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MODESTUM

Using an intraoperative computed tomography scanner
with a navigation station for spinal surgery
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N. N. Dyusenbaev*

ABSTRACT

The authors conducted a retrospective and prospective analysis of the results of 350 operations using the EIC, 390 operations with O arm and 11
operations with O arm and the Stealth-Station navigation station (Medtronic, USA).

To the 350 patients operated on using the EIC, 1822 screws were implanted, on average 5.2 screws per operation. 117 (6.5%) screws were implanted
incorrectly, of which a permissible or clinically insignificant malposition of the screw was noted in 90 (4.9%) patients. Incorrectly installed screws
remaining in 27 (1.5%) patients required revision surgery.

To 390 patients operated with O arm, 2477 screws were implanted, on average 6.3 screws during one operation. Incorrectly 33 (1.3%) screws were
implanted, of which 25 screws were acceptable malposition. Invalid malposition of 8 (0.3%) screws was eliminated during the current operation.
Comparing trials of the total number of incorrectly implanted screws during operations using the EIC and O arm showed that they were more often
observed when using the EIC (p <0.001) and there was no unacceptable malposition of the screws when performing the operation under O arm, since
it was diagnosed in time during current operation and eliminated.

A total of 66 screws were implanted in 11 patients operated using O arm and the Stealth-Station navigation station, an average of 6 screws during one
operation. Inaccurate implantation of screws was not observed in any patient.

O-arm with the Stealth-Station navigation station is the most modern method of controlling the correctness of spinal operations when anatomical
landmarks are partially invisible - with open operations or invisible at all - with minimally invasive surgical interventions in real time.
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INTRODUCTION

The modern standard method for the precise installation of pedicle screws is the 2D imaging of an electronic image
converter (EIC). However, a downside of this technique is the lack of axial projection information necessary for the proper
installation of pedicle screws. Lack of information in axial projection can result in improper installation of screws.

According to figures provided by authors, the frequency of complications of the procedure of percutaneous
vertebroplasty (PVP), performed for the treatment of osteoporosis, does not exceed 2%, for the treatment of tumor of
the spine - 10% (1,2).

Inaccurate installation of transpedicular screws could lead to pain, hematomas, infections, bleeding,
pseudoaneurysms, lung perforation, ureter, intestines and esophagus, as well as paralysis of the extremities (3-6),
damage to nerve roots (6-9), spinal cord infarction (10), neurological disorders (11).

The Intraoperative Cone Beam Computed Tomography (O-arm) and Stealth-Station Navigation Station provide
surgical imaging through 2D and 3D scanning to make the right clinical decisions.

The aim of the study was to analyze the results of operations using the image EIC, O-arm and O-arm with the Stealth-
Station navigation station.
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MATERIALS AND METHODS

A retrospective and prospective analysis of the results of 350 operations using the EIC, 390 operations with O arm
and 11 operations with O arm and the navigation station Stealth-Station (Medtronic, USA) was carried out. The study of
operations using an EOP included only those patients who underwent control computed tomography (CT) examination
of the spine after surgery.

445 (59.2%) were men and 306 (40.8%) were female. Most patients were admitted to the clinic in acute 529 (70.4%)
and early 86 (11.4%) periods of injury, 66 (8.8%) in the interim and 70 (9.4%) in the tardive periods.

Injury was received in the home by 447 (59.5%) patients, 168 (22.4%) during a road traffic incidents (RTI), 131 (17.4%)
- at work, and 5 (0.7%) — at sports activities. According to the mechanism of trauma, 391 (52.1%) patients were injured
in a fall from a high height, 168 (22.4%) - in RTI, 147 (19.6%) - in a fall from a height of the tall, 38 (5%) - when the load
fell on the back and other mechanism of injury was noted in 7 (0.9%) victims.

After a clinical and neurological examination, all patients underwent radiography, CT, 689 (91.7%) X-ray densitometry,
259 (34.5%) - electroneuromyography, 58 (7.7%) - magnetic resonance imaging, 216 (28.8 %) according to indications,
myelography before, during or after surgery, 130 (17.4%) - venospondylography before PVP.

