External transpedicular spine fixation in severe
spondylodiscitis - salvage procedure

Die transpedikulare Fixateur externe-Stabilisierung bei komplizierter
Spondylodiszitis - Salvage-Verfahren

Abstract
Specific and non-specific infections of the spine are rare. Due to their Matthias SpaltehoI21
potential for severe instabilities, deformities and the impairment of Ralf H. Gahr*

neurological structures, the treatment is often prolonged and needs an
interdisciplinary management. The clinical presentation is uncharacter-

istic, therefore diagnosis is often delayed. There are no prospective 1 Traumazentrum, Klinik far
randomized studies for therapy recommendation. The surgical concept Unfallchirurgie und
includes eradication of the infection and the reliable stabilization of in- Orthopadie, Klinikum St.

volved segments. This concept is successful in most cases of endogen- Georg, Leipzig, Germany

ous vertebral osteomyelitis. The therapy of the exogenous spine infec-
tions after macro and micro surgery is more difficult, due to the critical
wound situation and the involvement of the posterior parts of the spine.
In these cases, infection-associated instability of the anterior part is
complicated by critical posterior wound conditions.

We present three cases of severe exogenous vertebral infections, where
temporary external transpedicular spine fixation was used for salvage
procedure, till soft tissue conditions have permitted a definitive internal
stabilization.

Keywords: spondylodiscitis, exogenous vertebral osteomyelitis,
exogenous spine infection, external spine fixation

Zusammenfassung

Spezifische und unspezifische Infektionen der Wirbelsaule sind selten.
Aufgrund ihres Potentials fur hochgradige Instabilitdten, Deformitaten
und der Beeintrachtigung neurologischer Strukturen ist die Behandlung
oft prolongiert und erfordert ein interdisziplinares Management. Die
klinische Symptomatik ist uncharakteristisch, daher wird die Diagnose
oft verzdgert gestellt. Es gibt keine prospektiv randomisierten Studien
zur Therapieempfehlung. Das operative Konzept umfasst die chirurgi-
sche Infekteradikation und die sichere Stabilisierung der involvierten
Segmente. Dieses Vorgehen ist in den meisten Fallen der endogenen
Wirbelkérperosteomyelitis erfolgreich. Die Therapie der exogenen
Spondylodiszitis nach Makro- und mirkochirurgischen Eingriffen ist
aufgrund der kritischen Wundverhaltnisse und der Beteiligung der dor-
salen Abschnitte der Wirbelsaule weitaus schwieriger. In diesen Fallen
wird die infekt-bedingte Instabilitat der vorderen Saule durch die infizier-
ten dorsalen Weichteilverhaltnisse kompliziert.

Wir prasentieren drei Falle schwerer exogener Spondylodiszitiden, in
denen die temporare Stabilisierung durch Fixateur externe als Salvage-
Verfahren genutzt wurde, bis die lokalen Weichteilverhaltnisse eine
definitive interne Stabilisierung zugelassen haben.

Schlisselworter: Spondylodiszitis, exogene Wirbelkérperostoemyelitis,
exogene Wirbelsauleninfektion, Fixateur externe-Stabilisierung
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Introduction - External
transpedicular fixation in spine

The external transpedicular spine fixation was first de-
scribed in 1977 by Magerl [16]. Using long Schantz
screws and an adjustable external fixation device, the
system could be applied in a neutral as well as in a dis-
traction or compression mode. Considering a follow up
of 52 patients with acute spinal trauma, osteomyelitis
and decompression, there was no deep infection and
loosing of the screws occurred only in one case [17].
Jeanneret and Magerl proposed the external spine fixation
for treatment of vertebral infections with minimally bone
loss, inadequate orthotic stabilization and the presence
of infected wounds [12]. Biomechanical examinations
revealed higher bending moments for the external fixation
than for other stabilization systems [30]. Mockel et al.
used the percutaneous external fixator for the reduction
of A3 fractures, to enable a stand alone anterior internal
fixation [19]. Reyes-Sanchez et al. recommended the
external spine fixation for the dynamic correction of
severe scoliosis [25]. Other authors suggested the exter-
nal skeletal spine fixation to improve the predictability of
lumbar arthrodesis [2].

