


A goal without a plan is just a wish
- Antoine de Saint-Exupery
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Introduction Principles




Checklist

A: What is needed for surgery?

e -
e
- L
[uli 5 t 1ark Patient fidas i lavigated instruments
cludir ada d
hor fhr

Note: Patient reference set must be opened for all cases. Different navigation instrument sets are available and can be used based

an the surgical neeq,

B: Power-on navigation and imaging system

Enzure the connection between systems is working, Choose

rgery type based on imaging modality

Check that the instruments on the table match the procedure

type and instruments on the software.

Set-Up

A: Patient reference positioning is a key step
to successful CAOS surgery.

Fatlent relerence frame must be tightly assembled =
rigidly anchored in a bone that is motio
to the area of surgery. If the frame

the anatomy after registration, coordinates

accuracy is lost. The. f
optimal placement of the patient refer

procedura type

s Il il i by = - o g N s 7
allowing chapters describe the

ence frame foreach

The line of sight between the camera, patient reference
frame and instruments must be clear, Ensure nothing is
obstructing the view of the

place the

era. As illustrated below,
ference frame between the area of surgery and

at it does not interfere with the visib

lity of

the instruments.
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(CAOS)
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Pitfalls
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FIBULA MALUNION:
OSTEOTOMY
AND FIXATION

Clinical history

Surgical challenges

Navigation




Surgical tactic

Ctarm 1 RPafara o = #=laal=Nalal4idlalalla
>tep 1: Reference frame positioning

Step 2: CBCT scan acquisition

Loning

ntraoperative CT scan is acquired after satisfa

and fixation of the reference frame (Figure 4), Prior to the CT

oscopy to-assure the K-wire

n 3: Instrument calibration

The ostectome is calibrated on the frame to be navigated

trough the criginal fracture line

Step 4: Navigating the osteotomy
; ) i Figured: Fluorosoog 3o the 15t Figure 5: Intraoperative CT scan

Step 5: Post-operative results




Chapter 2

ACUTE SYNDESMOTIC
DISRUPTION WITH

WEBER C ANKLE FRACTURE:
REDUCTION AND FIXATION'

Clinical history

Navigation

1. ¥ Dubais-Ferméne, et al., Syndesmosis red uction by computer-assisted
arthopaedic surgery with navigation:Feasibility and accuracy in a cadaveric

study, Injury (2016}, http:/fdodelorg/ 101016/ injury. 2016. 10.005
10



Surgical tactic

[md e, (N Py . e Frarmia meciE e
Step 1: Reference frame positioning

Step 2: CBCT scan acquisition

ntraoperative CT sean is acquired after satisiactory positioning
and positioning of the reference frame. Prior to the CT scan the

O-Arm” is used as fluoroscopy to assure the K-wire fixation

Step 3: Instrument calibration

igated through a calibrated 2.5 mm K-wire. This

realibration of the drill bi

to-allow lor-accurate

Step 4: Navigating the drilling trajectory

Navigation of the fibula.and the drill bit gives optimal results

as it permits an exact calculation of the

lary and length

neeged for the syndesmotic screw (f IEure 5}

Step 5: Post-operative results

g radiographs show good restoration of




Chapter 3

CALCANEAL FRACTURE:
MINIMAL INVASIVE
OSTEOSYNTHESIS

Clinical history

Surgical challenges

Navigation
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Surgical tactic

Step 1: Reference frame positioning

wosition. Two L6 mm K-wires are
n =i | I'-_'f-:-' nce frar hi !
".:_':' g the lcaneus arallel
the floo ny ament relati |
Slrgea frame is facing upwards and along
he tibial

C¥EAar ."'I:::I,-"' elat=15
L2 L. LDl 1 aldll

acquisition

Step 4: Navigating the Schanz pin

MNavigation of Schanz pin on the power drill allows for
entry point selection. This entry point should be at the
tip of the calcaneal tuberosity just below the dors:

Reduction manoeuvre of t 1 the Schangz
1sed as joystick. The fracture is preliminarily fixed by 1.6 mm

clure

Step 6: Navigating the screws

Step 7: Post-operative result




Chapter 4

CALCANEUS MALUNION:
OSTEOTOMY THROUGH
THE FRACTURE LINE

AND SUBTALAR FUSION

Clinical history Surgical challenges

Navigation
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Surgical tactic

1: Reference frame pc g

Step 3: Instrument calibration

The os me is calibrated using the adapter as

and-iceantific

stion of navieatior

ts forthe subtalar arthrodesis screws

W
r_al
]

