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erventions or implants have been tested on ex vivo or
in vivo porcine spines, as they are readily available and have been accepted as a comparable model to hu-
man cadaver spines. Imaging-guided interventional procedures of the spine are mostly based on fluoro-
scopy or, still, on multidetector computed tomography (MDCT). Cone-beam computed tomography
(CBCT) andmagnetic resonance imaging (MRI) are also availablemethods to guide interventional proce-
dures. Although some MDCT data from porcine spines are available in the literature, validation of the
measurements on CBCTand MRI is lacking.
PURPOSE: To describe and compare the anatomical measurements accomplished with MDCT,
CBCT, and MRI of lumbar porcine spines to determine if CBCT and MRI are also useful methods
for experimental studies.
STUDY DESIGN: An experimental descriptive-comparative study.
METHODS: Sixteen anatomical measurements of an individual vertebra from six lumbar porcine
spines (n536 vertebrae) were compared with their MDCT, CBCT, and MRI equivalents. Compar-
isons were made for the absolute values of the parameters.
RESULTS: Similarities were found in all imaging methods. Significant correlation (p!.05) was
observed with all variables except those that included cartilaginous tissue from the end plates when
the anatomical study was compared with the imaging methods.
CONCLUSIONS: The CBCT and MRI provided imaging measurements of the lumbar porcine
spines that were similar to the anatomical and MDCT data, and they can be useful for specific
experimental research studies. � 2015 Elsevier Inc. All rights reserved.
Keywords: Anatomy; Porcine; Lumbar spine; Cone-beam computed tomography; Multidetector computed tomography;
Magnetic resonance imaging
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Introduction MRI is lacking. The aim of this descriptive study was to com-
Experiments in animals have been performed as a model
to preclinical essays to test the safety of new techniques or
devices in surgical or interventional image-guided methods
before they are carried out in humans. The more appropri-
ate models comparable with human spine samples are ob-
tained from porcine or canine spines [1]. Porcine spines
are easily available, and spinal interventions or implants
have been tested on ex vivo or in vivo swine models [2–4].

A database of anatomical measurements of porcine
spines is important to provide anatomical references when
developing such implants or techniques. Comparisons
among porcine spine anatomy and other animal models or
between human and swine spines have been previously de-
scribed [5–7].

Interventional procedures of the spine are mostly guided
by fluoroscopy in clinical practice. Moreover, these proce-
dures can also be carried out with multidetector computed
tomography (MDCT), particularly when high precision is
crucial for more difficult or complex cases [8]. Cone-
beam computed tomography (CBCT) and magnetic
resonance imaging (MRI) are also available to guide inter-
ventional spine procedures [9,10]. In the experimental spi-
nal research field, high precision images may also be
essential in the development and evaluation of new techni-
ques or devices, such as disc punctures, lumbar interbody
fusion, or tumor ablation [11–15].

Although some MDCT data from porcine spines are de-
scribed in the literature [5], its comparison with CBCT or
Fig. 1. Sagittal views from lumbar porcine spine imaging: (Left) multidetector

(Right) T1-weighted magnetic resonance imaging. Lumbar vertebral levels we

dissected for anatomical study.
pare the anatomical and MDCT dimensions of the individual
vertebrae from six lumbar porcine spines with their CBCT
and MRI measurements to determine if the last two methods
are also useful in porcine spine experimental studies.
Materials and methods

This work was approved by our institutional Animal Use
and Care Committee (registry number: 239/11). Six fresh
skeletally immature spines from healthy 3- to 4-month-old
farm bred domestic Landrace pigs (Sus scrofa domesticus)
with averageweight of 35 kg (range 32–38 kg) were obtained
from cadavers. These swines were euthanized after abdomi-
nal surgery at the Experimental Surgery Laboratory of our
institution, following the ethics and management welfare
criteria applied to the experimental animals [16].

All spines were dissected fromL1–L6 and only paraverte-
bral musculature was initially removed. The specimens were
then kept in formalin and imaging was obtained (Fig. 1).

Multidetector computed tomography scans (GE Dual
Energy 64-slices Discovery CT; GE Healthcare, Waukesha,
WI, USA) were obtained with a slice thickness (ST) of
0.625 mm and a reformatted resolution of 0.3560.05 mm
protocol.

