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Cortical Bone Trajectory Screw Placement Accuracy with a Patient-Matched
3-Dimensional Printed Guide in Lumbar Spinal Surgery: A Clinical Study
Nicola Marengo1, Keitaro Matsukawa2, Matteo Monticelli1, Marco Ajello1, Paolo Pacca1, Fabio Cofano1,
Federica Penner1, Francesco Zenga1, Alessandro Ducati1, Diego Garbossa1
-BACKGROUND: Cortical bone trajectory (CBT) screw is
an attractive technique in terms of fixation strength and
less invasiveness. However, the insertion of a pedicle
screw penetrating cortical bone on the ideal trajectory is
technically demanding. The use of 3-dimensional (3D)
patient-matched guides may facilitate the use of this
technique. In this technical note and case series, the use of
a patient-matched 3D targeting guide for a circumferential
fixation with CBT screws is described.

-METHODS: Eleven patients with a mean age of 49 years
were treated. The MySpine MC (Medacta International SA,
Castel San Pietro, Switzerland) technology was used to
place CBT screws. A computed tomography (CT) scane
derived 3D model of the patient vertebra was created af-
ter the surgeons planned the best custom CBT screw tra-
jectory. Then, scaffolds were printed and used during
surgery to guide the screw through the patient pedicle. An
intersomatic arthrodesis was also performed.

-RESULTS: The images of the planned trajectory were
superimposed on the postoperative CT scan, confirming the
accuracy of the trajectory. The mean deviation from the
planned pedicle midpoint was 0.91 mm; 85.2% of the
screws were placed within 2� from the planned trajectory.
There were 2 grade A (<2 mm) and no grade B or C per-
forations. The actual entry point was always within 2 mm
from the planned entry point.

-CONCLUSIONS: This technical note and case series is
the first clinical description on the use of a patient-
matched guide for posterior CBT screw placement. The
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use of these devices could also improve placement accu-
racy and decrease the risk of nerve damage.
INTRODUCTION
t is well known that degenerative spine surgery is highly
demanding and requires effective precision to cause minimal
Idamage to the surrounding tissues, especially with posterior

approaches.1-5 Significant developments and various advances
have characterized the screw implantation technique in the past
years.6-8 The cortical bone trajectory (CBT) technique has been
developed to reduce the morbidity rate associated with the classic
open posterior approach, such as soft tissue damage, maintaining
the often indisputable necessity of a direct decompression.1-3 First
reported by Santoni et al.,4 CBT was conceived with the aim of
maximizing the pullout strength in osteoporotic bones. Screws
follow a mediolateral path in the axial plane and a
caudocephalad path in the sagittal plane.4 The medial isthmic
entry point, indeed, requires less muscular exposure and
damage to the facet joints. Moreover, in contrast with
conventional pedicle screw fixation, CBT screws do not
penetrate the vertebral body trabecular space. According to the
literature, bilateral cortical screw-rod fixation provides similar
strength compared with traditional pedicle screws.5 Because of
their favorable entry point, better bone purchase is achieved and
less muscular dissection is required. Therefore, spine fusion
surgeries performed with cortical screws are expected to reduce
the rate of facet joint violation and achieve better short-term
clinical outcomes. Regarding long-term outcomes, there has not
been any validated data, but good expectations are generally
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Table 1. Patients Data

Patient
Number

Age
(years)

Level of
Diskopathy Modic Pfirrmann

Limb
Affected Motor Deficit

Sensitive
Deficit

1 53 L4-5 II IV Right Toe dorsiflexion weakness (3/5 MRC) x

2 52 L4-5 II IV Right Toe dorsiflexion weakness (4/5 MRC) x

3 43 L4-5 II IV Right Toe dorsiflexion weakness (4/5 MRC) x

4 46 L4-5 II IV Left Toe dorsiflexion weakness (4/5 MRC) x

5 49 L4-5 II IV Right Toe dorsiflexion weakness (4/5 MRC) x

6 45 L5-S1 II IV Left Low back pain with sciatalgic irradiation x

7 57 L5-S1 II IV Right Low back pain with sciatalgic irradiation x

8 43 L4-5 II IV Left Low back pain with sciatalgic irradiation, toe dorsiflexion weakness
(3/5 MRC)

