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1. Introduction

La chirurgie endodontique est une procédure chirurgicale visant a mettre en forme, a
désinfecter et a obturer le systeme canalaire par voie rétrograde afin de prévenir toute récidive
de lésion péri-apicale (1). Auparavant, le pronostic d’une telle intervention était considéré
comme incertain avec des taux de succes trés variables allant de 25 a 90% selon Kim,
Kratchman et al. (2). Cependant, depuis ces 25 dernieres années, la chirurgie endodontique a
considérablement changé grace a 1’essor des aides optiques (microscope opératoire et loupes),
de I’imagerie diagnostique tridimensionnelle, des inserts ultrasoniques et des matériaux
d’obturation. Le développement simultané de techniques chirurgicales de précision a permis
d’améliorer considérablement le pronostic. Les taux de succes ont évolué pour atteindre
désormais 90% selon Kim, Kratchman et al. (2). Ainsi, le terme de chirurgie endodontique a
évolué pour devenir le terme de microchirurgie endodontique (2).

Selon les recommandations de la société européenne d’Endodontie, les indications de la
microchirurgie endodontique sont (3):

- Persistance ou emergence de symptdmes suite a un traitement endodontique par voie
orthograde alors que le retraitement n’est pas approprié ;

- Découverte d’une Iésion inflammatoire péri-radiculaire d’origine endodontique
(LIPOE), symptomatologique ou non, associée a un obstacle canalaire dont le retrait est
impossible ou trop risqué par voie orthograde ;

- Extrusion de matériaux associée a une LIPOE et/ou a des symptémes persistants sur
une période prolongée ;

- Accident de préparation non traitable par I’abord de la cavité d’acceés (type perforation
radiculaire).

Les contre-indications d’une telle chirurgie sontles facteurs anatomiques locaux

empéchant 1’acceés a I’apex, un support parodontal insuffisant, un patient non coopérant. De



plus, la prise d’anticoagulants peut étre une contre-indication relative. En effet, prévenir et gérer
le saignement durant la microchirurgie est complexe, I’hémostase est un facteur essentiel (4).
Le rapport bénéfice risque doit étre évalue, qui lui-méme est dépendant de 1’état de santé
général du patient, ainsi que de ses comorbidités (3).

Les principaux challenges lors d’un traitement par voie rétrograde sont d’une part
d’obtenir un acces adéquat pour visualiser et instrumenter 1’apex et d’autre part d’éviter les
structures anatomiques proximales tel que le nerf alvéolaire inférieur, le sinus, 1’artére palatine
ou encore le foramen mentonnier (4).

Pour pallier ces difficultés, I’avancée des technologies, incluant la stéréolithographie, le
scanner optique et I’imagerie volumétrique par faisceau conique (Cone Beam Computed
Tomography ou CBCT) a permis de réaliser des chirurgies a I’aide d’un guide appelées
« chirurgies guidées » (5). Ces évolutions permettent désormais de gagner en précision, en
fiabilité et en sécurité, au niveau de la chirurgie orale et par conséquent au niveau de la la
microchirugie endodontique.

Ces avanceées technologiques ont permis de réaliser des guides chirurgicaux d’abord
développés pour I’implantologie orale.(6) ; le placement d’un implant a I’aide d’un guide
imprimé tridimentionnellement (3D) est reconnu comme étant le « gold standard » depuis
plusieurs années (7). En suivant les pas de I’'implantologie, ce concept a émergé en endodontie
en 2007 (8). Il est désormais reconnu que la microchirurgie endodontique guidée est plus
précise que la microchirurgie endodontique a main levée. Elle permet un accés aux apex
dentaire avec précision, fiabilite, reproductibilité, tout en minimisant le risque de dommages
aux structures nobles (8,9).

Cependant, les guides utilisés en microchirurgie endodontique sont des guides en résine,
dont I’épaisseur est importante pour compenser leur fragilité entrainant alors une géne visuelle.

Les innovations dans la Conception Assistée par Ordinateur (CFAO) permettent désormais
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d’imprimer tridimentionnellement des matériaux en métal par frittage laser, récemment
introduits en chirurgie dentaire (5).

Le métal est connu en prothése amovible partiel pour ses qualités de résistance
mécanique. Il assure stabilité et rétention grace a ses crochets. Le métal peut aussi étre
intéressant en microchirurgie endodontique guidée car il est Iéger, fin et solide. Sa malléabilité
permettrait alors de réaliser un design de guide se rapprochant de la prothése amovible partielle,
utilisant des crochets, augmentant la stabilité et la rétention tout en permettant un irrigation
facilitée (10).