rating the screws

IVigd




Chapter 5

CALCANEUS ANTERIOR
PROCESS NONUNION:
FRAGMENT RESECTION

Clinical history

Surgical challenges

Navigation
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Surgical tactic

Reference frame positioning




Chapter 6

CALCANEONAVICULAR
COALITION:
FUSION OF THE COALITION

Clinical history

Surgical challenges

Intervention Navigation




Surgical tactic

[md e, (N Py . e Frarmia meciE e
Step 1: Reference frame positioning

CT scan acquisition

Step 3: Instrument calibration

euniversal pointerandt hie POWErar

universal instrument .il.f|._".|ilr|"' A5 eXpiine in L

4: Site preparation

o

-+

(0]
3

Used 10D

sed to break the coalition and prepare the CN

fusion site {Figure 4) with the help of the navigate

er. A& cancellous bone graft is obtained

ipsilateral tibla,

Step 5: Navigating the guide wire and screw

ewire isnavipated and acan

-| 1 & TTinimaEl 1Ny

cantinuous visualisation of the traje

Step 6: Post-operative results




Chapter 7

NAVICULAR

SPLIT FRACTURE:
MINIMAL INVASIVE
OSTEOSYNTHESIS

Clinical history

Navigation
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Surgical tactic

Step 1: Reference frame positioning

Patient is in the supine pos !
the reference frame an
dorsomedial aspect of the first ray (f

through the base of
through the base o

rstpininthefirs

second pin in the first metatarsal

frame is then fixed away from the pre

= s taken intrac

Step 2: CBCT scan acquisition

The O-Arm is Used as a fluoroscope prior to'the CBCT scan to

en and fixation-of the referenceframe.

ensure satisfactol Y

Intraoperative CBL

15 then acguireq

Step 4: Entry point verification

banana shape of the navicular, entry point

entry point igure 5).
endicular as po e fracture line

¢ within the bone sh Ng enougn o

crucial. The use of the universal pointer

y neighbouring

Step 3: Instrument calibration

The univers

al pointer and the power dnll are calibrated using

the adapter as explained in the introduction.




Chapter 8

THIRD CUNEIFORM
OSTEOID OSTEOMA:
RESECTION

Clinical history

Navigation
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Surgical tactic

Step 2: CBCT scan acquisition

sed as a fluoroscope pi

ensure satistactory poasition and posttioning of

frame. Intracperative CT scarn is then acquired

Step 3: Instrument calibration

the universal

adapter

Step 5: Postoperativi




Chapter 9

FIFTH METATARSAL BASE
STRESS FRACTURE:
INTRAMEDULLARY
SCREW FIXATION

Clinical history

Navigation
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Surgical tactic

Step 1: Reference frame positioning
The patient is lateral dex
T'wo 1.6 mm K-wires are inserted through
rence frame and fixed to the distal-lateral aspect

ed fifth ray | Ire 2, 3, 4a, ¢
movemnent relative to Irg site

= Ll

v where the camera is

Step 2: CBCT scan acquisition

The O-Arm”™ is used as a fluor

scan to

ensure satisfactory positioning and fixation of
the re e frame (Figure 3). Intraoperative CBCT scan

sthenacqu rad.

Step 3: Instrument calibration

Tovisualise the optimal trajectory for the fixation of this fracture,

the power drill is navigated Using an adapter
Calibration of the power drill on the reference frame

2. Verification ef navigation accuracy and identification of the
ntry point of the drill bit

[y}

Figure 4a, 4b;. Frame and captufe fixed

Step 5: Post-operative results

tandard ht-bearing  radiographs  show

(=4

re site {Figure Ba

rofessiona

consclidation of the fra

The

atient went back to

Step 4: Navigating the guide wire and screw
placement

The drilling trajectory Is fully dependent on the accuracy of
the entry point. The entry point has to be just medial to the
tuberosity tip of the fifth metatarsal base at the dorsal upper
third.

Oncethe guide wire is placed in the shaft, the wireis over-drilled
and a 5.4 cannulated sell-tapping and partially threaded screw

isinserted (Figure Sa, 5b). The screw Is usually 50 mm long;




Chapter 10

LISFRANC INJURY:
MINIMAL INVASIVE

LISFRANC JOINT FIXATION

Clinical history

Surgical challenges

ntervention Navigation




Surgical tactic




Chapter 11

FLATFOOT:
HINDFOOT FUSION

Clinical history

Surgical challenges

Navigation



Surgical tactic

" N - | = = =3 R 1 J—
Step 1: Articular surface preparation

Step 2: Reference frame positioning

Step 3: CBCT scan acquisition

P

TheQ

Arm” s used as a fluorascope priortothe CBCT scan to

§

and positioning of the

e e o e e e
o salisfactony pos

" scan is then acquired

er drill is calibrated using the adapter as described in

ntrodiiction dEfo ira-d)
MO A F LI 4,

Step 5: Power drill navigation and screw
placement

ted providing optimal entry points,
W ||' II|L_'_|E' alculations: A '||'- CBCT
scan is acquired, ensuring satisfactory foot recenstruction anc