x

9 42 L5-S1 II IV Left Low back pain with sciatalgic irradiation x

10 55 L4-5 II IV Right Low back pain with sciatalgic irradiation, toe dorsiflexion weakness
(4/5 MRC)

x

11 56 L5-S1 II IV Right Low back pain with sciatalgic irradiation x

MODIC indicates Pathological changes in the bones of the spine (see Modic classification).
X indicates presence of sensitive deficit.
MRC, medical research council scale.
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anticipated, as suggested by several studies.6-12 Accurate screw
placement in spinal surgery has always been a challenge for sur-
geons. Many technologies and useful tools have been developed in
recent years, including fluoroscopy, navigation software, electrical
conductivityebased systems, neuromonitoring, and custom-made
template guides. In this technical note and case series, the use of a
patient-matched 3-dimensional (3D) targeting guide for a
circumferential posterior interbody fusion with CBT screws is
described.
MATERIALS AND METHODS

Eleven patients with degenerative disease with a mean age of 49.18
years (Table 1) needed circumferential fixation surgery after
conservative treatments failed. The MySpine MC (Medacta
Figure 1. (A and B) Preoperative plan and postoperative computed
tomography scan superimposed.
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International SA, Castel San Pietro, Switzerland) technology was
used to place CBT screws. A computed tomography (CT) scane
derived 3D model of the patient that reproduced the posterior
anatomy of the vertebra was also produced, allowing the surgeon
to confirm the anatomic structures. The guide was used as a
contact area. Then, scaffolds that fit exactly the vertebral surface
were printed and used during surgery to guide the screw through
the patient pedicle. An intersomatic arthrodesis with T-PAL
(DePuy-Synthes GmbH, Oberdorf, Switzerland) was also per-
formed. Accurate placement was evaluated by comparing the
preoperative plan and postoperative placement superimposing
plan images on the postoperative CT scan (Figure 1).
MySpine MC Technology Description
MySpine MC is a patient-matched pedicle targeted toward specific
guides for implant placement, based on the patient’s anatomy.
Using this platform, it is possible to realize a 3D preoperative plan
(Figure 2) based on the patient’s spinal CT image acquisition,
therefore assisting screw positioning with custom-made devices.
CBT screws are then guided through the patient’s anatomically
matched guide. Planning requires active participation of the sur-
geon to choose the best trajectory in all planes and to select the
most appropriate pedicle screw in accordance with the pedicle size
and length. Specific protocol regarding CT imaging is used to
create a 3D model of the vertebra according to the specific pa-
tient’s anatomy. The subsequent vertebral model represents the
template used to generate the corresponding scaffold to fit exactly
the vertebral surface. Guides are designed to fully optimize bony
contact on the lamina and part of the inferior articular process, to
ensure an optimal fit. Then, a plastic 3D anatomic model repro-
ducing the patient’s vertebra is provided to simulate the correct
www.journals.elsevier.com/world-neurosurgery e99
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Figure 2. Three-dimensional preoperative plan. L, left; R, right.
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positioning of the MySpine MC guides in the operating room
(Figure 3).

Surgical Technique for L4-5 Circumferential Arthrodesis
After standard antibiotic prophylaxis, the patient, under gen-
eral anesthesia, was placed in a prone position on an
appropriate padded support to avoid increased intra-abdominal
pressure. Skin preparation and sterile draping were done. The
procedure was performed under continuous neuromonitoring
and triggered electromyography to safely ensure screw
placement.13

