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Yield of Image-Guided Needle Biopsy for Infectious Discitis:
A Systematic Review and Meta-Analysis

X A.L. McNamara, X E.C. Dickerson, X D.M. Gomez-Hassan, X S.K. Cinti, and X A. Srinivasan

ABSTRACT

BACKGROUND: Image-guided biopsy is routinely conducted in patients with suspected discitis, though the sensitivity reported in the
literature ranges widely.

PURPOSE: We applied a systematic review and meta-analysis to estimate the yield of image-guided biopsy for infectious discitis.

DATA SOURCES: We performed a literature search of 4 data bases: PubMed, Cochrane CENTRAL Register of Controlled Trials, Em-
base.com, and Scopus from data base inception to March 2016.

STUDY SELECTION: A screen of 1814 articles identified 88 potentially relevant articles. Data were extracted for 33 articles, which were
eligible if they were peer-reviewed publications of patients with clinical suspicion of discitis who underwent image-guided biopsy.

DATA ANALYSIS: Patients with positive cultures out of total image-guided biopsy procedures were pooled to estimate yield with 95%
confidence intervals. Hypothesis testing was performed with an inverse variance method after logit transformation.

DATA SYNTHESIS: Image-guided biopsy has a yield of approximately 48% (793/1763), which is significantly lower than the open surgical
biopsy yield of 76% (152/201; P � .01). Biopsy in patients with prior antibiotic exposure had a yield of 32% (106/346), which was not
significantly different from the yield of 43% (336/813; P � .08) in patients without prior antibiotic exposure.

LIMITATIONS: The conclusions of this meta-analysis are primarily limited by the heterogeneity of the included studies.

CONCLUSIONS: Image-guided biopsy has a moderate yield for the diagnosis of infectious discitis, which is significantly lower than the
yield of open surgical biopsy. This yield is not significantly affected by prior antibiotic use.

Discitis (also referred to as vertebral osteomyelitis, spondylitis,

or spondylodiscitis) is an infectious process of the disc space

and/or associated vertebral body. The reported incidence ranges

between 4 –24 per million per year1 and has been increasing over

recent years because of intravenous drug use, immunocom-

promised hosts, and the increasing use of spinal instrumenta-

tion and surgery.2 The infection can be classified as granulo-

matous (tuberculosis and other mycobacterial pathogens) or

pyogenic1; the most common pyogenic infectious agent is

Staphylococcus aureus.3

Clinical presentation of discitis involves the insidious onset of

constant back pain with neurologic deficits in one-third of cases.2

Diagnosis is often delayed because of the nonspecific symptoms

and results in prolonged morbidity and poorer clinical outcomes

including prolonged neurologic deficits.2 Treatment generally

consists of antibiotics for 6 – 8 weeks, with surgical debridement

necessary in cases of compression of neurologic structures or fail-

ure of antibiotic therapy.4

The diagnosis of discitis can be made based on a combination

of clinical signs, laboratory tests, and imaging. Clinical signs in-

clude elevated white blood cell count, persistent low back pain,

and laboratory tests including elevated C-reactive protein and

erythrocyte sedimentation rate as well as positive blood cul-

tures.1,2 The clinical standard imaging technique is contrast-en-

hanced MR imaging, particularly early in the disease process.1,2,5

MR imaging has a high sensitivity (96%) and specificity (92%) for

discitis.6 Typical MR imaging findings include an increase in fluid
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signal on T2-weighted sequences and postcontrast enhancement

