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Introduction

Ozone is an unstable allotropic form of oxygen that imparts
oxidative stress following reactions with various biological
components. By exploiting this mechanism, clinicians have
utilized Bozone therapy^ as a topical and systemic agent, to
treat an array of conditions such as skin lesions, abscesses,
autoimmune disease, and more. In recent years, though, there
has been a rise in the use of ozone therapy in the treatment of
spinal disorders (e.g., disk herniation). A systematic review and
meta-analysis of ozone therapy for low back pain secondary to

herniated disc provides plausible evidence that ozone therapy
applied intradiscally can provide long-term relief of lumbar back
pain [16]. In the case of ozone injection directly into the nucleus
pulposus, there is some evidence that ozone dissolves in the
intradiscal water and reacts with the proteoglycans and
glicosoamynoglycans. This reaction entails an oxidation of
these substrates leading to disintegration of the disc structure.
Its collapse frees the entrapped water that, after reabsorption,
allows a decrease of intradiscal pressure and possibly a
disappereance of pain due to the reduced pressure on the ner-
vous root [6]. Despite the short-term success of ozone therapy in
this context, however, its safety profile and overall effectiveness
remain poorly understood and controversial worldwide [16].

Although lumbar- and thoracic-level spondylodiscitis is
common, cervical spondylodiscitis is a rare finding, with less
than 6% of overall spine infections arising at the cervical level
[29]. Mechanical complications of cervical spondylodiscitis
treatment are related to the potential instability caused by
cervical laminoplasty that is usually required for abscess
drainage. Notably, this procedure has resulted in development
of postoperative kyphosis and late deterioration, characterized
by persistence of pain and other debilitating symptoms [27].

Here, we present a case of a subaxial cervical spond-
ylodiscitis following intradiscal ozone–oxygen (O3-O2)
chemonucleolysis for cervical disc herniation in a patient
who subsequently developed cervical instability with
progressive kyphosis.

Case Report

In September 2005, a previously healthy 51-year-old female
presented to our institution with severe sepsis secondary to
C6–C7 spondylodiscitis. Ten days prior, the patient had
undergone C6–C7 intradiscal O3-O2 chemonucleolysis at
an outside hospital as treatment for a cervical disk hernia-
tion. The patient explained that the procedure was performed
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without any incidents using X-ray as a guidance to the
injection. At admission, the patient was febrile and
complained of diffuse neck pain.

Physical examination revealed a temperature of 38.7°C and
neck tenderness without neurological deficit. Hoffmann’s sign
was positive and no sphincter disturbance was found. Labora-
tory findings showed leukocytosis (WBC, 57,000/mm3) with
elevated erythrocyte sedimentation rate (ESR, 112 mm/h) and
C-reactive protein (CRP, 21 mg/L). Plain radiographs of the
cervical spine showed narrowing of the disc space at C6–C7
(Fig. 1), and magnetic resonance imaging (MRI) revealed
extensive spinal epidural abscess (SEA) extending from
C4–T1 anteriorly, C6–C7 spondylodiscitis, prevertebral
abscess, and spinal cord compression (Fig. 2). The patient was
admitted to the neurosurgical unit and was empirically started
on 2 g IV ceftazidime, every 8 h.

Onhospital day 2, the patient developed tachycardia, dyspnea,
and hypoxemia. Physical exam demonstrated a progressive, glob-
al neurological deficit including diffuse motor weakness (grade
2–3/5). The neurosurgeon on call performed urgent abscess drain-
age and posterior decompressive laminectomies at levels C4–T1.
Access and drainage of the wide prevertebral abscess were
performed using a standard right-sided anterior cervical approach.