A ce jour, aucune ¢tude n’a évalué la précision d’un guide métallique en microchirurgie
endodontique. C’est pourquoi il a été proposé dans cette étude d’introduire et d’évaluer la
précision d’un guide métallique imprimé en 3D pour la microchirurgie endodontique sur un
modele ex-vivo. L’étude a été réalisé sur des machoires porcines ou les structures dentaires et
parodontales se rapprochent de celle de 1’étre humain (11). Le modéle porcin permet la prise
d’empreintes optiques, la prise de clichés radiographiques, la modélisation et la réalisation d’un
guide chirurgical et enfin de réaliser la chirurgie guidée.

L’hypothese de départ était qu’il n’y avait pas de différence entre la planification
implantaire et le forage réalisé aprés la chirurgie. Pour évaluer la précision des guides
chirurgicaux, les implants virtuellement planifiés ont été comparés aux forages osseux obtenus
apres la chirurgie guidée en termes de déviation apicale et angulaire.

Les informations obtenues constituent une premiere étape dans la validation et la

précision du guide chirurgical imprimé en 3D.
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2. Article Original :

Introduction

Endodontic microsurgery (EMS) is one of the treatment options for endodontically treated teeth
with unresolved periapical lesions, anatomically complex roots, and cases of iatrogenic
accidents (1). One major challenge during EMS is ensuring adequate visual and instrumental
access to the root apex. This is especially important in scenarios in which lesions have not yet
perforated the cortical plate.

Some studies have reported that tooth position has an influence on the success rate. In particular,
the lower molars have been reported to have a lower success rate than other teeth due to their
visual and instrumental access difficulties (12) . Other challenges are avoiding the risk of
complications and iatrogenic problems such as pain, swelling, bleeding, and nerve injuries.
When performing EMS, management of vital anatomic structures and the adjacent root apex is
crucial (including the inferior alveolar nerve, sinus, nasal cavity, greater palatine artery, and
mental foramen) (4). Lastly, minimizing the size of the access window to the apex has been
correlated with better healing outcomes (13).

To improve the accuracy during EMS, surgical guides have recently been introduced (8).
Surgical guides have traditionally been used in implantology since 2002 (6). The placement of
dental implants is more accurate and predictable when using a surgical guide with computer-
aided design and computer-aided manufacturing (CAD-CAM) technologies than freehand
surgery (7,14,15). Thanks to advances in technologies, including stereolithography, optical
scanning, cone beam computed tomography (CBCT), and 3D printers, surgical printed guides
are now fully integrated in digital workflows and have become easy to produce (5).

Several case reports indicate that using 3D printed surgical guides during EMS allows for more

accurate surgical access without risks of damaging vital structures (12,16-18). All these printed
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surgical guides are made of autoclavable, biocompatible resin, which cover the teeth and gums
over the entire arch or half of the arch for stability (8,9). Although transparent, such guides are
made to be thick to compensate for fragility, which leads to visual disturbance and a need to
insert a sleeve. Sleeves have been described as potentially raising the risk of deviations and
increasing costs.

To overcome these drawbacks, surgical metal guides (SMGs) made using chrome cobalt with
laser sintering have recently been designed and introduced in dental surgery. The goal is to
make guided surgery faster, easier, and more accurate (19-21). Current concepts of removable
partial dentures (RPDs) are focused on biomechanical aspects such as stability, retention, and
mechanical resistance. To achieve these goals, RPDs are usually made with metal, and the
current metal of choice is chrome cobalt (10,22). This metal offers several advantages, such as
lightweight, solidity, and the possibility of performing guided surgery without a sleeve.

This study introduces a new 3D printed chrome cobalt SMG that may be used for EMS. This
SMG fits around teeth, and stability is primarily achieved by metal contacts between the teeth
and the metal framework of the guide according to current concepts of RPDs. The application
of such concepts to surgical guides is new, and there are no published cases or studies evaluating
this type of guide for EMS. Before considering its clinical use, its feasibility and accuracy must
be assessed.

