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Purpose: The purpose of this study was to investigate the accuracy of CT-guided spine biopsy as well as
the factors that may influence its success.

Methods and Materials: A total of 170 CT-guided biopsies performed on 156 patients with vertebral
lesions were retrospectively analyzed. The accuracy of the biopsies was evaluated by comparing the final
diagnosis with the biopsy results for patients who underwent surgery or with six-month clinical and
radiological follow-up findings for patients who did not have surgery. The radiological features of each
lesion, the features of the needles used, the needle approach, the pathology results, and the patient
demographic data were statistically analyzed with Fisher exact test and ANOVA for their influence on the
success of the biopsy.

Results: The total success rate of percutaneous vertebral needle biopsies performed with CT guidance
was 80 per cent (136/170). Age (p = 0.39), gender (p = 0.43), lesion location (p = 0.2), radiographic
appearance (p = 0.8), needle type (p = 0.6), and approach (p = 0.1) had no effect on the adequacy of the
obtained material or the success of the biopsy. There was a relationship between lesion histopathology
and the rate of adequacy or success (p < 0.001). There was no relationship between the needle approach
or the radiographic appearance of the lesion and the length of the specimen (p = 0.1). There were no
major complications requiring treatment.

Conclusion: The success rate of CT-guided percutaneous needle biopsy was close to that found in pre-
vious studies in the literature and independent of most patient parameters. Its complication rates are

acceptable in experienced hands.
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Introduction

The most important step in the process of diagnosing a
neoplastic lesion, or excluding a probable malignancy, is
performing a biopsy that can provide an accurate diagno-
sis. The traditional method of open biopsy, which gathers
sufficient material for histological and immunohistochem-
ical studies in musculoskeletal system lesions, has been
considered the gold standard. However, since open biopsy
of vertebral lesions is difficult, the risk of complications is
high [1-9]. As an alternative to open biopsy, percutane-
ous needle biopsy, which has a higher accuracy rate and is
less invasive, has recently become more popular [10-15].
Percutaneous needle biopsy can be performed on an out-
patient basis and usually does not require general anes-
thesia. Its cost and duration are lower compared to open
biopsy, and there is a lower risk of metastasis, infection,
and wound-site complications. In addition, percutaneous
needle biopsy is preferred to other procedures among the
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musculoskeletal system interventional methods, especially
in the presence of deep lesions of the pelvis or vertebrae.

The aim of this study was to determine the diagnostic
accuracy of the CT-guided vertebral lesion biopsy and to
investigate possible factors that may affect its success,
such as age, gender, radiologic appearance, lesion locali-
zation and size, needle type, and needle approach. For this
purpose, we reviewed the results of CT-guided percutane-
ous needle biopsies performed in our interventional radi-
ology unit over a period of six years.

Material and Methods
Patients
The results of 187 percutaneous biopsies of vertebral
lesions performed at Ondokuz Mayis University Faculty
of Medicine, Department of Radiology, between February
2009 and October 2015, were reviewed retrospectively,
along with the patient data. Informed consent about the
procedure was obtained from the patients before the
interventions. The hospital’s ethics committee approved
this retrospective study.

The data included patient demographics, biopsy tech-
nique, imaging technique, lesion histopathology, and
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clinical and radiological follow-up findings. Percutaneous
biopsy pathology results were compared with open biopsy
pathology results for patients who underwent surgery. For
the patients who did not undergo surgery, percutaneous
needle biopsy results were compared with six-month clinical
or radiological follow-up findings and with the final clinical
diagnosis. Seventeen cases that did not meet the six-month
clinical follow-up criteria were excluded. The remaining 170
biopsies (156 patients) were used for statistical analysis.
Eighty-seven of the patients were male, and 69 were female,
with an average age of 56 years (range 886 years).

