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Abstract We retrospectively reviewed the medical charts
of 210 consecutive patients treated for spinal infection in
Tottori University Hospital in Japan between 1956 and
2005. Until 1995, spinal infection was under control in this
series; however, during the last decade, it has been on the
rise. Male predominance had been gradually progressing,
and 69% of the patients were male during the last decade.
Patients with spinal infection were aging, and the ratio of
immunocompromised hosts dramatically increased to 53%.
Until 1995, the percentage of patients with tuberculous
spondylitis had been declining; however, the incidence has
been on the rise during the last ten years. The organism was
detected in 64% of patients treated between 1996 and 2005,
of which Staphylococcus aureus was detected in 49%.
Moreover, methicillin-resistant S. aureus was detected in
61% of patients with S. aureus. There were no immigrants
or cases with human immunodeficiency virus in this series.

Introduction

Spinal infection is a relatively rare condition and
accounts for 2–16.7% of all cases of osteomyelitis [6,
11, 14, 19]. In developed countries, improved public
hygiene reduced the incidence of spinal infections in the
1970s; however, several papers [2, 3, 7, 19] have warned
that spinal infections have been more frequent recently
with the increase of immunocompromised hosts, human
immunodeficiency virus (HIV) infection and immigrants
from developing countries. These conditions make the
treatment of spinal infection difficult.

In 2005, there were 8.8 million new patients with
tuberculosis (TB) all over the world, and of these, there
were 7.4 million in Asia and sub-Saharan Africa [24].
Approximately 1.6 million patients died of TB. In Japan,
there were 26,384 new patients with TB (20.6 per 100,000
people) in 2006 [22]. The incidence in Japan, which was
524.2, 172.3, 60.7, 41.9, and 31.0 per 100,000 people in
1960, 1970, 1980, 1990 and 2000, respectively [22], has
rapidly decreased over the past 50 years. The number of
patients with TB spondylitis in Japan also declined to 233
in 2005 from 734 in 1978 and 276 in 2001 [10, 21].

Even in developed countries, the present conditions and
trends in infectious disease differ from country to country. For
example, the incidence of methicillin-resistant Staphylococ-
cus aureus (MRSA) depends on the quality of infection
control practice [18]. Moreover, the incidence of TB is much
higher in Japan than in other developed countries [22]. It was
4.5 times higher than that in Canada, 4.4 times higher than in
the USA, 4.0 times higher than in Australia, 2.9 times higher
than in Germany and in Italy, 1.6 times higher than in France
and 1.5 times higher than in the UK [22, 24].

To our knowledge, there are no previous reports of long-
term studies of consecutive patients with spinal infection
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that have described the trends of this disease. Moreover,
there are no previous reports describing recent trends in
spinal infections in Japan. This study investigated recent
trends in spinal infection, based on the medical charts of the
patients in our hospital treated during the past 50 years.

Materials and methods

This study included patients from Tottori University Hospital,
a 697-bed hospital providing primary, secondary and tertiary
medical care in western Tottori Prefecture, Japan. This
hospital covers an area with a population of approximately
300,000, which has changed little since 1945.

After searching the database of inpatients of our hospital,
we retrospectively reviewed the charts of 210 consecutive
patients with spinal infection between 1956 and 2005.
Patients with surgical site infection or iatrogenic infection,
such as associated with discography or epidural block, were
excluded. There were 116 men and 94 women, with an
average age of 51 years (range: 3–86). The patients were
divided into five groups: those admitted to our hospital
between 1956 and 1965 (group 1), between 1966 and 1975
(group 2), between 1976 and 1985 (group 3), between 1986
and 1995 (group 4) and between 1996 and 2005 (group 5).
We evaluated changes in the numbers of patients, gender,
age, involved levels, immunocompromised hosts and
organisms among the five groups.

Diagnosis

Patients with severe neck, back or lumbar back pain were
suspected of having spinal infection if their erythrocyte
sedimentation rate, leukocyte count and/or C-reactive
protein (CRP) was increased. If an organism was
detected from the specimen obtained by needle biopsy

or during surgery, it was easy to diagnose a patient as
having spinal infection. Otherwise, a patient was
diagnosed as having spinal infection, based on his/her
clinical findings, laboratory data and imaging studies.
When end plate erosion, destructive change or sclerotic
reactive bone formation was observed on plain films, a
patient was diagnosed as having pyogenic spondylitis
[20]. Computed tomograms (CT) or magnetic resonance
images (MRI) frequently show widening of the retro-
pharyngeal space, enlargement of the paravertebral
shadow or changes in the psoas shadow in patients
with spinal infection [5]. In patients with TB spondylitis,
sclerotic reactive bone formation on plain films is seen
much later and is less marked than that in those with
pyogenic spondylitis [12]. On MRI, the intervertebral disc
often shows a normal height and normal signal in patients
with TB spondylitis [5].