All spinal fractures were unstable, fractures of type A2 and A3 (84.7%) in AO predominated, then of type B2 (8.7%)
and type C (6.6%). Fractures of the lumbar spine were observed in 408 (54.4%) sufferers, chest - in 176 (23.4%), two
departments - in 116 (15.4%) and two-level fractures - in 51 (6.8%) patients. Complicated spinal fractures were noted in
184 (24.5%), type A injuries in 2%, B in 10.2%, C in 57.2% and D in 30.6% of the injured. Combined injuries were detected
in 297 (39.5%) patients, which in 96 (12.8%) were accompanied by traumatic shock.

Internal transpedicular fixation (ITF) was used in the form of monosegmental, bisegmental with implantation from 4
to 6 screws, three-segmented from 4 to 8 screws, multisegmented from 6 to 14 screws, as well as pediculo-laminar
fixation using laminar hooks along with screws. For ITF, the systems NITEK (Novosibirsk), Medbiotech (Belarus), ChM
(Poland), XIA 2 (Stryker) and Medtronic (USA) were used.

According to indications, ITF was supplemented by interbody fusion in 107 (14.2%), transpedicular vertebral body
plasty (TPVBP) with porous titanium nickel granules in 295 (39.3%), and PVP in 74 (9.9%).

45 (6%) patients underwent percutaenous ITF (PITF), 27 (3.6%) patients underwent percutaenous TPVBP (PTPVBP),
and 7 (0.9%) patients underwent PVP. Sixtant (Medtronic) and Mantis (Stryker) designs, as well as ChM (Poland),
Medtronic (USA), XIA 2 (Stryker, USA), were used for PVTF.

Pearson'’s chi-square test was used for statistical evaluation. A value of P <0.05 was taken as statistically significant.

RESULTS AND DISCUSSION

The patient is laid on an X-ray transparent operating table on his back, intubated, then turned over onto his stomach,
under anesthesia for uncomplicated spinal fractures and the integrity of the posterior support complex, the spinal column
is reclaimed by traction by the legs and holding the patient by the shoulder girdle, rollers are placed under the chest
and pelvis. The operational field is marked and 2D control EIC are taken by manually positioning the image intensifier
tube. The EIC intensifier rolls back from the operating table, the operating field is processed and trimmed, access is
made, markers are installed at the sites of the implanted screw implantation. The emitter and the sensing device of the
EIC are covered with sterile sheets, 2D pictures are taken. Focusing on the installed markers and 2D images, they gradually
make pin channels in the roots of the arches, first with an awl, then with a sword and implant transpedicular screws. In
the case of image intensifier tubes in connection with manual positioning, it is often necessary to take intermediate
images in order to photograph the previous surgical field. After mounting the structure, final pictures are taken.

To the 350 patients operated on using EIC, 1822 screws were implanted, on average 5.2 screws per operation. 117
(6.5%) screws were implanted incorrectly, of which a permissible or clinically insignificant malposition of the screw was
noted in 90 (4.9%) patients. Incorrectly installed screws remaining in 27 (1.5%) patients required revision surgery
(Figure 1).

Clinical example 1. Patient S. 22 years. Diagnosis: “Concomitant injury, closed compression-comminuted
uncomplicated penetrating unstable fracture of the Th12 vertebral body, fracture of the spinous and articular processes
of Th11-Th12 vertebrae of grade 3, fracture of the spinous processes and arches of Th11-12 vertebrae (A2, B2 by AO),
condition after WTF Th10-L1 vertebrae by the NITEC system (09/07/2007). Closed craniocerebral injury. Brain of the
concussion”.
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Figure 1: A, B - radiographs before surgery; C, D - radiographs after surgery; E, F, G, H, I, J, K - CT topogram and CT after
surgery - incorrectly installed screw

Certain difficulties exist during implantation of transpedicular screws under EIC during post-traumatic spinal
deformities, after the operations performed earlier (Figure 2).

