ROBOTIC ASSISTANCE IN NEUROSURGERY Op40 (1)

Robotic Assistance in Neurosurgery
Last updated: May 18, 2026
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TABLE 3. Reported Ex Vivo and In Vivo End-Target Accuracies of
Robotics Systems

Repeatability Ex Vivo In Vivo
System (mm) TE (mm) TE (mm)
PUMA 0.05-0.10% 1.0¥ =
Minerva 0.10-0.1510:32 1.310 -
ZeissMKM  023+0.14°%  147(0.28-214)°> 33-45FLV
NeuroMaster +0.0138 13(0.4-2.4)"® -
Neuromate  0.15% 0.86 +0.32 FB*® 177 (1.25-2.51) FL2*>*

1.95 + 0.44 FL*
Pathfinder 0.31(0-0.48)"  0.44-0.50":3° —
SurgiScope  0.05>° 0.23 4+ 0.13% 1.6 + 3.0 FL!
ROSA 0.103¢ 0.30% 0.81+ 0.39 FB*
122 + 0.73 FL*

Renaissance — 0.65+0.32°%6  10-1.5FL*
iSYS? 0.10% 0.6 (0.1-0.9)% 15 (0.3-6.7) FL*-46

FB: frame-based: FL: frameless.

ROSA™ (MEDTECH, MONTPELLIER, FRANCE —
ZIMMER BIOMET)

ROSA™ = robotized stereotactic assistant, manufactured by Zimmer Biomet (originally Medtech,
Montpellier, France), features a 6-axis robotic arm mounted on a patient-side cart.

Most common approach by experts for SEEG!
e ROSA caused advent of SEEG to North America.

Version for spine — ROSA Spine

HARDWARE

Manual of operation ~>
Video tutorial how to use “Zones” (brain segmentation) ~>

ATTACHMENTS

PR

Pointer probe Distance sensor
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http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/ROSA%20-%20Zimmer%20Biomet/ROSA%20Brain%20Zones%20Function.mp4
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Instrument holder
INSTRUMENT ADAPTORS
Available adaptors at UAMS

Material Diameter Length Purpose

Drill adaptor 4.5 mm 82 mm Monteris LITT bolt

Drill adaptor 3.2mm 82 mm

Drill adaptor 2.45 mm 82 mm SEEG (PMT, Ad-Tech; also works for DIXI*)

PEEK adaptor 2.2 mm 38 mm DBS

PEEK adaptor 2.1 mm 38 mm RNS depth cannula (slotted, Ad-Tech), SEEG
(PMT)

PEEK adaptor 1.8 mm 38 mm Biopsy (Nashold biopsy needle), DBS
cannula

There is the ability to order custom PEEK adaptors to the desired size.

*DIXI drill for bolts is 2.45 mm diameter (vs. 2.4 mm for PMT, Ad-Tech drills) — ideally, needs 2.5 mm

adaptor but works fine with 2.45 mm adaptor.

PATIENT HEAD FIXATION

e head is kept at rigid fixation — prep pin sites on the scalp with chlorhexidine (case reports of skull
perforation and epidural / subdural hematoma — don’t want to add infection to this).
e review CT (bone window) before pinning for bone weak spots, pre-existing hardware (plates,

shunts, leads), large sinuses (esp. frontal).

A. Mayfield frame — gives wobble at two points; make sure to tighten extra bolt to avoid wobble:

Observed mechanical play

1.
-

Adjustment ofthe head holder adaptor screw

\

e can be attached to ROSA via “starburst” adapter.
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o for bilateral access (e.g. SEEG), could be used in Mohawk configuration (two pins at occipital line,
one pin in mid-forehead) — leaves nonsterile bar so each side has to be draped separately (not
practical).

B. Stereotactic frame base (e.g. Leksell)
e gives best 4-point stability and easy access to both temporal areas; caveats:
- create subtle asymmetry - do not place all four pin ends in the same plane; otherwise,
ROSA software gets confused and may flip image 180 degrees (no way to fix it in software
—need to O-arm rescan the patient).
- temporal trajectories: make sure the frame is low enough on the head or else it my interfere
with some low oblique temporal trajectories (e.g. amygdala);
- short neck patients: if frame is too low, it may hit shoulders;
- big head patients: use Mepilex to pad tissues that are contacting frame.
e distance between left and right pins where they engage into skull — approx. 90 mm — check skull
for a thin bone) then it can be attached to ROSA via same “starburst” adapter or frame adapter.