Procedure

Radiography, CT, MRI, and bone scintigraphy were per-
formed to evaluate the spread of lesions and for a defini-
tive diagnosis. In the presence of multiple lesions, the
most easily accessible biopsy site was chosen. Local anes-
thesia was used for all patients, with a 5-10 cc injection of
prilocaine hydrochloride. For children and older patients
who had difficulty lying on the CT table for reasons such
as pain, sedation was provided.

Each biopsy was performed with either a Jamshidi
needle (Somatex, Berlin, Germany) or a Tru-Cut needle
(Geotek, Ankara, Turkey). The Jamshidi needle, used in
137 biopsies, was preferred in the presence of an intact
cortex, while the Tru-Cut needle, used in 30 biopsies, was
preferred in the presence of a very thin cortex or soft tis-
sue not covered by bone. Fine needle aspiration biopsy
(FNAB) was performed on only three patients. There
were only two cervical-level cases in our patient group,
and since both had posterior lesions, their interventions
required the posterior approach. For the thoracic and
lumbar spine, biopsies were performed in the prone posi-
tion for all other cases.

For each procedure, a scanogram was obtained with CT
(CT Sytec Plus, GE). Next, CT sections were obtained of the
lesion-containing vertebrae. The slice thickness was set at
<5 mm, depending on vertebral level and lesion size. The
most suitable point of entrance was identified on the CT
images and marked on the skin with a pen. Local anesthe-
sia was administered after the intervention area was steri-
lized. The biopsy needle was inserted, and CT images were
repeated at the same level to confirm the correct needle
direction. If the needle was not correctly directed at the
lesion, its angle was adjusted, moving the needle slowly to
prevent false negative results or complications. The biopsy
specimens were sent to the pathology laboratory in gauze
dressings soaked with physiological saline solution when
the sample included bone or in formol-filled tubes when
only soft tissues were obtained.

All of the specimens were checked for sufficiency. The
needle biopsy results for those with sufficient samples
were compared to the corresponding final diagnoses.
Needle biopsies that were compatible with the histopa-
thology results or the final diagnosis after six months
of follow-up (in the open-biopsy cases) were considered
successful. Biopsies incompatible with the final diagnosis
and those deemed insufficient for analysis were consid-
ered unsuccessful. The sufficiency of the material and the
accuracy of the biopsy were assessed with regard to age;
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gender; anatomic level of the lesion (cervical, thoracic,
lumbar, or sacral); lesion size; histopathological results
(primary malignancy, secondary malignancy, or inflamma-
tion/infection); needle type (Jamshidi, cutting needle, or
thin needle); needle diameter (11-, 13-, 14-, or 20-gauge);
radiological appearance of the lesion (lytic, sclerotic, or
mixed); presence or absence of a primary malignancy; and
approach (transcostovertebral, posterior, posterolateral,
or transpedicular). The average length of biopsy samples
obtained with different needles and the average length of
samples from lesions with different radiological appear-
ances were assessed, and the association between sample
size and sufficiency was calculated.

Statistical analysis

Statistical analyses were performed with SPSS version
15.0, and qualitative data were compared with the chi-
square test. Fisher's exact test was used to compare the
biopsy success rate between genders, and ANOVA was
used to determine whether there was an association
between specimen size and the type of needle used or the
radiological appearance of the lesion. A p value of <0.05
was considered statistically significant.

Results

When the results of 170 biopsies performed on 156
patients were analyzed, 152 (89.4%) were found to
involve sufficient specimens. Eighteen biopsies (10.6%)
involved insufficient specimens, and therefore had no
results. These biopsies were included in the unsuccessful
biopsy group.

The accuracy rate of the 152 biopsies with sufficient mate-
rial was 89.5 per cent (136/152). Sixteen biopsies (10.5%)
were not accurate compared to the final diagnosis. The total
success rate of percutaneous vertebral needle biopsies per-
formed with CT guidance was 80 per cent (136/170). When
the results were divided into successful and unsuccessful
groups, no significant differences were found between the
biopsies in terms of age (p = 0.39) or gender (p = 0.43).
No statistically significant difference was found between
the sufficiency of the obtained material and the success of
the biopsy using different needle approaches, or between
biopsy success and lesion size (greatest length measured
at the anteroposterior, craniocaudal, or transverse level) or
sufficiency of the obtained material.

