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Atypical Findings on Magnetic Resonance Imaging in the Patients
with Active Pyogenic Spondylitis in Japanese University Hospitals
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Recently, aging population and immuno-compromised patients have been rising in Japan. Accordingly,
patients with pyogenic spondylitis have been increasing and may present atypical clinical features.
University hospitals treat many elderly patients and patients with poor general condition. Therefore,
patients with pyogenic spondylitis treated at two university hospitals were retrospectively investigated to
clarify the recent clinical and radiologic characteristics of this infection. There were 30 patients (average
age: 68 years) treated in two university hospitals between 2009 and 2010. The onset was acute or
subacute in 15 patients, insidious in 7 and unclassified in 8. Culture tests were performed in 25 patients,
and the causative microorganisms were identified in 20 patients with the identification rate of 80%, including
4 patients infected by methicillin-resistant staphylococci. Classically, active pyogenic spondylitis is
characterized by typical findings on magnetic resonance imaging (MRI): obvious signal decrease in
T1-weighted image (WI) and increase in T2WI with contrast enhancement found in most of the bodies of
two adjacent vertebrae and the intervening intervertebral disc. Among 29 patients with active pyogenic
spondylitis, whose lesions were not in the healing stage, 16 patients demonstrated at least one of the
atypical MRI findings; 9 patients showed involvement = 3 vertebrae or only 1 vertebra, 5 showed the signal
changes of the lesions involving small, spotty, or faint areas, and 3 showed small vertebral lesions but
larger epidural or paraspinal abscesses. In conclusion, currently, about half of the patients with pyogenic

spondylitis demonstrate atypical MRI findings in the university hospitals in Japan.
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Introduction

Pyogenic spondylitis, a bacterial infection of the spine,
is diagnosed on the basis of clinical, radiologic and micro-
biologic grounds. Among several radiological diagnostic
modalities available, magnetic resonance imaging (MRI)
has evolved to be most essential (Tsiodras and Falagas
2006). Experimentally, MRI can reveal positive changes 2
weeks after the actual onset of this disorder (Carragee 1997,
Kim et al. 2011). The typical, classical signal pattern on
MRI is a signal decrease in T1-weighted image (WI) and a
signal increase in T2WI because of bone marrow edema,
and contrast medium can reveal enhancement reflecting
inflammation, which are usually found in much of the bod-
ies of 2 adjacent vertebrae and the intervening intervertebral
disc (Modic et al. 1985; An and Seldomridge 2006;
DeSanto and Ross 2011; Cheung and Luk 2012; Leone et
al. 2012).
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The recent shift in demographics in Japan including an
aging population, an increase in the number of patients with
chronic debilitating disorders (immuno-compromised
hosts), and the development and widespread use of
immuno-suppressive agents might have affected the change
in the clinical features of pyogenic spondylitis (Yoshimoto
et al. 2011; Fukuda et al. 2012). For example, pyogenic
spondylitis was once most frequently observed in adoles-
cents to middle-aged individuals; however, it is currently
most prevalent in the elderly (Yoshimoto et al. 2011). A
decline in the acute-onset type, which is marked by high
fever and severe back pain, and an increase in the insidious-
onset type, where the exact time of onset is unknown, have
been noted (Kulowski 1936; Ozawa 2008). Also, cases of
methicillin-resistant Staphylococcus aureus (MRSA) spon-
dylitis have been increasing, especially among high-risk
elderly patients (Washio et al. 1997).

The demographic shift in patients may also affect
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anticipated radiologic findings. However, to our knowl-
edge, there have been no studies till date indicating this
possibility. Therefore, in the present study, we analyzed the
MRI findings of patients with pyogenic spondylitis treated
at two university hospitals between 2009 and 2010 in order
to confirm whether these patients still demonstrate typical,
classic MRI findings since many elderly patients and
patients with severe general conditions such as immuno-
compromised hosts are treated in university hospitals in
Japan.

Materials and Methods

The study protocol was approved by the Ethics Committee of
Tohoku University School of Medicine.