Under fluoroscopic guidance, the L4 spinous process was
identified and a 5-cm skin incision was performed. Spinous pro-
cesses and laminae of L4 and L5 vertebrae were exposed with
preservation of the cranial facet joints. Subsequently, a size- and
length-adapted self-retaining retractor with an integrated lighting
system was positioned. The plastic guides were then placed on the
corresponding vertebra and the contact surfaces checked to avoid
any mismatch (Figure 4). The cortical bone was entered using a
high-speed drill (Colibri II [DePuy-Synthes GmbH]) through the
guide tubes. Drilling could be easily and safely performed up to
the planned depth thanks to the stop mechanism provided by the
guides (Figure 5). Then, guidewires were introduced into the
pedicle and vertebral body, and undertapping (0.5 mm) was
performed with a cannulated instrument. The ball tip feeler was
used at every step to check the pedicle walls on both sides for
possible violations, then smooth temporary shanks were placed
to easily carry out the diskectomy. Right laminectomy and
e100 www.SCIENCEDIRECT.com WORLD NE
artrectomy were performed under direct visual control.
Diskectomy with end plate preparation was performed. A 28-
mm length and 5� lordosis titanium kidney-shaped pivoting
cage filled with morselized autologous bone graft was implanted
(T-PAL). Three 6 � 35 mm and one 6 � 30 mm CBT screws
(Medacta Unconstrained Screw Technology [Medacta Interna-
tional SA]) were then placed.
Thereafter, compression was applied to load the cage and in-

crease lumbar lordosis. Proper positioning of the implants and
alignment were finally verified on a biplanar fluoroscopy. After
irrigation and hemostasis, the surgical site was sutured layer by
layer. The total radiographic dose for the procedure was 0.53 mGy/
cm2. Fluoroscopy was used to verify the accuracy of the system in
the first cases and then only for a final fluoroscopic control
(Figure 6).
A CT scan and a standing lumbar radiograph were performed

on the first postoperative day showing excellent screw placement,
with all 4 screws falling into grade 0 according to the Rao et al.
classification14 (Figure 7).
The postoperative clinical course was uneventful, and the pa-

tient referred to an improvement in her symptoms compared with
baseline. On the first postoperative day, she was able to walk
autonomously using a soft lumbar brace.
All patients were discharged from the hospital on the second

postoperative day.
The patients showed an important clinical improvement

without new neurologic deficits or radiologic pathologic findings
at 6-month follow-up.
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.05.241
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Figure 3. Plastic 3-dimensional anatomic model reproducing the patient’s L5 vertebra: (A) L5 vertebra and (B and C) guides on[KG1] the L5 vertebra model.
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RESULTS

Four screws for each patient were positioned; in total, 44 screws
were placed.
A 3-D reconstruction of the vertebra, including the inserted

screws, was created from a postoperative CT scan. The pre- and
postoperative reconstructed vertebra was then superimposed, and
any deviations of the screws from the planned parameters were
measured. The placement accuracy was graded based on the de-
gree of perforation of the pedicle by the pedicle screw using an
acceptance criterion (no perforation, grade A [0e2 mm], grade B
[2e4 mm], and grade C [>4 mm]).15,16 Grade B and C perfora-
tions were deemed unacceptable.
The mean deviation from the planned pedicle midpoint was

0.91 mm, and 85.2% of the screws were placed within 2� from
the planned trajectory calculated in the axial plane as suggested
by other authors.15-17 In a total of 44 screws, there were 2 grade
A (<2 mm) (4%) and no grade B or C perforations. The actual
Figure 4. Intraoperative image of L4 (A) and intraoperative
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entry point was always within 2 mm from what was planned.
The mean deviation between the planned and actual pedicle
screw positions on the coronal plane at the midpoint of the
pedicle was 0.6 mm. The mean angular deviation between the
planned and actual screw positions in the sagittal plane was 1.
7�, and the mean deviation in the transverse plane was 2.1�.
The mean deviation in screw depth between the planned and
actual screw positions was 0.2 mm.
All patients were discharged from the hospital on the second

postoperative day. The patients showed significant clinical
improvement without new neurological deficits or radiological
pathological findings at the 6-month follow up.
DISCUSSION

During the last decade, several tools have been developed to
improve safe screw positioning and accuracy such as and above
image of L4 with 3-dimensional guide placed (B).