The purpose of this study was to evaluate the accuracy of 3D printed SMGs in comparison to
virtual planning in an endodontic surgical simulation model ex vivo using a pig jaw. To assess
the accuracy of the surgical guides, virtually planned implants were compared to bone drilled
with SMGs in terms of apical and angular deviations. The main hypothesis is that there would
be no significant statistical differences between virtually planned implants and drill paths after
surgery. The resulting information is a first step in validating the accuracy of 3D printed metal

endodontic surgical guides.
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Materials and methods

Study design

The study protocol was reviewed and approved by the Nantes School of dentistry, and the use
of pig jaws followed the school’s regulations. Mandibles were removed from the animals and
cleaned in an abattoir according to our instructions. Only healthy samples with unimpaired
teeth, gingival tissues, and alveolar mucosa were selected. The mandibles of pigs were used.
The total of 29 roots included: 4 roots for mandibular 1 to 6, 3 roots for mandibular 7, and 2
roots for mandibular 8. The mandibles were maintained in a refrigerator with no fixatives. Prior
to laboratory use, the frozen mandibles were maintained at room temperature until the tissues

were soft and pliable.

Experimental procedure

Preoperative CBCT scans of all jaws were obtained with a 0.16-mm voxel size (8 mm x 8 cm,
high resolution, 85 kV, 6 mA, 14.2 s, 958 mGy/cm?) (Orthophos XG 3D Dentsply Sirona, York,
Pennsylvania, USA) and stored as Digital Imaging and Communication (DICOM) files. Optical
impressions of the teeth were taken using a CARESTREAM CS3600 scanner (Carestream,
State of New York, USA), and data were stored as a surface tessellation language (STL) file.
The datasets obtained from the digital workflow were uploaded to the 3D implant planning
software 3Shape Implant Studio (3Shape, Copenhagen, Denmark). The software was used to
design a virtual template by matching the 3D surface scan and CBCT data while aligning the
key points of the crowns of the teeth.

Virtual implant planning was performed by placing four virtual implants on each side of a pig
jaw (STRAUMAN implant diameter 2.5mm; length 12 mm or 10 mm depending on the

situation). The target was the middle of each root at 3 mm above the apex. The virtual implants
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were inclined at the nearest angle of 80-90 degrees to the dental axis. The surgical guide was
designed and fabricated by laser sintering using a 3D printer (Pro X DMP 200 dental, 3D
systems, Riom,France; laboratory BONGERT, La Roche sur Yon, France). Depth control was
achieved by adjusting the thickness of the guide so that when the surgical drill (length 17 mm,
diameter 1.9 mm; ASTRA TECH, Implant System EV) was sunk into the head of the handpiece,
it would access 3 mm from the apex of each root with control of the depth to the lingual surface
of the root. SMGs were printed in chrome-cobalt, and the design followed current concepts of

RPDs to increase stability (Figure 1).

Figure 1: Planification of the 3D-printed surgical metal quide. The virtual surgical quide was

designed using 3D implant planning software 3Shape Implant Studio

Occluso-buccal (a) and occluso-lingual (b) views showing the virtual SMG in yellow and the
optical scan of the mandible pig jaw in blue. The SMG was 3D printed in cobalt-chrome.
On the night before surgery, the bones were thawed slowly at 4°C and then maintained at room

temperature. The cheek muscles were retracted to improve visual and instrumental access.
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Using a sterile no. 15 blade, an intrasulcular incision was extended across 1-2 teeth mesially
and distally from the study tooth. This was followed by a vertical release incision mesially. A
full-thickness mucoperiosteal flap was then created to expose the bone, and the guides were
placed over the occlusal surface of the teeth. Guided osteotomy was performed using a 1.9-
mm-diameter, 17-mm-long drill and irrigated with water. The drill speed was 10,000 RPM, and

the procedure was performed using a pecking motion until the drill stopped (Figure 2).

Measurement procedure

After guided surgery, postoperative CBCT scans were taken of each side of the pig jaw with
the same settings as the preoperative scans. Using the software BlueSkyPlan 4 (BlueSkyBio,
USA), the postoperative CBCT scan was segmented to obtain STL files of each drill path. The
file was superimposed on the preoperative STL files to have the same landmarks in the space
as the planning. The files were exported, and the data were stored as STL files.