The lesions were grouped according to histopathology
as follows: primary malignant tumors (Figure 1), second-
ary malignant lesions (including metastases) (Figure 2),
non-neoplastic infections with inflammatory changes or
specific/nonspecific infections, and “other”. Biopsies that
showed degenerated bone or cartilage tissue, hypo- or
hypercellular bone marrow, osteoporosis, edema, or no
specific pathology and different reactivity (Figure 3) were
included in the “other” group. The relationship between
histopathological groups, material sufficiency, and biopsy
success is summarized in Table 1. No association was
found between the radiological appearance of lesions and
sufficient biopsy material or biopsy success (p = 0.8). The
rates of sufficiency and success were similar for lytic and
sclerotic lesions. In 16 of the 35 cases (44%) with a history
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Figure 1: Exophytic lesion of the T11 vertebral pedicle in a 76-year-old female. A Jamshidi needle biopsy using a
posterolateral approach was performed. The histopathology showed chondrosarcoma.

Figure 2: Lytic lesion involving the right pedicle of the L3 vertebra in a 73-year-old male. A Tru-Cut biopsy with a
transpedicular approach was performed, and the histopathology showed metastatic carcinoma.

Figure 3: A 78-year-old female with a compression fracture of the T12 vertebra. A biopsy was performed using a trans-
costovertebral approach, and the histopathology showed reactive bone changes from a benign compression fracture.
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Primary Secondary Inflammation/ Other pvalue
malignancy malignancy infection

Sufficiency Sufficient 13 (72%) 26 (83%) 51(92%) 62 (93%) 0.03
Not sufficient 5 (28%) 5(17%) 4 (8%) 4(7%)

Accuracy True 12 (92%) 26 (100%) 48 (94%) 50 (80%) 0.006
False 1(8%) 0 3 (6%) 12 (20%)

Success rate Successful 12 (66%) 6 (83%) 48 (87%) 50 (75%) 0.1
Fail 6 (34%) 5 (17%) 7 (13%) 16 (25%)

Total 18 31 55 66

Table 1: Relationship between Histopathological Groups, Material Sufficiency and Biopsy Success.

of primary malignancy and in 15 of the 135 cases (11%)
with no history of malignancy, the histopathology showed
metastasis. The relationship between the absence of pri-
mary malignancy and histopathological results is summa-
rized in Table 2.

Cutting needles were used in 167 of 170 biopsies. The
Jamshidi needle was used in 137 cases, while the Tru-Cut
needle was used in 30. The needles had similar results in
terms of obtaining sufficient material and resulting in a suc-
cessful biopsy. The most-used needles were 13 gauge (119)
and 14 gauge (25), but no significant difference was found
between wide-scale needles (11 and 13 gauge) and relatively
thin needles (14-20 gauge) in terms of biopsy success (p
= 0.6). In the analysis of biopsies at the thoracic, lumbar,
and sacral levels, very similar rates were found in material
sufficiency. Although biopsy success was higher for lumbar
and sacral vertebral lesions compared to the thoracic level,
this difference was not statistically significant (p = 0.2). The
cervical level was not analyzed because of an insufficient
number of biopsies. No significant difference was found
between the average length of samples obtained with dif-
ferent needle approaches (p = 0.1) (Table 3). No significant
difference was found between the average length of the
samples when the lesions’ radiological appearances were
grouped as lytic, sclerotic, or mixed type with both lytic and
sclerotic areas (p = 0.1) (Table 3).

