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First reported use of real-time intraoperative computed tomography angiography image
registration using the Machine-vision Image Guided Surgery system: illustrative case
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BACKGROUND Vertebral artery injury is a devastating potential complication of C1–2 posterior fusion. Intraoperative navigation can reduce the risk of
neurovascular complications and improve screw placement accuracy. However, the use of intraoperative computed tomography (CT) increases
radiation exposure and operative time, and it is unable to image vascular structures. The Machine-vision Image Guided Surgery (MvIGS) system uses
optical topographic imaging and machine vision software to rapidly register using preoperative imaging. The authors presented the ﬁrst report of
intraoperative navigation with MvIGS registered using a preoperative CT angiogram (CTA) during C1–2 posterior fusion.
OBSERVATIONS MvIGS can register in seconds, minimizing operative time with no additional radiation exposure. Furthermore, surgeons can better
adjust for abnormal vertebral artery anatomy and increase procedure safety.
LESSONS CTA-guided navigation generated a three-dimensional reconstruction of cervical spine anatomy that assisted surgeons during the procedure.
Although further study is needed, the use of intraoperative MvIGS may reduce the risk of vertebral artery injury during C1–2 posterior fusion.
https://thejns.org/doi/abs/10.3171/CASE2125
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C1–2 fusion is a challenging procedure because of complex
neurovascular anatomy that increases surgical risks and necessitates highly accurate screw positioning. Although a rare occurrence,
vertebral artery injury during cervical spine surgery can cause catastrophic bleeding, permanent neurological impairment, stroke, and/
or death.1,2 Reported complication rates vary based on surgical approach, with C1–2 posterior fusion carrying the highest risk of vertebral artery injury, ranging from 4.1% to 8.2% of cases.3–6 Advanced
imaging is an essential part of preoperative assessment, and a
computed tomography angiogram (CTA) is often obtained preoperatively to carefully delineate vascular anatomy and provide guidance
on safe screw placement. Use of intraoperative ﬂuoroscopy or computer-assisted navigation during surgery may further reduce surgical
complication risk and improve screw accuracy.7,8
The Machine-vision Image Guided Surgery (MvIGS) system (7D
Surgical, Inc.) is an intraoperative spinal navigation system that

uses optical topographic imaging. Unlike other navigation systems
that rely on intraoperative ﬂuoroscopy or CT scans, MvIGS uses
nonionizing structured light to obtain a three-dimensional (3D) surface scan of patient anatomy that is automatically registered to the
patient’s preoperative CT scan within seconds.9,10 This technology
was initially developed to improve surgical workﬂow and allow intraoperative CT-guided navigation without the need for intraoperative
scanning time and without intraoperative surgeon, staff, and patient
radiation exposure. However, as this technology is used in more
spinal procedures, additional advantages of MvIGS become apparent, such as the ability to navigate intraoperatively with a CTA instead of a standard CT scan. This advantage allows simultaneous
visualization of bony and vascular anatomy and the critical spatial
relationships between these structures. It also enables visualization
of the extraosseous course of the vertebral artery, which is particularly useful in posterior C1–2 fusion procedures.

ABBREVIATIONS 3D 5 three dimensional; CT 5 computed tomography; CTA 5 computed tomography angiogram; MvIGS 5 Machine-vision Image Guided Surgery.
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FIG. 1. Preoperative radiograph (A), CT scan (B), and T2-weighted
magnetic resonance image (C) of type 2 odontoid fracture with posterior displacement of dens.

To the best of our knowledge, 7D’s MvIGS technology is the
only navigation system that allows for real-time intraoperative navigation guidance with a CTA, and this is the ﬁrst reported case using
the technology in a C1–2 posterior fusion.