Next, STL files of the drill path and initial planning were superimposed using 3Shape
Implant Studio by aligning the crowns of each tooth. The distance in millimetres between the
most apical point planned and the most apical point created with the SMGs were compared and
measured for each plane in space (sagittal, coronal, and axial). The angular deviation was
calculated for the axial and frontal planes. Figure 3 shows all the parameters used to determine

the accuracy of the surgery with the SMGs.
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Figure 2: Guided surgery using SMG on pig jaw mandible

The adjustment was checked in order to control the stability of the SMG (a). After flap
resection, the SMG was placed over the occlusal surface of the teeth (b). The drill was driven
through the metal sleeve until it reaches the determined stop (c). The final situation shows four

drilled path through the bone (d)

Statistical analysis

Statistical calculations were performed using statistical software (GraphPad Prism, San Diego,
CA, USA). To test for deviation equal to zero, a one-sample t test was used. Deviations were
summarized using the median, minimum, maximum, mean, and standard deviation and the
corresponding 95% confidence interval (ClI). All tests were 2-sided, and P=0.05 was considered

as statistically significant.
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Figure 3: Determination of the measurement deviation calculation and angular deviation at the

level of the apex

U Root apex

B Virtual implant
[ Actual drilled path

W Angular deviation frontal plane

— Apical frontal deviation (in mm)

Apical axial deviation (in mm)

— Apical sagital deviation (in mm)

The preoperative 3D reconstruction of the pig jaw shows the virtual implants in direction of
the targeted root apices (a). The illustration shows the calculation of the angular deviation and
the apical frontal, axial, sagittal deviation of the tip of the virtual implant in comparison with
the actual drilled path (b). The sagittal view (c), the frontal view (d) and the axial view show
the superposition between the virtual planned implant (green) and the performing drill path
(orange). The green circle represents the implant’s safety zone. The blue line shows the main

axis of the implant. The dark green line represents the panoramic curve.
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Results

A total of 29 implants were planned, and eight SMGs were printed. The differences between
the virtually planned implant and the actual position of the drill path were statistically
significant for each SMG in terms of the angular and apical deviations. Table 1 shows the
distances between the most apical point planned and the tip of the drill in three-dimensional
space.

The mean deviation in the sagittal plane was 1.59 + 1.43 mm (median: 1.46, min: 0.33,
max: 6.26; t(7)=3.741, p=0.0073). In the frontal plane, the mean deviation was 2.00 + 1.28 mm
(median: 1.93, min: 0.00, max: 5.10; t(7)=5.902, p=0.0006). In the axial plane, the mean
deviation was 1.37 £ 1.15 (median: 0.90, min: 0.20, max: 4.30; t(7)=4.114, p=0.0045).
Table 11 shows the results of angular deviation (in degrees) between the estimated and realized
holes with the 3D-printed surgical guide. The mean deviation of the angle in the frontal plane
was 8.57 degrees (median: 8.24, min: 1.09, max: 24.88; t(7)=3.484, p=0.0102). The mean
deviation of the angle in the axial plane was 3.10 (median: 2.79 min: 0.08, max: 10.69;

t(7)=6.824, p=0.0002).
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Table I: Descriptive analysis of the mean deviations

Mandible
n
lmand 4
2mand 4
3mand 4
4mand 4
5mand 4
émand 4
7mand 3
8mand 2
Total 29

Min
1.01
1.73
1.59
1.00

0.38
0.33
0.59
0.39
0.33

Sagittal plane

Max
2.28
6.26
3.37
1.84

1.50
0.51
0.95
1.15
6.26

Med
1.52
431
2.26
1.54

1.32
0.36
0.95
0.77
1.46

Mean
1.58
4.15
2.37
1.48

113
0.39
0.83
0.77
1.59

SD

0.55
2.20
0.74

0.35

0.52

0.08

0.21

0.54
1.43

Min
1.15
0.98
1.84

2.63
1.64
0.00
0.70

0.4
0.00

Three dimensional planes

Max
242
3.65
51

4.29

3.71
2.51

1.80
211
5.10

Frontal plane

Med
1.64
1.53
2.86
3.63

2.03
0.46
1.13
1.26
1.93

Mean
171
1.92
3.16
3.54

2.35
0.85
1.21
1.26
2.00

SD

0.63
1.20
1.38
0.86

0.93
0.08

0.55
121
1.28

Min
0.23
0.32
0.37

2.32
0.77
0.20
0.64

1.10
0.20

Max
0.63
0.93
2.44
3.60

4.3

0.77
141
2.03
4.30

Axial plane
Med Mean
0.37 0.40
0.64 0.63
248 144
292 294
249 251
054 0.51
0.85 0.97
157 157
0.90 1.37

SD

0.18
0.32
0.93
0.54

1.57
0.25
0.40
0.66
1.15

The apical deviations between preoperative planned and actual drill path are expressed with

minimum, maximum, median, mean and standard deviation for each 3D metal guide (in

millimeters). mand, mandibulary; n, number of virtual implant planned; min, minimum; max,

maximum; med, median; SD, standard deviation
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Table Il: Descriptive analysis of the angular deviation