Cone-beam computed tomography scans (GE Innova
4100; GE Healthcare, Inc., Waukesha, WI, USA) were
performed with the following protocol: fluoroscopy frame
rate: 30 images/s; filter: 0.2 mmCU; 87 kV; and 0.5 mA.
computed tomography, (Middle) cone-beam computed tomography, and

re indicated from L1–L6. After imaging acquisition, the vertebrae were



Table 1

Measured parameters and abbreviations of the porcine vertebrae

Parameter Abbreviation

Anterior vertebral body height AVBh

Central vertebral body height CVBh

Posterior vertebral body height PVBh

Upper end plate width UEw

Upper end plate depth UEd

Lower end plate width Lew

Lower end plate depth Led

Vertebral disc height VDh

Spinal canal width SCw

Spinal canal depth SCd

Transverse process length TPl

Spinous process length SPl

Averaged pedicle width Pw (RþL/2)

Averaged pedicle height Ph (RþL/2)

R, right; L, left.

Fig. 2. Anatomical parameters: (A) anterior, (B) central, and (C) posterior

vertebral body height; (D) upper and lower end plate width; (E) upper and

lower end plate depth; (F) vertebral disc height*; (G) spinal canal width;

(H) spinal canal depth; (I) transverse process length; (J) spinous process

length; (K) averaged pedicle width; (L) averaged pedicle height. *Meas-

ured only on imaging examinations.
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Three-dimensional (3D) computed tomography (CT) was
acquired with a rotation speed of 20�/s; source-to-image
receptor distance: 1,195 mm; 0.3 mmCU; 85 kV; 62.8 mA;
and 7 milliseconds.

Magnetic resonance imaging was obtained from a 1.5
Tesla Phillips Gyroscan S15/HP ACSII (Phillips Medical
Systems, Best, The Netherlands). T1- and T2-weighed
spin-echo sequences were obtained as follows: axial series
with echo number (EN): 1; slice factor (SF): 1; slice number
(SN): 16 to 18; ST: 5mm; number of signals averaged (NSA):
8; field of view (FOV): 10 cm; time of repetition (TR): 34 and
3,199 milliseconds; time of echo (TE): 21 and 178 millisec-
onds (T1 and T2, respectively); sagittal series with EN: 1; SF:
1; SN: 18; thickness: 4 mm; NSA: 8; FOV: 20 cm; TR: 535
and 1,665 milliseconds; TE: 12 and 120 milliseconds (T1
and T2, respectively); coronal views with EN: 1; SF: 1; SN:
8; thickness: 5 mm; NSA: 8; FOV: 20 cm; TR: 450 and
1,665 milliseconds (T1 and T2, respectively); TE: 19 and
120 milliseconds (T1 and T2, respectively).

Two experienced radiologists (RMCF and CSA) meas-
ured independently 16 anatomical dimensions (Table 1,
Fig. 2) per vertebra from the two-dimensional views with a
multiplanar viewer. The measurements from MRI were ob-
tained with the scanner interface—Phillips Dicom Viewer;
Phillips Medical Systems, The Netherlands. Measurements
from the MDCTwere acquired with the same software inter-
face used for MRI. On the other hand, CBCT measurements
were made with its own interface (Innova 3DXR 1.0; GE
Healthcare, Inc., USA). Multiplanar reconstructions from
3D datasets (MDCT and CBCT) were used to select the op-
timum measurement planes according to the specific meas-
urements. The pedicle width and height were averaged
from the left and right pedicle measurements.

After imaging acquisition, spinal segments were prepared
for dissection with the help of a pressure cooker for 30
minutes. The vertebrae were then harvested with sharp dis-
section. Fifteen anatomical parameters (Table 1, Fig. 2) from
each vertebra were recorded by three independent observers
(RMCF, AFK, RHC) with the aid of a digital vernier caliper
(Mitutoyo CD-6 CSX; Tokyo, Japan; accuracy 60.02 mm).
Eachmeasurement was recorded three times by each observ-
er in the anatomical study (AS).

The mean, standard deviation (SD), and 95% confidence
interval were computed using Microsoft Excel (Excel 2010,
Microsoft Corporation, Redmont, WA, USA). An average
of the readings by all the observers per parameter was sub-
sequently calculated. The interclass correlation coefficient,
the intraobserver agreement, and the Spearman correlation
tests of the MDCT, CBCT, MRI, and anatomical dimen-
sions were calculated. A multivariable analysis was per-
formed to confirm if data from all readers could be
combined. Bland-Altman analyses were also performed
for each parameter, technique, reader, and animal. As a
large amount of results were generated, the coefficient of
variation was then applied for each technique to estimate
the variation of measurements in relation to the mean and
to the maximum values of the SDs. All tests were per-
formed by a statistical expert with the software SPSS
(Statistical Package for the Social Sciences, version 17.0
Release 17.0.1, IBM Corporation, Armonk, NY, USA).



