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INTRODUCTION

Spinal infection is an inflammatory process around vertebral body, and it can be extended
to epidural space, posterior elements and paravertebral soft tissues. Also, these encompass
several entities involving pyogenic (bacterial), granulomatous (tuberculosis or fungal) or
parasitic2). In general, hematogenous pyogenic infection of the spine has been reported as
either spondylodiscitis or pyogenic osteomyelitis. The most common cause of spinal infections
is pyogenic in nature that may present as a spondylitis, discitis, spondylodiscitis, pyogenic facet
arthropathy, and epidural abscess. These may coexist in a same patient. 

The most common organism reported in such infections is S. aureus. Spondylodiscitis can
be treated with minimal invasive surgery, percutaneous transpedicle discectomy, anterior
decompression, posterior instrumentation and CT guided percutaneous drainage according
to the severity of the infection, presence of neurological deficits and the presence of concomitant
psoas or paraspinal abscess. A primary epidural abscess can be treated by a laminectomy,
posterior instrumentation and fusion. In addition, pyogenic facet arthropathy can be treated
with CT guided percutaneous drainage and antibiotic irrigation. The principle treatment of
tuberculous spondylitis is an antituberculous medication, posterior fusion with or without spinal
instrumentation and anterior decompression.

Fungal infections generally are noncaseating, acid-fast, negative infections, and commonly
occur as opportunistic infections in immunocompromised patients. Most patients do not require
surgery and can improve with medical therapy. However, aggressive surgical debridement
and stabilization along with antibiotic therapy may occasionally be required. Spinal infections
account for less than 4% of all bony infections. However, delay in the diagnosis, misdiagnosis
or inadequate treatment can lead to severe neurological deficits, long hospital stays and recurrence
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Objective : The purpose of the study was to determine the clinical effects of anterior radical debridement
on a series of patients with spontaneous spinal infection.
Methods : We retrospectively analyzed the clinical characteristics of 32 patients who underwent surgical
treatment from January 2000 to December 2005 in our department. The average follow-up Period was 33.4
months (range, 6 to 87 months). Thirty-two patients presented with the following : 23 cases with pyogenic
spondylitis, eight with tuberculous spondylitis and one with fungal spondylitis. The indications for surgery
were intractable pain, failure of medical management, neurological impairment with or without an
associated abscess, vertebral destruction causing spinal instability and/or segmental kyphosis.
Results : The study included 15 (46.9%) males and 17 (53.1%) females ranging in age from 26 to 75 years
(mean, 53.1 years). Diabetes mellitus (DM) and pulmonary Tbc were the most common predisposing factors
for pyogenic spondylitis and tuberculous spondylitis. Staphylococcus aureus (13%) was the main organism
isolated. The most prevalent location was the lumbar spine (75%). Changes in the pain score, Frankel’s
classification, and laboratory parameters demonstrated a significant clinical improvement in all patients.
However, there were recurrent infections in two patients with tuberculous spondylitis and inappropriate
debridement and intolerance of medication and noncompliance. Autologous rib, iliac bone and allograft
(fibular) were performed in most patients. However, 10 patients were grafted using a titanium mesh cage
after anterior radical debridement. There were no recurrent infections in the 10 cases using the mesh cage
with radical debridement. 
Conclusion : The findings of this study indicate that surgery based on appropriate surgical indications is
effective for the control of spinal infection and prevention of recurrence with anterior radical debridement,
proper drug use and abscess drainage. 
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of infection. In addition, there are no definitive guidelines
for antibiotic therapy, drug therapy after a biopsy, surgical
methods or combination therapy. The main goal of treatment
is to control the infection, prevent neurological complications
and vertebral deformity. The purpose of this study was to
analyze the clinical characteristics of surgically managed
patients according to the surgical indications and assess the
outcome of anterior radical debridement for spinal infections.

MATERIALS AND METHODS 

This was a retrospective review of 32 consecutive cases of
spontaneous spinal infections including pyogenic, tuberculous,
and fungal spondylitis treated at a single institution from
January 2000 to December 2005, with a minimum follow-
up of 10 months. The average follow-up period was 33.4
months (range, 10 to 87 months). All records were reviewed
for the level of spinal involvement, risk factors/comorbidities,
culture results, surgical approach, neurological status, labora-
tory studies, recurrence and standard demographic data.
All postoperative spinal infections were excluded from this
study. The preoperative diagnosis was based on history, plain
radiographs, computed tomography (CT) scans, magnetic
resonance imaging (MRI), elevated WBC counts, erythrocyte
sedimentation rate (ESR), and C-reactive protein (CRP).