Discussion

Among the variables that can affect biopsy success (such
as the lesion’s histopathological features), the biopsy suc-
cess rates for primary bone tumors, sclerotic bone lesions,
and cystic bone lesions [17-20] have rarely been reported.
Kattapuram et al., Ward et al., and Fyfe et al. reported that
thick needles led to higher rates of diagnostic accuracy
compared to thin needles [16,21,22]. Compared to the
lumbar area, there is a higher rate of success in the thoracic
area [15,23,24,25]. Brugieres et al. and Lis et al. reported
high rates of success (90% and 100%, respectively) for the
cervical region [25,26]. Kattapuram et al., Kornblum et al.,
and Lis et al. reported high levels of success (86%, 92%,
and 96%, respectively) for the sacral level [15,16,26]. In
contrast, Ozerdemoglu et al. reported a very low success
rate (12%) for the sacral area [27]. In our study and many
others, no relationship was found between biopsy success
and vertebral level. In our vertebrae biopsies, we did not
find a significant difference in success rates with regard

to the aforementioned variables. In contrast to previous
studies, we analyzed the probable relationship between
the radiological appearance of the lesion and the sam-
ple size and did not find any statistically significant dif-
ferences. In our study, no association was found between
needle type and sample size.

One of the factors affecting the accuracy of CT-guided
percutaneous biopsy is the lesion’s histological type.
For instance, the diagnostic accuracy rate for metastatic
lesions has been reported to be higher than for primary
bone tumors [16]. The highest false positive rate has been
reported in benign tumors, inflammatory lesions, and
pseudotumoral lesions, while the accuracy rate for malig-
nant lesions has been reported as high [6]. The accuracy
rates are lower for lesions with fibrotic, collagenous, or
necrotic areas; inflammatory lesions; aneurysmal bone
cysts; and hemangiomas. In infectious lesions (osteomy-
elitis, spondylitis), diagnosis becomes more difficult due
to the nonspecificity of histological features, the inability
to grow bacteria in microbiological cultures, and antibi-
otic treatment in chronic infection cases. In malignancies
such as lymphoma or myeloma, the diagnosis can be dif-
ficult since it depends on immunohistochemical methods.
In our study, the biopsy success rate was low in patients
with a final diagnosis of myeloma. This may be due to
insufficient material obtained during needle biopsy or the
sampling of nondiagnostic tissue.

With regard to the needle approach, a posterolateral
approach should not be the first choice because of the
high risk of complications; however, this approach can
be used in the presence of an intervertebral disc mass
or a wide paravertebral mass. The transcostovertebral
approach is used only in the thoracic area and is preferred
when the posterolateral approach is impossible due to a
long transverse process. The transpedicular technique is
useful [21,28], but it can be difficult to penetrate the cor-
tex [8]. The limitation of this technique is that it is not
able to reach the intervertebral disc. Thus, transforamino-
discal biopsy becomes advantageous in this situation.

Another disadvantage of the transpedicular technique is
the possibility of harm to the medial and inferior walls of
the pedicle as well as injury to the spinal canal structures
or nerve roots. However, we did not encounter this type
of damage. The increased success rates in the sacral area
are due to the greater ease of intervention and the ability
to obtain more samples in the absence of vital structures,
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Primary Secondary Inflammation/ Other pvalue
malignancy malignancy infection
Malignancy Present 0 16 (52%) 6(11%) 13 (20%) <0.001
History Absent 18 (100%) 15 (48%) 49 (89%) 53 (80%)
Total 18 31 55 66

Table 2: Relationship between the Absence of Primary Malignancy and Histopathological Results.

Needle Approach N Sample Length (mm)
Mean =+ Std. Deviation
Transcostovertebral 6 11.3+£6.6
Posterior 20 124+73
Posterolateral 37 109+5.9
Transpedicular 104 9.3+56
Radiological Appearance
Lytic 122 10.2+6.3
Mixed 25 10.3+4.7
Sclerotic 20 93+5.7
Total 167

Table 3: Mean Size of Biopsy Materials with Different Nee-
dle Approaches and Different Radiological Appearances.

such as the spinal cord or major veins (26). Another limita-
tion of the transpedicular approach is the diameter of the
pedicle [29,30]. However, this technique is useful when
the lesion is within or neighboring the pedicle.