Clinical example 2. Patient K., 33 years old. Diagnosis: “After-effectiveness of a closed spinal cord injury, bruise and
spinal cord compression (2003), improperly consolidated compression-comminuted fracture of the L2 vertebral body
(C2 by AO), decompressive laminectomy L2, posterior spinal fusion with metal plates (06/26/03), removal of metal plates
(07/09/04),

VTF L1-L3 vertebrae (06/28/07); remounting the ITF with the installation of additional screws, ventral interbody fusion
with porous titanium nickelide (02.17.2010). Lower flaccid paraparesis, dysfunction of the pelvic organs.”
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Flgure 2: A B- radlographs after 3 operatlons, C, D - radiographs after 4 operations; E, F - CT topogram and 3D images
dfter 2 operations - kyphotic spinal deformity; G, H, I, - CT after 3 operations - corrected kyphotic deformation, malposition
of screws; J, K, L, M,N - CT after 4 operations of ITF remounting and ventral spinal fusion - topogram and axial sections -
screws are located exactly in the roots of the arches and in the projection of the body of the resected vertebra is a cage
made of porous titanium nickelide

According to the literature, there are certain disadvantages when using an image intensifier tube without navigation:
the accuracy level of introducing transpedicular screws ranges from 72% to 92% (12-16). When using only the X-ray
image intensifier tube system without navigation during the installation of metal structures, control is carried out only
due to fluoroscopy. At the same time, patients and surgeons are exposed to relatively high doses of radiation (17,18).
When using systems such as an image intensifier tube, a lot of time is spent positioning the fluoroscope during repeated
studies, it is impossible to ensure perfect sterility of the surgical aid, sterility is violated, there is a risk of wound infection
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Figure 3: A, B - radiographs before surgery; C, D - radiographs after surgery; CT before surgery: E, F - frontal and sagital
reconstruction, G, H - 3D reconstruction before surgery; O arm images during operation: |, J - 2D images of marker
installation; K, L, - 3D reconstruction; M, N, O, P, Q,R,S - control of the location of each marker on the axial, frontal and
sagittal section. T - axial reconstruction of the location of all markers. Focusing on the location of the markers in the
obtained images of O arm in 3 projections, the direction of insertion of transpedicular screws is specified. After implantation
of the screws, 2D and 3D images are taken, on 3D images of O arm, the accuracy of each screw installation individually is
controlled (Fig. 4)

(19) and the incidence of infections reaches 4% (20). Intraoperative fluoroscopy allows you to get information about the
position of the screws only within certain limits, not allowing you to control the perforation of the wall of the spinal canal.
If the wrong position of the transpedicular screws is not detected at the end of the initial intervention, a second operation
may be required to correct their position (21). A study of the correctness of the installation of transpedicular screws
during thoracolumbar operations showed that the frequency of revision operations due to improperly installed screws
is 1% (22). The greatest number of incorrect position of the screws is observed during revision operations, since the risk
of neurological disorders associated with spinal fusion is 41% higher than during primary operations on the spine (11).

O-arm is a robotic mobile system and can easily navigate the operating room. Its “O” shape allows the detector to
move freely around the patient’'s body for 3600, both for obtaining 2D images in the required position and for obtaining
3D images. Henry telescopic system. This allows you to organize lateral access to the patient and install the system near
the operating table and roll it away from the table during surgery, which greatly facilitates the use of the system
compared to closed systems.

Henry can be positioned in any direction using special buttons. All henry movements and receiver-emitter systems
are fully automated. A special command panel allows the operator to accurately and quickly set the henry in the right
position. Using the O-arm system, you can save the current position of the henry, the detector with the emitter, as well
as the exposure parameters. Up to four combinations of settings can be stored at one time. During the operation, the
surgeon can go to any of the saved positions by pressing one button, thereby saving time on positioning and searching
for the desired position.

