up was 30 (22—
60) months. Patient demographics, microbiological isolates,
neurological presentation, medical comorbidities and clinical
outcomes are illustrated in Table 2.

Back pain was the most common presenting feature. Sur-
gical indication in 17 (62.9 %) patients was pain refractory to
conservative management, six had neurological deficit and
four had significant bony destruction requiring surgical
stabilisation. Fifteen patients presented with primary pyogenic
spondylodiscitis; 12 cases presented with pyogenic
spondylodiscitis following surgical intervention in the preced-
ing 12–16 weeks and 11 with spondylodiscitis following lum-
bar discec tomy surgery. One pat ien t developed

Table 2 Patient demographics, comorbidities, culture isolates, use of metallic interbody spacer and clinical outcomes

AGE SEX NEUROLOGICAL
DEFICT

COMORBITIES CULTURE/ORGANISM CAGE USE CLINICAL OUTCOME

40 F NIL NIL NO GROWTH NO GOOD

39 M NIL NIL NO GROWTH NO EXCELLENT

43 M NIL NIL NO GROWTH YES GOOD

37 M NIL NIL NO GROWTH YES EXCELLENT

22 M NIL NIL Escherichia coli NO GOOD

48 F FRANKEL C NIL NO GROWTH YES GOOD

70 M NIL DIABETIC , HYPERTENSION NO GROWTH YES FAIR

53 M NIL HYPERTENSION STAPHYLOCOCCUS
AUERUS

YES EXCELLENT

38 M NIL NIL NO GROWTH NO EXCELLENT

58 M NIL NIL PSEUDOMONAS YES EXCELLENT

47 F NIL NIL NO GROWTH YES GOOD

42 F FRANKEL D NIL NO GROWTH YES GOOD

32 M NIL NIL NO GROWTH YES EXCELLENT

32 F FRANKEL D NIL NO GROWTH YES EXCELLENT

81 F NIL DIABETIC PSEUDOMONAS YES FAIR

36 F FRANKEL D NIL NO GROWTH NO EXCELLENT

32 M NIL NIL NO GROWTH YES EXCELLENT

78 M FRANKEL D IHD, HYPERTENSION NO GROWTH YES FAIR

54 M NIL DIABETIC COAGULASE-NEGATIVE
STAPHYLOCOCCUS

YES EXCELLENT

40 M NIL DIABETIC NO GROWTH YES EXCELLENT

83 F NIL DIABETIC, asthmatic,
HYPERTENSION

NO GROWTH YES GOOD

39 M NIL NIL NO GROWTH NO EXCELLENT

30 M NIL NIL NO GROWTH NO EXCELLENT

51 M FRANKEL D NIL E. COLI NO GOOD

49 M NIL DIABETIC NO GROWTH NO EXCELLENT

59 M NIL PSEUDOMONAS YES GOOD

68 M NIL DIABETIC, HYPERTENSION,
RHEUMATOID ARTHRITIS,
CHRONIC RENAL FAILURE

E. COLI NO POOR
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spondylodiscitis following lumbar decompression for lumbar
canal stenosis; two cases with primary spondylodiscitis fol-
lowing previously failed anterior debridement and persistent
infection underwent TLIF.

The common organisms isolated were Escherichia coli
(three cases), Pseudomonas aeruginosa (three cases) and
Staphylococcus aureus (two cases). Mean ESR at the time of
diagnosis was 65 (20–115) mm and mean CRP 33mg/dl (6.9–
131). All patients empirically received post-operative
ofloxacin and cefoperazone+ sulbactam IV until antibiotic
sensitivity parameters were available. Patients in whom no
organism could be isolated were continued on the same anti-
biotics for four weeks and then antibiotics orally for a further
four weeks. Serial CRP and ESR and clinical improvement
were used as guides for antibiotic therapy. Total antibiotic
duration was eight weeks.

As per the Kirkaldy–Willis criteria, 14 patients showed
excellent results, nine good, three fair and one poor. The five
patients with Frankel grade D recovered completely and one
with grade C improved to grade D at final follow-up.

