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ABSTRACT
Objective: To examine the incidence of vertebral
osteomyelitis (VO) and the clinical features of VO
focusing on risk factors for death using a Japanese
nationwide administrative database.
Design: Retrospective observational study.
Setting: Hospitals adopting the Diagnosis Procedure
Combination system during 2007–2010.
Participants: We identified 7118 patients who were
diagnosed with VO (International Classification of
Diseases, 10th Revision codes: A18.0, M46.4, M46.5,
M46.8, M46.9, M48.9 and M49.3, checked with the
detailed diagnoses in each case and all other codes
indicating the presence of a specific infection) and
hospitalised between July and December, 2007–2010,
using the Japanese Diagnosis Procedure Combination
database.
Main outcome measures: The annual incidence of
VO was estimated. Logistic regression analysis was
performed to analyse factors affecting in-hospital
mortality in the VO patients. Dependent variables
included patient characteristics (age, sex and
comorbidities), procedures (haemodialysis and
surgery) and hospital factors (type of hospital and
hospital volume).
Results: Overall, 58.9% of eligible patients were men
and the average age was 69.2 years. The estimated
incidence of VO increased from 5.3/100 000 population
per year in 2007 to 7.4/100 000 population per year in
2010. In-hospital mortality was 6%. There was a linear
trend between higher rates of in-hospital mortality and
greater age. A higher rate of in-hospital mortality was
significantly associated with haemodialysis use (ORs,
10.56 (95% CI 8.12 to 13.74)), diabetes (2.37 (1.89 to
2.98)), liver cirrhosis (2.63 (1.49 to 4.63)), malignancy
(2.68, (2.10 to 3.42)) and infective endocarditis (3.19
(1.80 to 5.65)).
Conclusions: Our study demonstrates an increasing
incidence of VO, and defines risk factors for death with
a nationwide database. Several comorbidities were
significantly associated with higher rates of in-hospital
death in VO patients.

INTRODUCTION
Vertebral osteomyelitis (VO) is a rare but life-
threatening disease.1–8 Its incidence appears
to be on the rise.9–11 In developed countries,
the estimated incidence ranged from 1 case
per 40 000 population per year to 1 case per
250 000 population per year. 6 7 11–16 However,
these data were based on limited-scale epi-
demiological studies,11 covering small areas
with fewer than 200 cases.6 7 12–16 Published
data on the incidence of VO are thus of low
validity and reliability.
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Mortality in VO has been reported to be less than 11% 2–7,
but these figures were also based on relatively small studies. A
recent large-scale study demonstrated adverse (death or
qualified recovery) risk factors of VO, but did not focus spe-
cifically on the mortality of VO.17 Thus, factors associated
with mortality in VO have not yet been fully investigated.
Understanding the current epidemiology and clinical

features of VO is an urgent requirement for effective man-
agement of this condition. The aims of the present study
were (1) to estimate the incidence of VO and (2) to
examine the clinical features of VO focusing on risk factors
for mortality in VO, using a Japanese nationwide adminis-
trative database. In addition, the following details were
examined as relevant clinical features of VO. First, data
have also been lacking on mortality following surgical pro-
cedures for VO. Indications for surgical treatment are the
following: prevention of spinal cord or major neural com-
pression, stabilisation or correction of spinal destruction,
reduction of intractable pain and failure of conservative
management.18–24 The present study ascertained the mor-
tality of VO patients following conservative or surgical treat-
ment. Second, VO consists of vertebral tuberculosis (VT)
and pyogenic vertebral osteomyelitis (PVO), but clinical
details in these two conditions have not been fully
described.3 6 11 25 We examined the differences in patient
backgrounds and mortality between these two diseases.