Surgical therapy for spinal infections was necessary in
cases with intractable pain and progression despite sufficient
antibiotic therapy, sepsis, neurological impairment with or
without an associated abscess, vertebral destruction causing
spinal instability and/or segmental kyphosis. In this study,
the neurological status was graded according to Frankel’s
classification. The clinical outcome (pain) was assessed using
the visual analog scale (VAS). The radiographic analysis
included the preoperative, immediate postoperative and last
follow-up assessment of the sagittal profile (kyphotic angle)
as measured by the angle between the endplate above and
below the infected vertebrae. For statistical comparison, we
performed a crosstabs test, and paired t-test using SPSS
12.O for Windows. In all cases, p values less than 0.05 were
considered statistically significant.

The surgical technique 
Twenty-six of 32 patients underwent surgical debridement

and fixation by the anterior approach. Two patients received
debridement and fixation by the posterior approach. The
remaining four patients underwent debridement and abscess
drainage by the posterior approach. The treatment proved to
be an excellent method for the early stages of uncomplicated
spondylodiscitis. However, it was contraindicated in advanced
infections wherein excessive neurocompression or extensive

bony destruction has developed1,13). In our study, most patients
had advanced stage infections, extensive bone destruction,
neural compression and neurological deficits that required
anterior decompression. Postoperative kyphosis did not
develop in  two patients who had been treated with debride-
ment and fixation by posterior approach. 

The anterior approach including the transthoracic,
thoracoabdominal and retroperitoneal procedures were
performed when the infected tissue was mainly located at the
anterior or middle column of the spine. The goal of surgery
in such cases was to resect all infected and necrotic tissue with
a radical debridement. A paravertebral abscess was excised
or drained as completely as possible. The spinal canal was
cleared of purulent material or infectious debris and then
the operative defect was bridged by titanium mesh cages,
filled and surrounded with autologous cancellous bone
and/or allobone chips, an allograft or autograft and then the
anterior instrumentation was added. When the main pathol-
ogy was located in the posterior column, we performed a
posterior approach including debridement, decompression
and instrumentation.

When the main pathology was located at L5 and/or the
L4 level, we performed a two-staged combined approach.
First, an anterior column reconstruction using a bone graft
or mesh cage inserted into the autograft was performed, after
the corpectomy and discectomy, with radical debridement,
decompression and abscess drainage by the anterior approach.
About 1 week later, posterior instrumentation and bone
grafting were added.

RESULTS (Table 1)

Age and gender
The study included 15 (46.9%) male and 17 (53.1%)

females patients  ranging in age from 26 to 75 years (mean,
53.1 years). Patients in their fifties and sixties accounted
for over 56% of cases and there were no significant gender
differences. The average age for patients with pyogenic
spondylitis was 54.5 years with slight male preponderance,
1.3:1. For tuberculous spondylitis, average age was 51.5
years and females were more common with a rate of 7 : 1. In
addition, there was one male patient with fungal spondylitis.
No patient was under the age of 20. 

Predisposing factors for spinal infections
Most patients with pyogenic spondylitis had diabetes

mellitus (7 cases) and other infections (5 cases) such as pneu-
monia, meningitis and septic thrombophlebitis. Pulmonary
tuberculosis (6 cases) was present in most cases with tuber-
culous spondylitis. 
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Table 1. Summary of patient data

Sex / Age Level
Risk factor

Organism Op method
Anterior ESR (mm/hr)          CRP (mg/L)