Complications

One case of L4-5 spondylodiscitis presented with multiple
medical comorbidities, including diabetes mellitus, medical
renal disease, hypertension and prolonged steroid intake.

The patient underwent TLIF with iliac crest bone grafting.
Cultures isolated E. coli, and appropriate antibiotics were ini-
tiated; however, the patient failed to respond, developing sep-
ticemia and multiorgan dysfunction resulting in death on the
third post-operative day.

Radiological outcomes

The patient who died peri-operative was excluded from radio-
logical evaluation. Of the remaining 26 cases evaluated for
radiological outcomes, there was evidence of bony end-plate
destruction in 15; four had substantial bony destruction
resulting in instability. Focal segmental deformity was mea-
sured on pre-operative radiographs. Mean pre-operative focal
lordosis for those treated with grafts alone (N=7) was 8.5° (2–
16.5°); mean post-operative focal lordosis was 10.9° (3.3–
16°) in this group (Table 3). Mean pre-operative focal lordosis
in those treated with cages (N=14) was 6.7° (0–15°) and their
mean post-operative focal lordosis was 7° (0–15°) (Table 3).
Five patients with segmental kyphosis were assigned a nega-
tive prefix; mean kyphosis in these patients was −8.5° (−2 to
−14.8°), three of whom were treated with cages and two with
iliac crest bone graft for interbody fusion procedures, and their
mean post-operative focal kyphosis improved to −1.3° (7.8 to
−14.2°) (Table 3). Deformity correction appeared to be main-
tained at final follow-up; however, statistical significance

Table 3 Pre- and post-operative focal deformity (N= 26) in cases treated with bone graft (N = 7) and mettalic interbody cage (N= 14); five cases with
significant bony destruction had pre-operative kyphotic deformity assigned a negative prefix and were assessed separately

Sr No. Bone graft only (N= 7) Metallic cages (N= 14) Kyphotic deformity (N= 5)
assigned a negative prefix

Pre-operative
focal lordosis

Post-operative focal
lordosis at final follow-up

Pre-operative
focal lordosis

Post-operative focal lordosis
at final follow-up

Pre-operative focal
kyphotic deformity

Post-operative
focal deformity

1 16.5 14 7 12.8 −13 −9
2 7 16 6 6 −3.3 4.7

3 8.8 3.3 2.5 8.5 −14.8 −14.2
4 6 8 5 6 −2 7.8

5 9.4 11 2 2 −9.8 4.2

6 10 12 15 11
7 2 12 14 10.2

8 10.2 10.5

9 2 0

10 7.2 5.2

11 0 5

12 0 3

13 13 3

14 10 15

MEAN 8.5 10.9* 6.7 7* −8.5 −1.3*

Mean deformity improved for both groups, including cases with bone grafting alone or with the use of cages. However, changes did not achieve statistical
significance

*All values in degrees
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could be reached for deformity correction in either group.
Bridging bone across the fusion site was noted on plain radio-
graphs in 16 patients, showing features of definitive fusion
(Figs. 1 and 2). There were ten patients with probable fusion,
and no patient had suspected pseudoarthrosis. There were no
cases with cage migration or loosening at final follow-up, and
20 patients who underwent follow-up MRI showed satisfac-
tory healing. Financial constraints limited the use of follow-up
MRI in all patients.

Discussion

Treatment options for pyogenic lumbar spondylodiscitis in-
clude conservative treatment with antibiotics, minimally inva-
sive stabilisation procedures and open surgical debridement
and stabilisation using anterior, posterior or combined ap-
proaches [1, 9, 10, 19, 20]. Bettini et al., in a retrospective
analysis of 56 patients, observed that conservative treatment
was satisfactory in treating 87 % of patients, with only 12 %
requiring surgical intervention. They advised close monitor-
ing of blood markers, prolonged administration of antibiotics
and drug compliance as key factors determining outcome
[21]. Zarghooni et al. recommended conservative treatment
in patients with minimal bony destruction and a poor general
condition [8]. The antibiotic treatment may be based upon
blood cultures and computed tomography (CT)-guided tissue
culture reports. Antibiotics given empirically to cover the
most common organism, including S. aureus and E.coli, are
appropriate while culture resultsare awaited [8]. Those authors
suggested surgical treatment for patients presenting with neu-
rological deficit, sepsis, significant bony destruction with in-
stability or deformity and in whom conservative treatment
failed. In our series, there were 12 cases with postoperative