Regarding imaging tools for diagnosis in our depart-
ment, only plain films and tomograms were used until
around 1980, and in approximately 1980 and 1995, CT
and MRI were available, respectively. Before the intro-
duction of MRI, the initial diagnosis of the involved
level was difficult. It takes approximately two weeks to
show the reaction to spinal infection on plain film or CT
[6, 11]; therefore, specimens from the involved level
could not be obtained initially, which forced doctors to
use antibiotics before obtaining specimens. For these
reasons, the collection of the specimen was not per-
formed for all of the patients in groups 1–4. According
to their charts, it was performed only for the patients
with surgical indication or fistula. After the mid-1990s
when MRI became available, we were able to diagnose
the involved level immediately. After 2001, a patient
suspected as having spinal infection immediately under-
went MRI to determine the involved level, and then
specimens were collected using CT-guided needle biopsy
or needle biopsy under fluoroscopy in addition to blood
collection for culture.
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Fig. 1 Changes in the numbers of patients with spinal infection. Until
1995, spinal infection was under control; however, during the last
10 years, the incidence has been rising. Furthermore, the percentage of
patients with mycobacterial spondylitis had been declining until 1995;
however, it has been rising during the last 10 years. TB tuberculosis,
combined combined pyogenic and mycobacterial infections
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Fig. 2 Changes in the percentages of male patients. Male predomi-
nance has been significantly progressing (p=0.043), and 69% of
patients during the last decade were male
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Statistical analysis

Differences in age distribution among the groups were
statistically analysed using the Kruskal-Wallis test. The
differences in the distribution of gender, immunocom-
promised hosts and mycobacterial infection were tested
using the chi-square test. A probability value of less
than 0.05 was considered significant. All statistical
analysis was performed using SPSS.

Results

There were 79, 20, 16, 21 and 74 patients in groups 1–5,
respectively (Fig. 1). Until 1995, spinal infection had been
under control; however, during the last ten years, it has
been on the rise. The percentages of male patients were
significantly increased (p=0.043), and 69% (51 patients) of
the patients with spinal infection were male between 1996
and 2005 (Fig. 2). The patients with spinal infection
became significantly older (p=0.000) with average ages of
38, 44, 47, 59 and 65 years in groups 1–5, respectively
(Fig. 3). The most common levels of spinal infection
were between the mid-thoracic and upper lumbar spine
in group 1, and between the lower thoracic and
lumbosacral spine in group 5 (Fig. 4). The percentages
of immunocompromised hosts were 3% (seven patients),

5% (one patient), 13% (two patients), 38% (eight patients)
and 53% (39 patients) in groups 1–5, respectively (Fig. 5,
Table 1) with a significant difference (p=0.000).

The organism was detected in 33% (26 patients), 40%
(eight patients), 31% (five patients), 14% (three patients)
and 64% (47 patients) in groups 1–5, respectively. In group
5, S. aureus was detected in 49% (23 patients) of the
patients in whom an organism was detected (Table 2). Of
these, MRSA was detected in 61% (14 patients). MRSA
was not detected in groups 1–4. In 36% of the patients in
group 5, the organism was not detected mainly because the
previous attending doctor or primary care doctor had
already administered antibiotics to treat high fever and
elevated CRP. The percentages of patients with mycobac-
terial spondylitis comprised 97% (77 patients), 100% (20
patients), 31% (five patients), 14% (three patients) and 21%
(16 patients) of groups 1–5, respectively (Fig. 1) with a
significant difference (p=0.000). After elimination of the
cases with a negative bacteriological result, the percentage
of patients with mycobacterial spondylitis was 57.7, 50.0,
60.0, 66.7 and 23.4% in groups 1–5, respectively. In groups
1–4, all patients with mycobacterial spondylitis were
infected with Mycobacterium tuberculosis, and in group 5,
17.0, 4.3 and 2.1% of the patients with a positive
bacteriological result were infected with M. tuberculosis,
M. intracellulare and M. avium, respectively.s

There were no HIV-positive patients or intravenous drug
abusers in this series, and all patients were Japanese.

Discussion

Our study has two limitations. Firstly, we retrospectively
reviewed only patients admitted to our hospital. Our data
reflected the history and incidence in only a small area in
Japan. Moreover, there is a possibility that not all of the
patients with spinal infection occurring in this area
consulted or were referred to our hospital. We could not
review the past situation before 1990; however, recently,
almost all patients with spinal infection are referred to our
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Fig. 3 Changes in average ages (SD) of the patients with spinal
infection. The ages of patients with spinal infection have advanced
(p=0.000)
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Fig. 4 Changes in the involved
levels. The most common site
of spinal infection was between
the mid-thoracic and upper
lumbar spine in group 1 and
between the lower thoracic and
lumbosacral spine in group 5
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hospital. Our data may not reflect the true trends; however,
we consider it important to investigate the history and
incidence of spinal infection in an area over a prolonged
period such as 50 years. Secondly, there is a possibility that
some patients were diagnosed incorrectly. If the organism
could not been detected, a patient was diagnosed as having
spinal infection, based only on his/her clinical findings,
laboratory test and imaging studies. In addition, there is a
possibility that early doctors differentiated wrongly be-
tween pyogenic and mycobacterial spondylitis for some
patients with a negative bacteriological result.

