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ABSTRACT

Background: Pedicle screw fixation is commonly used in the treatment of spinal pathologies. While the
biomechanical factors that affect bone fixation have been frequently described, questions remain as to which imaging
modality is the ideal medium for preoperative planning. Due to its perceived superiority in assessing bony changes,
computed tomography (CT) scan is assumed to be the gold standard for preparative planning, and we hypothesize that
magnetic resonance imaging (MRI) is sufficiently accurate to predict screw length and diameter compared to CT.

Methods: We retrospectively measured the length and diameter of vertebral bodies in the lumbar region in both
MRI and CT and tested for differences between the modalities as well as for confounding effects of age, sex, and the
presence of spondyloarthrosis.

Results: We found a significant difference in pedicle screw length between CT and MRI measurements for both
sides. For the left pedicle, the mean difference was 1.89 mm (95% confidence interval [CI] —3.03 to —0.75; P < .002),
while for the right pedicle, the mean difference was 2.05 mm (95% CI —3.27 to —0.84; P = .001). We also found a
significant difference in diameter measurements between CT and MRI for the left pedicle (0.53 mm; 95% CI 0.13 to
0.93; P=.011) but not for the right pedicle (0.36 mm; 95% CI —0.06 to 0.78; P=.094). We identified no significant effect
of sex, age or spondyloarthrosis on the results (P > .05).

Conclusions: Pedicle screw planning measurements were more accurate using CT images compared to MRI
images. CT scan remains the gold standard for pedicle screw planning in trauma surgery. When using MRI images, the
surgeon should be aware of the differences in screw length and diameter compared to CT in order to avoid intra- and

postoperative risks.

Lumbar Spine

Keywords: pedicle screw, spondylodesis, preoperative planning

INTRODUCTION

Posterior spinal fusion is an important tool in the
treatment of patients with spinal trauma or with
degenerative disorders like spinal stenosis or spon-
dylolisthesis.'"” Numerous studies have been aimed
at quantifying the ideal biomechanical properties of
the implants required to maximize pullout resis-
tance,'®'* but the optimal trajectory angle for
placing pedicle screws remains unclear. While some
authors aim for a trajectory that results in the
longest possible screw, others favor a position
parallel to the pedicle wall, accepting a decreased
insertion depth.'®'"!3 Despite disagreements in an
ideal trajectory angle, there is consensus that the
main focus should be in placing the pedicle screw

within the safe corridor to prevent nerve root or
spinal cord injury.'®"?

Aside from the trajectory angle, the diameter of
the screw seems to be more important than the
depth of the screw for improving pullout
strength.'®!'"'* Further pullout resistance is
achieved by implanting the screws parallel to the
cover plate of the vertebra,'>!*!® but the definitive
size of the right screw finally depends on the
anatomy of the patient and on the availability of
the specific screw sizes.'”

Considering these conditions, preoperative plan-
ning and measurement of size and direction of the
pedicle is highly recommended.'’!'> To date, the
gold standard imaging modality for the preoperative
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planning of most pedicle screw placement indica-
tions is computed tomography (CT), especially in
trauma.'"'® Its main advantage is the 3-dimensional
visualization of the spine, which offers improved
appreciation of the complex bony structures of the
spine, allowing for correct classification of the
fractured vertebra.'®2°

But the situation is different in the assessment of
degenerative changes. In this case, the major focus is
the visualization of the spinal cord, nerve roots,
spinal stenosis, and intervertebral discs, where
magnetic resonance imaging (MRI) provides supe-
rior information compared to CT.%

However, because spondylodesis also plays a
major role in the treatment of these pathologies,*®
an additional CT scan is usually performed despite
confirmed diagnosis by MRI. It remains unclear
whether an MRI provides a sufficiently precise
measurement ability for the planning of the screw
size compared to CT.

In the current study, we aimed to assess the
ability of MRI to predict screw size for dorsal
instrumentation. We hypothesized that MRI-based
screw length and diameter predictions would be
comparable to those made using CT scans.

MATERIALS AND METHODS

This study was approved by our institution’s
ethics committee. We obtained paired CT and MRI
imaging data sets of patients who were treated with
invasive spinal procedures for both trauma and
degenerative disease indications at our institution
between January 2017 and April 2019. To be
included in the study, patients had to have received
both CT and MRI imaging. Due to the retrospective
nature of the study, the MRI and CT devices used
are heterogeneous. For the MRI, the resolution
varies from 1.5 to 3 Tesla. We excluded patients
under 18 years of age, patients with previous
osteosynthesis material in the region of interest,
patients with tumor disease or with spinal infection
in the target anatomic region, patients with missing
or incomplete data, and cases with poor-quality
imaging data.

