ADDITIVE MANUFACTURING
IN IMPLANT DENTISTRY

PROF. D. RITTEL, MECHANICAL ENGNG, TECHNION
DR. DMD-PHD K. SHEMTOV YONA, TECHNION & TAU SCHOOL OF DENTISTRY



ADDITIVE
MANUFACTURING
IN MEDICINE AND
IN DENTISTRY

PRODUCTION OF COMPLEX 3D
STRUCTURES.

MANUFACTURING ACCURACY.

SIMPLIFIED PRODUCTION
PROCESS: ECONOMIZED
MATERIALS, LESS HUMAN
RESOURCES, SHORTER
PRODUCTION TIMES.

USED IN PRECISION MEDICINE
TO ACHIEVE PERSONAL NEEDS




DENTAL IMPLANTS: THE
MODERN SOLUTION
FOR LOST TEETH

* A DENTAL IMPLANT IS A PROSTHESIS THAT
INTERFACES WITH THE JAWBONE TO SUPPORT
A DENTAL PROSTHESIS (CROWN, BRIDGE,
DENTURE)

 MADE OF TITANIUM, TITANIUM ALLOY OR
ZIRCONIA CERAMIC.

e BIOCOMPATIBILITY IS KEY FOR ITS SUCCESS.




KEY FOR SUCCESS : | Histological structures
OSSEOQINTEGRATION , e
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THE DEFINITION OF OSSEQINTEGRATION
(ALBREKTSSON 1981) “A DIRECT
FUNCTIONAL AND STRUCTURAL
CONNECTION BETWEEN LIVING BONE
AND THE SURFACE OF A LOAD BEARING
IMPLANT"

BONE REMODELING AROUND THE
IMPLANT THREADS — STABILITY !l

10 YEARS SURVIVAL RATE OF OVER 95%

EVERY YEAR, MORE THAN 800,000
IMPLANTS ARE PLACED IN THE USA AND |
MORE THAN 1.8 MILLION IN THE EU. | ' New bone




DESIGN PARAMETERS TO IMPROVE
OSSEOINTEGRATION

Macro-design parameters

REASED (MPLANT STABILITY
RFACE AREA
PLANT HANDLING AND INSERTION

ANICAL LOAD DISTRIBUTION

Inner diameter

Quter diameter
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DESIGN PARAMETERS TO IMPROVE : TR f ket

OSSEOINTEGRATION

Micro-design-Surface topography

e SURFACE ROUGHNESS (MICRO-NANOSCALE
e WETTABILITY (SURFACE ENERGY) )
* OXIDE LAYER PROPERTIES '

POROSITY/TEXTURE

Additive techniques Subtractive techniques

e
Coating with Titanium Electro/ ) . Grit blasting
calcium plasma spray mechanical Acid etching (TiO,,AlLLO,)
phosphate polishing
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CONVENTIONAL METHODS TO
MANUFACTURE A DENTAL IMPLANT

SUBTRACTIVE PROCESS: MACHINING, FORGING, AND MILLING

» Tool fracture and chattering

« Significant amount of material waste.

« Can introduce microcracks on the
metal

« Costly and fime-consuming process.



ADDITIVE METHODS TO
MANUFACTURE A DENTAL IMPLANT

Electron-beam source

| Astigmatism lens
Focus lens
‘ Deflection lens
Powder

delivery >

Powder Build plate .. o il
delivery CRREREE v ok 2

Build plate

Laser powder bed fusion (LPBF): selective laser The electron beam powder bed fusion (EPBF)
melfing (SLM) or direct metal laser sintering (DMLS) /electron beam melting (EBM)



CLINICAL USE OF ADDITIVE MANUFACTURED
DENTAL IMPLANTS

TABLE

Author Application Cases  Specification

lixos® (Leader
l'unchel % Implants, Italy)
N Dental implant 82 PN
etal. [121] 3.3 mm/

3.75mm/4.5 mm

Mangano Immediate dental W itandiogs CB(
= OOl and pue .
et al. [145] implant \ OBUE  (S9300,

Immediate dental
implant in the Root analogue
anterior maxilla

CB(
(CS9300,

Figliuzzi
et al. [146]

' - B
Acc.V Spot Magn Det WD |-—{, 100 ym
7.00 k\7'3;0 200x SE 10.0

i

R :