Magerl’s external four point fixation was the precursor
for the internal spine fixation systems [6].

Case reports
Case 1

Figure 1: Left: Posterior bisegmental stabilization and anterior

reconstruction after burst fracture of L1. Right: Septic implant

loosening: Cage displacement and cut out of the distal pedicle
screws after one year.

A 50-year-old man suffered a L1 burst fracture (A3.3) in
a car accident. Due to a septic implant loosening one
year after surgery, the complete implant removal was
required. Because of the existing instability and the crit-
ical posterior wound conditions with abscess formation
intrunk muscles, an external posterior spine fixation was
necessary. The following anterior and posterior surgical
debridement was supported by local and systemic antibi-
otics and led to eradication of the infection. The definitive
internal spine fixation was performed after 4 weeks (Fig-
ure 1, Figure 2, Figure 3).

Figure 2: Temporary external posterior long segment
stabilization (Hoffmann Il external fixator, 5 mm pins). Surgical
debridement of the anterior column and antibiotic chain spacer

implantation.
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Figure 3: Left: Procedural change. Internal posterior
stabilization Th11/12 - L2/3 (Longitude/Medtronic; 6.5 mm
pedicle screws). The antibiotic chains were left in situ. Because
of the good bone quality, a pedicle screw augmentation was

not necessary. Right: Removal of the antibiotic chains after
further 4 weeks. Due to a progressive osseous bridging, there
was no need for an anterior stabilization.

Case 2

A 72-year-old female patient was moved into our hospital
with a progressive incomplete spinal cord injury syndrome.
She recognized a weakness of her legs and ataxia as well
as urinary and rectal dysfunction since 4 days. Two years
ago she underwent a posterior stabilization and lumbar
interbody fusion due to L2/3 degeneration. The MRI re-
vealed a pronounced inflammation of the posterior parts
of spine as well as a septic pedicle screw loosening. Due
to the extended anterior and posterior spread of the in-
fection, screw removal was inevitable. The retroperitoneal
and posterior surgical debridement was followed by an
anterior antibiotic chain interposition and a posterior va-
cuum closure application. The necessary stability was
achieved by temporary external long segment stabiliza-
tion. After repetitive surgical debridement und soft tissue
conditioning the definitive internal instrumentation was
possible after 4 weeks (Figure 4, Figure 5, Figure 6,
Figure 7).

Figure 4: Left: Adjacent segment instability after L2/3 PLIF.
Right: The sagittal and transverse MR Imaging reveals the
extended infection spread in the trunk- and psoas muscles.
Additionally, there is increasing signal intensity in the adjacent
disc space L1/2, that indicates infection.

Figure 5: Temporary external posterior stabilization Th10/11
- L4/5 (Hoffmann Il external fixator, 5 mm pins). The
intersomatic antibiotic chain interposition after retroperitoneal
surgical debridement provides high local antibiotic
concentrations.
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Figure 6: External spine stabilization using Hoffman Il external fixator. The vacuum assisted closure therapy is necessary for
soft tissue conditioning.

G A

Figure 7: Posterior long segment internal stabilization
Th10/11/12 - L4/5 using cement-augmented pedicle screws
(Longitude, Medtronic). Anterior internal fixation as well as
palacos spacer implantation between L1 and 2 (Antares,
Medtronic).