/ Comorbidity construct nl 5                   nl 20

M/32 L4 Pul. Tbc No growth A Allo 16 16

M/37 L3,4 - No growth A Auto 10 7.1

M/37 T6 - MRSA A Auto 63 5

F/40 L4,5
Pneumonia,

No growth C Mesh 37 186
meningitis, DM

M/44 L3,4 UTI No growth A Auto 53 94.5

F/46 L3,4 ESRD S. epidermidis A Mesh 70 18

M/49 L1 - MSSA A Auto 63 19.1

F/55 T6,7 ESRD, DM MRSA P - 98 144

M/55 L2,3 DM, pul. Tbc No growth A Auto / Allo 68 165

M/55 L1,2 RA S. epidermidis A Auto 88 25

F/56 L4,5 - No growth P - 34 7.2

F/57 L3,4,5 - No growth A Auto 54 10.1

M/60 L3,4 DM Citrobacter koseri A Auto 66 22

M/62 L3,4 - MRSA A Auto 58 116

F/63 L4,5 DM No growth A Auto / Allo 34 49

F/63 L3,4,5 DM
Viridans 

C Mesh 67 5.7
streptococcus group

F/63 L3
DM, adrenal

No growth A Mesh 2 26.3
insufficiency

F/63 T12,L1,L2 - No growth A Mesh 37 100

F/67 L4,5 Meningitis MRSA A Auto 69 >205

M/69 L3 - No growth A Mesh 37 12.6

M/70 L4,5 - No growth A Auto 34 197

M/70 L4,5 -
Pseudomonas 

C Mesh 27 20.1
putida

M/75 T2,T3 - E. coli P - 6 49.2

F/23 T11 Pul. Tbc AFB 1+
Thoracoscopic 

- 66 12.6
abscess drainage

M/26* L3,4 Pul. Tbc No growth P → A Auto 30 39.7

F/34* L4,5 - Tuberculin test (1+) A Auto 49 43

F/51 L4,5 Meningitis No growth P - 120 256.9

F/53 L4,5 - Growth of TB C Mesh 52 26.3

F/59 T8,9,10 ESRD, DM No growth P - 79 13

F/66 T9,10,11 Pul. Tbc AFB (1+) A Mesh 45 12.7

F/67 T12,L1 Pul. Tbc Growth of TB A Auto 13 5.4

M/33 L3,4,5
Septic Candida 

C Mesh 4 183
thrombophebitis tropicalis

* recur, A : Anterior approach, P : Posterior approach, C : Combined approach. pul.Tbc : pulmonary tuberculosis, DM : Diabetes Mellitus, UTI : Urinary Tract Infection, ESRD :
End Stage Renal Disease, RA : Rheumatoid Arthritis

Bacteriology of spinal infections 
Of the 32 patients with spinal infections, pyogenic

spondylitis and granulomatous spondylitis (including eight
tuberculous and one fungal spondylitis) were identified in
23 and 9 patients each respectively. Tissue culture data were
obtained in all patients; there were no bacterial isolates in
12 patients with pyogenic spondylitis and 6 patients with
tuberculous spondylitis. The bacteriological findings revealed
staphylococcus aureus as the most common strain in pyogenic
spondylitis (four cases, p=0.017). Two patients with isolated
tuberculous bacteria were being treated for pulmonary

tuberculosis and four patients had a history of treatment for
pulmonary tuberculosis.

Clinical symptoms and signs of spinal infection
Most patients (78.1%) complained of localized pain around

the infection site. Paraparesis was found on presentation in
eight patients (25%) and  eight patients (25%) had radiating
pain. In addition to these clinical symptoms, febrile sensation
and kyphosis were diagnosed in 4 and 10 patients each,
respectively. The clinical signs and symptoms are detailed
in Table 2.  
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Distribution and number of spinal infections
The most common location for the spinal infections was

lumbar spine (75%), followed by thoracic spine (18.8%).
The number of infected vertebral bodies varied from one
to three. Two levels of vertebral body infection were identified
in 20 patients (62.5%) followed by one infection site (in
18.8%) and three infection sites (in 18.7%). For pyogenic
spondylitis, two and one infection site were identified in
65.2% and 21.8% of patients, respectively. For tuberculous
spondylitis, two and three infection sites were identified
in 62.5% and 25%, respectively. The number and distribution
of spinal infections are detailed in Table 3, 4.

Laboratory findings 
The WBC counts (nl＜10.000×106/L), ESR (nl 5

mm/hr) and CRP (nl 20 mg/L) were determined for all
patients. Only 10 (43.5%) and one (12.5%) patient each, of
the 32 patients, had elevated leukocyte counts for pyogenic
and tuberculous spondylitis, respectively. There were fewer
patients with an increased leukocyte count among the
tuberculous spondylitis cases.