To 390 patients operated with O arm, 2477 screws were implanted, on average 6.3 screws during one operation.
Incorrectly 33 (1.3%) screws were implanted, of which 25 screws were acceptable malposition. Invalid malposition of 8
(0.3%) screws was eliminated during the current operation.

Laying the patient on the operating table as during surgery under the image intensifier. After marking the surgical
field using O-arm, 2D pictures are taken. The operating field is being processed. Henry O-arm is draped with a sterile
cover. When closed, Henry can remain sterile throughout the operation. The system is relegated to a previously saved
parking position, giving the surgeon access to the surgical field.

Operational access is carried out, markers are installed in the roots of the arches, 3D images are taken and the correct
position of each marker individually is controlled (Figure 3).
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Figure 3 (continued): A, B - radiographs before surgery; C, D - radiographs after surgery; CT before surgery: E, F - frontal
and sagital reconstruction, G, H - 3D reconstruction before surgery; O arm images during operation: |, J - 2D images of
marker installation; K, L, - 3D reconstruction; M, N, O, P, Q,R,S - control of the location of each marker on the axial, frontal
and sagittal section. T - axial reconstruction of the location of all markers. Focusing on the location of the markers in the
obtained images of O arm in 3 projections, the direction of insertion of transpedicular screws is specified. After implantation
of the screws, 2D and 3D images are taken; on 3D images of O arm, the accuracy of each screw installation individually is
controlled (Figure 4)
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Figure 4: A, B, - 2D images of O arm; C, D - 3D images of O arm; E, F, G, H, I, K, L - control the accuracy of implantation
of each screw in the images in axial, frontal and sagittal projections; H - accuracy of implantation of all screws for
reconstruction in axial projection

Clinical example 3. Patient D. 16 years old Diagnosis: “"Closed unstable complicated compression-comminuted
penetrating fracture of the L2 vertebral body of grade 3 with 2 spinal stenosis, fracture of the L2 vertebral arch, post-
traumatic kyphotic deformity of the thoracolumbar spine (A2, B2 according to AO) , contusion of the cone of the spinal
cord, mild lower paraparesis, impaired function of the pelvic organs. Condition after ITF of Th11-Th12-L1-L2-L3 bodies
of the vertebrae by the Medtronic system (02.13.17). "

Comparative studies of the total number of incorrectly implanted screws during operations using the EIC and O arm
showed that they were more often observed when using the EIC (p <0.001) and there was no unacceptable malposition
of the screws when performing the operation under O arm, since it was diagnosed in time during current operation and
eliminated.

66 patients were implanted in 11 patients operated using O arm and the Stealth-Station navigation station, an average
of 6 screws during one operation. Inaccurate implantation of screws was not observed in any patient.

http://www.ejgm.co.uk 7/16


http://www.ejgm.co.uk/

Mukhametzhanov et al. / Using an intraoperative computed tomography scanner with a navigation station for spinal surgery

2
Ak

Figure 5: A, B, - 2D images of O arm; C, D - 3D images of O arm; E, F, G, H, I, K, L - control the accuracy of implantation
of each screw in the images in axial, frontal and sagittal projections; H - accuracy of implantation of all screws for
reconstruction in axial projection

In operations using O arm and the Stealth-Station navigation station, the algorithm for visualizing the stages of the
operation is somewhat different than when using only O arm. After carrying out all the stages of laying the patient on
the operating table (as with the application of the image intensifier tube and in isolation O arm), marking the surgical
field, 2D images are performed (Figure 5 A, B). After ensuring operational access, a reference frame is installed
(Figure 5 C, D), 2D (Figure 5 E, F) and 3D (Figure 5 G, H, J, K, L) pictures are taken. 3D images are uploaded to the
navigation station (Figure 5 M), identification of the tools (awl, sword, wrench for screws) is carried out, data on the sizes
of implanted screws (diameter and length) are entered.
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Figure 5 (continued): A, B, - 2D images of O arm; C, D - 3D images of O arm; E, F, G, H, I, K, L - control the accuracy of
implantation of each screw in the images in axial, frontal and sagittal projections; H - accuracy of implantation of all screws

