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Abstract
Purpose  Spinal injections are increasingly used for back pain treatment. Vertebral osteomyelitis (VO) after spinal injec-
tion (SIVO) is rare, but patient characteristics and outcome have not been well characterized. The aim of this study was to 
assess patient characteristics of SIVO in comparison to patients with native vertebral osteomyelitis (NVO) and to determine 
predictors for 1-year survival.
Methods  This is a single-center cohort study from a tertiary referral hospital. This is a retrospective analysis of Patients 
with VO who were prospectively enrolled into a spine registry from 2008 to 2019. Student’s t-test, Kruskal–Wallis test or 
Chi-square test were applied for group comparisons. Survival analysis was performed using a log-rank test and a multivari-
able Cox regression model.
Results  283 VO patients were enrolled in the study, of whom 44 (15.5%) had SIVO and 239 (84.5%) NVO. Patients with 
SIVO were significantly younger, had a lower Charlson comorbidity index and a shorter hospital stay compared to NVO. 
They also showed a higher rate of psoas abscesses and spinal empyema (38.6% [SIVO] vs. 20.9% [NVO]). Staphylococcus 
aureus (27%) and coagulase-negative staphylococci (CNS) (25%) were equally often detected in SIVO while S. aureus was 
more frequently than CNS in NVO (38.1% vs. 7.9%).Patients with SIVO (P = 0.04) had a higher 1-year survival rate (Fig. 1). 
After multivariate analysis, ASA score was associated with a lower 1-year survival in VO.
Conclusion  The results from this study emphasize unique clinical features of SIVO, which warrant that SIVO should be 
estimated as a separate entity of VO.

Keywords  Vertebral osteomyelitis · Spinal injection · Psoas abscess · Staphylococcus aureus · Comorbidity · Survival

Introduction

Spinal injections (SI) of glucocorticoids and/or analgesics 
are regularly used for short-term relief in patients with back 
pain due to radiculopathy or neurogenic claudication. How-
ever, its effectiveness is controversial [1–3]. Even though 
the procedure is generally considered safe, there can be 
far-reaching complications in rare cases. Some of these are 
hemorrhage, nerve injury, dural puncture, stroke, paralysis 
and death [4, 5]. These also include Infections, occurring 

in 0.01–0.1% of cases [5, 6]. Meningitis, epidural abscess 
and vertebral osteomyelitis (VO) are the most severe forms 
of infections. To date, two large series with nosocomial 
infections associated with spinal injections of contaminated 
steroids [7, 8] and a few case reports with SIVO [9, 10] 
have been reported.But whether the clinical presentation or 
outcome of SIVO differs from native vertebral osteomyelitis 
(NVO), which often results from hematogenous seeding, is 
entirely unknown. There are studies comparing NVO and 
postsurgical vertebral osteomyelitis (PVO), showing that 
there are microbiological differences between these groups. 
PVO is more likely to be caused by methicillin-resistant 
Staphylococcus aureus, coagulase-negative staphylococci 
and other skin flora bacteria [11, 12]. The relapse rate 
appears to be higher in PVO, but NVO patients have lower 
survival rates [11, 12]. For this reason, one assumes that it 
is rather a matter of different clinical entities of the same 
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disease. To the best of our knowledge, no data are currently 
available on detailed clinical characteristics of SIVO. Hence, 
we analyzed data on patient characteristics, treatment modal-
ities, outcomes and 1-year survival rate from patients with 
SIVO and compared these with patients with NVO.

Materials and methods

Patients

In this single-center cohort study, we retrospectively ana-
lyzed all patients from a tertiary referral hospital with con-
firmed VO who were prospectively enrolled from January 
2008 to December 2019 in the European “Spine Tango” and 
since 2016 the German “Deutsche Wirbelsäulengesellschaft 
(DWG)” registry. Inclusion criteria were presence of char-
acteristic back and/or leg pain plus characteristic magnetic 
resonance imaging (MRI) or an abscess or vertebral body 
destruction detected by computed tomography (CT).