In total, the paired CT and MRI data sets of 72
vertebral bodies and 144 pedicles were analyzed.
One investigator performed all measurements (Fig-
ure 1) using standard planning software (Visage 7.1,
Visage Imaging, GmbH, Berlin, Germany). First,
the data for the CT and MRI scans of each patient
were loaded onto the imaging software. Measure-

Searching database
for spine imaging

v

Applying
inclusion and
exclusion
criteria

72 lumbar vertebras
recruited(144 pedicle)

Loading CT data to
Visage 7.1

Loading MRI data to
Visage 7.1

Separate
Best alignment

for the vertebra measurements: Setting the best
in frontal, pedicle screw fitting
sagittal and length and transversal
transversal diameter for each plane

plane side

re-pairing of the
individual
measurements

Statistical Analysis

Figure 1. Flowchart study procedure.

ments of CT and MRI scans were performed in
randomized order, with the investigator blinded to
the patient’s identity.

To conduct CT scan measurements, the vertebral
body was set in the sagittal plane. We then aligned
the vertebral body in all 3 important view planes:
coronal, sagittal, and axial. The axial plane was
placed exactly parallel to the endplate of the
vertebral body and exactly in the middle of the
pedicle (Figure 2). We drew a line in the dorsoven-
tral trajectory running through the pedicle and
ending at the intersection with the ventral corticales
of the vertebral body. This line marks the right
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Figure 2. Transversal cutting, computed tomography (lumbar vertebra 3).

corridor for the implant and its expected length.
Next, a second measurement line was drawn at a
right angle to the dorsoventral line at the narrowest
point of the pedicle. This process was repeated for
the contralateral side.

MRI

MRI measurements were conducted in an anal-
ogous way, in both T1 and T2 weighted images. Due
to the inherent technical characteristics of MRI
imaging, it was not possible to adjust the different
cutting planes through the vertebral body in exactly
the same fashion as we did with CT scans. In order
to get a cutting plane parallel to the endplate, the
entire geometry has to be tilted in relation to the
patient on the MRI data set. This is possible only
when carrying out the examination and cannot be
retrospectively digitally reconstructed. This results
in potentially diminished precision but reflects the
context on real clinical conditions. We set the
vertebral body in all 3 planes with the best
approximation to the optimal screw position.
Actual measurements were carried out in exactly
the same way as we did using CT images (Figure 3).

STATISTICAL METHODS

We conducted paired Student ¢ tests to identify
significant differences in measurements between the
two imaging modalities. We also conducted analysis
of variance tests to identify any possible confound-
ing effects of age, sex, and the presence of
spondylarthrosis on the results and drew interaction
plots to rule out any hidden interactions. The

\ 5.3 mm (2D)

'y
3.5mm (2D)

- =
A “‘r" )

Figure 3. Transversal cutting, magnetic resonance imaging (lumbar vertebra
3).

analyses were conducted using SPSS v26 (IBM,
Armonk, New York) with a set to 0.05 for all tests.

RESULTS
Demographic Data

There were 16 male and 56 female patients, with
ages ranging from 41 to 85 years (Tables 1 and 2). In
total, 51 out of 72 vertebrac showed signed of
spondyloarthrosis.

Pedicle Measurements

We found a significant difference in pedicle screw
length between CT and MRI measurements for both
sides (Table 3). For the left pedicle, the mean
difference was 1.89 mm (95% confidence interval
[CI] -3.03 to —0.75; P < .002; Table 4), while for the
right pedicle the mean difference was 2.05 mm (95%
CI —3.27 to —0.84; P =.001; Table 5).

We also found a significant difference in diameter
measurements between CT and MRI for the left
pedicle (0.53 mm; 95% CI 0.13 to 0.93; P = .011;
Table 6) but not for the right pedicle (0.36 mm; 95%
CI —0.06 to 0.78; P = .094; Table 7). We identified
no significant effect of sex, age, or spondyloarthrosis
on the results (P > .05) for the left pedicle in length
and the diameter of both sides (Table 8). The
univariate analysis of variance shows a significant
influence of age and spondyloarthritis in relation to
the length of the right pedicle. (Tables 9—12). The
interaction plots graphically show an intersection of
spondylarthrosis and gender, but the influences
remain insignificant for all parameters (Tables 9—
12).
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Table 1. Sample distribution of age.
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DISCUSSION and dysmorphic pedicles.!” MRI imaging, on the

other hand, is routinely used to assess soft-tissue,

CT imaging is currently the gold standard for  y,cylar, and spinal cord abnormalities. To the best

assessing the bony structure of the spine,'”'®?'  of oyr knowledge, no previous study has directly

having its greatest impact in assessing for patholog-  compared the effectiveness of MRI imaging in the
ical changes in fractures, osteolysis, spinal stenosis,  preoperative planning of pedicle screw placement.

Table 2. Baseline character.

Baseline character

ane s mean 69,44
range 41-85
Sex - no.
Male (%) 16(22,2)
Female (%) 56(77,8)
Spondylarthrosis
-no. 1(%) 51(70,8)
0(%) 21(29,2)
V1-no. Count (%) 16(22,3)
V2 -no. Count (%) 13(18,1)
V3 - no. Count (%) 14(19,4)
V4 - no. Count (%) 13(18,1)
V5 - no. Count (%) 16(22,2)
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Table 3. Distribution of vertebra (lumbar 1-5).