The CRP was elevated in 82.6% and 87.5% of patients
with pyogenic spondylitis and tuberculous spondylitis,
respectively. In addition, the ESR was elevated in 87% and
100% of the patients with pyogenic spondylitis and tuber-

culous spondylitis, respectively.  
The WBC counts averaged 9,786/

㎕ (range 5,830-15,820) before
surgery, and 6,312/㎕ (range 3,480-
8,480) at discharge. The CRP was
63.9 mg/L (range 5-256.9) before
surgery, and 17.7 mg/L (range 0.5-
53.8) at discharge. The ESR was 48.4
mm/hr (range 2-120) before surgery,
and 31.5 mm/hr (range 2-87) at dis-

charge. On discharge, only four patients showed normal
ESR and 21 patients showed normal CRP. In general, after a
6-week regimen of IV antibiotics, the patients were discharged
with improving clinical symptoms and laboratory findings.
They were followed as outpatients on oral antibiotics.

Clinical results
Among the 32 surgically treated patients, 21 were managed

by the anterior surgical approach, six by the posterior approach
and five by a combined approach. We used autogenous iliac
bone, rib and allobone grafts for the reconstruction of the
anterior column. However, in 10 patients, we used a  titanium
mesh cage. The mesh cage was inserted in cases requiring
multiple corpectomies and rigid corrections of deformities.
Other reason for using mesh cage was that autologous bone
grafts have limitations in cases with extensive bone loss and
may result in donor site morbidity. In addition, we used the
mesh cage for spinal infections based on the results of a recent
study2,18) where it was shown that a mesh cage could control
spinal infection and minimize risk of subsidence. 

The mean visual analog scale (VAS) score was 8.3 before
surgery and 2.7 after surgery. Prior to surgery, eight patients
had motor weakness. Two patients were classified as Frankel
type B, 1 as Frankel type C and five as Frankel type D. After
surgery, the neurological status remained unchanged in one
patient, and another seven patients improved by 1 Frankel
grade. At the last follow-up, one patient was graded as Frankel
type C, 1 patient as type D and 5 patients as type E.

Among patients treated surgically, two experienced a
recurrence of infection after a complete course of treatment.
They had worsening clinical features and laboratory findings,
as well as abnormal MRI findings. Two patients had
tuberculous spondylitis; one was being treated for three
months previously for pulmonary tuberculosis. This patient
was treated with an anterior approach with partial corp-
ectomy using an autograft. During imaging evaluation, a
psoas abscess was noted to have progressed compared to
the previous imaging findings. The patient was treated by
percutaneous drainage and antituberculous medication. The
other patient was treated with antibiotics before presen-

Table 2. Signs and symptoms of spinal infections

Symptoms
Pyogenic 

Tbc spondylitis
Fungal             

Totalspondylitis spondylitis

Back pain 18 6 1 25

Leg radiating pain 4 3 1 8

Motor weakness 7 1 - 8

Buttock pain 3 1 - 4

Kyphosis 6 4 - 10

Febrile sensation 3 1 - 4

Voiding difficulty 3 - - 3

Table 3. Number of infected vertebral bodies

Classification One Two Three 

Pyogenic 5 15 3

TB 1 5 2

Fungal - - 1

Total 6 20 6

Table 4. Distribution of the spondylitis

Classification Thoracic Thoracolumbar Lumbar

Pyogenic 3
1

19
(T12-L1-L2)

TB 3
1

4
(T12-L1)

Fungal - - 1

Total 6 2 24
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ting with a positive tuberculin test. After about 3-weeks of
medication for the TB, the patient was treated with a posterior
surgical approach because of an extensive epidural abscess
including spondylitis. 

This case had a recurrence 5 months after surgery and was
treated with an anterior radical re-operation and TB
medication. The cause of the recurrence was likely the partial
corpectomy and an incomplete debridement initially; the
decision not to perform a radical debridement, medication
intolerance and patient noncompliance after discharge may
also have contributed to the treatment failure. However,
there was no recurrence of infection in the 10 cases where
the titanium mesh cage was used with radical treatment.