Beta-hemolytic streptococcus was isolated from the epidural
infected tissue so a transesophageal puncture during disc ozone
therapy was suspected. No bacterial growth was noted in the
patient’s blood cultures. Following diagnosis, antibiotic therapy
was converted to vancomycin according to local prococols and
recommendations of the infectious diseases unit. From this
point, the patient had a satisfactory postoperative course and a
marked decrease in inflammatory biomarkers was observed.
Given the trend, she was discharged home a few days later with
an adjustable plastic Thomas collar.

Plain radiograph (Fig. 3) and postoperative MR (Fig. 4)
imaging performed at 1 week postoperation showed no
further evidence of spinal cord compression, a partial reso-
lution of the epidural mass, and a straight cervical spine

without development of kyphotic deformity in sagittal view,
as was seen in preoperative studies. Abnormal findings were
limited to trace residual epidural enhancement.

Two weeks later, however, the patient returned to the emer-
gency department for significant neck pain without neurological
deficit or fever. Interestingly, the plain radiograph of the cervical
spine showed a kyphotic deformity (Fig. 5). Gardner–Wells skull
traction was immediately performed and resulted in both clinical
and radiologic improvement. The patient was consented for
anterior cervical fusion using an anterior cervical approach (left
side to avoid previous incision). An extensive curettage of the
entire area of spondylodiscitis was performed and includedmulti-
level discectomies, tricortical graft with autologous bone from the
iliac crest, and C4–T1 stabilization with an Orion Anterior
Cervical Plate System (Medtronic Sofamor-Danek Group,
Memphis, TN, USA; Fig. 6). Postoperative course was unevent-
ful and, at the short follow-up, the patient remained clinically
satisfactory without evidence of a recurrent spinal infection.

At 6-month follow-up, the patient still complained
about neck pain. Plain radiograph was obtained and
showed a nonconsolidation of the anterior C7–T1 fusion
with kyphotic deformity (Fig. 7). Revision surgery was
performed and consisted of a posterior cervicothoracic
fusion (C4–T4) with Colorado 2 Spinal System and
Vertex Reconstruction System (Medtronic Sofamor-
Danek Group, Memphis, TN, USA; Figs. 8 and 9) with
favorable clinical outcome.

Fig. 1. Cervical radiograph performed on admission showing
narrowing of the disc space at C6–C7.

Fig. 2. Cervical sagittal T1-weighted gadolinium-enhanced MR im-
age performed on admission shows (a) an extensive spinal epidural
abscess (SEA) extending from C4 to T1 anterior to the spinal cord; (b)
spinal cord myelopathy can be noted from C5 to C7 due to anterior
compression by the lesion (black arrow); (c) also, it shows the infec-
tion of C6–C7 intervertebral disc linked with the epidural lesion and a
prevertebral abscess with hypointense content and homogeneous en-
hancement of wall and septa.
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At 1-year follow-up, the patient reported improvement of
her neurological function and follow-up radiograph revealed
no deterioration of kyphotic deformity and a satisfactory
cervical fusion (Fig. 10). The patient was satisfied with the

result with occasional axial pain, including neck pain and
shoulder stiffness. There was not any recurrence or deterio-
ration of neurological status.

Discussion

We present a case of cervical spondylodiscitis that occurred
as a complication of O3-O2 therapy for a cervical disc
herniation that manifested as cervical mechanic failure likely
due to wide laminectomy.

The proposed therapeutic action of cervical intradiscal
O3-O2 chemonucleolysis is multifold. It is reported to

Fig. 3. Lateral cervical spine radiograph performed after surgery
showing curettage of C6 and C7 vertebras and cervical laminectomy.

Fig. 4. Cervical sagittal gradient recalled echo (GRE) T2-weighted
imaging (T2WI) gadolinium-enhanced MR image performed 1 week
after the surgery showing no further evidence of spinal cord compres-
sion, partial resolution of the epidural mass, and a straight cervical
spine in sagittal alignment similar to that preoperatively, without de-
velopment of kyphotic deformity.

Fig. 5. Lateral cervical spine radiograph performed 2 weeks after
surgery revealing a kyphotic deformity.