All cases were discussed in an interdisciplinary approach 
between orthopedic surgeons and infectious disease special-
ists to confirm or rule out the diagnosis of VO. The relevance 
and plausibility of the identified microorganism from blood 
cultures or intraoperative specimens obtained by surgery or 
CT-guided puncture were checked by an infectious disease 
specialist separately. Detection of a virulent organism such 
as Staphylococcus aureus or gram-negative bacteria in one 
specimen or the detection of a low-virulence organism such 
as coagulase-negative staphylococci from the normal skin 
flora in at least two relevant samples were considered to be 
the etiologic microorganism.

Data collection and definitions

The following data were collected after enrollment: age, 
gender, length of hospital stay, affected spinal segment, 
American Society of Anesthesiologists Physical Status Clas-
sification System (= ASA). The ASA score was developed 
in 1941 to classify patient comorbidities and is widely used 
by clinicians [13]. It ranges from ASA 1—A normal healthy 
patient, to ASA 5—A moribund patients who is not expected 
to survive without surgery.

In addition, the following demographic and clinical 
parameters were recorded for all VO patients: presence of 
bacteremia, causative pathogens, body mass index (BMI), 
laboratory tests, comorbidities (diabetes, oncologic disease, 
autoimmune disease, chronic obstructive pulmonary disease 
(COPD), inflammatory bowel disease (IBD), rheumatic dis-
ease, chronic heart failure, chronic renal failure, infectious 
endocarditis (IE), osteoporosis, alcohol and drug abuse), 
Charlson comorbidity index (= CCI), clinical manifestations 

of VO such as presence of psoas abscess, empyema and pre-
operative neurological deficit.

Bone destruction of the vertebral bodies was noted 
according to the Eysel/Peters classification for spondylo-
discitis [14]. It is defined as follows:

•	 Stage 0: No destruction
•	 Stage 1: Reduction of the intervertebral space
•	 Stage 2: Erosion of the base- and upper plates of the 

vertebral bodies
•	 Stage 3: Spinal deformity with kyphosis
•	 Stage 4: Reactive bone formation and kyphotic malalign-

ment

The Frankel scale categorizes the extent of functional or 
neurological impairment [15]:

•	 Grade A: No motor or sensory function below the lesion 
level

•	 Grade B: No motor function, but some sensation is 
retained below the lesion level

•	 Grade C: Some motor functions with no practical appli-
cation

•	 Grade D: Useful motor function below the lesion level
•	 Grade E: Normal motor and/or sensory function, may 

have reflex abnormalities.

Relapse was defined as recurrent symptoms after stop-
ping the first course of antibiotic treatment and receiving a 
second course for the initial pathogen responsible for VO. 
After enrollment in the Spine Tango or later DWG registry, 
patients were regularly invited for follow-up visits or phone 
interviews at defined time points (3, 6, 9, 12 months).

Ethics

The study was approved in the year 2009 by the local ethics 
committee (vote 09-182). All patients gave their informed 
consent to be registered within Spine Tango or DWG.

Statistical analysis

Continuous data were expressed as mean with standard devi-
ation (SD) in the case of normal distribution or as median 
with interquartile range (IQR) for non-normally distributed 
data. Categorical variables were presented as number (n) 
and percentage (%). Statistical differences between groups 
were determined using Student’s t-test (continuous variables 
with normal distribution), Kruskal–Wallis test (continuous 
variables not normally distributed), or Chi-square test and 
Fisher’s exact test (categorical variables). In case of multi-
ple comparison, a Bonferroni correction was used. A Shap-
iro–Wilk test was performed to test for normality. Survival 
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analysis was carried out using a log-rank test (Mantel–Cox 
method). Cox regression analysis was performed to analyze 
the influence of clinically relevant covariates on survival. 
These variates were included in the multivariate regression 
model using the backward, stepwise selection procedure. 
Reported p-values are two-tailed, with P < 0.05 considered 
statistically significant. SPSS (SPSS 24, SPSS Inc., Armonk 
NY, USA) was used for statistical analysis.