Table 2

Descriptive statistics of anatomical and imaging measurements of porcine spine

Parameters Modality N Mean (mm) SD (mm) Parameter Modality N Mean (mm) SD (mm)

AVBh AS 36 19.24 1.16 VDh AS — — —

CBCT 36 20.71 1.21 CBCT 36 2.91 0.46

MRI 36 19.91 1.14 MRI 36 3.65 0.42

MDCT 36 20.83 1.19 MDCT 36 3.24 0.52

CVBh AS 36 17.16 1.17 SCw AS 36 14.13 2.29

CBCT 36 19.46 1.21 CBCT 36 13.47 2.31

MRI 36 17.57 1.06 MRI 36 15.28 2.56

MDCT 36 19.10 1.19 MDCT 36 14.47 2.45

PVBh AS 36 19.38 1.43 SCd AS 36 8.68 0.69

CBCT 36 20.31 1.33 CBCT 36 8.64 0.76

MRI 36 20.68 1.72 MRI 36 10.19 1.29

MDCT 36 20.98 1.38 MDCT 36 8.83 0.61

UEw AS 36 23.06 1.72 TPl AS 36 61.49 8.02

CBCT 36 24.28 2.02 CBCT 36 68.01 8.28

MRI 36 26.43* 2.32 MRI 36 66.15 11.06

MDCT 36 24.25* 1.81 MDCT 36 66.93 7.85

UEd AS 36 12.21 0.90 SPl AS 36 11.33 2.05

CBCT 36 12.87 0.82 CBCT 36 13.81 2.26

MRI 36 15.44 1.48 MRI 36 13.49 2.26

MDCT 36 12.90 0.81 MDCT 36 13.34 2.26

LEw AS 36 23.71 1.60 Pw AS 36 11.13 1.18

CBCT 36 24.85 1.97 CBCT 36 11.44 1.23

MRI 35 26.64* 2.46 MRI 36 10.55 1.20

MDCT 36 25.02 1.70 MDCT 36 10.27 1.23

LEd AS 36 11.87 0.71 Ph AS 36 7.82 0.52

CBCT 36 12.65 0.69 CBCT 36 8.53 0.51

MRI 36 14.53 1.07 MRI 36 7.37 0.68

MDCT 36 12.02 0.83 MDCT 36 7.72 0.56

SD, standard deviation; AVBh, anterior vertebral body height; PVBh, posterior vertebral body height; CVBh, central vertebral body height; UEw, upper

end plate width; UEd, upper end plate depth; LEw, lower end plate width; LEd, lower end plate depth; VDh, vertebral disc height; SCw, spinal canal width;

SCd, spinal canal depth; TPl, transverse process length; SPl, spinous process length; Pw, averaged pedicle width; Ph, averaged pedicle height; AS, anatomical

study; CBCT, cone-beam computed tomography; MRI, magnetic resonance imaging; MDCT, multidetector computed tomography.

* Significant p values were found when compared with AS.
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Results

This study generated 8,316 entries (AS54,860 entries;
CBCT, MDCT, and MRI51,152 entries each). The anatomi-
cal dimensions and imaging data were summarized in
Table 2. The intraclass correlations of each parameter and
method were summarized in Table 3. The interclass correla-
tions between the AS and MDCT, CBCT, or MRI data were
evaluatedwith the Spearman correlation coefficient (Table 4).

There was significant positive correlation (p!.05) for
the anatomical dimensions of the spinal canal width and
depth, transverse process length, and spinous process length
among all imaging methods and for the anatomical dimen-
sions of the averaged pedicle width and height among
CBCT and MDCT imaging. No statistic correlation was ob-
served between the AS and the imaging data for the follow-
ing parameters encompassing the end plates: anterior
vertebral body height, central vertebral body height, poste-
rior vertebral body height, upper end plate width, upper end
plate depth, lower end plate width, lower end plate depth,
and the averaged pedicle width and height measured at
MRI series.

The multivariable analysis showed a significant effect of
the reader in only one parameter (anterior vertebral body
height, at CBCT imaging), taking into account the mean
of each technique as the dependent variable and the reader
as the independent variable. In all the other 51 analyses (13
parameters vs. 4 techniques), no significant differences
were observed between the readers. The Pearson correla-
tion coefficient of the pooled data also detected a positive
significant correlation among the imaging techniques and
the AS in most of the parameters evaluated.

