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Abstract
Purpose Vertebral osteomyelitis (VO) has a high mortality and leads to chronic pain and functional disability. Surgical 
treatment is often necessary. To date, little is known about the consequences of surgery on patient outcome. The aim of this 
study was to determine the quality of life (QoL) and mortality rates of surgically treated VO patients for a period of 2 years.
Methods Patients with VO undergoing surgical treatment in a tertiary referral hospital from 2008 to 2015 were included 
prospectively. Data were collected before (T0) as well as 1 year (T1) and 2 years (T2) post-surgery. Within the European 
Spine Tango registry, prospective patient and QoL data were collected using validated outcome scores: Oswestry Disability 
Index, Short Form 36/EuroQol, Visual Analog Scale, and Core Outcome Measures Index.
Results From 195 patients surgically treated for VO, QoL data were available from 136 patients at T0, 100 patients at T1, 
and 82 patients at T2, respectively. The 1- and 2-year mortality rates were 20% and 23%. Mainly all QoL outcome scores 
showed significant improvement at T1 and did not change significantly from T1 to T2.
Conclusion Surgical treatment of VO patients leads to significantly improved QoL. Nevertheless, QoL levels were below 
those of the general population. Our results underscore that spine disability questionnaires measuring QoL are mandatory 
to demonstrate comprehensively the severity of this entity. Our study confirms a high mortality and points out the role of 
VO as a potentially life-threatening condition.

Keywords Spondylodiscitis · Oswestry Disability Index (ODI) · Short Form 36 (SF-36) · Visual Analogue Scale (VAS) · 
Core Outcome Measures Index (COMI)

Introduction

With 5–6 new cases per 100,000 population per year, an 
increase in vertebral osteomyelitis (VO) could be observed 
in recent years. This is mainly attributed to improved diag-
nostics and demographic development showing an aging 
population with chronic debilitating diseases [1–6]. In 
2015, the Federal Statistical Office of Germany determined 
an incidence of 30 new cases per 250,000 population per 
year [7]. The overall mortality has been reported up to 20% 
and appears to be particularly high in the first year after 

diagnosis [5, 8, 9]. Because the diagnosis is often delayed, 
VO is frequently associated with chronic pain and loss of 
mobility and function [10, 11]. The principal treatment for 
VO is targeted antibiotic therapy with or without surgery [3, 
4]. Surgery is indicated in cases of instability of the affected 
spinal segment, failure of conservative therapy, and a pro-
gressive neurological deficit [6, 12]. There have only been a 
few studies regarding quality of life (QoL) in VO. Available 
data are based mainly on retrospective analyses with small 
case numbers [6, 12–19]. In the first 6 months, surgically 
treated patients seem to have better QoL than those conserv-
atively treated [14]. Nevertheless, the QoL for VO patients 
is below that of the general population [6, 13, 17]. The goal 
of this study is the prospective evaluation of mortality and 
QoL data for VO patients surgically treated over a 2-year 
time period. In addition, these QoL data will be compared 
to QoL data of the general population given in the literature.
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Materials and methods

Patient selection

From January 2008 until January 2015, all inpatients of a 
tertiary referral hospital with suspected VO were screened 
for the study. Study inclusion criteria were the presence of 
characteristic back and/or leg pain confirmed by character-
istic magnetic resonance imaging (MRI) or an abscess or 
vertebral body destruction detected by computed tomog-
raphy (CT). Patients without indications for surgery were 
excluded.

Data collection

All data were prospectively collected with the help of the 
European “Spine Tango” register. To assess QoL, the follow-
ing patient-related outcome measures (PROMs) were used: 
the Core Outcome Measures Index (COMI), the Oswestry 
Disability Index (ODI) and the Short Form 36 (SF-36) with 
physical and mental components (PCS and MCS) that was 
replaced in 2012 by the European Quality of Life Ques-
tionnaire (EQ-5D). All questionnaires are established and 
validated measures of QoL. The COMI consists of six items 
including two visual analogue scales (VASs), measuring 
back pain and leg pain, that result in a score from 0 to 10; the 
ODI consists of 10 items that result in a score from 0 to 100. 
In both questionnaires, a lower average score demonstrates 
a higher QoL. The SF-36 consists of 36 items representing 
8 dimensions including PCS and MCS that result in a score 
from 0 to 100, where a higher score demonstrates a higher 
QoL. The EQ-5D consists of 5 questions that result in a 
score from − 0.6 to 1.0, where a higher score demonstrates 
a higher QoL. The QoL data were collected preoperatively 
(T0) as well as after 12 (T1) and 24 (T2) months. Evalu-
ation of patient data from “Spine Tango” was given ethi-
cal approval by the Faculty of Medicine at the University 
of Cologne (09-182). In addition, the following variables 
were recorded for all VO patients undergoing surgery: age, 
sex, duration of hospital stay, microbiological diagnosis, 
affected spine segment, preoperative neurological deficits, 
postoperative recurrence and comorbidity according to the 
American Society of Anesthesiologists (ASA) score. The 
(ASA) Physical Status Classification System was developed 
in 1941 to classify patient comorbidity and is widely used 
by clinicians. ASA Class I is defined as a normal healthy 
patient, and Class V as a moribund patient not expected to 
survive without surgery.