Results

Patient characteristics and disease manifestation

The study population selection is depicted in Fig. 1.
A total of 283 patients were enrolled in this study, of 

whom 44 (15.5%) had SIVO and 239 (84.5%) had native ver-
tebral osteomyelitis (NVO). Demographics and comorbidi-
ties are listed in Table 1. Male patients were predominantly 
affected, but the gender distribution was the same in both 
groups (P = 0.73). The median age of SIVO patients was 
66.5 years, which is significantly younger than NVO patients 
(70.5 years; P = 0.02). SIVO patients had less comorbidities 
(mean 0.95 vs. 1.38, P = 0.03) than NVO, which is reflected 
in a lower Charlson Comorbidity Index (CCI) (P = 0.006). 
Specifically, they had less often chronic renal failure (6.8% 
vs. 18.8%, P = 0.04) and chronic heart failure (6.8% vs. 
21.3%, P = 0.02).

The disease presentation also differed between the 
groups, as shown in Table 2. Patients with SIVO had more 
often psoas abscesses (38.6% vs. 20.9%, P = 0.02) and spinal 
empyemas (45.5% vs. 30.1%, P = 0.05). The spinal level, the 
number of segments involved, the degree of neurological 
deficit measured by the Frankel scale and the extent of bone 

Fig. 1   Flow diagram showing study population selection

Table 1   Demographics and comorbidities of patients with native vertebral osteomyelitis and vertebral osteomyelitis after spinal injection

IQR interquartile range, SD standard deviation, CCI Charlson comorbidity index, BMI body mass index

Total
N = 283

Native
N = 239

Spinal injection
N = 44

P value

N (%) N missing N (%) N missing N (%) N missing

Female 98 (34.6) 0 84 (35.1) 0 14 (31.8) 0 0.73
Age, years,
median (IQR)

70 (60.5–77) 0 70.5 (61–78) 0 66.5 (57–71) 0 0.02

BMI, kg/m2,
median (IQR)

25.7 (22.4–29.45) 30 25.6 (22–29.4) 23 26.8 (23.25–31.35) 7 0.13

Number of comorbidities,
mean (SD)

1.3 (1.18) 0 1.38 (1.15) 0 0.95 (1.3) 0 0.03

Charlson comorbidity index 0 0 0
 CCI 0 11 (3.9) 8 (3.4) 3 (6.8) 0.006
 CCI 1–2 66 (23.3) 50 (20.9) 16 (36.4)
 CCI 3–4 93 (32.8) 77 (32.2) 16 (36.4)
 CCI 5 and above 113 (39.9) 104 (43.5) 9 (20.5)

Conditions
 Autoimmune disease 18 (6.4) 0 14 (5.9) 0 4 (9.1) 0 0.5
 Diabetes 72 (25.4) 0 63 (26.4) 0 9 (20.5) 0 0.46
 Alcohol Abuse 19 (6.7) 0 15 (6.3) 0 4 (9.1) 0 0.51
 Intravenous drug use 12 (4.2) 0 11 (4.6) 0 1 (2.3) 0 0.7
 Malignancy 66 (13.3) 0 55 (23) 0 11 (25) 0 0.85
 Chronic renal failure 48 (16.9) 0 45 (18.8) 0 3 (6.8) 0 0.04
 Chronic heart failure 54 (19.1) 0 51 (21.3) 0 3 (6.8) 0 0.02
 Endocarditis 16 (5.7) 0 16 (6.7) 0 0 (0) 0 0.15
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destruction as measured with the Eysel/Peters classification 
for bone destruction in VO did not differ.

The type of microbe causing VO was significantly dif-
ferent between the groups (P = 0.04). The most frequently 
detected bacteria in both groups were Staphylococcus 
aureus, coagulase-negative staphylococci (CNS), Entero-
coccus spp. and Streptococcus spp. Gram-negative bacteria 
were the least common. The percentage of S. aureus infec-
tions (27.3%) and CNS infections (25%) were nearly equal 
in SIVO, while infections by S. aureus were more common 
in comparison to CNS in NVO (38.1% vs. 7.9%). Empirical 
therapy for VO in our center was Flucloxacillin and Ceftri-
axone. In patients with detectable microorganisms, available 
susceptibility testing and breakpoints according to Euro-
pean Committee on Antimicrobial Susceptibility Testing 
(EUCAST), the empirical regimen was considered effective 
in 110 out of 165 patients in the NVO group (66.6%) and 
19 out of 32 patients in the SIVO group (56%) (P = 0.43).