Illustrative Case
History and Presentation
An 86-year-old woman with severe osteoporosis (T-score −6.3), hypertension, and depression suffered a type 2 displaced odontoid fracture
after a ground-level fall that was conservatively managed with an Aspen
collar at an outside institution. She presented to our clinic several months
after the fall with persistent axial neck pain, intermittent numbness in both
hands, and unsteady gait. Her neurological exam was normal without evidence of myelopathy. Magnetic resonance imaging of the patient’s cervical spine demonstrated a type 2 odontoid fracture with posterior
displacement of the fractured dens and evidence of nonunion (Fig. 1).
Given the failure of bony fusion with conservative therapy and the encroachment of the displaced odontoid fracture into the canal, surgical
intervention was recommended.
Operative Technique
The patient was positioned prone on a Jackson table with her
head ﬁxed in the radiolucent Mayﬁeld frame. After subperiosteal

exposure of the dorsal bony anatomy of the atlas and axis (with removal of all soft tissue), the MvIGS system was brought into the
ﬁeld, and the clamp was placed on the C2 spinous process. Flash
registration was performed, matching 1924 points from the C1 posterior arch and 1877 points from the C2 lamina and pars onto the
preoperative CTA (Fig. 2A, B, D, and E). The entire registration process took 171 seconds (<3 min) and allowed us to navigate our
screw placement based on 3D reconstructions of the cervical spine
that included the vascular anatomy (Fig. 2C, F, and G). First, we
used the navigated probe (Fig. 3A) to determine the screw trajectory, which was started with the high-speed air drill. Next, we
used the navigated drill guide (Fig. 3B) to drill the screw trajectory and the navigated tap (Fig. 3C) to tap the trajectory. The
screws were placed using the virtual K-wire feature of the MvIGS
system (Fig. 3D and E). All screws accurately followed the trajectory mapped by the MvIGS system, as indicated in the ﬁgure
with the planned trajectories superimposed on the ﬁnal screw
placement seen in the intraoperative O-arm spin (Fig. 4). A ﬁbular
strut graft was also placed in the C1–2 space and secured via a wiring
technique to encourage bony fusion. An intraoperative CT scan was
obtained to conﬁrm accurate screw placement, per the surgeon’s
standard protocol.

Postoperative Course
The patient remained neurologically intact and was discharged
to a skilled nursing facility after an uncomplicated hospital course.
At her 6-week and 3-month postoperative visits, the patient reported
improving incisional neck pain and walked well with a walker. Postoperative radiographs demonstrated excellent hardware position
(Fig. 5).

Discussion
Observations
Atlantoaxial ﬁxation is challenging because of the complex regional anatomy, the small size of the C1 lateral masses and C2
pedicles, and the proximity of important neurovascular structures,
including the vertebral arteries.11–13 The incidence of anomalous
vertebral arteries ranges from 2.7% in cadaveric studies to 5.4% in
imaging studies.14,15 Although the incidence of vertebral artery

FIG. 2. MvIGS system. Bony landmarks on C1 and C2 were selected (A and D), and registration of C1 (B) and C2 (E) vertebrae was performed. A navigated
probe was used to guide screw trajectory (C and F) on a 3D reconstruction of vertebral artery anatomy (G).
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FIG. 3. Navigated screw placement. A navigated cervical pedicle probe (A), drill guide with universal tracker
(B), and tap with universal tracker (C) were used to drill and tap screw trajectory. The virtual K-wire feature
(D and E) was used to guide screw placement.

FIG. 4. Screw trajectory alignment. Pedicle screws were placed into the C1 (A and B) and C2 (C and D) vertebrae along the trajectories mapped by the MvIGS system.
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in the long term as surgeons and their operative teams overcome
the learning curve.25
We present a case of CTA-guided navigation during C1–2 posterior
fusion for type 2 odontoid fracture using MvIGS. The MvIGS system
minimizes workﬂow disruption and does not increase radiation exposure. 3D reconstruction of the regional bony and vascular anatomy assists surgeons during screw placement. CTA-guided navigation offers
promise in assisting surgeons during complex craniocervical cases.
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