Complication rates of 0—26 per cent have been reported
for percutaneous vertebral biopsies [7]. Previous studies
have reported nerve root damage, local infection, pneumo-
thorax, vascular injury, paraspinal hematoma, temporary
paresis, paraplegia, meningitis, and death [7,31,32,33]. No
serious complications were seen in our study; only pain
and minor hemorrhage were observed.

One limitation of our study was the small number of
cases at the cervical level. In addition, this was a retrospec-
tive study, so the data on complications were available
only from the patients’ files.

Conclusion

In conclusion, CT-guided percutaneous needle biopsies
are important and recurrent methods that can be per-
formed under local anesthesia and are less invasive pro-
cesses when compared with open biopsy. In this study, no
difference was found between age, gender, the location of
the lesion, radiological appearance and size, needle type
and approach, and material sufficiency and biopsy suc-
cess. In terms of the histopathology of the lesions, mate-
rial sufficiency and biopsy success were found to be low in
the primary malignancy group. In patients with a history
of malignancy, those with a biopsy result of metastasis
were high in number. No association was found between
the length of the sample taken and needle approach or
the radiological appearance of the lesion. CT-guided per-
cutaneous needle biopsy is a fast, economical, and safe
diagnostic tool with a high success rate and a low risk of

complications. This method should therefore be used for
most cases of vertebral lesions.

Competing Interests
The authors declare that they have no competing interests.

References

1. Mankin, HJ, Mankin, CJ and Simon, MA. The haz-
ards of biopsy, revisited. J Bone joint Surg Am. 1996;
78:656—63. PMID: 8642021.

2. Campanacci, M, Mercuri, M and Gamberini, G.
Biopsy. Chir Organi Mov. 1995; 80: 113-23. PMID:
7587513.

3. Omura, M, Motamedi, K, UyBico, S, Nelson, SD and
Seeger, LL. Revisiting CT-guided percutaneous core
needle biopsy of musculoskeletal lesions: contribu-
tors to biopsy success. AJR Am J Roentgenol. 2011; 197:
457-61. DOL: http://dx.doi.org/10.2214/AJR.10.6145

4, Den-Heeten, GJ, Oldhoff, J, Oosterhuis,
JW, Schraffordt, KH and Koops, H. Biopsy of
bone tumours. J. Surg. Oncol 1985; 28: 247-51.
PMID: 3982035. DOI: http://dx.doi.org/10.1002/
j50.2930280402

5. Yao, L, Nelson, SD, Seeger, LL, Eckardt, JJ and
Eilber, FR. Primary musculoskeletal neoplasms:
effectiveness of core-needle biopsy. Radiology. 1999;
212: 682-86. PMID: 10478232. DOI: http://dx.doi.
org/10.1148/radiology.212.3.r99se 19682

6. Imondi, E, Staals, EL and Errani, C. Percutaneous
CT-guided biopsy of the spine: results of 430 biop-
sies. Eur Spine J. 2008; 17: 975-81. PMID: 10478232.
DOI: http://dx.doi.org/10.1007 /s00586-008-0678-x

7. Sucu, HK, Cicek, C, Rezanko, T, et al. Percutaneous
computed-tomography-guided biopsy of the spine:
229 procedures. Joint Bone Spine. 2006; 73: 532-37.
PMID: 16677838. DOL: http://dx.doi.org/10.1016/].
jbspin.2006.01.013

8. Aribas, BK, Dingil, G, Dogan, K, Sahin, G, Pak, I
and Ardic, E Factors in sample volume and quality
of CT-guided vertebral biopsy: location and needle
trajectory. Turk Neurosurg. 2010; 20: 21-26.