Fig. 6. Lateral cervical spine radiograph performed after C4–T1 sta-
bilization with an Orion Anterior Cervical Plate System (Medtronic
Sofamor-Danek Group, Memphis, TN, USA) showing a slight im-
provement in the cervical spinal curve.
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reduce herniated disc volume and in turn nerve root com-
pression [13]. Second, disc size reduction reduces venous
stasis caused by microvascular compression, so as to restore
local microcirculation. Specifically, restoring normal flow
ameliorates pain through a mechanism explained by
Fernandez et al., who previously demonstrated that nerve
roots are sensitive to hypoxia [14]. A third therapeutic claim
is that it may trigger analgesic and anti-inflammatory effects,
through molecular changes that block, or antagonize, so-
called disc-induced pain [6].

Medical ozone is administered in the form of an ozone–
oxygen gas mixture at nontoxic concentrations between 27
and 30 μg/mL. Placement of the needle inside cervical disc
is usually administered under local anesthesia and by an
antero-lateral approach with the patient in supine position
under CT or fluoroscopic guidance, from the same side as
the main location of symptoms. The unstable condition of
medical ozone, which starts decaying (2 μg/mL) after about
20 s, allows a limited time for injection of no more than 15 s.
Typically, no premedication is given, aseptic techniques are
used, and the procedure is performed at an outpatient facility
[1, 2, 25].

Fig. 7. Lateral and AP radiograph of cervical spine at nearly 6 months
after anterior fusion showing a nonconsolidation of C7–T1 segment
with mild kyphotic deformity.

Fig. 8. Lateral radiograph of cervical spine after revision surgery;
posterior cervicothoracic fusion (C4–T4) (Colorado 2 Spinal System
and Vertex Reconstruction System [Medtronic Sofamor-Danek Group,
Memphis, TN, USA]).

Fig. 9. Intraoperative photography showing posterior instrumentation
and autograft combined with demineralized bone matrix.

Fig. 10. Lateral radiograph of cervicothoracic junction at nearly 1 year
showing no deterioration of kyphotic deformity and a satisfactory
cervical fusion.
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While ozone exposure has been linked to a number of
adverse health effects [3], complications secondary to oxy-
gen–ozone treatment are rare [5]. Nevertheless, its novel
application as a percutaneous technique in treating spine
disorders, especially at the lumbar spine, raises concerns
about safety [30]. In a 2900-case experience, Muto et al.
[20] reported no neurological or infectious complications
during the short-term or long-term follow-up. Furthermore,
only three local infectious complications are reported in the
literature. Fort’s group reported a spondylodiscitis in the
lumbar spine after an intradiscal injection of oxygen–ozone
caused by Achromobacter xylosoxidans [10]; Menendez P et
al. reported a Staphylococcus aureus paravertebral and
intraabdominal abscess after six cycles of oxygen–ozone
therapy [18]; and Bo et al. reported the first and so far only
case reported of a cervical spondylodiscitis with associated
spinal epidural abscess (SEA) secondary to oxygen–ozone
therapy for cervical disc herniation; some similarities with
our case are noted including development of cervical infec-
tion with SEA and instability after debridement, and some
differences like a sterility technique problem instead of a
transesophageal puncture [4]. Other systemic complications
reported are fulminant septicemia, a vertebrobasilar stroke,
bilateral vitreo-retinal hemorrhages, and an unexpected
death caused by gas embolism [7, 11, 15, 17].

In the present report, beta-hemolytic streptococcus, a bac-
teria native to the respiratory tract, was isolated. This suggests
a transesophageal puncture during disc ozone therapy, a com-
plication not previously reported [8, 19]. Our patient did not
have any predisposing risk factors, and due to rapid neurolog-
ical worsening and failure of conservative measures, an emer-
gent decompressive surgery was necessary.