MATERIALS AND METHODS
Data source
For this study, we utilised the Japanese Diagnosis Procedure
Combination (DPC) database. Details of the database are
described elsewhere.26 Briefly, discharge abstract and
administrative claim data are collected from the participat-
ing hospitals between 1 July and 31 December of each year
by the DPC Study Group funded by the Japanese Ministry
of Health, Labour and Welfare. The numbers of inpatients
in the DPC database were 2.99 million from 926 hospitals in
2007, 2.86 million from 855 hospitals in 2008, 2.57 million
from 818 hospitals in 2009 and 3.19 million from 952 hospi-
tals in 2010, which covered approximately 43% of all the
acute-care inpatients in Japan. The database includes the
following data: unique identifier of hospital and type of hos-
pital (academic or non-academic); patient age and sex;
diagnoses, comorbidities at admission and complications
after admission recorded according to the International
Classification of Diseases, 10th Revision (ICD-10) codes and
text data in Japanese language; procedures according to
the original Japanese codes; drugs used; length of stay
(LOS) and in-hospital deaths. The anonymous nature of
the data allowed the requirement for informed consent to
be waived. This study was approved by the Institutional
Review Board at The University of Tokyo.

Patient selection
We included all patients who were diagnosed with VO
according to the following ICD-10-based codes: VO
(M46.2), pyogenic infection of intervertebral disk

(M46.3), unspecified discitis (M46.4), other infective
spondylopathy (M46.5), other specified inflammatory
spondylopathy (M46.8), unspecified inflammatory spon-
dylopathy (M46.9), unspecified spondylopathy (M48.9),
VT (A18.0 and M49.0), Brucella spondylitis (M49.1),
enterobacterial spondylitis (M49.2) and spondylopathy
in other infectious or parasitic diseases (M49.3). We
checked the Japanese text describing the detailed diag-
noses in each case and all other codes indicating the
presence of a specific infection (tuberculosis, other
mycobacteria, brucellosis, bacterial infections, fungal
infections, nosocomial infection, implant-associated
infection or endocarditis) to abstract VO and VT cases
from A18.0, M46.4, M46.5, M46.8, M46.9, M48.9 and
M49.3. VO was categorised into PVO (other codes than
A18.0 and M49.0) and VT (A18.0 and M49.0).

Estimation of the incidence of VO
We estimated the annual incidence of VO per popula-
tion per year, based on the annual number of patients
discharged from all acute-care hospitals in Japan (Ai),
the annual number of patients discharged from all DPC
hospitals in Japan (Bi), the number of VO patients in
the DPC hospitals (Ni), the observation period (Oi) and
the population of Japan (Pi). The coverage of the DPC
hospitals (Ri) was defined as Bi divided by Ai. Values of
Bi were calculated from the DPC database and data for
Ai were obtained from the Survey of Medical Institutions
and Hospital Reports, 2010.27 Pi was obtained from
Japanese Population Census data (http://www.stat.go.
jp/english/data/kokusei/index.htm). The estimated
incidence of VO per population per year (Yi) was calcu-
lated using the following equation: Yi=Ni/Ri/Oi/Pi.

Patient characteristics
The following variables were abstracted from the DPC
database: patient age and sex; comorbidities that could
potentially affect mortality in VO including diabetes,
liver cirrhosis, rheumatoid arthritis, malignancy, infective
endocarditis (IE) and aortic aneurysm; use of haemodi-
alysis; spinal surgery performed during hospitalisation;
and type of hospital and hospital volume. We also exam-
ined use of anticoagulants for each patient, including
aspirin, warfarin, clopidogrel and ticlopidine.
Hospital volume was categorised into tertiles: low-

volume hospitals (<7 cases/year), medium-volume hospi-
tals (7–10 cases/year) and high-volume hospitals (>10
cases/year).These categories were based on cut-offs that
yielded equivalent numbers of patients in each volume
category.

Outcome measurements
The primary outcome measured was in-hospital mortal-
ity. The secondary outcome was LOS.

Statistical analysis
We used the χ2 test for categorical variables and the
Wilcoxon rank-sum test for continuous variables to
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perform univariate comparisons of patient characteris-
tics and outcomes between subgroups. Logistic regres-
sion analysis was performed to analyse the concurrent
effects of various factors on the occurrence of in-hospital
deaths, while adjusting for clustering of patients within
hospitals using a generalised estimating equation.28 The
threshold for significance was a p<0.05. All statistical ana-
lyses were conducted using IBM SPSS V.19.0 (IBM SPSS,
Armonk, New York, USA).

RESULTS
Estimated incidence of VO in Japan
We identified 7118 eligible patients. Table 1 shows the esti-
mated incidence of VO in Japan. The overall incidence of
VO between 2007 and 2010 was 6.5/100 000 population
per year. The estimated incidence increased from 5.3/
100 000 population per year in 2007 to 7.4/100 000 popu-
lation per year in 2010 (p<0.001). The incidence was
lower in the population aged ≤59 years (1.7/100 000
population per year) than in those aged 60–69 years
(10.9), 70–79 years (21.6) or ≥80 years (25.1; p<0.001).