Patient Population

Between 2009 and 2010, the medical records and imaging
results of patients treated for pyogenic spondylitis at the Department
of Orthopaedic Surgery, Tohoku University Hospital in Miyagi
Prefecture and Niigata University Medical and Dental Hospital in
Niigata Prefecture, were retrospectively extracted. A diagnosis of
pyogenic spondylitis was made on the basis of patient’s clinical his-
tory (including type and onset of symptoms), physical examination
(including neurological findings), blood examination, radiologic
assessments, and a positive microorganism culture from blood or spi-
nal biopsy. Patients were also diagnosed as having pyogenic spondy-
litis if there were suggestive clinical findings, appropriate radiological
features, negative culture examination from a suspected spinal lesion
but showed elevated inflammatory markers, and a favorable response
to antimicrobial therapy. Patients were confirmed to have no other
inflammatory diseases such as urinary tract infection or gall bladder
inflammation before a definitive diagnosis of pyogenic spondylitis
was made. Patients infected by tuberculosis and mycosis were also
excluded. In total, 30 patients were treated during the study period,
which included 16 males and 14 females with a mean age of onset of
68 years (range, 36-83 years).

Clinical Evaluation

The following clinical data were collected from patient medical
records: clinical history including onset type, white blood cell (WBC)
count and C-reactive protein (CRP) at the initial visit, general condi-
tion of the patients, and the causative microorganisms. The onset
type was classified using the modified Kulowski’s classification
(1936): 1) acute: onset with typical acute inflammatory symptoms
such as high fever, severe back pain, and stiffness of the spinal col-
umn; 2) subacute: onset with slight fever and back pain; 3) insidious:
unknown time of onset with only mild local symptoms such as back
pain continuing for a certain period, without accompanying fever
(Ozawa 2008; Yoshimoto et al. 2011); and 4) unclassified.

Radiological Evaluation

Plain radiographs and MRI from the patient’s initial visit were
evaluated. First, the spinal level and the number of vertebrae
involved were confirmed. Then, plain radiograph findings were
staged using the Griffiths and Jones classification (1971): 1) early
stage: edema of the paravertebral tissues, narrowing of the interverte-
bral disc interval, and mild destruction around the vertebral endplates
i.e., the top and bottom portions of the vertebral bodies interfacing
with the intervertebral disc; 2) destructive stage: bone destruction,
collapse of softened vertebral bodies, and bone proliferation that is a
form of irregular excrescences of bones; and 3) healing stage: bone
sclerosis and new bone formation.

On MRI, pyogenic spondylitis typically demonstrates an obvi-
ous decrease in the signal intensity on TIWI and increase in signal
intensity on T2WI, and is diffusely and homogeneously enhanced
with gadolinium (Gd) contrast, which is usually found in 2 adjacent
vertebrae and the intervening intervertebral disc (Modic et al. 1985;
An and Seldomridge 2006; DeSanto and Ross 2011; Cheung and Luk
2012; Leone et al. 2012) (Fig. 1). Those signal changes can be
detected much of the vertebral bodies (Modic et al. 1985; Cheung and
Luk 2012). We defined such findings as typical MRI findings of pyo-
genic spondylitis for the purpose of this study. After evaluating the
data, the MRI findings of the patients were judged whether or not
they were typical.

(A) (B)

Fig. 1. Typical MRI findings of pyogenic spondylitis.

©) (D)

A 66-year-old male; causative microorganism: unknown; and MRI: 52 days after symptomatic onset.
(A) The intervertebral disc space of L2-3 is decreasing (arrowheads), but no obvious destruction can be detected in the

vertebral bodies by the plain lateral radiograph (early stage).

(B)-(D) Both L2 and L3 vertebral bodies (arrowheads) indicate low signal intensity on T1-weighted image (T1WI) (B),
high intensity on T2WI (C), and are diffusely enhanced by Gadolinium-diethylenetriaminepentacetate (Gd-DTPA) (D).
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Statistical Analysis

Statistical analysis of the clinical features of the patients with
typical and atypical MRI findings was performed using #-test, chi-
square test or Mann-Whitney test by commercially available software
(GraphPad Prism, GraphPad Software, San Diego, USA). A p value
< 0.05 was considered statistically significant.

Results

Clinical Evaluation

The type of disease onset, and the WBC and CRP at
the initial visit were summarized in Table 1. The onset was
acute or subacute in 15 patients and insidious in 7 patients
according to the modified Kulowski’s classification (1936).
The onset was unclassified in 8 patients because their initial
symptoms were paralysis, abdominal pain, acute and severe
back pain without fever-up, or pleural effusion. Muscle
weakness was confirmed in 8 patients and among them, a
patient showed severe muscle weakness resulting in gait
disability. The general condition of patients was presented
in Table 2. A total of 23 patients (77%) were immuno-com-
promised. Diabetes mellitus, steroid usage, and malignant
diseases were most commonly noted in 6, 8 and 6 patients,
respectively. All 7 patients with insidious onset were
immuno-compromised and 6 of these used steroids or
immuno-suppressants.