20

Count

In the current study, we measured the length and Iy more accurate using CT compared to MRI
diameter of 144 pedicles of 72 lumbar vertebrae  images.

using both CT and MRI images. The main finding Three of the 4 most important study parameters
of the current study was that CT-based preopera-  demonstrated significant measurement differences
tive screw planning measurements were significant-  between CT and MRI scans. In our analysis,

Table 4. Mean difference in length (left pedicle).
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Table 5. Mean difference in length (right pedicle).
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however, we found no significant difference in
diameter measurements at the right pedicle. Since
the vertebral bodies are axisymmetric, an explana-
tion is difficult and possibly a consequence of the
small number of cases. It is also possible that the
differences in the measurements could be due to the
different presentation of spondylarthrotic changes
in CT and MRI images. We aimed to take such
potential confounders into account by adjusting for

Table 6. Mean difference in diameter (left pedicle).

gender and spondylarthrotic changes in our analy-
ses, but no significant influence was found.

As we expected from clinical experience, CT-
based measurements of screw length were signifi-
cantly lower compared to MRI. However, given
that screw length can be easily measured intraoper-
atively, preoperative planning is not so important.
More important is good diameter planning.'®'*!*
From a practical point of view, every surgeon
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Table 7. Mean difference in diameter (right pedicle).
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should know the sizes of the implants that are likely
to be needed, as the diameter is difficult to estimate
intraoperatively. Implants of the wrong size can
ultimately lead to unstable fixation'® or may lead to
pedicle fracture or damage to the nerves and
vessels.”!"!15 For osteoporotic fractures, which are
commonly stabilized using cement augmentation,
pedicle fractures may lead to cement leaks into the
spinal canal. Furthermore, the surgeon should be
aware preoperatively of whether sufficient implant
material of the correct length and diameter for a
stable osteosynthesis is in stock.

One might be willing to settle for preoperative
MRI in the run-up to an operation and refrain from
further precise bone imaging to, for example, save
radiation or because the MRI sufficiently clarifies
the indication for surgery. From our point of view,
this intent may be warranted from patient safety

aspects. With regard to unnecessary costs and
radiation, any unnecessary imaging should be
avoided. However, this study suggests that the
derived screw dimensions may not correspond to
the desired implants, relying solely on MRI
diagnosis.

Taking the CT scan as the gold standard, on
average the length measurements via MRI are about
1.9-2.1 mm longer, and the diameters in the CT
scan are about 0.4-0.5 mm wider. Therefore, the
avoidance of a CT scan with the goal of patient
safety may save radiation and costs but can
ultimately lead to increased risk.

This study does have several limitations. For
imaging, we could not use the same devices in all
patients, both for the MRI examination and for the
CT examination. The MRI resolution therefore

Table 8. P value univariate analysis of variance (adjusting for age, sex, arthrosis, and combined).

p-value univariate ANOVA (adjusting for age, sex, arthrosis and combined)

Factor Pedicle length Pedicle length Pedicle Pedicle
left right diameter left diameter right
age 0.662 0.035 0.854 0.143
sex 0.106 0.322 0.897 0.349
“spondylarth. 0.790 0.015 0.361 0.124
sex*spondylarth | 0.086 0.535 0.063 0.129
' R-Square 0.052 0.103 0.172 0.096
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Table 9. Interaction plot for length (left pedicle) (P = .086).

Interaction Plot for length left pedicle
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Error bars: 95% CI

varies from 1.5 to 3 Tesla. Many patients reach our
clinic with imaging already made elsewhere.
Another limitation—the difference in the section-
al planes between MRI and CT—is an inherent
technical hurdle. In CT imaging, each vertebral
body can be freely adjusted in 3-dimensional space.
Thus, the cutting planes can be aligned exactly with

Table 10. Interaction plot for length (right pedicle) (P = .535).

the endplates and pedicle axis. In order to obtain
exactly comparable measurement levels, it is desir-
able to be able to proceed in the same way with the
data obtained from the MRI. But to approximate
the actual cutting plane to the desired sectional
plane in MRI, the whole geometry has to be tilted to
put the image in the right place. To overcome this

Interaction Plot for length right pedicle
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Table 11. Interaction plot for diameter (left pedicle) (P = .063).

Interaction Plot for diameter left pedicle

2,0

10

arth

=== no spondylarthrosis
== spondylarthrosis

-

=10

-2,0

Estimated Marginal Means
|

-3,0

-4,0

male

sex

female

Error bars: 95% CI

limitation, we performed the measurements over
several lumbar vertebral bodies of the same patient.
In this way, we were able to reduce the number of
different examinations and increase the number of
comparable pedicle measurements. Furthermore,
our research reflects the current limitations of
MRI imaging under realistic clinical conditions.

Table 12. Interaction plot for diameter right pedicle(P = .129).

We also note that our findings cannot be directly
translated to the thoracic spine, as we measured
only lumbar bodies. Finally, we did not correlate the
findings with actual implants or implant failure in
our study, which should be the focus of future
research.

Interaction Plot for diameter right pedicle
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CONCLUSIONS

Pedicle screw planning measurements were more
accurate using CT images compared to MRI
images. When using MRI images, the surgeon
should be aware of the differences in screw length
and diameter compared to CT in order to avoid
intra- and postoperative risks.
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