Patient characteristics
The patients’ backgrounds are shown in table 2. Overall,
58.9% were men and the average age (±SD) was 69.2
±13.9 years. There were 6807 cases of PVO and 311 of
VT. The proportion of male PVO patients (59.3%) was
higher than that of male VT patients (50.2%, p=0.001).
No significant difference in age was observed between
the PVO and VT groups. PVO patients were more likely
to have a comorbid condition than VT patients.

In-hospital mortality
In-hospital mortality for each category is shown in table 3.
The overall in-hospital mortality was 6%. Higher in-hospital

mortality was associated with greater age (p<0.001),
haemodialysis use (27.7%, p<0.001), diabetes (10.4%,
p<0.001), liver cirrhosis (13.1%, p<0.001), malignancy
(10.3%, p<0.001), IE (12.4%, p=0.001) and treatment in a
non-academic hospital (6.3%, p=0.003). Higher hospital
volume was significantly associated with lower mortality
(p=0.007).

Logistic regression analysis for in-hospital mortality
Table 4 shows the results of the logistic regression ana-
lysis for in-hospital mortality. Higher mortality was sig-
nificantly associated with greater age (ORs of 2.78, 3.99
and 7.13 for patients aged 60–69, 70–79 and ≥80 years
compared with those aged ≤59, respectively p<0.001),
haemodialysis use (OR 10.56; p<0.001), diabetes (OR
2.37; p<0.001), liver cirrhosis (OR 2.63; p=0.001), malig-
nancy (OR 2.68; p<0.001) and IE (OR 3.19; p<0.001).
Patients treated in high-volume hospitals were signifi-
cantly less likely to die compared with those at low-
volume hospitals (OR 0.77; p=0.029).
Overall, the median LOS (IQR) was 48 (25–79) days.

The median LOS was shorter in PVO patients (48 (25–
78) days) than that in VT patients (56 (25.5–85.5) days),
but the difference was not significant (p=0.067). No sig-
nificant difference in LOS was observed between aca-
demic and non-academic hospitals (48 (25–76) days vs
48 (25–79) days, p=0.521) or between hospital-volume
groups (49 (25–81), 49 (25–80) and 47 (24–74) days in
low-volume, medium-volume and high-volume hospitals,
respectively, p=0.085).

DISCUSSION
The present study examined the annual trends in the
occurrence of VO and risk factors for death from VO
using a Japanese nationwide inpatient database. Our

Table 1 Estimates of the incidence of VO

Number of VO

patients in the

DPC hospitals

(Ni)

Coverage

rate (%)

(Ri)

Sum of

observation

period (year)

(Oi)

Population

(×100000)

(Pi)

Incidence of VO

(per 100 000

population per

year) (Yi)

p

Value

Total 7118 42.7 2 1278 6.5

Year

2007 ( July–December) 1516 44.5 0.5 1278 5.3 <0.001

2008 ( July–December) 1727 42.6 0.5 1277 6.3

2009 ( July–December) 1716 38.0 0.5 1275 7.1

2010 ( July–December) 2159 45.8 0.5 1281 7.4

Sex

Male 4194 42.7 2 623 7.9 <0.001

Female 2924 42.7 2 657 5.2

Age (years)

≤59 1311 42.7 2 878 1.7 <0.001

60–69 1693 42.7 2 182 10.9

70–79 2376 42.7 2 129 21.6

≥80 1738 42.7 2 81 25.1

Yi=Ni/Ri/Oi/Pi.
DPC, Diagnosis Procedure Combination database; VO, vertebral osteomyelitis.
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study had two major findings. First, the incidence of VO
was significantly higher in the elderly and increased year
by year. Second, higher in-hospital mortality in VO was
significantly associated with various factors.
Our data demonstrated that the incidence of VO in