Culture tests were performed in 25 patients, and the
causative microorganisms were identified in 20 patients
with the identification rate of 80%. The causative microor-
ganisms included methicillin-sensitive Staphylococcus

Table 1. Types of onset, White blood cell count and C-re-
active protein at the initial visiting.

Onset (Number of Patients)

Acute 9
Subacute 6
Insidious 7
Unclassified 8

White blood cell count (/ul)
C-reactive protein (mg/dl)

9,699 (2,690-16,300)
11.9 (0.1-49.8)

Table 2. General condition of the patients.

Complications Number of Patients
Diabetes mellitus 6
Malignant disease 6
Postoperative 2
Steroid usage 8
Immunosuppressive drugs 3
Dialysis 3
Alcoholic liver dysfunction 2
Heart failure 1
None 7

(multiple choices allowed)

aureus (MSSA) in 5 patients, MRSA in 3 patients, and
Streptococcus mitis and Escherichia coli in 2 patients each.
Chlamydia, beta-hemolytic streptococcus, methicillin-resis-
tant Staphylococcus epidermidis (MRSE), Pseudomonas
aeruginosa, MSSE, Streptococcus mutaus, Streptococcus
and gram-negative bacillus were also detected in 1 patient
each. Eight patients developed pyogenic spondylitis while
hospitalized in other hospitals or departments. The caus-
ative microorganisms isolated from these patients included
MRSA and MSSA in 2 patients each, chlamydia and
Pseudomonas aeruginosa in 1 patient each, and an
unknown organism in 2 patients.

Radiological Evaluation

The cervical spine was affected in 4 patients, thoracic
spine in 5 patients, and lumbar spine in 23 patients. The
number of affected vertebrae was most commonly 2, which
was found in 23 patients including skipped lesions in 2
patients: 1 was infected at C4-5 and L4-5 and the other was
infected at T12-L1 and L3-4. Three patients had only 1
affected vertebra, whereas 2 patients had 3 consecutive
affected vertebrae and 2 patients had 4 consecutive affected
vertebrae. Paraspinal abscess and epidural abscess were
detected in 9 and 4 patients, respectively. According to the
modified Griffiths and Jones classification (1971) for plain
radiographs, 21 lesions were grouped into the early stage, 8
in the destructive stage, and 3 were in the healing stage.
The skipped lesions of a patient were grouped into the early
stage and the healing stage, and those of another patient
were both in the destructive stage.

MRI was performed at an averaged 31 days after the
onset (range; 3-126 days). The MRI findings of the patients
whose plain radiographs are classified into the healing stage
should not indicate typical MRI findings since they reflect
the absorption or resolution of the inflammation (Griffiths
and Jones 1971; Modic et al. 1985). Therefore, among 29
patients whose lesions were not grouped into this stage, 13
lesions in 13 patients demonstrated typical MRI findings
but 16 lesions in 16 patients did not. The atypical MRI
findings could be classified into 3 categories in which a
patient could show findings from 2 or more categories: 1) 9
patients did not show 2 adjacent vertebrae and the interven-
ing intervertebral disc involvement including skipped
lesions (Fig. 2); 2) 5 patients showed MRI signal changes
of the lesions not involving much of the vertebral bodies
but with very restricted, spotty areas involved in the bodies,
or with minor signal changes of the lesions; this lesion did
not clearly appear as low signal intensity on T1WI and high
signal intensity on T2WI even with Gd enhancement (Fig.
3); 3) 3 patients had relatively larger paraspinal or epidural
abscesses compared with the relatively small/minor verte-
bral lesions (Fig. 4). The clinical features of patients show-
ing atypical MRI findings were compared to those showing
typical MRI findings (Table 3). CRP at the initial visit in
the atypical MRI group was significantly higher than that in
the typical MRI group. However, there were no statistically



T. Aizawa et al.

A B (© (D

Fig. 2. Atypical MRI findings: 4 consecutive vertebrae affected.
A 36-year-old female with pharyngeal carcinoma; causative microorganism: Pseudomonas aeruginosa; and MRI: 36
days after symptomatic onset.
(A) The plain lateral radiograph demonstrates destructive changes in the C3-6 vertebral bodies and local kyphosis at
C3-4 (destructive stage).
(B)-(D) The vertebral bodies from C3 to C6 show destructive change: low signal intensity on TIWI (B), high intensity

on T2WI (C), and diffusely enhanced by Gd-DTPA (D). Retropharyngeal abscess (arrows) and epidural abscess (arrow-
heads) are also detected.