spondylodiscitis and history of previous antibiotic use. In only
one of the 12 cases could an organism be isolated, suggesting
that widespread antibiotic use may reduce culture positivity.

Spondylodiscitis affects anterior structures of the spinal
column and have traditionally been addressed with an anterior
approach [3, 4, 8–10]. Anterior debridement is followed by
anterior bone grafting and prolonged periods of bed rest and
immobilisation until graft consolidation is achieved [9].
Achieving early stability often requires supplementation with
posterior instrumented stabilisation. The anterior approach to
the lumbar spine also carries the risk of injury to the gastroin-
testinal tract, genitourinary system, great vessels and hypogas-
tric plexus during lesion debridement.

Many authors have reported satisfactory treatment out-
comes of tuberculous spondylodiscitis using a posterior ap-
proach [11–13]. Tubercle bacilli have reduced propensity to
form biofilm, and thus risk of recurrences with titanium im-
plants is low [11, 14–16]. A posterior approach allows for a
single-stage surgical procedure, offering satisfactory lesion
debridement and simultaneous placement of instrumentation
to provide stability and deformity correction, which is well
maintained [11–13]. Such satisfactory results for treating tu-
berculosis may encourage the use of similar techniques for
surgical treatment of pyogenic spondylodiscitis.

Posterior surgery for pyogenic spondylodiscitis with thor-
ough debridement of infective tissue under cover of appropri-
ate antibiotics and coupled with high vascularity of cancellous
bone in the vertebral body allows for placement of metal im-
plants, including interbody spacer cages, with reduced chance
of infection recurrence and biofilm formation [1, 9]. We be-
lieve through debridement of infected disc space is para-
mount. Quite often in pyogenic spondylodiscitis the infected
disc tissue separates from the subchondral bone and can be
extracted en mass as a large necrotic fragment, signalling

Fig. 1 A case of L1-2 spondylodiscitis in a 22-year-old man: a
Pre-operative lateral thoracolumbar spine X-ray showing end-plate
irregularity with collapsed disc space. b Pre-operative magnetic
resonance image (MRI) T2-weighted sagittal section showing
hyperintense signal changes in the disc space with marrow signal

intensity changes suggestive spondylodiscitis. c Immediate
post-operative X-ray following transforaminal lumbar interbody fusion
(TLIF) with bone graft. d Final follow-up X-ray at 30 months showing
definitive fusion with bridging bone across the disc space. e Computed
tomography (CT) scan showing bridging bone across fusion site
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adequacy of the debridement (Fig. 3). Once debridement is
complete, metallic cages with bone graft can be used for an-
terior reconstruction. Pre-operative CT scan in such cases
gives an accurate evaluation of bony destruction, which may
be underestimated on plain radiographs, as illustrated in
Fig. 4. We recommend staged surgery, especially when the
infection has extended beyond the posterior elements and into
the plane of the paraspinal musculature. In such clinical sce-
narios, staged debridement and instrumentation are safe and
valuable treatment options.