Case 3

An 84-year-old female patient underwent surgery, due to
a progressive kyphotic deformity and spinal cord compres-
sion after L1 fracture in severe osteoporosis 8 weeks
ago. She was moved to hospital with extended wound
necrosis and exogenous vertebral infection after long
segment posterior stabilization. The critical soft tissue
conditions and septic pedicle screw loosening required
a complete implant removal. Because of the large decom-
pression zone, an external spine fixation was necessary
to ensure stability. Repetitive surgical debridement, local
and systemic antibiotics and vacuum closure therapy led
to soft tissue recovery and CRP normalization. The
definitive internal stabilization and wound closure oc-
curred after 4 weeks (Figure 8, Figure 9, Figure 10, Figure
14, Figure 12, Figure 13, Figure 14).
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Figure 8: L1 compression fracture in severe osteoporosis led to kyphosis and spinal cord compression. Long segment posterior
stabilization and multilevel decompression.

zone of
decompression

Figure 10: Left: Local findings. Right: Intraoperative findings.
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Figure 11. Left: Complete implant removal, radically surgical debridement and external spine fixation with vacuum wound
closure (Hoffmann Il external fixator, 5.0 mm Pins). Right: X-ray Image of the thoracolumbar spine. External posterior stabilization.

zone of decompression Dura mater spinalis
Figure 12: Follow-up after VAC therapy

Figure 13: Wound closure
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Discussion

The incidence of the non-specific vertebral osteomyelitis
is around 1:250,000 and represents 3-5% of all bone
infections [5], [32]. There is an accumulation between
50-70 years. Men are 1.5 to 2 times more involved than
women [20]. Depending on the kind of pathogen are
distinguished pyogenic, granulomatous and parasitic
vertebral infections. Pathogenesis differentiates endogen-
ous forms from exogenous spondylodiscitis. Endogenous
forms occur by haematogenous and lymphogenous
spread or a direct infiltration from adjacent infected tis-
sues and organs. Interventional therapy and spine surgery
are the main cause for exogenous vertebral osteomyelitis.
The incidence amounts between 0.1 and 0.6% after micro
surgery and between 1.4 to 3% after macro surgery [32].
Vascular supply of the vertebral bodies and intervertebral
discs is crucial for the pathophysiology. There is no vas-
cular perfusion in the mature discs. The segmental arter-
ies are end arteries without any anastomoses. The septic
infarction of the end arteries leads to osteonecrosis with
wedge formation, vertebral compression fracture, spinal
instability and deformity with the risk of spinal cord
compression [24], [31]. The infection spreading leads to
abscess formation and deterioration of neurological defi-
cits. Predisposing factors for the spondylodiscitis are: age
[3], spine surgery and visceral surgery [7], diabetes mel-
litus [14], cardiovascular diseases, renal failure, rheuma-
tism, immunodeficiency [34], drug abuse and HIV [23].
More than 90% are monomicrobial infections. The pre-
dominant pathogen is staphylococcus aureus (range
20-84%), followed by enterobacteriaceae (7-33%) and
streptococci (5-20%). Coagulase negative staphylococci
represent 16% and anaerobes less than 4% [10]. The

R 5, bl

Figure 14: X-ray image of the final internal posterior stabilization (Longitude, Medtronic; cement-augmented pedicle screws,
7.5 mm)

lumbar spine is affected in 58%, followed by the thoracic
(30%) and cervical (12%) spine [20]. The diagnosis is of-
ten delayed due to the uncharacteristic symptoms. Non-
specific back or neck pain is common. 15% are pain free
[27]. Fever is present in 50% [20]. Neurological deficits
such as paralysis or sensory deficits, sphincter and urinary
dysfunction are present in a third of cases [20]. Dysphagia
and torti collis might be a leading symptom when the
cervical spine is affected [1]. Although the mortality is
reduced since the era of the antibiotics (today under 5%),
the outcome is dependent on an early diagnosis and
therapy [28]. Instabilities, deformities and the infection
spreading are often associated with neurological deficits.
Motoric deficits remain in 30% and sensory deficits in
90% [35]. Recurrent infections are reported in 7% [32].

Diagnostics

C-reactive protein is the most important laboratory par-
ameter. Itis increased in most cases and a decisive trend
parameter [5], [11]. Blood cell sedimentation rate and
leukocytes are not specific. Blood cultures are positive
in 70% [21]. Detection of the pathogen is crucial for the
success of the antibiotic therapy. Percutaneous biopsy
is positive in 43-78% [33]. Open biopsy is recommended
in the absence of pathogen-proof [17]. Histology is import-
ant to exclude malignant processes [21].