Radiographic results (Table 5, 6)
To assess the sagittal plane deformity,

kyphotic angles were measured be-
tween the endplates above and below
the infected vertebrae, and compared
to normal sagittal angles of the same
spinal segment4). If the angle demon-
strated a lordotic curve (normal for the
lumbar and cervical spine), the results
were recorded as no kyphotic deform-
ity. For the thoracic spine, comparison
with normal sagittal angles of the same
spinal segment4) were associated with
bone rarefaction and vertebral body
collapse. Ten patients had preoperative
kyphotic deformities due to failure
of the anterior column. Immediately
postoperatively, all patients demon-
strated correction of the kyphosis.
At the last follow-up, three patients
showed minimal loss of the lordotic
angle and five patients did not show
any change of the lordotic angle. Only
two patients with osteoporosis showed
progression of the kyphosis compared
to the preoperative kyphosis, but they
had no clinical symptoms. In 22
patients who did not show kyphosis
preoperatively, the correction of the
postoperative kyphosis was maintained.
The average difference thus measured
was 40.3。(range 12。to 102.9。) before
surgery. After surgery, the average
difference of the angle improved to
19。(range 0.1。to 40.8。). At the last
follow-up, there were some loss of the

surgical correction ; the mean difference in the angle was
27.7。(range 3.3。to 53.9。). A progression of kyphosis was
present only with the anterior approach, and this was thought
to be associated with subsidence in the anterior construct
and osteoporosis. 

The difference between the preoperative and immediate
postoperative angles was statistically significant (p=0.009). In
addition, the difference between the immediate postoperative
evaluation and the last follow-up assessment of the angles
was statistically significant (p=0.026).

DISCUSSION

Before the use of antibiotics and chemotherapy, mortality
in patients with infections of the spine and contiguous tissue

Table 5. Change of sagittal alignment in patients with preoperative kyphotic deformity by anterior
reconstruction

Case Level
Kyphotic deformity

Pre-op                        Post-op                     Last

1 L3,4 +4.6 -7.6 +2.5

2 L4,5 +11.4 -29 -29

3 T12,L1,2 +13.9 -4.2 -4.2

4 L3,4,5 +34.9 -46.2 -14.1

5 T9,10,11 +27.5 +12.6 +35.9

6 L3,4 +4.4 +0.8 +0.8

7 T12,L1 +11.5 +7.1 +7.1

8 L1,2 +12.3 +2.3 +2.9

9 L1 +22.4 +12.6 +12.6

10 L3,4 +2.5 -15.5 +4.5

(+ : kyphotic angle, - : lordotic angle)

Table 6. Change of sagittal alignment in patients with preoperative non-kyphotic deformity by
anterior reconstruction

Case Level
Non-kyphotic deformity

Pre-op                        Post-op                     Last

1 L4 -20 -20 -20

2 L3,4 -13.5 -16.2 -16.2

3 T6 +11.3 +14.2 +14.2

4 L4,5 -26.2 -26.2 -26.2

5 L2,3 -25.5 -25.5 -25.5

6 L3,4,5 -8.2 -8.2 -8.2

7 L3,4 -6.6 -21.4 -21.4

8 L4,5 -31.5 -31.5 -31.5

9 L3,4,5 -19.8 -19.8 -19.8

10 L3 -19.8 -12.0 -12.0

11 L4,5 -14.2 -18.3 -18.3

12 L3 -0.5 -11.5 -11.5

13 L4,5 -48.3 -48.3 -48.3

14 L4,5 -44.9 -44.9 -44.9

15 L3,4 -27.3 -27.3 -11.9

16 L4,5 -19.2 -28 -28

17 T12,L1 +3 -10.1 -10.1

(+ : kyphotic angle, - : lordotic angle)
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was 40-70 percent7). Advances in medical therapy since the
1960s have dramatically altered the natural history of these
diseases. Today, spinal infections are relatively rare, accounting
for only two to four percent of all osteomyelitis infections,
and mortality is estimated to be 1-2%, depending on the
patient group and the infectious agent7). 

Many spinal infections are preceded by infectious elsewhere
(e.g. urinary tract infection, meningitis, pneumonia, septic
thrombophlebitis) as observed in the current study. Predis-
posing factors that compromise the immune system, such as
diabetes mellitus, rheumatoid arthritis, end stage renal disease,
or chronic steroid use, render the host more susceptible to
spinal infections. In addition to these predisposing factors,
intravenous drug abuse, ankylosing spondylitis and trauma
may also play role in development of  spondylodiscitis and
epidural abscess1,3,6,8,13).