of the disc, vertebral bodies, or the surrounding soft tissues.7

When clinical findings are suggestive of discitis, but blood cul-

tures are negative, microbiologic confirmation through direct bi-

opsy is a frequently used subsequent diagnostic strategy.3 Micro-

biologic diagnosis allows for confirmation of the diagnosis of

infectious discitis as well as identification of the microorganism to

tailor antibiotic therapy. The reported sensitivity of biopsy has

ranged widely within the literature between 31% and 91%.8-9

Lower sensitivity has been associated with antibiotic use and per-

cutaneous rather than surgical biopsy.10-14 Current Infectious

Diseases Society of America guidelines recommend percutaneous

biopsy in cases of suspected discitis without positive blood cul-

tures and treating empirically in cases of positive blood cultures.3

In cases of negative percutaneous biopsy, Infectious Diseases

Society of America guidelines recommend repeating the im-

age-guided biopsy or proceeding to surgical biopsy to improve

sensitivity.3

Given the broad range of reported sensitivity in the literature,

the current study aimed to evaluate the literature with regard to

the yield of image-guided biopsy in suspected cases of discitis. We

performed a systematic review of image-guided biopsy in sus-

pected cases of discitis. We identified 1 other systematic review

and meta-analysis on this topic, performed by Pupaibool et al,15

which found the sensitivity of CT-guided biopsy to be 52.2%,

though this meta-analysis did not con-

sider cases of discitis with prior surgical

intervention (a common and clinically

important indication for image-guided

biopsy), did not assess many subgroups,

and evaluated only 358 abstracts as op-

posed to the 1814 abstracts we identified

as potentially relevant. In our study, the

studies were compared in a meta-analy-

sis of sensitivity, as well as the following

subgroup analyses: open surgical versus

image-guided biopsy, prior antibiotic

exposure, type of image guidance, bi-

opsy technique, pathogen detected, and

pathogen detection technique (poly-

merase chain reaction versus culture).

MATERIALS AND METHODS
Protocol and Registration
A review protocol was designed ac-

cording to PRISMA guidelines and

registered with the PROSPERO regis-

ter (ID CRD42016039121).

Eligibility Criteria
Eligible studies were peer-reviewed

journal articles containing empiric data

on the yield of image-guided biopsy in

discitis. The inclusion criteria were as

follows: a) peer-reviewed journal publi-

cation on human patients; b) patients
were clinically suspected of having infec-

tious discitis before biopsy; c) biopsy

samples were obtained via CT- or fluoroscopic-guided procedure;

and d) reported data necessary to extract true-positive and false-

negative biopsy culture results.

Search
An experienced reference librarian assisted with designing the

search strategy. The search strategy was designed with syn-

onyms identified through index searching with MeSH. The

following electronic data bases were searched: PubMed, Cochrane

CENTRAL Register of Controlled Trials, Embase.com, and Sco-

pus. The search was open to articles from data base inception to

March 3, 2016 and was not restricted to the English language. An

example of the search structure used in PubMed is illustrated in

Fig 1.

Study Selection
The title/abstract screening was completed independently by

2 reviewers with DistillerSR (Evidence Partners, Cambridge,

United Kingdom). Disagreements were resolved by consensus

discussion between the 2 reviewers. Non-English literature was

translated with Google Translate (Google, Mountain View, Cali-

fornia). The full-text articles of relevant references were acquired

and independently reviewed for inclusion. Disagreements were

resolved by consensus discussion by the 2 reviewers.

FIG 1. PubMed search structure and search flow diagram. Mh indicates Medical Subject Heading;
tiab, Title and Abstract; TP, true-positive; FN, false-negative.
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Data Collection Process
Data were collected from the full text of the eligible studies by 1

reviewer. Extracted data included the publication year and num-

ber of patients, true-positives, true-negatives, false-positives, and

false-negatives. Where possible, values were also recorded for the

following factors potentially contributing to study heterogeneity:

biopsy performed with a large-bore cutting or core needle versus

fine needle aspiration, use of CT or fluoroscopic guidance for

biopsy, antibiotic use before biopsy, type of pathogen responsible

for discitis (pyogenic versus mycobacterial pathogen), and use of

surgical biopsy when reported in the same paper. In cases of over-

lapping patient sets between separate publications, the most re-

cent series was selected and included in the systematic review and

meta-analysis.

Risk of Bias in Individual Studies
The risk of bias of each study was assessed by using the Quality

Assessment of Diagnostic Accuracy Studies 2, or QUADAS-2, tool

independently by 2 authors with disagreements resolved by dis-

cussion. QUADAS-2 is a tool composed of 4 domains: patient

selection, index test, reference standard, and flow and timing.

These domains are assessed in terms of risk of bias, and the first

3 domains are also assessed in terms of concerns regarding

applicability.16

Statistical Analysis
Statistical analysis was performed in R 3.3.0 (http://www.r-

project.org/) by using the “metaprop” and “forest” functions of

the “meta” package,17 which generated confidence intervals of the

proportion of true-positives (yield) as well as hypothesis testing

with an inverse variance method after logit transformation. Re-

sults reported in this paper represent random-effects models of

meta-analysis. Estimates of yield were produced with 95% confi-

dence intervals. Values of P � .05 were regarded as significant.