In addition to epidemiological and clinical parameters, 
mortality (at 1 and 2 years) and quality of life data over the 
2-year observation period were collected.

Surgical procedures

The decision between surgical and non-surgical treatment 
was determined for each patient on defined criteria, as 
described below. Generally, patients without bony destruc-
tion of the endplates, suspected instability and intraspinal 
empyema were treated conservatively. Main indication for 
surgery was neurological impairment. In patients with pro-
gressive neurological failures with or without impending 
sepsis or hemodynamic instability, surgical intervention 
was performed immediately. Further indications were pain 
caused by spinal instability, progressive deformity and/or 
intraspinal empyema, or failure to respond to conservative 
antimicrobial therapy. Surgical treatment was performed 
according to the vertebral destruction. If only an abscess or 
even an empyema was present, intraspinal debridement was 
performed. In cases of bony destruction and/or instability, 
additional intercorporal fusion was carried out. If a recon-
struction of the ventral column was necessary but not pos-
sible from the dorsal approach due to the extent of the bony 
destruction, a two-staged treatment was chosen: debride-
ment and instrumentation in the first surgery and corporec-
tomy/spondylodesis with implantation of iliac crest grafts, 
intervertebral cages or vertebral body replacement in the 
second surgery (ventral approach).

Case verification

All cases were discussed interdisciplinary between an infec-
tious disease’s specialist and an orthopedic surgeon to con-
firm the diagnosis of VO. The diagnosis of VO was rejected 
in patients without previous antimicrobial treatment, if the 
C-reactive protein was normal at presentation and no plausi-
ble pathogen could be identified. These patients and patients 
with a more plausible alternative diagnosis from histopatho-
logical findings (e.g., tumor, erosive osteochondrosis) were 
excluded from the analysis. The relevance and plausibility 
of the identified pathogens were separately verified by an 
infectious disease’s specialist. A detected virulent organism 
such as Staphylococcus aureus and gram-negative bacteria 
in ≥ one sample or a detected low-virulent organism such 
as coagulase-negative staphylococci or Propionibacterium 
Species in at least two relevant samples was considered as 
the etiologic pathogen.

Antibiotic treatment

Except for patients with severe sepsis, no empirical antiin-
fective therapy was recommended preoperatively to identify 
the specimen. Whenever possible, antimicrobial therapy of 
VO was directed against the identified specimen. In culture-
negative cases, empirical therapy was administered with our 
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local standard regimen (ceftriaxone and flucloxacillin) as 
MRSA rates are low in Germany. In general, postopera-
tive antibiotic treatment was administered intravenously for 
14 days followed by a highly bioavailable oral antimicrobial 
therapy oralization with a duration of 6 to 12 weeks in total 
depending on the severity of diseases deferred response or 
risk factors (e.g., foreign material-associated infection). A 
longer intravenously therapy was applied when indicated 
(e.g., concomitant endocarditis; Staphylococcus aureus bac-
teremia; disseminated infectious complications). Therapy 
for specific microorganisms was applied according to the 
guidelines (e.g., Mycobacterium spp., Candida spp., Bru-
cella spp.). The response to therapy was controlled clinically 
(pain reduction) and by laboratory inflammation marker 
(significant CRP drop). Control MRIs were only initiated 
with unfavorable treatment response (e.g., persistent back 
pain and/or high levels of CRP).