The most commonly isolated organism in this study was
staphylococcus aureus (13%). This finding is different from
most reported literature, with staphylococcus aureus accoun-
ting for 42% to 84% of the isolated organisms5,9,17,25,27,30,33,34),
followed in frequency by Streptococcus species and gram-
negative bacilli3,6,9,17,22,25,26,34). Negative cultures were obtained
52% of the time in the current study, a rate inconsistent with
20-30% of other investigations9,15,33). Three explanations have
been given for this : concurrence of antibiotics administration
before biopsy11), small-bore biopsy needle precluding a
satisfactory retrieval of tissue samples31,32), and the natural
healing of intervertebral disc infection as postulated by
Fraser10). According to Fraser’s theory10,11), vascular granulation
tissue from the vertebral subchondral plate invades and resorbs
the infected disc space, enabling the infected region to heal
spontaneously after approximately 6 weeks, thus leading to
negative cultures. This also explains why spinal infections
can have a self-limited course in uncompromised hosts. In our
study, most patients were previously treated with antibiotics
before transfer to our hospital.

Most patients complained of pain at the infection site,
buttock pain and radiating pain. In addition to these
symptoms, the diagnosis was associated with kyphosis, febrile
sensation and neurological deficits. Pyogenic spondylitis
had a more aggressive course than tuberculous spondylitis
and had more severe clinical symptoms. However, the
symptoms presented and the pattern of progression varied
according to the location of the infection.

The thoracic canal is very narrow and filled mostly with the
spinal cord. In addition, the thoracic spine has a kyphotic
angle. The blood supply to the spinal cord is not abundant,
therefore, infection of the thoracic spine can result in serious
neurological deficits such as paraplegia23,28,35). Among eight
patients with thoracic spine infection in our study, five patients

presented with severe complications such as motor weakness
and voiding difficulty. 

The WBC count typically is not elevated in patients with
a spinal infection5,8,9,24,25,30,33,34). The leukocyte count was
elevated in 43.5% and 12.5% of cases with pyogenic and
tuberculous spondylitis, respectively. However, the ESR
and CRP levels were more sensitive to the presence of a
spinal infection (Elevated ESR=84% and CRP=84%). These
parameters, when elevated, represent “red flag” for a more
serious condition.

Tuberculous spondylitis is characterized by slowly progressive

Fig. 1. Tuberculous spondylitis with paraspinal and epidural abscess
formation at the T12-L1 level on enhanced magnetic resonance imaging
(A, B). Reconstruction using rib and allograft with solid fusion and
stability with the anterior approach on plain radiographs (C, D).

A

B

C D
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Fig. 2. Plain radiographs of pyogenic spondylitis with scoliosis, bony erosion at L3,4,5 (A, B). Magnetic resonance imaging of pyogenic spondylitis with
severe enhanced vertebral body involvement, L3/4/5 (C). Postoperative plain radiograph of the combined approach (D, E). Mesh insertion and screw
fixation were performed. The patient presented with lower extremity weakness. After four months of treatment, the patient could walk without assistance. 

A B C D E

constitutional symptoms at early stages; symptoms include
weakness, malaise, night sweats, fever, and weight loss.
Pain is a late symptom associated with bone collapse and
paralysis. Laboratory studies frequently suggest a chronic
disease; findings include anemia, hypoproteinemia and mild
ESR elevation. 

The cornerstone of nonsurgical treatment, for uncom-
plicated pyogenic spondylitis, is intravenous (IV) antibiotics
followed by oral antibiotics, along with spinal immobilization.
Therapy of less than 4-week duration is associated with a
25% relapse rate30). Therefore, we used a 6-week treatment
regimen with IV antibiotics followed by 6 weeks of oral
medication to provide an extra margin of safety. Consideration
of the site of infection is important for treatment decisions.
For example, a spondylodiscitis requires a longer duration of
treatment than a discitis and a spondylitis. The criteria for
antibiotic therapy discontinuation were : 1) abatement of the
spinal pain with disappearance of the inflammatory pattern;
2) normal body temperature; 3) normal CRP and/or ESR
values; and 4) stabilization or improvement in the disk and
vertebral abnormalities on plain radiographs20). For tubercu-
lous spondylitis, antituberculous drugs including INH, RFP,
EMB and PZA were used for 9 months of treatment after
surgery. Normalization of the CRP occurred 1 or 2 weeks after
surgery. Treatment was discontinued when the CRP was
within normal limits and the clinical examination supported
the absence of infection. The patients did well following
these regimens. 