for reconstruction in axial projection
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Figure 6: A - channel pin formation with an awl in the root of the arch of the damaged vertebra, B - introduction of a
sword outside the arch of the damaged vertebra into the body, C, D, E, - introduction of a screw through the arch of the
damaged vertebra under visual control; F - channel pin formation with an awl in the root of the arch of the underlying
vertebra, G - introduction of a sword outside the root of the arch of the underlying vertebra into the body; H - the formation
of the channel pin with an awl in the root of the arch

Using the navigation station, the main stages of the operation are carried out: preparation of the pin channels with
an awl (Figure 6 A) and a sword (Figure 6 B) for implantation of transpedicular screws, implantation of screws
(Figure 6 C, D, E). After that, control 3D images of O arm are made (Figure 7 A, B, C, D, E, F). When confirming the
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Figure 6 (continued): A - channel pin formation with an awl in the root of the arch of the damaged vertebra, B -
introduction of a sword outside the arch of the damaged vertebra into the body, C, D, E, - introduction of a screw through
the arch of the damaged vertebra under visual control; F - channel pin formation with an awl in the root of the arch of the

underlying vertebra, G - introduction of a sword outside the root of the arch of the underlying vertebra into the body; H -
the formation of the channel pin with an awl in the root of the arch

=

Figure 7: O arm 3D images - A, B, C - axial sections, screws are implanted correctly; D - coronary section, E, F - sagittal
sections. O arm 2D images G, H - direct and lateral projections; O arm 3D images - | coronary projection, J, K- left and
right sagital projection; L —the middle section of the sagittal projection and the M- axial section are granules of porous
titanium nickelide in the body of the damaged vertebra

accuracy of the installation of the screws, the rods of the transpedicular system are mounted. The final 2D (Figure 7 H, 1)
and 3D images (Figure 7 J, K, L, M, N) are performed.

Clinical example 4. Patient O. 53 years old. Diagnosis: “closed compression uncomplicated unstable fracture of the L1
vertebral body of the 2nd degree, fracture of the spinous process of the Th12 vertebra (A2, B2 according to AO). The
state of vertebral bodies of Th12-L1-L2 vertebrae after the VTF design of the second generation ChM with plastic of the
vertebral body L1 by TiNi granules on the left using the O-arm and navigation station (09/18/2019) “(Figure 5, 6, 7).

O-arm easily adapts with the Stealth-Station navigation company Medtronic (USA). Navigation Stealth-Station is the
most promising, combining the automatic acquisition of scans with O-arm during surgery and displaying them on the
screen to provide navigation tools when installing transpedicular screws. Surgical navigation technology allows the
surgeon to navigate the patient’'s anatomy in real time.

Direct comparison with the classical method of installing transpedicular screws, the O-arm and Stealth-Station
systems significantly increase the accuracy of installing transpedicular systems (23-25), which is confirmed by a
statistically significant reduction in the number of pathological electromyographic responses (23), and reduces the
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Figure 7 (continued): O arm 3D images - A, B, C - axial sections, screws are implanted correctly; D - coronary section, E,
F - sagittal sections. O arm 2D images G, H - direct and lateral projections; O arm 3D images - | coronary projection, J,
K- left and right sagital projection; L —the middle section of the sagittal projection and the M- axial section are granules of
porous titanium nickelide in the body of the damaged vertebra

radiation dose for the surgeon and patient (24-26), and also provide intraoperative control of improperly set screws (24-
27). In an indirect comparison, the results of operations using the O-arm and Stealth-Station systems show a higher level
of accuracy of installation of transpedicular screws (95-100%) (24,26) than the level of accuracy of installation using the
classical methodology (84-95%) (28-32).