Japan increased during the study period, from 5.3 to
7.4/100 000 population per year. Yoshimoto et al9

reported that the increase in the VO incidence could be
related to the increasing ratio of aged people (65 years
of age or older) in Japan. A recent report of demo-
graphic shifts in Japan demonstrated the rapid increase
in aged population: the percentage increase compared
with 2007 was 3.2% in 2008, 6.1% in 2009 and 7.1% in
2010.29 Based on the relationship between higher age
and higher frequency of VO occurrence, as was demon-
strated in this study, we believe that this increase is partly
attributable to the aging population in Japan.
Previous limited data have suggested that factors

affecting the occurrence of VO include antecedent
infection, diabetes mellitus, rheumatic diseases,
immunosuppression, drug abuse, alcoholism, vertebral
compression due to malignant metastasis, trauma, disc
herniation, IE and prior surgery (gastrointestinal and
urogenital tract).6 However, risk factors affecting death
from VO have not been well investigated. The present
study indicated that significant risk factors for death
from VO were greater age, haemodialysis, diabetes, liver

cirrhosis, malignancy and IE. Mortality risks of PVO
were not different from those of VT.
Recently, two small-scale studies of fewer than 100 cases

reported that IE appeared to increase the incidence of
VO, but did not increase its mortality.5 30 Conversely, our
large-scale data showed that IE was a significant factor that
increased mortality associated with VO. The other factors
have never previously been analysed as risk factors for
death with VO. Haemodialysis use was reported to be a
risk factor for haematogenous complications of intravascu-
lar catheter use associated with Staphylococcus aureus bacter-
aemia.31 A case report suggested the possibility of VO in
haemodialysis patients.32 Our study is the first to demon-
strate a significant relationship between haemodialysis use
and death from VO. Previous reports indicated that VO
patients were more likely to have diabetes mellitus (11–
19%), 12 25 33 34 but the present study further demon-
strated that diabetes mellitus was a significant predictor for
mortality in VO. Although not surprising, our study has
demonstrated that age, liver cirrhosis and malignancy were
all related to death with VO.
As shown in table 4, the association of VO mortality

with spinal surgery did not reach statistical significance.
Randomised controlled trials are essential to verify the
efficacy of spinal surgery because confounding by surgi-
cal indication affects the surgical result. However, several
papers have suggested the impossibility of randomised

Table 2 Patient characteristics

All PVO VT

p ValueN (%) N (%) N (%)

Total 7118 6807 311

Age (years)

≤59 1311 (18.4) 1244 (18.3) 67 (21.5) 0.422

60–69 1693 (23.8) 1616 (23.7) 77 (24.8)

70–79 2376 (33.4) 2279 (33.5) 97 (31.2)

≥80 1738 (24.4) 1668 (24.5) 70 (22.5)

Sex

Male 4194 (58.9) 4038 (59.3) 156 (50.2) 0.001

Female 2924 (41.1) 2769 (40.7) 155 (49.8)

Haemodialysis 542 (7.6) 530 (7.8) 12 (3.9) 0.011

Diabetes 1968 (27.6) 1909 (28.0) 59 (19.0) <0.001

Liver cirrhosis 137 (1.9) 132 (1.9) 5 (1.6) 0.677

Rheumatoid arthritis 107 (1.5) 103 (1.5) 4 (1.3) 0.748

Anticoagulant use 1437 (20.2) 1,392 (20.4) 45 (14.5) 0.010

Malignancy 1111 (15.6) 1061 (15.6) 50 (16.1) 0.816

IE 145 (2.0) 145 (2.1) 0 (0.0) 0.009

Aortic aneurysm 63 (0.9) 62 (0.9) 1 (0.3) 0.278

Spinal surgery 1537 (21.6) 1412 (20.7) 125 (40.2) <0.001

Type of hospital

Academic 1264 (17.8) 1190 (17.5) 74 (23.8) 0.004

Non-academic 5854 (82.2) 5617 (82.5) 237 (76.2)

Hospital volume (cases/year)

≤6 2622 (36.8) 2516 (37.0) 106 (34.1) 0.566

7–10 2192 (30.8) 2094 (30.8) 98 (31.5)

≥11 2304 (32.4) 2197 (32.3) 107 (34.4)

IE, infective endocarditis; PVO, pyogenic vertebral osteomyelitis; VT, vertebral tuberculosis.
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controlled trials to decide the treatment strategy for VO,
even apart from spinal surgery.35 36 Thus, our DPC data
could not reveal the efficacy of spinal surgery for VO.
The high mortality suggests that VO remains a life-

threatening disease despite advances in medical practice
and should be regarded as a fatal systemic disorder
rather than just a localised vertebral disorder.