The incidence of patients with spinal infection has been
reported to have increased [2, 3, 7]. This is probably a
result of an aging population, easy access to better
diagnostic methods including MRI and an increase in the
prevalence of immunocompromised hosts [2, 17]. In this
study, spinal infection had been decreasing until 1995;

however, during the last ten years, it has been on the rise.
Also, the ages of patients with spinal infection have
gradually risen, and the percentage of immunocompro-
mised hosts dramatically increased to over 50% during the
past ten years.

The percentage of male patients in this study was 69%,
which was similar to that in previous studies reporting a
range between 58 and 91% [2, 9, 16]. Krogsgaard and
colleagues [17] reported that male patients were dominant,
58% of the patients in 1991–1993, whereas the incidence
was not significantly different between male and female
patients in 1978–1982. Jacofsky and Currier [14] indicated
that male predominance was due to the large number of
intravenous drug abusers. In our study in which there were
no intravenous drug abusers, we could not identify a reason
for male predominance.

Spine infection most commonly occurs in the lumbar
spine [13, 20]. In a literature review [20], the lumbar spine
was involved in 48% of 294 cases, thoracic in 35% and
cervical in 6.5%. Hadjipavlou et al. [13] reported their
series covering 1986–1996 and stated that the locations of
spondylodiscitis were the lumbar spine in 56.1%, thoracic
in 35.6% and cervical in 10.2%. In this study, the most
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Fig. 5 Changes in the percentages of immunocompromised hosts.
Immunocompromised hosts had significantly increased to 53% in
1996–2005 (p=0.000)

Table 1 Immunocompromised hosts

Group 1 Group 2 Group 3 Group 4 Group 5

Hepatic
dysfunction

2 1 1 3 3

Immediate
postoperativea

3 1 1

RA 1 1

Respiratory
compromise

1

Cancer 2 7

DM 2 15

Steroid use 1 8

Malignant
lymphoma

3

Renal dysfunction 2

DIC 1

The numbers indicate the number of the patients. Some patients had
two conditions

RA rheumatoid arthritis, DM diabetes mellitus, DIC disseminated
intravascular coagulation
aWithin 1 month from the date of operation

Table 2 The causative organisms

Causative organism Group
1

Group
2

Group
3

Group
4

Group
5

Staphylococcus
aureus

9 3 1 0 23

Staphylococcus
epidermidis

0 0 0 0 2

Escherichia coli 0 0 0 0 3

Pseudomonas
aeruginosa

1 0 1 0 1

Enterobacter
cloacae

0 0 0 0 1

Streptococcus
viridans

0 0 0 0 1

Streptococcus hemolyticus 1 0 0 0 0

Streptococcus spp. 0 1 0 1 1

Enterococcus
faecalis

0 0 0 0 1

Enterococcus spp. 0 0 0 0 1

Klebsiella
pneumoniae

0 0 1 0 1

Citrobacter
amalonaticus

0 0 0 0 1

Bacteroides spp. 0 0 0 0 1

Alcaligenes spp. 0 0 1 0 0

Mycobacterium
tuberculosis

15 4 3 2 7

Mycobacterium
intracellulare

0 0 0 0 2

Mycobacterium
avium

0 0 0 0 1
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commonly involved levels of spinal infection in 1996–2005
were similar to those in previous reports. However, the
percentage of cases with lumbar spine involvement was
higher than that in other reports and increased to 81% in
1996–2005 from 58% in 1956–1965.

In European countries, the incidence of TB increased
recently because of the HIV epidemic and increased
immigration from countries with a high TB prevalence
[4]. The number of HIV-positive people in Japan was
reported to be 8,344 at the end of 2006 [1]. Its prevalence
(0.0065%) was much lower than that in Western and
Central Europe (0.3%) and in North America (0.8%) [23].
In Japan, there are fewer immigrants than there are in other
developed countries; however, the percentage of immi-
grants among TB patients is increasing [22].

The incidence of MRSA infections has been reported to
be increasing [15]. MRSA accounted for 10–30% of all S.
aureus isolates from patients with spinal infection [13]. In
this study, MRSA was detected in 61% of patients with S.
aureus. MRSA osteomyelitis was a well-recognised late
sequel of inadequately treated bacteraemia [8]. The reasons
for the higher proportion compared to that in other reports
remain unclear; however, it might be ascribed to inadequate
treatment of a previous infectious state. Moreover, there
was a greater variety of organisms detected in 1996–2005
than in other decades (Table 2). To select appropriate
antibiotics, organism detection is very important; therefore,
specimens should be collected from the infection focus
using CT-guided needle biopsy or needle biopsy under
fluoroscopy in addition to blood collection for culture prior
to administration of antibiotics.

In conclusion, until the mid-1990s, spinal infection was
under control in this series; however, during the last decade,
the incidence has been rising. We also demonstrated that the
mean age of patients with spinal infection is rising and that
immunocompromised hosts have dramatically increased.
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