RESULTS
Study Selection
The search results are shown in Fig 1. The literature search iden-

tified 1814 articles. An initial screen of the titles and abstracts

identified 88 potentially relevant articles. Eighty-six of the rele-

vant articles were obtainable, and 2 articles were unobtainable

through our institution’s resources or interlibrary loan. The 86

full-text relevant articles were reviewed for eligibility, and 33 ar-

ticles satisfied all of the inclusion criteria. Reasons for exclusion of

the 53 references are included in Fig 1. Data were extracted for 33

articles found to be eligible for inclusion in the systematic review

and meta-analysis.

Study Characteristics
The individual study characteristics are presented in the Table. In

total, there were 1763 image-guided biopsies with attempted cul-

ture for inclusion within the systematic review. The reference test

for the diagnosis of discitis was established by a variety of methods

across the studies: as an adjunct to clinical characteristics (which

was used in all included studies); 13/33 (39%) used a mix of CT

Study characteristics

Author Year
Reference
Standarda

Image
Guidance

Biopsy
Type Pathogens

Prior
Antibiotics TP FN FP TN

Total
Patients

Spira et al21 2016 MRI CT Core Mixed NR 10 24 34
Agarwal et al5 2016 Mixed Mixed Core Mixed Mixed 30 94 124
Brinjikji et al22 2015 MRI Mixed NR Mixed Mixed 38 39 77
Kim et al23 2015 NR NR NR Pyogenic None 38 52 90
Chang et al18 2015 Histopathology CT Core Mixed Mixed 29 26 4 29 88
Garg et al24 2014 Mixed CT Core Mixed Mixed 16 68 84
Choi et al19 2014 MRI Mixed NR Mixed Mixed 12 32 1 45
Tachibana et al25 2014 NR NR NR Pyogenic NR 11 17 28
Gras et al26 2014 MRI CT NR Pyogenic None 7 6 13
Aagaard et al27 2013 Mixed NR NR Pyogenic NR 59 77 136
Kim et al28 2013 Mixed Fluoroscopy Core Mixed None 51 83 134
Gasbarrini et al29 2012 MRI CT Core Mixed None 12 14 26
Cebrián Parra et al30 2012 MRI NR NR Mixed NR 10 14 24
Heyer et al31 2012 Histopathology CT Core Mixed Mixed 10 20 30
Nam et al32 2011 Mixed Mixed NR Mixed Mixed 28 28 56
Marschall et al13 2011 MRI Mixed NR Pyogenic Mixed 40 87 127
Shibayama et al33 2010 NR Fluoroscopy FNA Pyogenic NR 32 28 60
de Lucas et al34 2009 Mixed CT FNA Mixed Mixed 11 1 12
Yang et al12 2008 Histopathology CT Core Mixed NR 20 26 46
Michel et al35 2006 MRI CT Core Mixed None 15 17 32
Colmenero et al36 2004 Mixed Mixed Core Tuberculosis/mycobacterial NR 11 7 18
Ben Taarit et al37 2002 Mixed Mixed NR Pyogenic NR 12 13 25
Nolla et al17 2002 Mixed CT NR Pyogenic Mixed 25 16 41
Pertuiset et al39 1999 Mixed Fluoroscopy NR Tuberculosis/mycobacterial NR 11 10 21
Jiménez-Mejías et al11 1999 Mixed NR NR Pyogenic NR 4 2 6
Vinicoff et al40 1998 NR CT Core Pyogenic NR 38 12 50
Fouquet et al41 1996 NR NR Core Mixed NR 4 2 6
Bateman et al42 1995 Mixed NR NR NR Mixed 12 6 18
Al Soub et al43 1994 Mixed CT NR Mixed NR 52 31 83
Cotty et al44 1988 NR Fluoroscopy Core Mixed Mixed 19 9 28
Ernst45 1984 NR Fluoroscopy NR Pyogenic NR 36 25 61
Seignon et al46 1980 NR NR FNA Mixed NR 16 4 20
Duquennoy et al47 1979 NR NR FNA Mixed NR 16 14 30

Note:—FN indicates false-negative; FNA, fine needle aspiration; FP, false-positive; NR, not recorded in original study; TN, true-negative; TP, true-positive.
a All studies used clinical characteristics in addition to the reference standards listed.
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and MR imaging; 8/33 (24%) used MR imaging; 3/33 (9%) used

histopathology; and 9/33 (27%) did not clearly define the specific

imaging or other diagnostic tests. Few studies confirmed the use

of coaxial guidance (8/33 [24%]), whereas most did not report

specifically on coaxial versus noncoaxial technique.