Immediate loading lixos™ (Leader
of four unsplinted 2 Implants, Italy)
implants

Mangano .

etal. [147] (CS9300, USA) Belgium) alloy M270, Germany) for 4 years)

2.7mm/3.2 mm Biological complications (6%)
prosthetic complications (12.9%)

Mangano CBCT Nauta (DWS, SLA (XFAB2000, 96.4% of the templates were

.
et al. [120] Implant templates Tooth-supported (CS9300, USA) Vicenza) DWS, Vicenza) steady and suitable for clinical use ® S U rVIVO | rO Te Of 94 30 (3y fo | | OW U p)

I'he mean angular deviation

was 2.72 1
L ) ; coDiagnostiX . " . . I'he mean deviations at the L C G n b e p e rS O n O | |Ze d
Derksen > Implant templates TF'ooth-supported CBCT (Morita, (Dental Wings, Biomaterial “l), printing (Eden implant’s
et al. [148] Japan) . € (MED 610) 260V, Stratasys, USA) 5
Canada) ’ entry point and apex were S r_I: r n > i
0.75mm and 1.06 mm, ] O C e O g eSS .| 5 HI I I ( g
respectively U U

I'he donor tooth fitted well in the

.
Implant drills in allogenic Not mentioned Not mentioned Metal DLMS “l\hlrl:xlxllll:111‘1[1\1‘1‘111»:1 l;l]l)l(l;‘ .. M e C h O n | C O | p e rfo rm O n C e S C O rC e

tooth transplantation powder
replacement resorption

. . . oy . .
Skl - Long term biologic reliability missin
2-year follow-up: accurate
placement of the
Tooth-supported CBCT (White Not mentioned Not 31 printing (Explora  donor tooth in the recipient site
Fox, France) mentioned 3D lab, Spain) with good
physiological clinical and
radiologic results

Mena-Alvarez Autotransplantation
et al. [150] templates

Note: cases: the number of patients enrolled in the research; DIB: distance between the implant shoulder and the first visible bone-implant contact; CBCT: cone-beam computed tom aphy; Ti-6Al-4V: titanium
6 aluminium-4 vanadium; SLA: stereolithography; DLMS: direct laser metal sintering; DLMF: direct laser metal formation



STRUCTURAL DEFECTS IN METALLIC ADDITIVELY
MANUFACTURED IMPLANTS

Geometric type

Dimensional inaccuracy: Due to shrlnkoge Surface roughness: Due to exposure amount
and residual stresses ) to laser/electron beam and heat dissipation




STRUCTURAL DEFECTS IN METALLIC ADDITIVELY
MANUFACTURED IMPLANTS

Microstructural type

Porosity: Due to melting speed (Insufficient Material property imperfection: Due fo
melting and gas enfrapment process parameters and building orientation




CONCLUSIONS AND FUTURE PERSPECTIVES

* ADDITIVE MANUFACTURING (AM) TECHNIQUES HAVE REVOLUTIONIZED THE DESIGN AND PROCESSING OF
IMPLANTABLE BIOMATERIALS BOTH IN MEDICINE AND IN DENTISTRY

 AM HAS OPENED NEW OPPORTUNITIES TOWARDS PERSONALIZED MEDICINE WITH COSTUME MADE IMPLANTS.
e USING AM HAS ENABLED FABRICATING COMPLEX 3D PARTS WITH HIGH-PRECISION
*  WITH THAT MANY OBSTACLES IN ADOPTING AM FOR THE INDUSTRIES STILL NEEDS TO BE ADDRESSED:

e UNIFY AND OPTIMIZE THE PROCESSING PARAMETERS IN ORDER TO PREVENT GEOMETRIC AND MICROSTRUCTURAL
DEFECTS

* POST-PROCESSING TREATMENTS NEED TO BE ELIMINATED TO PREVENT COSTS AND REDUCE PROCESSING TIME

* THE AM PROCESS HINDERS INDUSTRIAL MASS PRODUCTION OF METAL IMPLANTS AND SOLUTIONS FOR PRODUCTION
RATE IS OF HIGH DEMAND

 MECHANICAL AND BIOLOGICAL RELIABILITY ISSUES STILL NEED TO BE EVALUATED
« THANK YOU!