www.journals.elsevier.com/world-neurosurgery e101
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Figure 5. Intraoperative fluoroscopy image of undertaking (A), drilling (B), and pin markers positioning (C).
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all, 3D navigation. This technology has advanced thanks to the
high-speed software, which has evolved to integrate data. How-
ever, questions still remain about the advantages of using 3D
navigation over the freehand fluoroscopy-assisted technique,
especially considering costs and availability in spine centers. In
particular, the costs are much less, both to purchase and maintain
with respect to traditional navigation systems, such as intra-
operative CT scan or intraoperative magnetic resonance
imaging.18-23

Radermacher et al.24 first described, in 1998, a patient-specific
template used as an in situ drill guide, designed with a preoper-
ative CT scan. This tool was then further developed, which
improved accuracy rates of pedicle screw insertion.25-28
Figure 6. Final fluoroscopic control.

e102 www.SCIENCEDIRECT.com WORLD NE
Although some reports have revealed no clear differences
comparing the freehand technique with the custom-made guide
technique to implant pedicle screws,23 the template guides have
become a well-established and useful tool in spine deformity
surgery29,30 after several cadaveric studies.31

In 2017, Farshad et al.32 compared time of instrumentation,
accuracy, and radiation exposure between patient-specific tem-
plate-guided and freehand fluoroscopically controlled pedicle
screw placement in the thoracic and lumbar spine, assessing the
superiority of template-guided positioning. A significantly higher
pullout strength of thoracic-lumbar pedicle screws when inserted
via a patient-specific tubular guide was found by Aichmair et al.,33

and this potentially was associated with better screw trajectory.
Moreover, Putzier et al.30 conducted a pilot study proving that
custom-made positioning guides are a feasible navigational tool
that permit a safe and accurate implantation of pedicle screws in
patients with severe scoliosis.
Compared with the traditional pedicle screws technique, CBT

screw fixation allows muscle fibers to be well preserved and a
diminished rate of facet joint violation. A better short-term clinical
outcomes has been reported as well. Moreover, they have been
demonstrated to have a superior fixation strength and good
stiffness in flexion and extension.8,11,34-37

This technical note and case series is, to our knowledge, the
first clinical description on the use of a patient-matched guide for
posterior CBT screw placement. Only cadaveric studies have
existed until now.38 The use of these devices for CBT fixation
allows not only a customized plan, but could also improve
placement accuracy and decrease the risk of nerve damage. The
results demonstrate that cortical pedicle screw placement using
3D planning and a placement guide achieved an average
deviation from the planned position at the midpoint of the
pedicle of 0.6 mm, which is comparable with the accuracy
achieved by traditional pedicle screw placement using a 3D
patient-matched guide.31 In all parameters, the deviation
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.05.241
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Figure 7. Postoperative sagittal computed tomography images (A and B)
and postoperative radiographic images (C and D).
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between the planned and actual screw positions were within the
acceptance criteria. Furthermore, there were zero grade B or C
WORLD NEUROSURGERY 130: e98-e104, OCTOBER 2019
pedicle perforations, and 42 evaluated screws and pins were
placed fully inside the pedicle. Another benefit is provided by
the fact that the use of a guide can reduce the amount of
radiation exposure.39 Minimally invasive pedicle screw insertion
techniques, including cortical bone and percutaneous pedicle
screws, are usually accompanied with increased radiation
exposure because visibility of anatomic structures is generally
limited in the operative field.
Although the use of a guide cannot eliminate the use of an

radiograph machine because it is necessary to secure the correct
positioning of the guide, it can however significantly reduce its
frequency of use during cortical bone screw insertion by short-
ening the time required to make the initial hole along the correct
trajectory, which is the rate-controlling step during screw
insertion.
CONCLUSIONS

This technical note and case series is, our knowledge, the first
clinical description on the use of a patient-matched guide for
posterior CBT screw placement. The use of these devices for CBT
fixation allows not only a customized plan, but could also improve
placement accuracy and decrease the risk of nerve damage.
Furthermore, the need of fluoroscopy could potentially be set
down to zero.
However, this a small series and despite the encouraging re-

sults, a greater number of patients are required to adequately
comment on the accuracy, safety, and applicability of this tech-
nology and evaluate long-term outcomes.
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