Quality and Applicability Assessment
The QUADAS-2 results of each individual study is represented in

On-line Fig 1. The assessment showed that most studies had a low

risk of bias with regard to flow and timing, index test, and patient

selection, as shown in On-line Fig 2. Studies that required or in-

cluded a positive biopsy culture, the index test, as a criterion for

the diagnosis of discitis were considered to have a high risk of bias

with respect to the reference standard. Studies that did not thor-

oughly describe the factors contributing to the diagnosis of disci-

tis were considered to have an uncertain risk of bias regarding the

reference standard. With regard to the selection of patients, stud-

ies that excluded postoperative discitis or patients with epidural

abscesses were considered to have a high risk of bias. Studies that

did not fully describe the methods of patient selection were con-

sidered to have an uncertain risk of bias with regard to patient

selection.

Meta-Analysis
Yield was calculated by using the true-positive data and false-

negative data from each study. All but 2 studies did not report data

for true-negatives and false-positives.18,19 In each of those studies,

false-positive results were classified based on the growth of com-

mon contaminants without concurrent growth in blood cultures.

The pooled yield of the 33 studies in-

cluded in the meta-analysis was 48%

(793/1763 patients; 95% CI, 0.43– 0.54

[Fig 2]). There were multiple sources of

heterogeneity within the studies, includ-

ing surgical biopsy, antibiotic exposure,

CT or fluoroscopic guidance, large-bore

and/or cutting needle biopsy versus fine

needle aspiration, pyogenic versus my-

cobacterium tuberculosis, and polymer-

ase chain reaction versus culture.

Eight studies included data from

open surgical biopsy specimens, and the

yield within this subgroup was signifi-

cantly higher than image guided biopsy

at 76% (152/201; 95% CI, 0.65– 0.85;

P � .01 [Fig 3]).

Twelve studies included patients with

confirmed antibiotic exposure before

image-guided biopsy, and 17 studies in-

cluded patients with confirmed absence

of antibiotic exposure before image-

guided biopsy. Image-guided biopsy in

patients without prior antibiotic expo-

sure produced a higher yield at 43%

(336/813; 95% CI, 0.37– 0.48; P � .08)

compared with 32% (106/346; 95% CI,

0.22– 0.43) in the group with prior anti-

biotic exposure, though this was not sta-

tistically significant (On-line Fig 3).

Fourteen studies specified the number of biopsies performed

under CT guidance, and 6 studies specified the number of biop-

sies performed under fluoroscopic guidance. All other studies ei-

ther did not break down results by method or did not specify the

method of image guidance. Fluoroscopic guidance was associated

with a higher yield at 55% (158/316; 95% CI 0.40 – 0.69) com-

pared with CT guidance at 44% (275/693; 95% CI, 0.36 – 0.53; P �

.22), though this was not statistically significant (On-line Fig 4).

Seventeen studies specified the use of cutting or core needle

biopsy (large bore) or fine needle aspiration, with 13 studies using

large-bore biopsy and 4 studies using fine needle aspiration. Fine

needle aspiration was associated with a significantly higher yield

at 60% (98/167; 95% CI, 0.45– 0.73) compared with large-bore

needle biopsy at 41% (304/821; 95% CI, 0.33– 0.49; P � .03 [On-

line Fig 5]).

Seventeen studies reported data specific for pyogenic pathogen

detection, and 7 studies reported data specific for mycobacterium

tuberculosis detection. Image-guided biopsy had a significantly

higher yield in the detection of mycobacterium tuberculosis at

71% (97/132; 95% CI, 0.54 – 0.84) compared with detection of

pyogenic organisms at 48% (331/738; 95% CI, 0.41– 0.56; P � .02

[On-line Fig 6]).

Two studies reported results for polymerase chain reaction

detection of pathogen. There was no significant difference be-

tween the yield of polymerase chain reaction at 50% (30/60; 95%

CI, 0.38 – 0.63) and culture at 48% (793/1763; 95% CI, 0.43– 0.54;

P � .46 [On-line Fig 7]).

FIG 2. Forest plot of overall yield of image-guided biopsy.
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DISCUSSION
At most institutions, image-guided biopsy is routinely conducted

in patients with suspected discitis because it is considered impor-

tant to identify the target microorganism before appropriate ther-

apy can be administered. We undertook this meta-analysis to es-

timate the yield of image-guided biopsy and to better understand

the factors that influence the yield of image-guided biopsy.