The O-arm imaging system and the Stealth-Station navigation station help the surgeon direct the screw according
to the patient’s anatomical features to bypass the hidden nerves and blood vessels and avoid damage. The O-arm system
and the Stealth-Station navigation station provide intraoperative control over the correct installation of screws (24-27).

Performing open operations on the spine, anatomical landmarks for introducing screws are partially visible - the
arches of the vertebrae, articular and transverse processes. In transdermal, minimally invasive operations, anatomical
landmarks are not visible at all. We performed percutaneous operations for 45 patients: all patients underwent TITF, 27
of them were supplemented with PTPVBP and 7 - PVP. All transdermal operations were performed using O-arm and O-
arm with the Stealth-Station navigation station.
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Figure 8: A - frontal CT reconstruction before surgery, B - sagital CT reconstruction before surgery; C, D - radiographs after
surgery; O arm images - E, F - axial images, G - sagittal reconstruction on the left, H- sagittal reconstruction on the right

Clinical example 5. Isolated TITF. Patient A. 34 years. Diagnosis: “Multiple injury. Closed unstable uncomplicated
compression fracture of the Th12 vertebral body of 1-2 degrees, stable uncomplicated compression fracture of the Th12
vertebral body, L1 of the vertebra of 1 degree (A2 according to AO). Closed fracture of the distal metaepiphysis of the
right radial bone. Condition after PQDO of the right forearm and right hand (09/22/2017), PTVF of the Th11-Th12-L1
bodies of the vertebrae with the Sixtant (Medtronic) system (09.27.2017)" (Figure 8).

Clinical example 6. TITF and PTPVBP. Patient K., 53 years old. Diagnosis: “Closed compression unstable uncomplicated
fracture of the L1 vertebral body of grade 2 (A2 according to AO). Condition after TITF and PTPVBP granules of porous
titanium nickelide (08.08.2018)" (Figure 9).
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Figure 9: A - frontal CT reconstruction before surgery, B - sagital CT reconstruction before surgery; O arm images - E, F, G
- axial images, H - frontal reconstruction, | - sagittal reconstruction on the left, J - sagital reconstruction on the right

Clinical example 7. TITF and PVP. Patient A, 68 years old. Diagnosis: “"Closed uncomplicated unstable compression
fracture of the Th12 vertebral body of the 2nd to 3rd degree, the left Th12 vertebral arch (A2, B2 according to AO).
Condition after TTPF by the Sixtant (Medtronic) system of the Th11-Th12-L1 vertebral bodies, PVP of the Th12 body on
the right (04/18/2018)" (Figure 10).

Given the current trends in the development of surgical vertebrology in the direction of minimally invasive
technologies, we can say that in combination with the navigation station, O-arm is a powerful tool that allows minimally
invasive interventions for complex fractures, deformities and diseases of the spine.
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Figure 10: A - frontal CT reconstruction before surgery, B - sagital CT reconstruction before surgery; O arm images - E, F,
G - axial images, H - frontal reconstruction, | - sagittal reconstruction on the left, J - sagittal reconstruction on the right

CONCLUSION

O-arm with the Stealth-Station navigation station is the most modern method of controlling the correctness of spinal
operations when anatomical landmarks are partially invisible - with open operations or invisible at all - with minimally
invasive surgical interventions in real time.

O-arm mobile intraoperative computed tomography, the use of which reduces the time of operations on the spine
with guaranteed accuracy that excludes the use of revision interventions.

Henry O-arm is simply and quickly draped with a sterile cover, ensuring sterility during the entire operation; it is easily
retracted to a previously saved parking position, giving the surgeon full access to the surgical field and reduces the
likelihood of errors during manual positioning.

The O-arm imaging system and the Stealth-Station navigation station help the surgeon direct the screw according
to the patient’s anatomical features, to bypass the hidden nerves and blood vessels and avoid damage with almost 100%
accuracy and reduce the radiation dose for the surgeon and patient.

The only drawback of the O-arm with the Stealth-Station navigation station is their high cost.
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