Statistical analysis

Counts and frequencies were used to describe the sample. 
To compare QoL at different time points, the Friedman test 
as well as post hoc Wilcoxon tests was performed. The sur-
vival curve was estimated with the Kaplan–Meier method. 
All statistical operations are of an exploratory nature; there-
fore, no adjustments were made for multiple testing. The 
significance level was set at 5% for all reported inferential 
statistical operations. Data analyses and graphical depictions 
were performed using IBM SPSS Statistics Version 25 and 
R Version 3.5.1 (“Feather Spray”).

Results

Baseline characteristics

From January 2008 until January 2015, 245 inpatients with 
confirmed VO were treated in our hospital, 195 of whom 
underwent surgery. In 136 cases, additional PROMs were 
collected (Fig. 1).

The 195 surgically treated VO patients had a median age 
of 69 years, and the majority were male (66%). The lum-
bar spine was most commonly affected (56%). 60% of the 
patients had severe comorbidities (ASA score ≥ 3). Micro-
biological diagnosis was established in 138 patients (71%). 
Staphylococcus aureus was the most commonly isolated 
pathogen (n = 68/138; 49%). The recurrence rate was low 
(4%). Neurologic impairment at diagnosis occurred in 57 
patients (29%). Mean hospital stay was 33 days (Table 1).

Mortality

Thirty-eight patients died within 12 months, and 45 patients 
within 24 months. This yields 1- and 2-year mortality rates 
of 20% and 23%, respectively (Fig. 2).

Quality of life

The follow-up results of the individual QoL scores are listed 
in Table 2.

Self-reported VAS scores for back and leg pain decreased 
significantly in the first 12 months (T1) and remained nearly 
constant in the following 12 months (T2); see Fig. 3.

QoL showed similar results. ODI, SF-36 PCS and EQ-5D 
showed significant improvements at T1 vs. T0. Values 
remained stable over the following 12 months. The SF-36 
MCS shows a slightly different course. Values improved 
slower and showed significant improvement not until 
24 months (T2) versus preoperative values (T0); see Figs. 4 
and 5.

Discussion

The present study shows a significant pain reduction as well 
as improved QoL in surgically treated VO patients after 1 
year. Improvement remained nearly constant over the 2-year 
observation time, but levels were markedly below QoL data 
published for general population. The 1-year mortality of 
20% illustrates the severity and life-threatening nature of 
this clinical entity.

Although the optimal choice of therapy for this hetero-
geneous clinical entity cannot be uniformly determined, the 
goal of VO therapy is to cure the underlying infection to 
restore function and reduce pain. High-quality studies with 
information regarding the effectiveness of individual therapy 
options are lacking, especially considering that QoL is of 
particular importance for evaluating success, along with 
functional aspects [6, 20]. Even though conservative treat-
ment is the choice for the majority of the patients, it can 
be estimated that 20–40% of affected patients will undergo 
surgery [17].

The current study is the first prospective evaluation of 
QoL and the mortality rates of surgically treated VO patients 
over a 2-year period.

The older patients and patients with comorbidities are 
particularly susceptible to this disease. In this study, the 
average age was 69  years, with 66% of patients being 
male. A pathogen was identified in 71% of cases, the most 
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common pathogen being Staphylococcus aureus (49%). 
The lumbar spine was most often affected (56%). Baseline 
characteristics in this study were typical and did not differ 
from other studies [2, 3, 16]. Average hospital inpatient stay 
of 30–49 days was reported in the literature and confirmed 
with our average stay of 33 days [10]. Recent retrospective 
evaluations of a Danish registry show the high mortality of 
this disease with rates of 20% and 21% in the first year after 
diagnosis [5, 9]. These findings were also reproduced in our 

patient collective with a total mortality of 23% over a 2-year 
follow-up. The course of our Kaplan–Meier curve mirrors 
Kehrer et al.’s hypothesis that VO shows a dramatic course 
especially in the first year because of its inflammatory nature 
in patients with multiple comorbidities [5]. Our study shows 
not only a high overall mortality but a high 1-year mortality 
with 20%. The significantly lower mortality rate of 4% after 
the first year has also been confirmed by published reports. 

Fig. 1  Flowchart for patient 
selection with additional QoL 
data
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After the first year of disease onset, patients no longer die 
from the infection itself but from comorbidities [5, 8, 9, 21].