For best, most rigid fixation — use frame adapter
(versions exist for Leksell and CRW frames)

C. Inomed Stereotactic Ring

FRAME ATTACHMENT TO ROBOT

e chosen frame is attached to the robot using the following elements:
1) telescopic arm — offers 4 predefined positions; position 0 (arm fully retracted) is for
storage, position 4 is the fully extended configuration:


http://www.neurosurgeryresident.net/

&/.mum NoTes ROBOTIC ASSISTANCE IN NEUROSURGERY Op40 (4)

2) support arm:

3) adaptor — choose one for particular surgery need:
a) head holder “starburst” adaptor (e.g. for Mayfield frame) — 5 degrees of freedom:

b) stereotactic frame adaptor (versions exist for various stereotactic frames) — 2
degrees of freedom:

Leksell Frame Adapter (from ROSA company)
6400 $



http://www.neurosurgeryresident.net/

\\/umm's Notes ROBOTIC ASSISTANCE IN NEUROSURGERY Op40 (5)



http://www.neurosurgeryresident.net/

W.muﬁ’s NoTtes ROBOTIC ASSISTANCE IN NEUROSURGERY Op40 (6)

V i - E
f T H"

i

:
=
“rm

J

o |
A
1y

N
1 b

‘ h J
(

e extend ROSA support telescoping arm to desired length and lock it.

o ROSA accuracy is the same at any (1-4) support arm extension! (e.g. may use 3.5-4 for
DBS to give ergonomic access to the top of the head); however, take into consideration the
distance to the farthest trajectory to make sure arm's working envelope covers the operative
area — ROSA robot arm can only reach maximum 800 mm (~31.5 inches).

e make sure all the following steps are accomplished before finally securing head to ROSA:

o ROSA is locked to the floor (immobilization pedal + 4 wheel brakes).

o operative table is in final position (may use mild reverse Trendelenburg position for
ergonomics, to minimize CSF loss).

o unplug OR table from power source + unplug remote control from the table (as bed still
may operate on battery) - so no one accidentally does move it (— C-spine injury); discuss
during procedural time-out that surgical table should not be moved.

e attach patient’s head frame rigidly to ROSA support arm.

Pedal in down position Pedal in up position
Immobilized Mobile

INTRAOPERATIVE REGISTRATION
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N.B. conventional frame pins and bone fiducials have the highest registration
accuracy!

Options — all can be done nonsterile:
A. Laser facial skin scan — worst accuracy due to skin distortion but allows to avoid CT (saves time
and additional radiation does).
o preop imaging has to have nose tip.
o enough accuracy (approx. 2 mm) for SEEG needs.

B. Bone fiducial (3-5 “marker points”’) manual registration*; sterile option — implant fiducials after
prep and drape — register with sterile pointer.

C. Manual registration using ends (sockets) of stereotactic frame pins* as fiducials - preferred
method and excellent accuracy for any stereotactic applications.

*need application of fiducials / frame, then intraop CT (e.g. O-arm) — do it before
attaching to robot (bulky ROSA metal arm gives bad CT artefacts); keep patient on
radiolucent table (“diving board”) during O-arm scan (important - ask
anesthesiologist to hold respiration during scan to avoid head motion artifacts), then
transfer CT images to ROSA.

May also scan with head frame attached to ROSA — but will have horrible X-ray
artefacts that may interfere with image merging.

o with O-arm, it is impossible to see tips of all four Leksell pins unless using 40 cm FOV
(with newer O-arm).
o optional frame registration plates (SOK USD) and software — also needs CT for registration.

-

Leksell frame registration plates

Manual registration

e after finished O-arm scan, check scan for pin engagement into the skull (ideally — pin just
perforates outer table); make sure scan included all registration spots (tips of bone fiducials / frame
pins)

e load O-arm scan to ROSA and merge to CTA (no distortion scan; MRIs, especially 3T, have
distortion).

e create “markers” — mark spots on O-arm scan at bone fiducials / frame pin tips where pointer probe
will touch.

e attach pointer probe to ROSA.

e touch with pointer probe each registration spot in any order.

e ROSA will tell registration Root Mean Square error (RMS); aim for RMS < 0.5-0.6 mm, but
also verify with pointer probe a few registration spots — if looks accurate on the screen, may
proceed.