Treatment of cervical spondylodiscitis includes (a) drain-
age of abscess to reverse sepsis and obtainment of additional
material for culture and pathological analysis; (b) relief of
compression from epidural sequestra, abscess formation, or
kyphosis; (c) spinal stabilization with or without instrumen-
tation; and (d) appropriate antibiotic therapy to eradicate the
infection and reduce the chance of recurrence [24, 29].
Historically, most spinal epidural abscesses (SEAs) associ-
ated with spondylodiscitis are located ventral to the spinal
cord, so surgical debridement is often performed first, via an
anterior approach [12]. Cervical laminectomy alone results
in a 6–47% incidence of postlaminectomy kyphosis that
contributes to varying rates of late neurological deterioration
(10–39%) [26]. In similarity with Bo et al. [4], our patient
initially underwent wide laminectomy without fusion. This
led to subsequent kyphotic deformity, necessitating
cervicothoracic fusion. Fortunately, no severe neurologic
deficit occurred. The follow-up radiograph at nearly 6
months after cervicothoracic fusion shows nonunion at
C7–T1, probably due to the instability of the construct at
this segment. This points to the need for posterior fusion or,
in some cases, combined anterior and posterior fusion. With
long cervical fusions ending at C7, we prefer extending the
fusion across the cervicothoracic junction to reduce the
potential for adjacent segment breakdown and an area of
weakness in the arthrodesis level of the cervicothoracic
junction that might favor a failure of fusion [9].

Following debridement of a cervical spine infection, re-
construction of the resulting defect and achievement of a
stable construct with or without instrumentation are recom-
mended to treat the infection and prevent kyphosis [31].
Shousha et al. in a review of 30 consecutive cervical
spondilodyscitis reported good results following surgical treat-
ment based on two principles: (1) meticulous surgical debride-
ment including removal of all necrotic tissues, drainage of the
SEA, and decompression of the spinal canal; and (2) recon-
struction of the resulting defect and achievement of a stable
construct with or without instrumentation [29]. On the other
hand, Muzii et al. presented eight cases with cervical
spondylodiscitis and SEA formation surgically treated
(discectomy, debridement, and decompression of the spinal
canal) without any reconstruction and without arthrodesis.
Good outcomes of fusions without kyphosis were reported
[21]. Shad et al. reported asymptomatic persistent bacterial
colonization close to the removed anterior plates 1 year after
surgery in four of five cases of cervical spondylodiscitis [28].

Important to mention is that most of these studies included
a limited number of cases. Therefore, there is still controversy
over the best surgical management of cervical spondylodiscitis,
as both single-stage or two-stage have been proposed [22, 23].
No clear guidelines have addressed the utility of cervical
instrumentation in treating cervical spine infections or proper
course of antibiotic therapy and appear to vary according to
clinician. A definitive recommendation regarding the optimal
surgical strategy (one or two stages) is not possible given the
current literature evidence and the heterogeneity among case
series. An advantage of early mobilization in patients under-
going single-stage operations is to assume lower rates of com-
plications such as pneumonia and deep venous thrombosis.
Eradication of infection before a two-stage surgery should be
verified by postoperative normalization of ESRs and CRP
levels, and a relative advantage of this approach is a theoreti-
cally less risk of recurrence of infection and to achieve a
satisfactory fusion.

In conclusion, this case illustrates that the safety of
intradiscal oxygen–ozone therapy has not been established
and related complications are increasingly reported in the
literature. In contrast with other locations of spinal infec-
tions, cervical spondylodiscitis is rare but can carry devas-
tating morbidity if neurologic and functional deficits result.
According to our experience, a stable construct is necessary
in treating a cervical spondylodiscitis, especially if cervical
instability presents before or after surgical debridement;
combined anterior/posterior debridement should be avoided
(if possible) in this setting. Appropriate treatment of cervical
instability depends on the number of levels involved, and
surgical options include anterior, posterior, or combined
fusions; a stable construct is necessary when there is any
concern for instability.
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