Mandible Frontal plane Axial plane
n
Min Max Med Mean  SD Min Max Med Mean  SD

1mand 4 4.94 9.16 8.64 7.84 1.98 0.84 7.02 2.98 3.46 281
2mand 4 2.77 6.52 571 5.18 1.73 2.83 10.69 4.18 5.47 3.54
3mand 4 17.89 2488 1968 2053 3.05 0.95 3.44 1.92 2.06 111
4mand 4 3.59 1094 9.05 8.16 3.23 0.82 4.29 2.78 2.67 1.42
5mand 4 15.30 2201 16.89 1777 295 2.47 3.79 2.99 3.06 0.56
6mand 4 2.70 9.32 4.14 5.08 2.98 0.08 3.95 1.56 1.79 1.61
7mand 3 142 4.08 2.58 2.70 1.33 1.32 291 145 1.89 0.88
8mand 2 1.09 1.58 1.34 1.34 0.35 0.34 8.54 4.44 4.44 5.80
Total 29 1.09 2488 824 8.57 6.91 0.08 1069 2.79 3.10 2.37

The angular deviations between preoperative planned and actual drill path in frontal and axial
plane are expressed with minimum, maximum, median, mean and standard deviation for each
3D metal guide (in degrees). mand, mandibulary; n, number of virtual implant planned; min,

minimum; max, maximum; med, median; SD, standard deviation

Discussion

Guided endodontic microsurgery is becoming recognized as more accurate than freehand
surgery (8,9). Guides evolve to best adapt to the clinical situation and are being improved with
technical developments. The present study has proposed a new design for a printed SMG, and
its accuracy was evaluated using a model ex vivo. Two parameters were assessed: the accuracy
of the most apical point of the drill path and the angular deviation. These two parameters are
often chosen in studies because they are easily identifiable and present reliable information

concerning the assessment of the difference between the actual results and virtual planning.
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The mean deviation between the most apical points planned and those performed with the
surgical guide were in accordance with previous studies performed using human mandibles.
Pinsky et al.(8) found a mean deviation of 0.79 £ 0.33 mm, and Ackerman et al. (9) obtained
a mean deviation of 1.47 £ 0.75 mm for the same parameters. The mean angular deviation was
8.57 + 6.91 degrees in the frontal plane and 3.1 + 1.3 degrees in the axial plane.

The angular deviation is an important parameter because it determines the root-end resection
and whether all the accessory canals can be resected (2). However, data related to the angular
deviation are very scarce. Only one study has reported an overall angulation of 3.95 degrees
(95% CI: 2.1- 5.9 degrees) using a trephination guide for endodontic surgery (16).
Nevertheless, the angular deviation has been evaluated in multiple implantology studies.
Petterson et al. (23) compared the deviation between the position of virtually planned implants
and the position of implants placed with a printed surgical guide in a human cadaver. The mean
angular deviation of the mandible was 2.26 degrees (range: 0.24-11.74 degrees; 95% CI: 2.01).
Younes et al. (7) reported a mean angular deviation of 2.30 £ 0.92 degrees. Benheke et al. (24)
analysed the factors influencing the accuracy of a printed surgical guide for implant placement
and reported a mean angular deviation of 2.25 degrees (0.07-5.82 degrees) for the mandible.
All of these studies report a lower angular deviation than the present study. One explanation
for the variation could be that several drill paths (up to four) were realized with the same guide.
Schelbert et al. (25) observed that multiple implants placed with the same guide showed higher
mean deviations than single implants. This has also been observed by Windmann et al. in 2006
(26). Furthermore, another possible explanation for these results is the fact that our surgical
guides had sleeves, which can increase the deviation. Tallarico et al. (19) showed that surgical
guides without metallic sleeves were more accurate than a conventional guide with a metallic
sleeve. One of the advantages of a metal guide is that it is possible to use it without a sleeve,

thus avoiding this bias.

22



Lastly, the discrepancy may be due to the endodontic surgical simulation model ex vivo with a
pig jaw. Pig teeth are larger than human teeth, and the roots are longer and conical. Pig molars
have many grooves, fossae, and an eminence on the occlusal surface (11). These tooth shapes
decrease the stability of our guide and could explain the increased deviation. Indeed, Schneider
et al. (14) explained that one of the crucial factors for precision during the surgery is stability.
Another issue when using a pig mandible is the higher cortical bone thickness at the tip of teeth
than that of a human mandible (27). To reach the root, planned implants have to be longer in
the case of a pig jaw than for a human mandible. According to Koop et al. (20), longer implants
result in more deviation.