Bland-Altman analyses indicated that the mean and SD of
the coefficient of variation among all the parameters and ver-
tebraewere about 762mm.The average differences between
the readers were approximately 0.05 mm, whereas the high-
est SD evaluated was 5 mm (MRI technique). The most pre-
cise techniquewas the AS, with an average difference of 0.05
mm and a mean SD of 0.151 mm (Table 5).
Discussion

The three imaging modalities evaluated (CBCT, MDCT,
and MRI) in this study showed good correlation with each
other as demonstrated with the Spearman correlation
coefficients (r), and also when compared with the AS di-
mensions (Table 4). The Bland-Altman limits of agreement



Table 3

Intraclass correlation of parameters obtained from imaging data (MDCT, CBCT, and MRI) and AS

Parameter CBCT 95% CI MRI 95% CI MDCT 95% CI AS 95% CI

AVBh 0.902 0.817–0.949 0.754 0.568–0.866 0.949 0.903–0.974 0.993 0.987–0.996

CVBh 0.934 0.875–0.966 0.899 0.811–0.947 0.876 0.770–0.935 0.997 0.993–0.998

PVBh 0.943 0.892–0.971 0.966 0.934–0.982 0.974 0.950–0.987 0.991 0.983–0.996

UEw 0.929 0.866–0.963 0.920 0.849–0.959 0.967 0.937–0.983 0.998 0.996–0.999

UEd 0.896 0.805–0.945 0.981 0.963–0.990 0.887 0.789–0.941 0.986 0.973–0.993

LEw 0.917 0.843–0.957 0.930 0.866–0.964 0.967 0.936–0.983 0.996 0.992–0.998

LEd 0.872 0.764–0.933 0.914 0.838–0.955 0.853 0.730–0.922 0.978 0.958–0.989

VDh 0.857 0.738–0.925 0.952 0.907–0.975 0.882 0.781–0.938 — —

SCw 0.985 0.970–0.992 0.989 0.979–0.995 0.979 0.959–0.989 0.999 0.999–1.000

SCd 0.836 0.701–0.913 0.945 0.894–0.971 0.861 0.744–0.926 0.979 0.959–0.989

TPl 0.995 0.989–0.997 0.969 0.940–0.984 0.995 0.989–0.997 1.000 0.999–1.000

SPl 0.976 0.954–0.988 0.995 0.991–0.998 0.978 0.957–0.989 0.993 0.987–0.997

Pw 0.915 0.840–0.956 0.951 0.906–0.975 0.930 0.868–0.964 0.995 0.991–0.998

Ph 0.858 0.740–0.925 0.854 0.733–0.923 0.908 0.828–0.952 0.955 0.914–0.977

CI, confidence interval; AVBh, anterior vertebral body height; PVBh, posterior vertebral body height; CVBh, central vertebral body height; UEw, upper

end plate width; UEd, upper end plate depth; LEw, lower end plate width; LEd, lower end plate depth; VDh, vertebral disc height; SCw, spinal canal width;

SCd, spinal canal depth; TPl, transverse process length; SPl, spinous process length; Pw, averaged pedicle width; Ph, averaged pedicle height; AS, anatomical

study; CBCT, cone-beam computed tomography; MRI, magnetic resonance imaging; MDCT, multidetector computed tomography.
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analyses revealed little difference between readers
(Table 5), whereas multivariate analyses indicated that data
from all readers could be combined. The differences ob-
served when AS data were matched to the imaging data
measurements could be attributed to the presence of the
cartilaginous tissue of the growth end plates. As this study
was carried out in young porcine spines, the end plates
were not mature. A considerable amount of cartilaginous
tissue was included in the imaging measurements, because
it was collected before harvesting the vertebrae from soft
tissue. On the other hand, the AS was performed after har-
vesting the vertebrae. This fact could easily explain the
lower mean values measured with the digital caliper at
the AS when compared with the measurements of the imag-
ing data (CBCT, MDCT, and MRI).

Dath et al. (2007) [6] performed an anatomical compar-
ison between the porcine lumbar spine and the human
spine. They evaluated porcine spines obtained from animals
aged 18 to 24 months old and weighing 60 to 80 kg as they
considered that the porcine spines at that age could be bet-
ter comparable with human adult spines. In contrast, our
study was carried out in a younger skeletally immature
sample of animals. In fact, the epiphyses of the long bones
are not completely closed in domestic swine until approxi-
mately 3.5 years [17]. Differences in bone composition or
in biomechanical properties related to age (young�adult
swine) were not the scope of this study.