Therapy, outcome and survival

Data on therapeutic modalities and outcome are summarized 
in Table 3. Patients with SIVO had a significantly shorter 
hospital stay (mean 29.5 vs 35.9 days, P = 0.04) and a lower 
ASA score (P = 0.002). The rate of surgical intervention 
(P = 0.32), type of surgery (P = 0.83) and surgical technique 
(P = 0.18) did not differ between groups.

A log-rank test was performed to determine if there were 
differences in the 1-year survival for the different types of 
VO. One-year survival of patients with SIVO was signifi-
cantly better compared to patients with NVO (P = 0.04). 
The Kaplan–Meier curve is shown in Fig. 2. Of the patients 
that died within 1 year after diagnosis of VO, 18 out of 51 
patients (35%) had S. aureus bacteremia in the NVO group 
and none out of two in the SIVO group.

A backward stepwise cox regression was used to explore 
the influence of potential predictors on 1-year mortality 
in VO (Table 4). Starting with the variables age, NVO vs. 
SIVO, ASA score and Staphylococcus aureus that might 
theoretically be good predictors based on clinical relevance, 
only ASA score (HR 1.82, 95% CI 1.18–2.8, P = 0.007) has 
shown to be a predictor of 1-year survival in VO.

Discussion

We present a comprehensive analysis of clinical features 
and 1-year survival of SIVO patients in comparison to the 
reference VO population NVO. In detail, the data (i) sug-
gest that patients with SIVO are younger and have fewer 
comorbidities. (ii) The low virulence microorganisms CNS 
more frequently caused SIVO than NVO which could be 
expected. (iii) Survival analysis indicates that mortality is Ta

bl
e 

2  
(c

on
tin

ue
d)

To
ta

l
N

 =
 28

3
N

at
iv

e
N

 =
 23

9
Sp

in
al

 in
je

ct
io

n
N

 =
 44

P 
va

lu
e

N
(%

)
N

 m
is

si
ng

N
(%

)
N

 m
is

si
ng

N
(%

)
N

 m
is

si
ng

 Q
ui

ck
, %

 (m
ea

n,
 IQ

R
)

93
(7

6–
10

6)
10

92
(7

6–
10

4.
5)

8
10

0
(7

8–
10

8)
2

0.
13

A
 B

on
fe

rr
on

i c
or

re
ct

io
n 

w
as

 u
se

d 
fo

r m
ul

tip
le

 c
om

pa
ris

on
 in

 c
as

e 
of

 m
ic

ro
bi

ol
og

ic
al

 e
tio

lo
gy

. A
 P

 v
al

ue
 b

el
ow

 0
.0

02
8 

w
as

 c
on

si
de

re
d 

st
at

ist
ic

al
ly

 si
gn

ifi
ca

nt
IQ

R 
in

te
rq

ua
rti

le
 ra

ng
e,

 S
D

 st
an

da
rd

 d
ev

ia
tio

n,
 C

N
S 

C
oa

gu
la

se
-n

eg
at

iv
e 

st
ap

hy
lo

co
cc

i
*I

n 
de

ta
il:

 S
IV

O
 –

 N
 =

 1 
Pa

rv
im

on
as

 m
ic

ra
, N

 =
 1 

Pe
pt

oc
oc

cu
s 

sp
p.

, N
 =

 1 
As

pe
rg

ill
us

 fu
m

ig
at

us
 N

V
O

 –
 N

 =
 3 

M
yc

ob
ac

te
ri

um
 tu

be
rc

ul
os

is
, N

 =
 2 

M
yc

ob
ac

te
ri

um
 b

ov
is

, N
 =

 1 
M

yc
ob

ac
te

ri
um

 
xe

no
pi

, N
 =

 3 
Pa

rv
im

on
as

 m
ic

ra
, N

 =
 1 

C
ut

ib
ac

te
ri

um
 a

cn
es

, N
 =

 1 
Ba

ct
er

oi
de

s 
fra

gi
lis

, N
 =

 1 
Ei

ke
ne

lla
 c

or
ro

de
ns

, N
 =

 1 
Pe

pt
on

ip
hi

lu
s 

ty
rr

el
lia

e,
 N

 =
 2 

C
an

di
da

 tr
op

ic
al

is
, N

 =
 1 

C
an

di
da

 a
lb

i-
ca

ns



604	 A. Yagdiran et al.

1 3

lower in SIVO and that the ASA score is the only significant 
predictor of survival in patients with VO.