Our comprehensive meta-analysis demonstrates that image

guided biopsy has a moderate yield of 48% (95% CI, 0.43– 0.54)

for the diagnosis of infectious discitis, providing a more useful

assessment of this diagnostic tool than the broad range of 31% to

91% that has been reported in the literature.8,9 This yield is lower

than open surgical biopsy (yield of 76%), consistent with other

reports in the literature.11,12 Prior antibiotic treatment causes a

decrease in the yield of image-guided biopsy (43% without prior

antibiotics versus 32% with prior antibiotic exposure), though

this effect was statistically insignificant in this study. The decision

to provide antibiotics before obtaining a

positive culture result is a complex clin-

ical decision that must weigh diagnostic

certainty and decisive antibiotic selec-

tion against the benefits of early therapy.

Although this meta-analysis suggests

fluoroscopy-guided biopsy had a higher

yield of 55% compared with 44% for

CT-guided biopsy, this difference did

not reach statistical significance. The

reasons for this are not clear. Intuitively,

CT should provide better identification

of the exact biopsy location compared

with fluoroscopy. Most of the studies

did not provide information regarding

the location of biopsy (central versus pe-

ripheral) in all of the patients. This result

may reflect the heterogeneity of con-

founding factors in the source studies

(changing use of CT versus fluoroscopic

guidance, etc). Alternatively, fluoro-

scopically guided biopsies may have had

the needle placed more centrally than

CT-guided biopsies; this could have

provided more reassurance to the fluo-

roscopic operators that the needle was

indeed within the disc compared with

the CT operators, who may have

stopped when the needle entered the pe-

ripheral disc because they were certain

of the needle position.

There were several other sources of

heterogeneity within the studies, sug-

gesting other predictors of yield. Fine

needle aspiration was associated with a

higher yield of 60% compared with

large-bore needle biopsy at 41%. This is

also counterintuitive, though fine nee-

dle aspiration may be used more fre-

quently in cases of abscesses, which may

yield a sample more likely to grow in cul-

ture. There were many studies that examined the detection of

mycobacterium tuberculosis through culture, which was associ-

ated with a higher yield of 71%, compared with the detection of

pyogenic organisms with a yield of 48%. Lastly, there was no sig-

nificant difference in the yield of polymerase chain reaction at

50% compared with culture, but this may be as a result of only a

small number of cases with polymerase chain reaction (n � 60)

being assessed.

Most (31/33) of the examined studies considered all positive

culture results from image-guided biopsies to be true-positives,

essentially ignoring the possibility of false-positive results caused

by factors such as surface or laboratory contamination. Two as-

sessed studies acknowledged false-positive biopsy results. This as-

sumption reflects the difficulty of demonstrating the responsible

microorganism through reference diagnostic tests aside from di-

rect biopsy, but may reflect a substantial error in research assess-

FIG 3. Forest plot of subgroup analysis of the yield of image-guided biopsy versus open surgical
biopsy.
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ments of the performance of image-guided biopsy and many

other scenarios of ongoing infectious disease research.

There is 1 other meta-analysis on the yield of image-guided

biopsy in discitis, performed by Pupaibool et al,15 which demon-

strated a yield of 52.2%. We performed this meta-analysis because

the study by Pupaibool et al15 had several limitations. Pupaibool

et al15 excluded all studies of nonspontaneous discitis and in-

cluded data from only 5 studies. Because spinal instrumentation

and surgery are major contributors to cases of discitis and a high

proportion of requests for image-guided biopsies involve patients

post-instrumentation, we felt it was important to include these

studies in our review and have evaluated the data from a much

larger cohort of studies (n � 33).20 In addition, our study pro-

vides further diagnostic information through the subgroup anal-

yses on the sources of heterogeneity, including open surgical bi-

opsy, antibiotic therapy, and CT versus fluoroscopic guidance.

From a methodology standpoint, our search strategy identified a

higher number of potentially applicable abstracts (1814 versus

358).

There are some limitations to our analysis. Like all meta-anal-

yses, the conclusions of this meta-analysis are primarily limited by

the heterogeneity of the included studies. Specifically, the studies

varied in the extent to which they described their methods, in-

cluding coaxial needle, prior antibiotic exposure, first or repeat

biopsy, number of samples collected, and prior imaging studies.

The methodology of the meta-analysis itself was limited by the

inability to obtain 2 potentially relevant references for full-text

review.