The examination used to decide whether to discontinue
IV antibiotics and TB medication included Gallium bone
scan and MRI, as well as ESR and CRP, which were the
most useful and cost-effective. Although Imaging studies
are important for treatment decisions, they do not show the
status of current infection; images suggesting infection remain
after the active infection has been treated. Therefore, treatment

may be considered successful when the ESR levels decrease
to below 2/3 of the levels at the baseline, before treatment,
discontinuation of the antibiotics when the ESR and CRP
are within normal range.

In 1911, Hibbs14) described the treatment of tuberculous
spinal infections by posterior fusion, but this method could
not prevent progressive kyphosis. Many authors9,18,19,24,25) have
shown the value of anterior surgical debridement in pyogenic
and tuberculous spondylitis. Hodgson et al15) demonstrated
the efficacy of surgical treatment on Potts disease and laid
down the surgical principles of the treatment thereof.
However, surgical treatment and the technique used are still
controversial.

Generally, we believe that the posterior decompression
and fusion approach is better than the anterior approach for
the following reasons. The technique is simpler than the
anterior method and the fusion rate is higher; in addition, it
can be performed with a severe kyphosis, in a patient with
a  poor general condition and in cases where the anterior
fusion has failed. However, the associated risks of the posterior
approach include kyphosis and the possibility of incomplete
removal of the infection1,7).

Anterior decompression and fusion with instrumentation
is the procedure of choice for spondylodiscitis complicated
by severe deformity and a neurological deficit, or by epidural
abscess or granulation tissue causing neurocompression,
producing a much better outcome than noninstrumented
fusions with decompression or laminectomy alone27). In
addition, radical debridement with resection of all infected
and necrotic disc and bony tissue can be performed by anterior
column support. In our cases, anterior column reconstruction
was performed with autogenous bone (rib, iliac bone) and
allograft (Fig. 1); however, in 10 patients the procedure was
performed with a titanium mesh cage (Fig. 2). The goal
of using the titanium mesh cage with bone grafts instead
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of a structural bone graft alone is that the cage with bone
grafts may provide a more secure, accurate and dependable
correction of the deformity than a bone graft alone. The
cage provides a more rigid fixation construct and minimizes
the risk of graft subsidence or dislodgement, that are well-
documented complications when structural bone grafts alone
are used. For treatment of a spinal infection, the instrumen-
tation introduces a high risk for foreign material causing
persistence and recurrence of infection and adherence of
bacteria12). Many experimental studies suggest that Myco-
bacterium tuberculosis, unlike bacteria, has low adherence
to stainless steel and forms less polysaccharide biofilms2).
In our study, 7 pyogenic and 3 tuberculous spondylitis cases,
with an inserted mesh cage, showed no recurrence of infection.
In addition, reports have shown that if there is thorough
removal of the infection and radical debridement, in addition
to effective TB drug treatment and effective antibiotics,
the recurrent risk for infection is very low after surgery9,14,18,19).

According to a recent study, the instrumentation used for
surgery improved the spinal instability and resulted in early
ambulation even with an active spinal infection2,20). In our
study, two patients had a recurrence of infection. For these
two patients, one patient was treated with posterior decom-
pression and instrumentation. The other one was treated
by an anterior decompression with bone fusion. The likely
cause of the recurrence was incomplete debridement of
infected tissue and/or incomplete drainage of a psoas abscess
in the case where a posterior approach was performed.
Another cause could have been insufficient TB medications.
All patients with anterior decompression used for radical
debridement and mesh grafting showed definite improvement;
they were ambulatory with osseous union, had improvement
of their kyphosis and absence of recurrent infection. The
instrumentation provided most patients with the ability
to ambulate within 5 days after surgery; this was because
of the early spinal stability that resulted from prevention
of displacement of the fusion graft. These patients had an
early return to their activities of daily living. 

CONCLUSION

Surgery in patients with the appropriate surgical indications
is effective for the control of spinal infections, post-infection
kyphosis and severe back pain with anterior radical debride-
ment. Anterior radical debridement of infected tissue and
medical treatment with effective agents for an appropriate
duration improve the clinical outcome and reduce the
recurrence of infection and unsatisfactory results. However,
further studies with a long term follow-up and a larger patient
population are needed to confirm our findings.  
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