Few studies report having used posterior instrumented
stabilisation for treating pyogenic spondylodiscitis. Lee
and Suh showed satisfactory results with the use of pos-
terior lumbar interbody fusion using autologous bone
graft in 18 patients [9]. An et. al. achieved encouraging
results in 15 patients using posterior lumbar interbody
fusion and allograft in pyogenic spondylodiscitis and con-
cluded that such a procedure is safe and morbidity asso-
ciated with autograft harvesting can be avoided [1]. In a
retrospective analysis of 48 patients treated with long-

segmented fixation with short apical fusion without de-
bridement, Lin and colleagues showed good short-term
pain relief and long-term clinical outcome [10]. None of
these series, however, used titanium cages for interbody
fusion procedures. Sundararaj et al. concluded that titani-
um cages may be safely used in place of iliac crest graft
for treating active spinal infection. Their series included
cases of tuberculosis as well as pyogenic spondylodiscitis
[14]. Brase et al., in their review of nine prospective cases
of purulent spondylodiscitis including cervical and lumbar
infections, showed satisfactory clearance of infection with
the use of polyetheretherketone (PEEK) cages [22].
Schomacher et al., in a comparative study between the
use of t i tan ium and PEEK cages for pyogenic
spondylodiscitis, noted satisfactory radiological outcomes
with both types and no significant difference in reinfec-
tion rates [23]. Though literature reporting the use of
PEEK implants in infection is sparse, there is literature
supporting use of titanium implants in infections, as it
has poor propensity for biofilm formation. Satisfactory
results have been documented with the use of mesh cages
for treating pyogenic spondylodiscitis; however, those se-
ries include patients treated with combined anterior and
posterior surgical approaches [15, 16]. It has been noted
that stable fitting implants, even in the clinical scenario of
infections, may be retained to allow for fusion [24].

Recently, reports on the use of percutaneously placed
pedicular screws as a minimally invasive option have
been published [25, 26]. However, both those studies
used combined surgical procedures with additional ante-
rior debridement in conjunction with percutaneous
pedicular screw fixation. Madhavan et al. reported on
a direct lateral approach to debride the discitis lesion;
they recommended the addition of posterior pedicular
screw instrumentation to prevent development of ky-
photic deformity [27].

Fig. 2 A case of L4-5 spondylodiscitis: a Pre-operative magnetic
resonance image (MRI) showing collapse of the disc space and
retrolisthesis with features of spondylodiscitis. b X-ray showing

significant bony destruction. c Final follow-up X-ray showing interbody
cage with fusion at 28 months. d Follow-up MRI with resolution of
marrow signal changes and satisfactory healing

Fig. 3 Large necrotic disc fragment extracted during debridement of a
case of L4-5 spondylodiscitis showing end-plate cartilage (asterisk)
attached, suggestive of separation at the subchondral bone
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Here, we present the results of a single posterior approach
for treating pyogenic lumbar spondylodiscitis with TLIF using
metallic interbody spacers. There is only one previous series
documenting use of TLIF for lumbar spondylodiscitis: Sheha
reported on nine cases of immediate postoperative
spondylodiscitis following discectomy surgery treated with
TLIF and a short-term follow up of 12 months [28]. Interbody
metallic spacer was not used in any of these cases. The use of
metallic implants in spinal pyogenic infections has been much
debated; however, our series showed satisfactory results with
the use of metallic implants and titanium interbody cages in
pyogenic spondylodiscitis.

Limitations

This is a case series with a small sample size and varied
aetiology, including postoperative and primary pyogenic
spondylodiscitis. Larger randomised control trials are needed
to analyse the outcomes of TLIF in the setting of lumbar
pyogenic spondylodiscitis.

Conclusion

Our results suggest that a posterior approach to surgery for
pyogenic spondylodiscitis provides adequate clearance of in-
fected tissue and gives satisfactory functional outcome. Ra-
diological outcomes, including deformity correction, correc-
tion maintenance and final fusion, are satisfactory with this
approach, thus avoiding the need for anterior surgery. There
were no instances of cage migration, cage loosening or infec-
tion recurrence over a minimum 2-year follow-up, and these
are major concerns limiting the use of metallic interbody
spacers in pyogenic spondylodiscitis. We suggest TLIF with

titanium cages may be safely used for treating pyogenic lum-
bar spondylodiscitis provided thorough and adequate debride-
ment of infected tissue can be achieved, appropriate antibiotic
coverage is instituted and close follow-up of clinical progress
is maintained.
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