Our data revealed that several systemic diseases
increased the mortality risk of VO, underscoring the
need to keep VO in mind and to catch such signs of VO
as unidentified fever or back pain as soon as possible
during the treatment of these background diseases.
We acknowledge several limitations of the present

study. First, the DPC database does not provide import-
ant clinical data such as causative microorganisms and
information on postdischarge outpatient services.
Second, although the sample size was large, the popula-
tion representativeness was limited because the partici-
pating hospitals were skewed towards large hospitals.
Third, the diagnoses recorded in the administrative data-
base are less well validated than those made in planned
prospective surveys. Fourth, the period of observation
was short for showing the long-term trend of VO inci-
dence. Fifth, the increased rate of VO may be an

Table 3 In-hospital mortality

N

In-hospital mortality

N (%) p Value

All 7118 424 (6.0)

Diagnosis

PVO 6807 408 (6.0) 0.536

VT 311 16 (5.1)

Age (years)

≤59 1311 22 (1.7) <0.001

60–69 1693 93 (5.5)

70–79 2376 151 (6.4)

≥80 1738 158 (9.1)

Sex

Male 4194 261 (6.2) 0.255

Female 2924 163 (5.6)

Haemodialysis

No 6576 274 (4.2) <0.001

Yes 542 150 (27.7)

Diabetes

No 5150 219 (4.3) <0.001

Yes 1968 205 (10.4)

Liver cirrhosis

No 6981 406 (5.8) <0.001

Yes 137 18 (13.1)

Rheumatoid arthritis

No 7011 418 (6.0) 0.878

Yes 107 6 (5.6)

Anticoagulants

No 5681 325 (5.7) 0.095

Yes 1437 99 (6.9)

Malignancy

No 6007 310 (5.2) <0.001

Yes 1111 114 (10.3)

IE

No 6973 406 (5.8) 0.001

Yes 145 18 (12.4)

Aortic aneurysm

No 7055 418 (5.9) 0.230

Yes 63 6 (9.5)

Spinal surgery

No 5581 359 (6.4) 0.001

Yes 1537 65 (4.2)

Type of hospital

Academic 1264 53 (4.2) 0.003

Non-academic 5854 371 (6.3)

Hospital volume (cases/year)

≤6 2622 185 (7.1) 0.007

7–10 2192 124 (5.7)

≥11 2304 115 (5.0)

IE, infective endocarditis; PVO, pyogenic vertebral osteomyelitis;
VT, vertebral tuberculosis.

Table 4 Logistic regression analysis for in-hospital

mortality

OR 95% CI p Value

Diagnosis

PVO Reference

VT 1.28 0.77 to 2.14 0.348

Age (years)

≤59 Reference

60–69 2.78 1.71 to 4.53 <0.001

70–79 3.99 2.47 to 6.44 <0.001

≥80 7.13 4.36 to 11.69 <0.001

Sex

Male Reference

Female 0.89 0.71 to 1.10 0.282

Haemodialysis

No Reference

Yes 10.56 8.12 to 13.74 <0.001

Diabetes

No Reference

Yes 2.37 1.89 to 2.98 <0.001

Liver cirrhosis

No Reference

Yes 2.63 1.49 to 4.63 0.001

Malignancy

No Reference

Yes 2.68 2.10 to 3.42 <0.001

IE

No Reference

Yes 3.19 1.80 to 5.65 <0.001

Spinal surgery

No Reference

Yes 0.76 0.57 to 1.02 0.072

Type of hospitals

Academic Reference

Non-academic 1.35 0.98 to 1.85 0.064

Hospital volume (/year)

≤6 Reference

7–10 0.77 0.60 to 0.99 0.041

≥11 0.74 0.56 to 0.97 0.029

IE, infective endocarditis; PVO, pyogenic vertebral osteomyelitis;
VT, vertebral tuberculosis.
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overestimation because of several artefacts including the
improvement and increased prevalence of surveillance
machines. Last, the mortality of VO may be underesti-
mated because of transfers to other hospitals. Despite
these limitations, our study has resulted in several new
findings regarding VO, including risk factors for death.