The reason for the younger age in patients with SIVO 
is unclear, but studies show that the elderly are more often 
affected by NVO [16, 17]. Since age is significantly associ-
ated with comorbidities and mortality in VO, the lower CCI 
and better survival in patients with SIVO is in part explained 
by the age difference [18]. Also, the higher number of infec-
tions caused by S. aureus may contribute to the lower sur-
vival in NVO as shown in other studies and conversely to the 
better survival in SIVO [17]. Numerically, we found a higher 

Table 3   Therapy and outcome

SD standard deviation, ASA American Society of Anesthesiologists physical status classification system

Total
N = 283

Native
N = 239

Spinal Injection
N = 44

P value

N (%) N missing N (%) N missing N (%) N missing

Length of hospital 
stay, days (mean, 
SD)

34.9 (21.9) 0 35.9 (22.7) 0 29.5 (16.3) 0 0.04

ASA 14 9 5
1 9 (3.2) 6 (2.5) 3 (6.8) 0.002
2 70 (24.7) 53 (22.2) 17 (38.6)
3 156 (55.1) 140 (58.6) 16 (36.4)
4 34 (12) 31 (13) 3 (6)
5 0 (0) 0 (0) 0 (0)
Therapy 0 0 0
 Conservative 33 (11.7) 26 (10.9) 7 (15.9) 0.32
 Surgical 250 (88.3) 213 (89.1) 37 (84.1)

Type of surgery 0 0 0
 1-stage 119 (42) 102 (42.7) 17 (38.6) 0.83
 2-stage 131 (46.3) 111 (46.4) 20 (45.5)

OP technique 0 0 0
 Bone graft 85 (30) 75 (13.3) 10 (22.7) 0.18
 Cage 112 (39.6) 88 (36.8) 24 (54.5)
 Combination 8 (2.8) 6 (25.1) 2 (4.5)
 Relapse, % 23 (8.1) 0 13 (5.4) 0 4 (9.1) 0 0.31

Fig. 2   Kaplan–Meier survival curve of patients with vertebral osteo-
myelitis after spinal injection compared to native vertebral osteomy-
elitis. Kaplan–Meier analysis depicts a better 1-year survival rate of 
patients with vertebral osteomyelitis after spinal injection in com-
parison to vertebral osteomyelitis after spinal injection (log-rank 
P = 0.04). No survival data were available for one patient in the NVO 
group. In the NVO group 17 patients (7%) were lost to follow-up and 
2 patients (4.5%) in the SIVO group

Table 4   Multivariable Cox regression for mortality risk after 1 year

A backward stepwise cox regression was used to explore the influ-
ence of potential predictors on 1-year mortality in vertebral osteomy-
elitis out of the following candidate variables: age, native (NVO) vs. 
vertebral osteomyelitis after spinal injection (SIVO), ASA score and 
Staphylococcus aureus
NVO native vertebral osteomyelitis, SIVO vertebral osteomyelitis 
after spinal injection, ASA American Society of Anesthesiologists, CI 
confidence interval

Hazard ratio 95% CI for Hazard 
ratio

P value

Lower Upper

ASA Score 1.82 1.18 2.8 0.007
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number of patients with S. aureus bacteremia in deceased 
patients in the NVO group (35%) compared to the SIVO 
group (0%). Since only two patients died in the SIVO group, 
no statistical subgroup analysis was possible and the data 
should be viewed with caution.

Most guidelines, for instance from the USA, Great Britain 
or Germany, do not recognize SIVO as a separate disease 
entity [19–21]. Nevertheless, the difference in the causative 
microorganisms could require separate empiric anti-infective 
regimens to mitigate the divergence in survival. As other 
studies have shown, the prevalence of CNS is higher after 
spinal interventions such as SI or surgery [22]. In Germany, 
beta-lactam antibiotics are often used as empiric therapy for 
VO, since the rate of methicillin-resistant S. aureus (MRSA) 
is less than 10% [23]. Due to the high rate of resistance of 
CoNS to oxacillin and other beta-lactams, as a result such 
empiric therapy would likely lead to higher treatment failure 
rates in SIVO [24, 25].