Procedure for SEEG
See p. EI3>>

Procedure for DBS

If using microdrive, need:
1. ROSA DBS MICRODRIVE HOLDER ($8000)
Catalog Number: ROSAS00344
DEVICE: ALPHA OMEGA MICRODRIVE HOLDER FOR CRW ADAPTOR
(03760244031365)
or
Catalog Number: ROSAS00497
DEVICE: MCRDRYV ©@25.4 HLD (03760244032096)

ROSA Part #: ROSAS00344
ROSA DBS Microdrive Holder

2. CRW frame non-X/Y adapter

Photo of different adapters

top right - non-XY CRW adapter.

bottom right - non-XY Leksell adapter - ROSA does not have an adapter that can hold it!

left - XY frame adapter (either Leksell or CRW) - allows adjustments to the bengun in the X and
Y direction without the need to adjust the frame at all.
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ALPHA OMEGA

Cannulas —see p. Op360 >>

Microdrive:

A. Autoclavable manual system (has no electronics, thus, lighter in weight)
B. Electronic system:

Acceptable registration accuracy is < 0.6 mm RMS (Dr. Sameer Sheth) — enough for DBS accuracy;
spin confirmatory CT after both DBS leads are in.

Implanting DBS lead at target:
Set ROSA distance to target 160 mm (as “Instrument Length”):

Trajectory properties

Trajectory

Mame: DES @ Color - hd

Instrument

Length (mm)| 160.00 ﬁ

Ciameter (mm)| 200 |5

Entry point
Modify entry point position Medify

Security zone parameters

[ ] Security zone activation
Extracted sphere
[| Extracted sphere activation

Set microdrive scale at 25 mm.

“25 mm above target” cannula is in:
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* Two necessary parts

1. ROSA instrument holder
2. Drive holder

* Trajectory set to 160 mm

* Drive set to target (25 mm on
AO drive)

* Cannula placed to target (192
mm)

192 mm cannula (‘to target’)

- 2 mm (Ben Gun)

~ 30 mm (microdrive holder)

~ 160 mm to target

e ruler has marking (*) where the bottom of the most distal contact should be (that is when
microdrive is set to 25 mm and ROSA distance to target 160 mm, distal contact will be at the
target).

e length of the bengun is 6 cm and each cannula slot on the bengun has a diameter of 1.8 mm (with 2
mm between slot centers)
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FHC
see >> and also

Lead Holder SKU: 70-CN-DB
The Lead Holder is a temporary support attached to the microTargeting™ STar™ Drive carriage to

hold the lead depth stop during insertion. It provides clearance for raising the insertion tube above the
scalp while maintaining lead position.

Depth Stop Adapter SKU: 66-AC-DS(1.8)

The Depth Stop Adapter is used to hold the lead at a specific distance from target during lead insertion
procedure.

Lead Measuring Fixture SKU: 70-AC-MT
The DBS Lead Measurement Fixture is used with the lead holder to allow easy and accurate placement

of the depth stop cap on a DBS lead at the correct location for use with standard stereotactic frames
(375mm) or the microTargeting™ Platform (319mm).

o kP ¥ Lead Measuring Fixture

STar Adapter for ROSA Surgical Robot SKU: C0305

The STar™ Adapter for ROSA® is the latest addition to the STar Drive frame adapters, making the
microTargeting™ STar Drive compatible for use with industry stereotactic systems. This solution adds
the capability of remote advancement and retraction of up to 5 microelectrodes in a Ben-Gun array
configuration, along with automatic reporting of current position to FHC’s microelectrode recording
systems, to any ROSA Brain or ROSA ONE® Brain surgical robotic platform.
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NEUROMATE (Renishaw)

Brochures >>
User Manual >>

GENIANT (Kohyoung)

SPINE ROBOTICS

PRINCIPLES

tactile feedback is different than with freehand, however, it is still present and important!

start with high-speed burr to breach cortex (prevents skiving; some use oscillating bur motion)
use drill resistance and feel passing sclerotic bone with drill as seen on robot screen.

if in doubt, use ball-probe to feel trajectory (may even stimulate screws before placing rod).
may lower end effector and use it to retract skin flaps (if too much tension, it will change patient
orientation and cause misalignment with trajectory):

EXCELSIUS GPS, S. “GLOBOT” (GLOBUS MEDICAL)
see p. Op4l >>

ExcelsiusGPS earned FDA 510(k) clearance in 2017.