9. Shin, HJ, Amaral, JG and Armstrong, D. Image-
guided percutaneous biopsy of musculoskeletal
lesions in children. Pediatr Radiol. 2007; 37: 362-69.
PMID:17340168. DOI: http://dx.doi.org/10.1007/
s00247-007-0421-5

10. Hryhorczuk, AL, Strouse, PJ and Biermann, JS.
Accuracy of CT-guided percutaneous core needle
biopsy for assessment of pediatric musculoskel-
etal lesions. Pediatr Radiol. 2011; 41: 848-57. DOL:
http://dx.doi.org/10.1007/s00247-010-1970-6


http://dx.doi.org/10.2214/AJR.10.6145
http://dx.doi.org/10.1002/jso.2930280402
http://dx.doi.org/10.1002/jso.2930280402
http://dx.doi.org/10.1148/radiology.212.3.r99se19682
http://dx.doi.org/10.1148/radiology.212.3.r99se19682
http://dx.doi.org/10.1007/s00586-008-0678-x
http://dx.doi.org/10.1016/j.jbspin.2006.01.013
http://dx.doi.org/10.1016/j.jbspin.2006.01.013
http://dx.doi.org/10.1007/s00247-007-0421-5
http://dx.doi.org/10.1007/s00247-007-0421-5
http://dx.doi.org/10.1007/s00247-010-1970-6

Art.62, page6 of 7

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ayala, AG, Ro, JY, Fanning, CV, Flores, JP and
Yasko, AW. Core needle biopsy and fine needle
aspiration in the diagnosis of bone and soft tissue
lesions. Hematol Oncol Clin North Am. 1995; 9: 633~
51. PMID:7649946.

Costa, MJ, Campman, SC, Davis, RL and Howell,
LP. Fine needle aspiration cytology of sarcoma: ret-
rospective review of diagnostic utility and specificity.
Diagn Cytopathol. 1996; 15: 23—32. PMID:8807248.
DOL: http://dx.doi.org/10.1002/(SICI)1097-
0339(199607)15:1<23::AID-DC6>3.0.CO;2-R
Layfield, LF, Anders, KH, Glasgow, BJ and Mirra,
JM. Fine needle aspiration of primary soft tissue
lesion. Arch Pathol Lab Med. 1986; 110: 420-24.
PMID: 3754426.

Hau, MA, Kim, JI, Kattapuram, S, et al. Accuracy
of CT-guided biopsies in 359 patients with musculo-
skeletal lesions. Skeletal Radiol. 2002; 31: 349-53.
PMID: 12073119. DOI: http://dx.doi.org/10.1007/
$00256-002-0474-3

Kornblum, MB, Wesolowski, DP and Fischgrund
Herkowitz, HN. Computed tomography-guided
biopsy of the spine: a review of 103 patients. Spine.
1998; 23: 81-85. PMID: 9460157. DOIL: http://
dx.doi.org/10.1097,/00007632-199801010-00018
Kattapuram, SV, Khurana, JS and Rosenthal,
DI. Percutaneous needle biopsy of the spine. Spine.
1992; 17: 561-64. PMID: 1621156. DOI: http://
dx.doi.org/10.1097,/00007632-199205000-00014
Tsukushi, S, Nishida, Y, Yamada, Y, Yoshida, M
and Ishiguro, N. CT-guided needle biopsy for mus-
culoskeletal lesions. Arch Orthop Trauma Surg. 2009;
130: 699-703. DOI: http://dx.doi.org/10.1007/
s00402-009-1030-6

Wu, JS, Goldsmith, JD, Horwich, PJ, Shetty, SK
and Hochman, MG. Bone and soft-tissue lesions:
what factors affect diagnostic yield of image-
guided core needle biopsy? Radiology. 2008;
248: 962-70. DOI: http://dx.doi.org/10.1148/
radiol.2483071742

Ayala, AG and Zornosa, J. Primary bone tumors:
percutaneous needle biopsy-radiologic-pathologic
study of 222 biopsies. Radiology. 1983; 149: 675-79.
PMID: 6580673. DOI: http://dx.doi.org/10.1148/
radiology.149.3.6580673

20. Jelinek, JS, Murphey, MD and Welker, JA.

21.