Anatomical structures of young individuals such as the
growth end plates must be taken into account when per-
forming spinal research in younger pigs. For example,
when the experimental work includes spine fusion, some
pig species, such as the G€ottingen minipig, are better suit-
able as their growth plate closure usually happens before 2
years [17]. Instead, if the experiment results are not influ-
enced by the presence or absence of the growth end plates,
it may be economically advantageous to include young an-
imals in a protocol of experimental research.

Busscher et al. (2010) [5] compared MDCT data from
young porcine spines (4 months old) and older human
spines (55 to 84 years old), and they also observed good
agreement of the intra- and interclass correlations. The pa-
rameters were assessed only with MDCT, which has the
highest level of resolution as an imaging method to depict
cortical bone structures when compared with CBCT or
MRI. In our study, we included the CBCT and MRI data
to compare with MDCT and the AS, adding some valuable
information regarding the usefulness of the former two
imaging methods. Our MRI data were acquired after em-
balming the spines in formalin. The degradation effect of
the formalin fixation on the MRIs did not significantly af-
fect the interpretation of gross anatomical musculoskeletal
structures, including bone and cartilage [18,19].

Pedicle height and width reached no statistic correla-
tion in MRI measurements and the AS. To explain this
difference, we hypothesized that when these two small
parameters were measured at coronal views of MDCT
or CBCT reformatted images at the workstations, the
cortical bone was taken into account, but the same struc-
ture could not be easily depicted in MRI in comparison
with the other two imaging methods. Probably, the corti-
cal bone was not completely included in the MRI meas-
urements. Moreover, the MRI series were not
volumetric, and so slight distortions related to positioning
of the specimens in the scanner could not be corrected, as
opposed to MDCT or CBCT.

Although CBCT has been developed in the last 20 years,
it has just recently been incorporated in the interventional
radiology practice [9,20]. It uses state-of-the-art C-arm
flat-panel fluoroscopy systems to generate X-ray images
and acquire and display 3D images. The flat-panel offers



Table 4

ICC between measured parameters and imaging data (CBCT, MDCT, and MRI), and Spearman correlation coefficients (r) among the average values from the