ExcelsiusGPS robot costs about $1.5 million.

robot can also work in tandem with the Excelsius3D spine system. Excelsius3D was launched in
2022 and is designed for 2D fluoroscopy, 2D digital radiography and 3D imaging.

MAZOR X > MAZOR X STEALTH — STEALTH
AXIS (MEDTRONIC)

see p. Op42 >>

In 2018, Medtronic acquired Mazor robotics and its spine robot in a $1.7 billion deal. The
following year the Mazor X Stealth edition was launched.

Mazor X robot costs about $550,000 to $850,000 and has a disposable supply cost of about $1,500
per case.

Stealth AXiS™ received FDA clearance in February 2026; it is Al-driven surgical platform:
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ROSA ONE SPINE (ZIMMER BIOMET)

FDA clearance in 2019.

blends robotic and navigation technology and uses a 3D intraoperative planning software.

A single-institution study in Neurospine looked into the learning curve for the robot. A total of 167
patients were included, and the mean total use time with the robot was about 107 minutes. The
learning curve involved 20 patients.

PULSE (NUVASIVE)

Pulse is an integrated platform that incorporates two fixed screens, wireless device connectivity
and several software technologies. It is designed for increased efficiency in operating rooms. The
platform earned FDA clearance in July 2021. By February 2023 more than 2,000 cases were
completed with the system.

CIRQ (BRAINLAB)

Brainlab's Cirq robot is a passive robotic arm that can quickly identify previously established
trajectories, and it uses BrainLab's navigation technologies, according to the Journal of Spine
Surgery. It costs around $100,000 to $250,000.

BrainLab added the robot to its portfolio after acquiring Medineering in 2019. Two hospitals with
Columbia, Md.-based MedStar Health were among the first to use the Cirq robotic arm for spine
surgeries in the U.S. the following year.

CUVIS-SPINE (CUREXO)

Curexo's Cuvis-spine robot debuted in South Korea in 2020, and it earned FDA licensing in 2021.
Cuvis-spine guides pedicle screw insertion and uses a robotic arm to provide safer, more efficient
surgery. With licensing, the robot can be supplied globally.

REMI (ALPHATEC)

The Remi robot was acquired from Accelus in 2023 for $55 million. Accelus previously owned the
robot through its subsidiary, Fusion Robotics. Remi integrates navigation and robotics with 3D
imaging scan or 2D fluoroscopic imaging.

Before the robot was sold, Remi earned FDA clearance for use with GE OEC 9900 C-Arm
fluoroscopic imaging systems.

Alphatec plans to incorporate the robot into its procedural strategy to improve surgical
predictability, limit radiation and enhance surgical precision.

Q GUIDANCE SYSTEM (STRYKER)

Stryker's Q Guidance System with spine software launched in 2022 and allows full-spectrum active
and passive hybrid optical tracking, semi-automatic and automatic processing features, gesture
recognition and compatibility with various image sets.

In July 2023 Stryker launched the system with cranial guidance software for brain procedures.

POINT KINGUIDE (POINT ROBOTICS MEDTECH)

The Kinguide robot earned FDA 510(k) clearance in August 2022. It has a handheld drilling
system and navigation system to assist surgeons during implant surgery. In September 2022, the
robot made its U.S. debut.

eCENTIAL ROBOTICS' spine robot

France-based eCential Robotics received FDA 510(k) clearance for its 3D imaging, navigation and
robotic guidance spine system in September 2022.

it is a fully unified intraoperative imaging, navigation and robotics platform. The robot is an open
system that can be used with any spinal implant.

The company in 2022 partnered with Spineart to co-develop spine surgery applications for the
robot.

Viktor’s Notes®" for the Neurosurgery Resident
Please visit website at www.NeurosurgeryResident.net
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