CONCLUSIONS
This study indicates that image-guided biopsy in suspected disci-

tis has a yield for detection of the infectious organism of 48%,

toward the lower end of the frequently reported range of 31%–

91%.3,8 Open surgical biopsy has a higher yield at 76%, and anti-

biotic treatment had an insignificant effect on the yield.
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39. Pertuiset E, Beaudreuil J, Lioté F, et al. Spinal tuberculosis in adults.
A study of 103 cases in a developed country, 1980 –1994. Medicine
1999;78:309 –20 CrossRef Medline

40. Vinicoff P, Gutschik E, Hansen S, et al. CT-guided biopsy in spondy-
lodiscitis. [Article in Danish] Ugeskr Laeger 1998;160:5931–34
Medline

41. Fouquet B, Goupille P, Gobert F, et al. Infectious discitis diagnostic
contribution of laboratory tests and percutaneous discovertebral
biopsy. Rev Rhum Engl Ed 1996;63:24 –29 Medline

42. Bateman JL, Pevzner MM. Spinal osteomyelitis: a review of 10 years’
experience. Orthopedics 1995;18:561– 65 Medline

43. Al Soub H, Uwaydah AK, Hussain AH. Vertebral osteomyelitis in
Qatar. Br J Clin Pract 1994;48:130 –32 Medline

44. Cotty PH, Fouquet B, Pleskof L, et al. Vertebral osteomyelitis: value
of percutaneous biopsy: 30 cases. J Neuroradiol 1988;15:13–21

45. Ernst H. Der diagnostische wer der wirbel-korperpunktion bei der
spondylitis. Orthopadie 1984;34:443– 47

46. Seignon B, Weilbacher H, Thorel J, et al. Spinal puncture in the bac-
teriological diagnosis of bacterial spondylitis. Experience in the
rheumatology departments of Reims, Clermont-Ferrand and
Rouen. [Article in French] Rev Rhum Mal Osteoartic 1980;47:45– 47
Medline

47. Duquennoy A, Delcambre B, Duquesnoy B, et al. Value of disk punc-
ture in the diagnosis of infectious spondylodiskitis. Apropos of 48
punctures. [Article in French] Rev Rhum Mal Osteoartic 1979;46:
615–17 Medline

AJNR Am J Neuroradiol 38:2021–27 Oct 2017 www.ajnr.org 2027

http://dx.doi.org/10.3109/00365548.2012.753160
http://www.ncbi.nlm.nih.gov/pubmed/23256848
http://dx.doi.org/10.3174/ajnr.A3120
http://www.ncbi.nlm.nih.gov/pubmed/22627798
http://www.ncbi.nlm.nih.gov/pubmed/22655481
http://dx.doi.org/10.1007/s00264-011-1445-x
http://www.ncbi.nlm.nih.gov/pubmed/22215366
http://dx.doi.org/10.1016/j.ejrad.2011.02.007
http://www.ncbi.nlm.nih.gov/pubmed/21353425
http://dx.doi.org/10.14245/kjs.2011.8.4.267
http://www.ncbi.nlm.nih.gov/pubmed/26064144
http://dx.doi.org/10.1097/BRS.0b013e3181e8ad38
http://www.ncbi.nlm.nih.gov/pubmed/20938383
http://dx.doi.org/10.1007/s10067-008-1051-5
http://www.ncbi.nlm.nih.gov/pubmed/19043772
http://dx.doi.org/10.2214/AJR.05.0109
http://www.ncbi.nlm.nih.gov/pubmed/16554566
http://dx.doi.org/10.1007/s10096-004-1148-y
http://www.ncbi.nlm.nih.gov/pubmed/15164258
http://www.ncbi.nlm.nih.gov/pubmed/12415941
http://dx.doi.org/10.1053/sarh.2002.29492
http://www.ncbi.nlm.nih.gov/pubmed/11836660
http://dx.doi.org/10.1097/00005792-199909000-00003
http://www.ncbi.nlm.nih.gov/pubmed/10499072
http://www.ncbi.nlm.nih.gov/pubmed/9786032
http://www.ncbi.nlm.nih.gov/pubmed/9064106
http://www.ncbi.nlm.nih.gov/pubmed/7675721
http://www.ncbi.nlm.nih.gov/pubmed/8031687
http://www.ncbi.nlm.nih.gov/pubmed/7384717
http://www.ncbi.nlm.nih.gov/pubmed/395625

	Yield of Image-Guided Needle Biopsy for Infectious Discitis: A Systematic Review and Meta-Analysis
	MATERIALS AND METHODS
	Protocol and Registration
	Eligibility Criteria
	Search
	Study Selection
	Data Collection Process
	Risk of Bias in Individual Studies
	Statistical Analysis

	RESULTS
	Study Selection
	Study Characteristics
	Quality and Applicability Assessment
	Meta-Analysis

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