(A) (B) (©)

Fig. 3. Atypical MRI findings: restricted, spotty signal changes.
A 71-year-old male with diabetes mellitus, systemic lupus erythematosus and steroid use; causative microorganism:
unknown; and MRI: 34 days after symptomatic onset.
(A) The plain lateral radiograph demonstrates only narrowing of the L4-5 intervertebral disc space (arrowheads) with-
out destruction of the vertebral bodies (early stage).

(B)-(C) A very restricted part of L4 and L5 vertebral bodies (arrowheads) show low signal intensity on TIWI (B) and
high on T2WI (C).
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(A) (B)

©) (D)

Fig. 4. Atypical MRI findings: relatively larger epidural abscess compared with the vertebral lesions.
A 72-year-old female with diabetes mellitus and steroid use; causative microorganism: Staphylococcus aureus; and

MRI: 13 days after symptomatic onset.

(A) The plain lateral radiograph demonstrates only narrowing of the L5—S1 intervertebral disc space and osteophytes of
the L5 vertebral body and sacrum (arrowheads) (early stage).

(B)-(D) The signal changes of TIWI and T2WI can be detected in the small area; low signal intensity lesion on TIWI
is mainly detected in the S1 body (arrowheads) (B) and high on T2WI is in the L5-S1 intervertebral disc (arrowhead)
and posterior part of L5 and S1 bodies that are enhanced by Gd-DTPA (arrowhead). However, large epidural abscess

(arrows) is located from L5 to S2 (C, D).

Table 3. Patients’ clinical features of those with typical MRI vs atypical MRI in the early and destructive stages.

Typical Atypical P value

Number of Patients 13 16
Male: Female 8:5 7:9 0.46
Type of Onset* 0.43

Acute 2 6

Subacute 3 2

Insidious 3 4

Unclassified 5 4
Plain radiographic stage** 0.67

Early 9 13

Destructive 4 3
Age (years) (range) 68 (60-83) 67 (36-83) 0.86
>80 years 1 2 1.00
White blood cell (/ul) (range) 8,782 (2,690-16,600) 10,420 (4,600-14,300) 0.37
C-reactive protein (mg/dl) (range) 5.5(0.1-14.0) 17.0 (0.4-49.8) 0.009
Immuno-compromised host 12 11 0.18
Steroids or immuno-suppressants 5 6 1.00
Interval between onset and MRI (days) (range) 26 (3-60) 35 (6-126) 0.68

* according to the modified Kulowski’s classification (1936).
** according to the Griffiths and Jones classification (1971).

significant differences in any other clinical features between
those 2 patient groups including the interval between the
onset and MRI-examination.

Discussion

A dramatic increase in the elderly population in Japan
over the past several decades because of improvements in
the overall delivery of health care, including the availability
of medications such as antibiotics, anticancer drugs, and
immuno-suppressants and with improvements in surgical

techniques has been noted. According to the 2012 world
health statistics report issued by the World Heath
Organization, the life expectancy for males in Japan is 80
years, whereas females live an average of 86 years.
Because of the growth of this elderly population, there have
also been more immuno-compromised patients in Japan. In
university hospitals, many elderly patients and patients with
severe general conditions have been treated. Those patients
are more susceptible to infections, including pyogenic
spondylitis. In Japan recently, > 50% of patients with spi-
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nal infection are reported to be immuno-compromised,
most frequently as a result of diabetes mellitus (Ozawa
2008). The present study also indicated that 77% of
patients had chronic disorders resulting in immuno-suppres-
sion because of the use of steroids or immuno-suppressants
in 37% patients and as a result of diabetes mellitus and
malignancy in 20% patients each.

Typically, the onset of pyogenic spondylitis is charac-
terized by back pain accompanied by fever (Tsiodras and
Falagas 2006; Fantoni et al. 2012). However, the insidious
type of onset has become more common in Japan recently,
reported between 16% and 65% (Ozawa 2008; Yoshimoto
et al. 2011). In the present study, about one-fourth of the
patients showed this type of onset. Interestingly, most of
them had been treated with steroids or immuno-suppres-
sants. These drugs may inhibit the normal inflammatory
response to microorganisms, which reflects in the type of
onset of this disorder.