CONCLUSION
The present study confirmed the increasing incidence
of VO using a nationwide database. Greater age, use of
haemodialysis, diabetes, liver cirrhosis, malignancy and
IE were significantly associated with higher rates of
in-hospital death in patients with VO. Based on the high
mortality, VO remains a life-threatening, systemic
disease. These novel findings will be important for
improving the clinical management of VO.

Author affiliations
1Department of Orthopaedic Surgery, Saitama Medical Center, Jichi Medical
University, Saitama, Japan
2Department of Orthopaedic Surgery, Faculty of Medicine, The University of
Tokyo, Tokyo, Japan
3Department of Health Management and Policy, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan
4Department of Health Policy and Informatics, Tokyo Medical and Dental
University Graduate School of Medicine, Tokyo, Japan

Contributors HY, HH and KF collected the data. TA, HC, HY and KS designed
the study, analysed and interpreted the data and drafted the manuscript. All
authors had complete access to all data (including statistical reports and
tables) in the study and take responsibility for the integrity of the data and the
accuracy of the data analysis. All authors read and approved the final
manuscript.

Funding This study was supported by a Grant-in-Aid for Research on Policy
Planning and Evaluation from the Ministry of Health, Labour and Welfare, Japan
(grant number: H22-Policy-031), by a Grant-in-Aid for Scientific Research B (No.
22390131) from the Ministry of Education, Culture, Sports, Science and
Technology and by the Funding Program for World-Leading Innovative R&D on
Science and Technology (FIRST programme) from the Council for Science and
Technology Policy, Japan (grant number: 0301002001001).

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

REFERENCES
1. Kulowski J. Pyogenic osteomyelitis of the spine: an analysis and

discussion of 102 cases. J Bone Joint Surg 1936;18:22.
2. Sapico FL, Montgomerie JZ. Pyogenic vertebral osteomyelitis: report

of nine cases and review of the literature. Rev Infect Dis
1979;1:754–76.

3. Colmenero JD, Jimenez-Mejias ME, Sanchez-Lora FJ, et al.
Pyogenic, tuberculous, and brucellar vertebral osteomyelitis: a
descriptive and comparative study of 219 cases. Ann Rheum Dis
1997;56:709–15.

4. Carragee EJ. Pyogenic vertebral osteomyelitis. J Bone Joint Surg
Am 1997;79:874–80.

5. Pigrau C, Almirante B, Flores X, et al. Spontaneous pyogenic
vertebral osteomyelitis and endocarditis: incidence, risk factors, and
outcome. Am J Med 2005;118:1287.

6. Beronius M, Bergman B, Andersson R. Vertebral osteomyelitis in
Goteborg, Sweden: a retrospective study of patients during 1990–95.
Scand J Infect Dis 2001;33:527–32.

7. Chelsom J, Solberg CO. Vertebral osteomyelitis at a Norwegian
university hospital 1987–97: clinical features, laboratory findings and
outcome. Scand J Infect Dis 1998;30:147–51.

8. Legrand E, Flipo RM, Guggenbuhl P, et al. Management of
nontuberculous infectious discitis. treatments used in 110 patients
admitted to 12 teaching hospitals in France. Joint Bone Spine
2001;68:504–9.

9. Yoshimoto M, Takebayashi T, Kawaguchi S, et al. Pyogenic
spondylitis in the elderly: a report from Japan with the most aging
society. Eur Spine J 2011;20:649–54.

10. Gouliouris T, Aliyu SH, Brown NM. Spondylodiscitis: update on
diagnosis and management. J Antimicrob Chemother 2010;65(Suppl
3):iii11–24.

11. Grammatico L, Baron S, Rusch E, et al. Epidemiology of vertebral
osteomyelitis (VO) in France: analysis of hospital-discharge data
2002–2003. Epidemiol Infect 2008;136:653–60.

12. Krogsgaard MR, Wagn P, Bengtsson J. Epidemiology of acute
vertebral osteomyelitis in Denmark: 137 cases in Denmark 1978–
1982, compared to cases reported to the National Patient Register
1991–1993. Acta Orthop Scand 1998;69:513–17.

13. Kapeller P, Fazekas F, Krametter D, et al. Pyogenic infectious
spondylitis: clinical, laboratory and MRI features. Eur Neurol
1997;38:94–8.