To the best of our knowledge, our study is the first to 
assess SIVO in detail and compare this VO group to other 
VO group to outline the clinical differences. Whereas the 
clinical features of PVO have been studied before and show 
some similarities to SIVO. Similar to SIVO, patients with 
PVO have fewer comorbidities, a lower ASA score and VO 
was less often caused by S. aureus, but more often by CNS 
[11, 12]. Also, survival in PVO is better in comparison to 
the reference VO population NVO, which is in line with 
the survival of SIVO compared to NVO. The higher rate 
of infections with CNS in PVO and SIVO is most likely 
explained by the breach of the skin barrier, which leads to 
the introduction of commensal skin bacteria in both VO 
groups. But there are notable differences between SIVO and 
PVO as well. Both Breuninger et al. and Kim et al. show that 
the rate of bacteremia is higher in PVO than in NVO [11, 
12]. Whereas in our study, no difference was found regarding 
the rate of bacteremia between SIVO and NVO. The reason 
and pathophysiology for this phenomenon is unclear. Fur-
thermore, SIVO shows a higher rate of epidural empyemas/
abscesses, which is also true for PVO. Likewise, we show a 
higher rate of psoas abscesses. Psoas abscess and intraspi-
nal empyema are interconnected disease manifestations and 
often result from a local contiguous source. Psoas abscess 
formation after SI has mostly been reported in individual 
case reports and has been considered to be rare [26, 27]. 
Nevertheless, in our cohort, more than a third of patients 
with SIVO developed psoas abscesses. The reason for the 
higher rate of psoas abscesses compared to the other disease 
manifestations of VO remains elusive.

Treatment algorithms for spinal infections are often con-
troversial, as therapy is highly individualized. In the pres-
ence of intraspinal empyema, surgery is more often recom-
mended than in VO patients without intraspinal empyema 
[28]. In our cohort, the rate of surgical therapy was nearly 

equal in SIVO and NVO, although spinal empyema was 
more common in SIVO. However, the long-term result was 
better in SIVO. This challenges the concept of urgent sur-
gery in most patients with intraspinal empyema and war-
rants further investigation into which patient population with 
intraspinal empyema may benefit from surgery with regard 
to their outcome.

One main problem is clearly the precise definition of 
SIVO. It is a chicken-and-egg problem. SI can obviously 
cause VO, and as lower back pain is a common problem in 
the general population and SI numbers are increasing, we 
will consequently see more cases of SIVO in the future [1, 
29, 30]. On the other hand, it is known that the diagnosis 
of VO is often delayed up to several months because of the 
nonspecific clinical presentation and many patients receive 
SI because of the assumption of the presence of nonspecific 
back pain [31, 32]. This is clearly a limitation, but the dis-
tinctive clinical features between SIVO and NVO, with a 
high rate of CNS causing infections in SIVO, suggest that 
case selection was appropriate for most patients in our study. 
Ideally, an MRI scan should precede the first SI session to 
rule out spinal infections, especially in patients with clinical 
signs of infection (e.g., fever, chills) or elevated inflamma-
tory markers. Though, the study by Cohen et al. has shown 
that an MRI prior SI does not improve outcome and has lit-
tle impact on clinical decision making [33]. Since the study 
did not pay attention to the possibility of spinal infection 
prior to SI, this statement cannot be generalized for SI. We 
do believe that an MRI prior to SI is not only necessary but 
reasonable with regard to the rising incidence of VO to mini-
mize the risk of SIVO. More limitations of our study are the 
single-center approach and setting in a tertiary center, which 
is likely to introduce a selection bias, as more severe cases 
are referred to our center. Although we present the largest 
cohort of patients with SIVO compared to other VO groups 
that have been systematically studied, studies with larger 
cohorts would be desirable to gain more statistical power.

Conclusions

In summary, we show for the first time that SIVO has dif-
fering clinical features in comparison to the reference VO 
population NVO. Like PVO, SIVO has a higher rate of 
CNS, patients are younger and have fewer comorbidities 
than patients with NVO. SIVO patients have a high rate of 
psoas abscesses. Although, survival is better in patients with 
SIVO, the associated morbidity prompts a reevaluation of SI 
of glucocorticoids given the unclear efficacy on the short- 
and long- term effect on back pain.
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