imaging data (MDCT, CBCT, and MRI) and the AS

Parameter Procedure ICC

95% CI Spearman correlation test

LL SL CBCT MRI MDCT

AVBh CBCT �1.285 �3.452 �0.169 R �0.211 �0.167 �0.188

MRI �0.391 �1.709 0.289 p .217 .331 .273

MDCT �1.573 �4.013 �0.316 N 36 36 36

Global 0.466 0.113 0.702

CVBh CBCT �1.795 �4.445 �0.430 R �0.026 �0.082 �0.056

MRI �0.212 �1.362 0.380 p .880 .634 .747

MDCT �1.330 �3.540 �0.192 N 36 36 36

Global 0.347 �0.085 0.636

PVBh CBCT 0.089 �0.775 0.534 R 0.168 0.152 0.122

MRI 0.079 �0.794 0.529 p .326 .376 .480

MDCT �0.496 �1.916 0.235 N 36 36 36

Global 0.705 0.509 0.835

UEw CBCT 0.188 �0.582 0.585 R 0.269 0.430 0.332

MRI �0.355 �1.641 0.307 p .113 .009 .048

MDCT 0.264 �0.435 0.623 N 36 36 36

Global 0.669 0.450 0.815

UEd CBCT �0.116 �1.175 0.429 R 0.050 0.145 0.156

MRI �3.014 �6.821 �1.053 p .770 .399 .364

MDCT 0.027 �0.896 0.502 N 36 36 36

Global �0.292 �1.147 0.280

LEw CBCT 0.201 �0.557 0.591 R 0.200 0.384 0.306

MRI �0.208 �1.377 0.388 p .242 .023 .069

MDCT 0.276 �0.411 0.629 N 36 35 36

Global 0.594 0.320 0.776

LEd CBCT �0.337 �1.605 0.316 R 0.041 �0.123 0.156

MRI �4.082 �8.902 �1.600 p .810 .477 .363

MDCT 0.339 �0.288 0.662 N 36 36 36

Global �0.868 �2.105 �0.042

SCw CBCT 0.840 0.689 0.918 R 0.739 0.836 0.789

MRI 0.837 0.683 0.917 p !.001 !.001 !.001

MDCT 0.881 0.767 0.939 N 36 36 36

Global 0.940 0.901 0.967

SCd CBCT 0.758 0.529 0.876 R 0.502 0.578 0.640

MRI �0.129 �1.200 0.422 p .002 !.001 !.001

MDCT 0.849 0.706 0.923 N 36 36 36

Global 0.517 0.198 0.731

TPl CBCT 0.683 0.382 0.838 R 0.745 0.646 0.749

MRI 0.700 0.416 0.847 p !.001 !.001 !.001

MDCT 0.738 0.490 0.866 N 36 36 36

Global 0.891 0.819 0.939

SPl CBCT 0.587 0.196 0.789 R 0.867 0.757 0.893

MRI 0.578 0.178 0.784 p !.001 !.001 !.001

MDCT 0.723 0.460 0.858 N 36 36 36

Global 0.895 0.825 0.941

Ph CBCT 0.812 0.633 0.904 R 0.701 0.329 0.565

MRI 0.513 0.051 0.751 p !.001 0.050 !.001

MDCT 0.692 0.399 0.842 N 36 36 36

Global 0.741 0.569 0.855

Pw CBCT �0.151 �1.243 0.411 R 0.431 0.319 0.729

MRI 0.087 �0.779 0.533 p .009 0.058 !.001

MDCT 0.757 0.527 0.876 N 36 36 36

Global 0.534 0.226 0.740

ICC, interclass correlation; AS, anatomical study; CBCT, cone-beam computed tomography; MRI, magnetic resonance imaging; MDCT, multidetector

computed tomography; LL, lower limit; SL, superior limit; CI, confidence interval; AVBh, anterior vertebral body height; PVBh, posterior vertebral body

height; CVBh, central vertebral body height; UEw, upper end plate width; UEd, upper end plate depth; LEw, lower end plate width; LEd, lower end plate

depth; SCw, spinal canal width; SCd, spinal canal depth; TPl, transverse process length; SPl, spinous process length; Pw, averaged pedicle width; Ph, aver-

aged pedicle height.

Note: Significant p values are printed in bold type.
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Table 5

CV from Bland-Altman limits of agreement analysis, applied for each

technique, and the variation of measurements in relation to the mean and

maximum values of the SDs

Technique

CV Differences between readers

Mean SD Mean SD (mean) SD (max)

CBCT 7.31 1.67 0.10 0.416 1.256

MDCT 7.69 2.66 0.03 0.405 1.054

MRI 8.81 2.16 0.10 0.517 5.184

AS 6.45 0.75 0.05 0.151 0.327

CV, coefficient of variation (millimeter); SD, standard deviation; SD

(max), maximum values of SD; AS, anatomical study; CBCT, cone-

beam computed tomography; MRI, magnetic resonance imaging; MDCT,

multidetector computed tomography.

Note: All measurements are provided in millimeter.
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higher spatial resolution than the conventional image inten-
sifier detector systems, and the evolution of this technology
provides CT-like images in multiple viewing planes. Its ap-
plicability is expanded to vascular interventional radiology
and nonvascular interventional procedures.

Spine interventions are usually performed with fluoro-
scopic guidance alone, which provides sufficient informa-
tion to guide appropriate needle placement, for example,
to guide the injection of acrylic cement in lower thoracic
or lumbar spine interventions. However, for difficult spine
procedures, CBCT or MDCT show in more detail the safer
regions suitable for needle placement and depict the exact
needle locations in 3D in comparison with fluoroscopy.
Cone-beam computed tomography is optimal when real-
time fluoroscopic imaging and CT-like imaging are useful
and complementary for complex percutaneous interven-
tions or high-risk procedures [9].

Magnetic resonance imaging-guided interventions have
been applied in the research and clinical fields to guide bi-
opsies and therapies in the last 20 years. Its limitations
still include high costs of implementation (MRI equipment
and MRI-compatible instruments and devices), but there is
an increasing acceptance of its applicability in clinical
practice [21].
Conclusions

Despite the small dimensions of the evaluated spine
structures, CBCT, MDCT, and MRI are comparable imag-
ing methods in most of the evaluated parameters, whereas
multivariable analysis showed no significant differences be-
tween the readers. These imaging techniques can be useful
when studying porcine spines in experimental models.
Nevertheless, MRI has some specific characteristics that
might be taken into account when spinal anatomical com-
parisons are performed, especially in immature specimens
with growing cartilaginous end plates. The anatomical eval-
uation of porcine spines with CBCT and MRI of the present
study provides a radiologic database to promote the devel-
opment of new technologies in spinal research.
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