14. Hopkinson N, Stevenson J, Benjamin S. A case ascertainment study
of septic discitis: clinical, microbiological and radiological features.
QJM 2001;94:465–70.

15. Digby JM, Kersley JB. Pyogenic non-tuberculous spinal infection: an
analysis of thirty cases. J Bone Joint Surg Br 1979;61:47–55.

16. Jensen AG, Espersen F, Skinhoj P, et al. Increasing frequency of
vertebral osteomyelitis following Staphylococcus aureus bacteraemia
in Denmark 1980–1990. J Infect 1997;34:113–18.

17. McHenry MC, Easley KA, Locker GA. Vertebral osteomyelitis:
long-term outcome for 253 patients from 7 Cleveland-area hospitals.
Clin Infect Dis 2002;34:1342–50.

18. Hsieh PC, Wienecke RJ, O’Shaughnessy BA, et al. Surgical
strategies for vertebral osteomyelitis and epidural abscess.
Neurosurg Focus 2004;17:E4.

19. Quinones-Hinojosa A, Jun P, Jacobs R, et al. General principles in
the medical and surgical management of spinal infections: a
multidisciplinary approach. Neurosurg Focus 2004;17:E1.

20. Chen WH, Jiang LS, Dai LY. Surgical treatment of pyogenic
vertebral osteomyelitis with spinal instrumentation. Eur Spine J
2007;16:1307–16.

21. Lehovsky J. Pyogenic vertebral osteomyelitis/disc infection.
Baillieres Best Pract Res Clin Rheumatol 1999;13:59–75.

22. Rezai AR, Woo HH, Errico TJ, et al. Contemporary management of
spinal osteomyelitis. Neurosurgery 1999;44:1018–25; discussion 25–6.

23. Hee HT, Majd ME, Holt RT, et al. Better treatment of vertebral
osteomyelitis using posterior stabilization and titanium mesh cages.
J Spinal Disord Tech 2002;15:149–56.

24. Shousha M, Boehm H. Surgical treatment of cervical spondylodiscitis:
a review of 30 consecutive patients. Spine 2012;37:E30–6.

25. Joughin E, McDougall C, Parfitt C, et al. Causes and clinical
management of vertebral osteomyelitis in Saskatchewan. Spine
1991;16:261–4.

26. Chikuda H, Yasunaga H, Horiguchi H, et al. Mortality and morbidity
in dialysis-dependent patients undergoing spinal surgery: analysis of
a national administrative database in Japan. J Bone Joint Surg Am
2012;94:433–8.

27. Ministry of Health LaW, Japan. Survey of Medical Institutions and
Hospital Report, 2010, 2010.

28. Hubbard AE, Ahern J, Fleischer NL, et al. To GEE or not to GEE:
comparing population average and mixed models for estimating the
associations between neighborhood risk factors and health.
Epidemiology 2010;21:467–74.

29. Ministry of Internal Affairs and Communications J. The Demographic
Shift, 2012, 2012.

30. Tamura K. Clinical characteristics of infective endocarditis with
vertebral osteomyelitis. J Infect Chemother 2010;16:260–5.

31. Fowler VG Jr, Justice A, Moore C, et al. Risk factors for
hematogenous complications of intravascular catheter-associated
Staphylococcus aureus bacteremia. Clin Infect Dis
2005;40:695–703.

32. Korzets A, Weinstein T, Ori Y, et al. Back pain and Staphylococcal
bacteraemia in haemodialysed patients—beware! Nephrol Dial
Transplant 1999;14:483–6.

33. Belzunegui J, Del Val N, Intxausti JJ, et al. Vertebral osteomyelitis in
northern Spain. Report of 62 cases. Clin Exp Rheumatol
1999;17:447–52.

34. Harris LF, Haws FP. Disc space infection. Ala med 1994;63:12–14.
35. Darouiche RO. Spinal epidural abscess. N Engl J Med

2006;355:2012–20.
36. Zimmerli W. Clinical practice. Vertebral osteomyelitis. N Engl J Med

2010;362:1022–9.

6 Akiyama T, Chikuda H, Yasunaga H, et al. BMJ Open 2013;3:e002412. doi:10.1136/bmjopen-2012-002412

Incidence and mortal risk factors of vertebral osteomyelitis