Diagnosis of primary bone tumors with image-
guided percutaneous biopsy: experience with
110 tumors. Radiology. 2002; 223: 731-37. PMID:
12034942. DOI:  http://dx.doi.org/10.1148/
radiol.2233011050

Ward, JC, Jeanneret, B, Oehlschlegel, C and
Magerl, F. The value of percutaneous transpedicu-
lar vertebral bone biopsies for histologic examina-
tion: results of an experimental histopathologic

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Gul et al: Accuracy of Percutaneous CT-Guided Spine Biopsy and Determinants of Biopsy Success

study comparing two biopsy needles. Spine. 1996;
21: 2484. PMID: 8923636. DOI: http://dx.doi.
org/10.1097,/00007632-199611010-00015

Fyfe, IS, Henry, AP and Mulholl, RC. Closed ver-
tebral biopsy. J Bone Joint Surg Br. 1983; 65: 140.
PMID: 6826616.

Stoker, DJ and Kissin, CM. Percutaneous ver-
tebral biopsy: a review of 135 cases. Clin. Radiol.
1985; 36: 569. PMID: 4064541. DOI: http://dx.doi.
org/10.1016/S0009-9260(85)80235-X

Ghelman, B, Lospinuso, MF, Levine, DB, O’Leary, PF
and Burke, SW. Percutaneous computed-tomography-
guided biopsy of the thoracic and lumbar spine. Spine.
1991; 16: 736. PMID: 1925747. DOI: http://dx.doi.
org/10.1097/00007632-199107000-00008
Brugieres, P, Revel, MP, Dumas, JL, Heran, F,
Voisin, MC and Gaston, A. CT-guided vertebral
biopsy: a report of 89 cases. / Neuroradiol. 1991; 18:
351. PMID: 1804938.

Lis, E, Bilsky, MH, Pisinski, L, et al. Percutaneous
CT-guided biopsy of osseous lesion of the spine in
patients with known or suspected malignancy. Am J
Neuroradiol. 2004; 25: 1583-88. PMID: 15502142.
Ozerdemoglu, RA, Thompson, RC, Transfeldt, EE
and Cheng, EY. Diagnostic value of open and nee-
dle biopsies in tumors of the sacrum. Spine. 2003;
28: 909. PMID: 12942007. DOI: http://dx.doi.
org/10.1097/01.BRS.0000058722.83777.1A
Renfrew, DL, Whitten, CG, Wiese, JA, el-Khoury,
GY and Harris, KG. CT-guided percutaneous trans-
pedicular biopsy of the spine. Radiology. 1991,
180: 574. PMID: 2068332. DOI: http://dx.doi.
org/10.1148/radiology.180.2.2068332

Misenhimer, GR, Peek, RD, Wiltse, LL, Rothman, SL
and Widell, EH. Anatomic analysis of pedicle cortical
and cancellous diameter as related to screw size. Spine.
1989; 14: 367. PMID: 2718038. DOI: http://dx.doi.
org/10.1097,/00007632-198904000-00004
Zindrick, MR, Wiltse, LL, Doornik, A, Widell, EH,
Knight, GW and Patwardhan, AG. Analysis of the
morphometric characteristics of the thoracic and
lumbar pedicles. Spine. 1987; 12: 160. DOI: http://
dx.doi.org/10.1097,/00007632-198703000-00012
Bender, CE, Berquist, TH and Wold, LE. Imaging-
assisted percutaneous biopsy of the thoracic spine.
Mayo ClinProc. 1986;61:942—50.PMID: 3589807.DOI:
http://dx.doi.org/10.1016/S0025-6196(12)62633-0
Garces, ] and Hidalgo, G. Lateral access for CT-guided
percutaneous biopsy of the lumbar spine. AJR Am J
Roentgenol. 2000; 174: 425-26. PMID: 10658719.
DOI: http://dx.doi.org/10.2214/ajr.174.2.1740425
Laredo JD and Bard M. Thoracic spine: percutane-
ous trephine biopsy. Radiology. 1986; 160: 485-89.
PMID: 3726131. DOI: http://dx.doi.org/10.1148/
radiology.160.2.3726131