Retrospective studies have already suggested that the 
exclusive consideration of functional aspects (e.g., neuro-
logical deficits) in the treatment of VO is not sufficient to 
reflect the complexity of the disease. Further long-lasting 
negative effects such as pain and reduction in QoL even 
after healing should be considered [6]. The available stud-
ies on QoL are mostly retrospective and primarily concerned 

with QoL comparison in patients undergoing surgery versus 
conservatively treated patients or between various operative 
strategies. Looking at these studies, there is a trend toward 
increased patient satisfaction and quality of life with surgical 
versus conservative treatment [12, 13]. In a comparison of 
operative versus conservative therapy for VO patients over 
65, Sobottke et al. [12] found no significant differences in 
QoL scores of COMI, ODI, and SF-36. Nasto et al. [14] 
also compared both forms of therapy for VO (operative 
versus conservative) by using the QoL scores SF-12 and 
EQ-5D. They found increased satisfaction of patients who 
had undergone surgery, based on significantly higher QoL up 
to 6 months post-surgery. After another 3 months, this dif-
ference was no longer evident. The review article by Rutges 
et al. [20] points out that many fundamental aspects of VO 
therapy remain unclear because prospective long-term stud-
ies are lacking. They state that VO presents a dramatic clini-
cal picture associated with high rates of orthopedic and neu-
rological complications and significant worsening in QoL.

To the best of our knowledge, this is the first prospective 
study showing significant improvements in the QoL scores 
COMI, ODI, SF-36, and EQ-5D over the clinical course 
after successful surgical treatment of VO. The VAS values 
for back and/or leg pain were significantly reduced at 1 and 
2 years compared to baseline values. In long-term follow-up 
(FU), i.e., 2 years after surgery, this was still observed for 
all parameters, although there was no significant difference 
between the first- and second-year values. A QoL plateau 
was reached that remained stable over the 2 years. However, 
despite the significant increase in QoL, values of the ODI, 
SF-36, and EQ-5D were below published values of both 
a general population and a chronic back pain population. 
These data coincide with the published retrospective reports. 
In 2008, O’Daly et al. [6] reported that the QoL of success-
fully treated VO patients was improved but remained signifi-
cantly reduced compared to normal populations, regardless 
of whether they were treated conservatively or surgically.

In 2017, Dragsted et al. [17] first analyzed mortality and 
QoL using ODI and EQ-5D only in patients undergoing sur-
gery. The 1-year mortality of 6.5% in that study is markedly 
less than the 1-year mortality in our study. The reason for 
this might be the lower average age of 60 years, but also the 
lower patient number (n = 65). This group also confirmed 
significantly reduced QoL for these patients compared to 
general population using the ODI and EQ-5D. All of the 
QoL data we collected showed significant improvements 
compared to baseline. VAS values for pain were signifi-
cantly reduced. Our mean ODI values (T1 = 29 and T2 = 29) 

Table 1  Basic characteristics and clinical details of surgically treated 
vertebral osteomyelitis patients

IQR interquartile range

Surgically 
treated 
(n = 195)

Age
 Median (IQR) 69 (51–87)

Gender
 Male, n (%) 128 (66)

Spinal level
 Cervical, n (%) 5 (3)
 Thoracic, n (%) 46 (24)
 Thoracolumbar, n (%) 13 (7)
 Lumbar, n (%) 109 (56)
 Multifocal, n (%) 15 (8)

ASA
 1, n (%) 5 (3)
 2, n (%) 56 (29)
 3, n (%) 116 (60)
 4, n (%) 18 (10)

Recurrence
 Yes, n (%) 8 (4)

Microbiological diagnosis
Yes, n (%) 138 (71)
 Staphylococcus aureus, n (%) 68 (49)
 Coagulase neg. Staphylococci, n(%) 22 (16)
 Enterococcus Species, n (%) 7 (5)
 Streptococcus Species, n (%) 10 (7)
 Gram-neg. pathogens, n (%) 14 (10)
 Anaerobes, n (%) 8 (5)
 Candida Species, n (%) 3 (2)
 Mycobateria Species (xenopi, bovis), n (%) 6 (4)

Neurological deficits
 Yes, n (%) 57 (29)

Inpatient length of stay
 Median (IQR) 33 (11–55)
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correspond to the retrospectively determined mean values in 
VO patients as reported in the literature [17]. They are above 
the values of Fairbank et al. [22] for healthy patients and 
above those of Tonosu et al. [23] with an age-standardized 
cutoff value (ODI = 22) for restrictive back pain. Compar-
ing the mean values of MCS and PCS of the SF-36 with 
those for an age-matched general German population pub-
lished by Bullinger et al. [24], the mean PCS value (T1 = 50 
and T2 = 45) is not only below the comparative value of a 
healthy person (PCS = 92) but also well below that of a back 
pain patient (PCS = 54). The mean MCS values (T1 = 43and 
T2 = 54) were also well below the mean value of a healthy 
person (MCS = 71), and at 2 years it was comparable with 

QoL of a back pain patient (MCS = 55). Also, the EQ-5D 
index value for the German general population (0.9) lies 
above our mean EQ-5D index values (T1 = 0.6 and T2 = 0.5) 
[25].