screw fixation (Figura s),

C R i P P - .
.,1'.5.'4_,7 b Jr'}{:.{_at{)'r;".u;.!{_!"..'f_? H:‘.{*:'.!H‘_-u




Chapter 12

CHARCOT FOOT:
MIDFOOT FUSION
WITH BOLTS

Clinical history

Surgical challenges

Navigation



Surgical tactic

Step 1: Nonunion sites débridement and
foot realignment

Patient is in the supine position. Hardware is removed.
Fragmentation of the navicular is addressed (removal of most
of the necrotic navicular) and the subtalar joint is débrided.
Ihe first cuneometatarsal joint is prepared for fusion. The foot
s realigned in the three planes. Multiple temporary K-wires are

nserted in order to lock the plantigrade position

Step 2: Reference frame positioning

f'wo 1.6 mm K-wires are inserted through the base of the
reference frame and fixed to the dorsomedial aspect of the
talar head and neck to aveid any undue motion relative to

the intervention site (Figure 2). The reference frame is facing

upwards and medial where the camera is positioned (Figure 3).

Step 3: CBCT scan acquisition

The O-Arm”is used as a fluorescope prior to the CBCT scan to
ensure satisfactory position and fixation of the reference frame.,

Anintracperative CBCT scan is then acquired.

Step 4: Instrument calibration

he cannulated bolt wire is calibrated using the adapter as

[
described in the introduction.

Step 5: Navigating the cannulated bolt wire

The entry point at the level of the first metatarsal head is

tified by the projected navigation line that passes through

head and the centre of the talar dome al radius (a straight

Meary line). Screw length can be precisely measured (Figure 5).

Step 6: Graft harvest and placement
The 8 x 1 cm cortical strut is harvested from the ipsilatera
proximal tibia and placed in a carved split along the media

aspect of the foot medial column [Figure 63, 6b).

irst metatarsal shaft longitudinal axis, the centre of the talar

gure 4 sorascopy of the reference frame positioning, Figure 5 Calibrated

Step 7: Medial column intramedullary bolt
Insertion

The bolt is inserted after drilling along the bolt wire

Step 8: Construct augmentation with
medial column plate

A |f_il':_,l and thick medial column plate

the strength of the construct. An additiona
through the MTP1 join

flexion. This will relieve

in order to force the joint in plantar

— ==

arly placed entry point of the baolt, K-wire is

Step 9: Post-operative results

Standard radiographs show restoration of the foot medial arch

(Figure Ta, Th)




Chapter 13

TALUS POSTERIOR
FACET FRACTURE:
MINIMAL INVASIVE
FIXATION

Clinical history

Surgical challenges

32

Navigation




Surgical tactic

Step 1: Reference frame positioning

'__5_'_: mm K-wires a re

Step 2: CBCT scan acquisition

9 I:I.\,"I ‘ .:::.\,.' :__|‘|| + r_.l__ CBCT cran tm

osition and fixation of the reference frame.

= then acquired.

Step 3: Instrument calibration

[he: power drill is callbrated using the adapter as described in

the universal pointer allows for entry point

ion -and clear access to the fragment with. minimal

soft tissue trauma (Flgure 4)

Step 5: Navigating the drill bit

Thesite'is prepared via a minimal posteramedial inclsion, and

the fracture is fived using a fully threaded screw placed under

compression supparted by continuous visuallsation (Flgure 5)

Step 6: Post-operative results

ntracperative  CBC scan  shows  satisfactory

placement and




Chapter 14

TALUS HEAD
SPLIT FRACTURE:
MINIMAL INVASIVE
OSTEOSYNTHESIS

Clinical history

Surgical challenges

Navigation
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Surgical tactic

t is placed

i3 t o
| a m
~f [=]

Step 4: Fracture fix

ation

2.0 mm K-wires. O-Am

the fracture. An intraoperative scan |




Chapter 15

PILON FRACTURE:
POSTERIOR PLATING

Clinical history

Surgical challenges

Navigation



Surgical tactic

tariorly

1 relative to the

e frame 15 lacing

the camera 15 pPosilionad

Step 5: Power drill navigation and screw
placement

An anatomical posterior |
possible. Compression sc
close as possible to the tibiota ot lar incisura

ny joint penetration. The pov

jointanc

w length calculation (Figure 5a, Sb),

n, thie site'is closet s by plane

Step 7: Post-operative results



Chapter 16

PILON OSTEOCHONDRAL
LESION:
RETROGRADE GRAFTING

Clinical history

Surgical challenges

Navigation
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Surgical tactic
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Chapter 17

TIBIAL PLATEAU.:
MINIMAL INVASIVE
OSTEOSYNTHESIS

Clinical history

Surgical challenges

Navigation



Surgical tactic
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al I |

Step 4: Fracture reduction and Step 5: Navigating the screws

preliminary fixation P o | b s e

dinimum IS 15 | [ | | | Lon
igu ioularpi s e | I
naimimmai Invasive way 1a Hixed with a !I':-_"'il F e




Chapter 18

TIBIA POST-SURGICAL
MALROTATION:
DEROTATION OSTEOTOMY

Clinical history Surgical challenges

Navigation
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