http://dx.doi.org/10.1002/(SICI)1097-0339(199607)15:1<23::AID-DC6>3.0.CO;2-R
http://dx.doi.org/10.1002/(SICI)1097-0339(199607)15:1<23::AID-DC6>3.0.CO;2-R
http://dx.doi.org/10.1007/s00256-002-0474-3
http://dx.doi.org/10.1007/s00256-002-0474-3
http://dx.doi.org/10.1097/00007632-199801010-00018
http://dx.doi.org/10.1097/00007632-199801010-00018
http://dx.doi.org/10.1097/00007632-199205000-00014
http://dx.doi.org/10.1097/00007632-199205000-00014
http://dx.doi.org/10.1007/s00402-009-1030-6
http://dx.doi.org/10.1007/s00402-009-1030-6
http://dx.doi.org/10.1148/radiol.2483071742
http://dx.doi.org/10.1148/radiol.2483071742
http://dx.doi.org/10.1148/radiology.149.3.6580673
http://dx.doi.org/10.1148/radiology.149.3.6580673
http://dx.doi.org/10.1148/radiol.2233011050
http://dx.doi.org/10.1148/radiol.2233011050
http://dx.doi.org/10.1097/00007632-199611010-00015
http://dx.doi.org/10.1097/00007632-199611010-00015
http://dx.doi.org/10.1016/S0009-9260(85)80235-X
http://dx.doi.org/10.1016/S0009-9260(85)80235-X
http://dx.doi.org/10.1097/00007632-199107000-00008
http://dx.doi.org/10.1097/00007632-199107000-00008
http://dx.doi.org/10.1097/01.BRS.0000058722.83777.1A
http://dx.doi.org/10.1097/01.BRS.0000058722.83777.1A
http://dx.doi.org/10.1148/radiology.180.2.2068332
http://dx.doi.org/10.1148/radiology.180.2.2068332
http://dx.doi.org/10.1097/00007632-198904000-00004
http://dx.doi.org/10.1097/00007632-198904000-00004
http://dx.doi.org/10.1097/00007632-198703000-00012
http://dx.doi.org/10.1097/00007632-198703000-00012
http://dx.doi.org/10.1016/S0025-6196(12)62633-0
http://dx.doi.org/10.2214/ajr.174.2.1740425
http://dx.doi.org/10.1148/radiology.160.2.3726131
http://dx.doi.org/10.1148/radiology.160.2.3726131

Gul et al: Accuracy of Percutaneous CT-Guided Spine Biopsy and Determinants of Biopsy Success Art.62, page7 of 7

How to cite this article: Gul, S B, Polat, A V, Bekci, T and Selcuk, M B 2016 Accuracy of Percutaneous CT-Guided Spine Biopsy
and Determinants of Biopsy Success. Journal of the Belgian Society of Radiology, 100(1): 62, pp.1-7, DOI: http://dx.doi.
org/10.5334/jbr-btr.985

Published: 31 May 2016

Copyright: © 2016 The Author(s). This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

]11[ Jouma/ of the Be/g/an Society of Radiology is a peer-reviewed open access journal OPEN ACCESS a
published by Ubiquity Press.


http://dx.doi.org/10.5334/jbr-btr.985
http://dx.doi.org/10.5334/jbr-btr.985
http://creativecommons.org/licenses/by/4.0/