Advances in bacteriological techniques have improved
the identification rate of causative microorganisms by
approximately 50-60% (Ozawa 2008). The present study
also demonstrated that causative microorganisms could be
identified in 80% of patients who underwent tissue culture.
Occasionally, patients referred to the university orthopedic
departments have already been treated with antibiotics at
other hospitals or departments. However, the identification
rate of the causative microorganisms may not show signifi-
cant differences between those who have used antibiotics
before a culture test and those who have not (Tamaki et al.
2012). Bacteriological examination and culture of the
infected tissues should be performed to reach a definitive
diagnosis and to determine the most effective antibiotic for
treatment.

It has been reported in Japan that 30-50% of patients
with pyogenic spondylitis were infected with MRSA
(Ozawa 2008). On the other hand, a systematic review in
English literature reported that the infection rate of MRSA
was only 3% of patients with this infection (Mylona et al.
2008). In the present study, we showed that 16% of the
patients with this disorder (4 out of 25 patients) were
infected by MRSA or MRSE. Taken together, these results
suggest that the rate of pyogenic spondylitis may be higher
in Japan. MRSA infection is significantly associated with
immuno-compromised hosts, longer hospitalizations before
infection, and longer antibiotic therapy (Tacconelli et al.
2008; Yamada et al. 2011; Sasaji et al. 2012). According to
the data from the Organization for Economic Cooperation
and Development (OECD) in 2007, the average days of
hospitalization in Japan was 35.7, whereas in the United
States of America the average was 6.5, in the United
Kingdom it was 7.0. In addition in Japan, once a patient
develops fever-up, antibiotics are often prescribed without
specifically discerning the cause of the fever. Such uncon-
trolled use of antibiotics can produce antibiotic-resistant
mutated microorganisms (Tacconelli et al. 2008). Longer
hospitalization and uncontrolled use of antibiotics in Japan

may result in high infection rates with methicillin-resistant
staphylococci leading to spondylitis (Yoshimoto et al. 2011;
Sasaji et al. 2012).

MRI has a high sensitivity and specificity to detect
early infection, to evaluate fully the extent of disease, and
to monitor the therapeutic response during the course of
spinal infection (Tsiodras and Falagas 2006). The typical
MRI features of active pyogenic spondylitis include a low
signal intensity on TIWI, and a high signal intensity on
T2WI with clear enhancement by Gd contrast in a spinal
motion segment, including much of the 2 continuous verte-
bral bodies and an intervertebral disc between them (Modic
et al. 1985; An and Seldomridge 2006; DeSanto and Ross
2011; Cheung and Luk 2012; Leone et al. 2012). Previous
studies conducted in the 1980s and 1990s indicated that
approximately 90% of patients with pyogenic spondylitis
demonstrated such typical MRI findings (Modic et al. 1985;
Dagirmanjian et al. 1996). However, in the present study,
more than half of the patients did not show typical, classical
MRI findings even though they showed the early or destruc-
tive stages on plain radiographcal findings.

The reasons why more than half of the patients with
active pyogenic spondylitis showed atypical MRI findings
were uncertain. The MRI findings in the present study
showed no obvious relationship with regard to the time
interval between the onset of symptoms and the date of the
MRI examination. However, the exact onset of pyogenic
spondylitis may not correspond with the onset of the symp-
toms either. It may also be difficult to definitely confirm
the symptomatic onset of the subacute and insidious types.
In addition, each stage of the plain radiologic classification
is within a certain time period. In the early stage itself,
some patients may be diagnosed at relatively early after the
onset while others may be diagnosed close to the destruc-
tive stage. Therefore, it would be extremely difficult to
compare the MRI findings recorded at actually same time
interval after the exact onset, which is one of the limitations
of this kind of radiographic studies.

Another possibility was that several drugs such as ste-
roids, immuno-suppressants, and anticancer drugs affected
the normal progression of disease. Although there were no
significant differences in the rate of immuno-compromised
patients and the usage of such drugs between patients show-
ing typical and atypical MRI findings, inflammatory reac-
tion and infectious disease progression may be modified by
the immunologic condition of the individual patient, which
may have been affected by those kinds of drugs. Accor-
dingly, MRI may not demonstrate typical findings.

In addition to a relatively small sample size and the
aforementioned limitation, the data in the present study
were retrospectively obtained; therefore, the clinical fea-
tures could be only roughly assessed from medical records.
However, it does indicate several features of pyogenic
spondylitis as observed recently in university hospitals in
Japan. The fact that about half of the patients did not dem-
onstrate typical MRI findings is interesting. Because of the
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demographic shift with an aging population, and with an
increasing number of immuno-compromised patients, this
result may become more common in Japan in the near
future, not only in university hospitals but also in other hos-
pitals or clinics.
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