Although the model does not fully replicate conditions in vivo, this ex vivo model offers
advantages. The bone density of a young pig jaw is similar to that of a human mandible
(28,29). According to Benheke et al. (24), this is a crucial factor when assessing the accuracy
of a surgical guide. This simulation model is easy to handle and cost-effective, and different
experiments may be performed (CBCT, histology) because repeated freeze-thaw cycles do not
alter the bone (30).

To the best of our knowledge, this study is the first to evaluate the accuracy of SMGs in
endodontic surgery. Although deviations were observed when comparing the results with
virtual planning, the differences are compatible with endodontic surgeries. Further designs
(particularly designs without sleeves) may improve the stability and accuracy and would be
beneficial for clinicians and patients. Further studies could also be conducted with human

cadavers and could compare SMGs with resin guides.
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3. Conclusion :

La chirurgie endodontique est un domaine en évolution permanente au cceur de la
dentisterie moderne. L’utilisation des guides chirurgicaux en endodontie permet une
simplification de la phase chirurgicale et assure une sécurité. Aujourd’hui, les guides étudiés
dans la littérature sont en résine en restent perfectibles (épaisseur importante génant la vision
de I’opérateur, douilles en métal indispensables augmentant les déviations).

Cette ¢étude est la premicre étude évaluant la précision d’un guide métallique en
microchirurgie endodontique. Les résultats ont montré une différence significative entre la
planification et le forage réalisé, pour tous les parametres étudiés (déviation angulaire et
apicale). Concernant la déviation apicale, les résultats obtenus sont cohérents avec ceux de la
littérature. Cependant, la déviation angulaire obtenue reste plus élevée que les résultats
retrouvés dans la littérature.

Cette différence peut étre expliqué par le fait que notre étude présente quelques limites.
En effet, la réalisation de plusieurs forages par guide, la présence de douilles et 1’utilisation
d’un modeéle ex vivo sur machoire porcine peut augmenter les déviations.

Cependant, la chirurgie guidée avec un guide métallique semble prometteuse a 1’avenir
en termes de précision. Il a été mis en évidence une stabilité du guide lors de la microchirurgie
guidee, facile & manipuler avec un acces visuel dégagé.

D’autres études seraient nécessaires pour évaluer la précision d’un guide métallique. I1
serait intéressant de faire évoluer ce design et notamment d’évaluer la précision d’un guide
métallique sans douille et de le comparer a une chirurgie main levée ainsi qu’a un guide en
résine. Ces évaluations pourraient se réaliser sur cadavre humain car ¢’est un modéle qui se

rapproche de la réalité clinique ; ainsi, cela limiterait les biais.
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CABEZON (Camille). — Intérét des guides chirurgicaux imprimés tridimentionnellement
dans le cadre de la microchirurgie endodontique (étude sur modéle animal).- 30 f. ; ill. ;
tabl. ; 30 ref. ; 30 cm (Thése : Chir. Dent. ; Nantes ; 2020)

RESUME : Introduction : Grace aux récentes avancées technologiques, les guides
chirurgicaux imprimés tridimentionnellement (3D) sont intégrés dans un flux numérique
complet et sont bénéfiques en termes de précision pour la microchirurgie endodontique. Le
but de cette étude était d’évaluer la précision d’un guide métallique imprimé en 3D pour la
microchirurgie endodontique sur un modeéle ex-vivo (méachoires porcines). Méthodes : 29
racines de dents porcines étaient incluses. Un CBCT et une empreinte optique préopératoire
ont été réalisés pour chaque racine. La planification de la chirurgie a été réalisée sur un
logiciel de planification implantaire (3shape implant studio, Copenhague, Danemark) et le
guide a été imprimé en cobalt-chrome par frittage laser par une imprimante Pro X DMP 200
dental (3D system, Riom, France). Le design du guide chirurgical permettait d’avoir un acces
a 3mm au-dessus de I’apex et permettait d’avoir un controle de la profondeur jusqu’a la
surface linguale de la racine. Un CBCT post opératoire a été réalisé et comparé au CBCT
préopératoire. Les déviations apicales et angulaires ont été analysées. Pour tester un écart
égal a zéro, un test a un échantillon a été utilisé. Résultats : Les résultats ont montré que tous
les parameétres étaient statistiguement différents. Conclusion : Bien que des déviations aient
été reportées, I’étude démontre la faisabilité d’un guide métallique imprimé en 3D pour la
microchirurgie endodontique.
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