The strengths of the current study include a high number 
of patients, prospective design with a long FU over 2 years, 
and a “Lost to Follow-Up” (LFU) of only 9.7%, which is 
low for a clinical study. In addition to the back pain-specific 
QoL score ODI, we included the established QoL scores of 
SF-36/EQ-5D. A VAS was used to achieve adequate pain 
assessment. The ODI has high validity for severe illnesses, 
the SF-36 for moderately severe illnesses, and the EQ-5D 
for mild illnesses [22, 26–28]. In our opinion, the use of 

Fig. 2  Kaplan–Meier survival 
plot of VO patients surgically 
treated
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these appropriate tools enabled the successful capture of 
the entire QoL spectrum for this very heterogeneous patient 
population.

Limitations of this study may be a possible selection 
bias, since this is a tertiary care facility primarily treating 
referred complicated cases from other hospitals. Due to the 
high mortality in the first year, data from the most severe 
patients are missing. More pre- and postoperative factors 
(e.g. severity of neurological deficit, comorbidities, duration 
of antibiotics, extent of vertebral destruction, etc.) need to 
be collected prospectively to perform a subgroup analysis of 
the QoL scores in patients after surgical treatment for VO.

Conclusion

Surgical treatment of VO patients leads to significantly 
improved QoL over the course of 2 years. Nevertheless, QoL 
levels of these patients were below those of the general pop-
ulation. Our results underscore the thesis that data focusing 
exclusively on cure, recurrence, and pain are underreporting 
the poor outcome of VO. Therefore, using spine disability 
questionnaires measuring QoL, such as ODI, SF-36, EQ-5D, 
and COMI, are mandatory to demonstrate comprehensively 
the severity of this clinical entity.

Since QoL levels remained nearly constant from 12 (T1) 
to 24 months (T2), a follow-up of 1 year might be sufficient 
for collecting VO outcome data.

Moreover, with a 2-year mortality rate of 23%, our analy-
sis confirms the high VO mortality and demonstrates the role 
of VO as a potentially life-threatening condition.

Table 2  Pain and QoL scores at T0, T1 and T2

VAS Visual Analogue Scale, ODI Oswestry Disability Index; SF-36 
Short Form 36, MCS mental component score, PCS physical compo-
nent score, COMI Core Outcome Measures Index, T0 preoperatively, 
T1 at 12 months, T2 at 24 months

Median (95% CI) p value

VAS back
 T0 8.2 (7.8; 8.6) Reference
 T1 2.9 (2.4; 3.5) < 0.001
 T2 3.1 (2.4; 3.7) < 0.001

VAS leg
 T0 4.6 (3.9; 5.2) Reference
 T1 2.0 (1.5; 2.5) < 0.001
 T2 1.9 (1.4; 2.6) < 0.001

ODI
 T0 75.7 (72.6; 78.9) Reference
 T1 29.1 (24.4; 33.7) < 0.001
 T2 29.7 (24.0; 35.1) < 0.001

SF-36 MCS
 T0 32.4 (29.9; 34.9) Reference
 T1 43.5 (34.8; 52.2) 0.123
 T2 54.1 (48.9; 59.4) 0.018

SF-36 PCS
 T0 25.8 (24.6; 27.1) Reference
 T1 49.7 (42.9; 56.6) 0.009
 T2 44.7 (38.8; 50.6) 0.004

COMI
 T0 8.8 (8.6; 9.1) Reference
 T1 2.4 (0.9; 3.7) < 0.001
 T2 2.0 (0.8; 3.2) < 0.001

EQ-5D
 T0 − 0.1 (− 0.2; 0.0) Reference
 T1 0.6 (0.5; 0.7) < 0.001
 T2 0.5 (0.3; 0.6) < 0.001
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Fig. 3  VAS back and leg at T0, 
T1 and T2

Fig. 4  SF-36 MCS and PCS at 
T0, T1 and T2
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