Design of dexterous surgical instruments
to perform constrained workspace surgery
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Natural Orifice Transluminal Endoscopic Surgery
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Constrained workspace surgery: maxillary sinus surgery

Maxillary sinus surgery
(62 surgeries / year at UZ Leuven)
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Constrained workspace surgery: sinus surgery

Rigid forceps, graspers, ... Rigid endoscopes

2-3mm @ dmm @




Constrained workspace surgery: sinus surgery
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Need for flexibility in maxillary sinus surgery



Single-handed Flexible Steerable
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Instrument specifications
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Length, Interface -

diameter ?

Bending
characteristics ?



 1instrument designed for all patients

Statistical
shape
model
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CT scans Segmentation 3D shapes Mean shape



Results:

Diameter £ 2.4mm -

Bending angle > 165 ° radius

angle
Bending radius > 4.6mm

1 unidirectional DOF




* Modifying existing instruments

Commercial flexible
instrument

- buttons ?
- scroll wheel ?
- slider ?

Add-on system to
control the instrument



Experiments — Fetal surgery

< diameter
> bending angle

Available mixed-reality
system

Feasability of flexible,
steerable instruments in CWS

Interface: buttons or scroll wheel

Control: Feedforward



* Tools and length

Visualization = first step

 endoscope
e ~300mm long
e camera and light source
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Instrument design



Z8

* Slender, light, compact and safe

McKibben muscle

bladder

e  Pneumatic

* Lightweight <10g

e Compact down to 1.2mm diameter




Z8

Slender, light, compact and safe

* McKibben muscle inside the shaft
* 3mm diameter

* Lightweight 87g

 Bending angle up to 70°

e Contains a light source, camera and
working channel

v X

Fetal surgery Maxillary sinus surgery
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Z8

e McKibben concentric muscle /

o

Clamping piece _
McKibben muscle Spring McKibben muscle

Air inlet 7 / / Outer tube Inner tube
- / /

7—@ Inner tube  [RSSSRSESIS S ———
Glue

Muscle attachment piece




Z8

*  McKibben concentric muscle

/ e Compact systems (2.5mm @)

/ * Protection of the tools
e Guidance



Overcoming non-linearities: McKibben concentric muscle
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Z8

* Overcoming non-linearities: McKibben concentric muscle

——— Muscle w. integrated sensor and silicone layer (Experiments)

3.671 —— Generic model (Cgen)
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3 0.31mm precision
) over 75% stroke
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Muscle length [mm)]
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* High bending angle, small bending radius

Stress

Superelastic NiT1

Y

Strain




Z8

* Large deflection model for Nitinol notched-tubes
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* Non-constant curvature

* Large bending angle e Equal & non-equal-size notches * Capstan-based friction
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Large deflection model for Nitinol notched-tubes

3.1 % RMSE
Experiment SD
——Experiment mean
——Model
0 0.5 | 1.5

Applied force [N]

13.5

x axis [mm]

2.7 % RMSE

—— Experiments
—— Model
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Instrument assembly



Endoscope for maxillary sinus surgery

a)
Button interface
Tip NiTi shaft r Pressure connector
.I_Kf__.__.__._________._ A
Distal flexible part Handle
b) Handle
Mobile shafi-muscle
attachment piece
Screw-on cap P ] o _ Plug-on cap
Button interface McKibben muscle  Conical ring (proximal)
/ / y Pressure connector
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Cable Outer mobile tube

Tip

'

/

Inner fixed tube

NiTi shaft
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Endoscope for maxillary sinus surgery

Tools: camera & light

375 mm long

51 g light

93° bending angle
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Surgical experiments



PLHENT

30° telescope

%
_“—_

0° telescope
%

On 1 cadaver head (2 sinuses)
By 2 ENT surgeons

Measurements:

Tip position
Camera images
Surgeon experience

ey 7



nasal cavity

lacrimal canal

, ) anterior
maxillary sinus

orbit

medial
lateral medial maxillary sinus
lateral
inferior turbinate
posterior inferior
Antrostomy Maxillectomy T2 Maxillectomy T3 Maxillectomy T4
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Invasivity
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Invasivity
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Antrostomy
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Flexible endoscope




Conclusion

% * Novel pneumatic actuator

* Novel sensor for McKibben muscle

* Novel model for large deformation
of NiTi notched backbones

&= * Novel methods for

&= . R
e instrument specifications

- Instrument size, bending, ...
- Instrument handle

m—

Most slender endoscope for
maxillary sinus surgery

* Risk analysis
%

L~

»

Experiments with
clinicians
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