MRI is the modality of choice for the radiological diagno-
sis. It has a reported sensitivity of 96% and specificity of
93%. Decreased signal intensity from disc and adjacent
vertebral bodies on T1-weighted images and increased
signal intensity on T2-weighted images are typical for the
osteomyelitis. Gadolinium enhancement differentiates
the vertebral osteomyelitis from degenerative and malig-
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nant processes. Due to the persistence of radiological
alterations, the MRI control is recommended after
8 weeks [4]. The PET CT is another diagnostic modality.
Its availability is limited. It has a reported sensitivity of
100% and a specificity of 90.5% with an excellent distinc-
tion between degeneration and inflammation.

Therapy

There are no prospective and randomized studies for
therapy recommendation, neither for surgical nor antibi-
otic therapy. Duration of the antibiotic therapy is not
uniform - periods between 6 and 14 weeks are reported
in literature [18]. Roblot et al. found no correlation
between the duration and the re-infection rate [26].

The conservative treatment is justified in vertebral osteo-
myelitis with mild symptoms, absence of instabilities and
abscess formations. Surgery is recommended if there is
no improvement of the clinical findings after 6 to 8 weeks,
or there is deterioration in the MRI control [29]. An early
re-evaluation is necessary to avoid pseudarthrosis (up to
50%), instabilities, deformities, neurological deficits and
chronic pain [32]. Otherwise, surgery is inevitable. The
aim of the surgical therapy is the eradication of the infec-
tion and the reconstruction of the sagittal profile [9].
There is also no standard procedure in surgery: posterior,
anterior or combined procedures are recommended.
However, surgical debridement and stable internal fixation
of the involved segments leads to healing of the most
endogenous vertebral infections.

The major challenge is the therapy of the exogenous
vertebral infections, especially after macro surgery. These
infections are complicated by the impairment of the
posterior parts of the vertebral column (necrosis and in-
fection of trunk muscles, subcutaneous layer and skin).
In these cases an implant removal is inevitable. This
results in another complication: iatrogenic instability.
Because of the extent of the posterior decompression,
the stand alone anterior instrumentation is not possible
in most cases. There is a need for a posterior stabilization.
If the local findings prohibit an internal stabilization, the
temporary external spine fixation is an alternative, till the
wound closure is possible. As mentioned above the bio-
mechanical properties are excellent. The external stabil-
ization enables sufficient stability and thereby supports
the soft tissue conditioning, e.g. using VAC therapy.

The patients benefit from the early mobilization. Isometric
muscle training, postural and breathing exercises start
directly after surgery.

However, the percutaneous Schantz screw implantation
is risky. Screw malpositions occur in 25%. Nerve irritation,
liquor leakage and superficial infections are described.
Pin track infections are described in over 50% [8], [13],
[22]. The after care is sophisticated. Especially the supine
position is uncomfortable - an individually adapted foam
mattress is necessary.

The therapy of the endogenous and exogenous vertebral
osteomyelitis is an individual therapy. The challenge is
eradication of the infection and reconstruction of the

alignment. Therefore, different surgical and non surgical
procedures are proposed.

The external spine fixation is a salvage procedure in the
management of the exogenous spine infection with critical
soft tissue conditions. Its use is always an individually
decision.

Conclusion

The incidence of the vertebral osteomyelitis is rare.
However, due to the increasing spine surgery, the risk of
exogenous vertebral infections will increase. In contrast
to the endogenous form, the main problem of the exogen-
ous vertebral infection is the involvement of the posterior
parts of the spine. This is a major challenge for the spine
surgeon and requires an individually therapy regime. We
demonstrated three cases of exogenous spine infections
and presented the modality of temporary external spine
fixation, till the soft tissue conditions allowed a definitive
internal stabilization.

The external spine fixation is a salvage procedure in the
treatment of exogenous spine infections. Its use is always
an individual decision.

Notes
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