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A study on the processing of dental ceramic composites by using laser
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Purpose: The laser processability of dental prosthesis is investigated using two ceramic composites, including 3M, Lava Ultimate and Ivoclar vivadent, IPS e.max.
Materials and methods: The CO, laser, picosecond laser and femtosecond laser are used to assess the processing power of dental prosthetic materials Lava Ultimate and [PS
e.max and the line processing shape was measured using a confocal microscope. Results: The brittleness, carbonization and micro crack of the ceramic composite were influ-

enced by heat accumulation of the material and could be controlled by the laser power and pulse time. Conclusion: In the case of CO, lasers, micro crack and carbonation
occurred immediately, and in the picosecond laser processing, the micro cracks are partially improved, but the carbonization occurs continuously. Finally, we confirmed the
high efficiency of laser processing with femtosecond laser. In particular, Lava Ultimate, a ceramic resin composite material, showed the best processability when processed

using a femtosecond laser. (J Korean Acad Prosthodont 2019;57:1-7)
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Fig. 1. Patent trend of laser milling development field (Unpublicized patent

existence 2016 - 2017). Research on the patent trends of laser milling (DAE-
A Intellectual Property Consulting).

Tool milling
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Fig. 2. Comparison of tool milling and laser milling. (A) Roland, (B) Dental
wings.
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Table 1. Laser specifications used in the experiment
CO, laser

Picosecond laser Femto laser

Manufacturer COHERENT Time Bandwidth ~ Coherent
Model DIAMOND C- 55L Duetto Libra-F-HE
Wavelength  10.55t0 10.63 um  355nm,532nm,  Center: 800 nm
1064 nm
Output Power 55 W Max. average: 10
Watt at 50 KHz
(1064 nm)
Beam Size (mm):  Pulse duration Repetition rate:
1.8+02 (FWHV): 12ps  10KHz
Pulse width: <100 fs
Beam diameter:
9 mm
qogﬁg beam pnioo, M2 <12 TEMOO,M2<13 TEMOO,M2< 1.3
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Table 2. Characteristics of experimental dental ceramic composites
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o . IPS e.max
Classification Lava Ultimate L L
Before sintering After sintering
amespE R ’ “'&m:'::“cuscma Intabs
Lava™ Ultimate WY &2~ iRt
eder:
Image
E?gmme Iw i 'for CE.REC .and inLab®
i eas
f]f”] * U
Flexural strength (Mpa) 204 130 360
Fracture toughness (Mpa) 2.02 09-1.25 2.0-25
Modulus of elasticity (Gpa) 12.77 - 95
Application Crown, Inlay Crown, Inlay, Coping, Pocelain, Build up available
Note Use immediately after processing Heat treatment required after processing (840°C, 7 min)

Table 3. Processing conditions by laser type

Classification CO, laser Picosecond laser Femto laser
Image
Wave length (nm) 10630
Pulse (ps) 1 1 1
Power (W) 33 (Max.55) 6 6
Speed (mm/sec) 1 1 1
Lens x5 x5 x5
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Table 4. Processing pattern and specifications of confocal microscope

Table 5. Processing of the line shape using CO, laser

Confocal microscope spec. Classification Lava Ultimate IPS e.max
Image
(33W)
Data
Image
m specification (55 W)
* Light source: 405 nm LD Laser z
* Total magn 1ﬁc.at1on: *108 - x17,280 Width Unprocessed Unprocessed
* Z focusing unit stroke: 100 mm
Depth Unprocessed Unprocessed

* XY stage: 100 x 100 mm

* Planar measurement

Repeatability: 100 x 3n-1=0.02 pm
Accuracy: +2 %
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Table 6. Processing and precise measurement of the line shape after picosecond laser (3M Lava Ultimate)

Classification 3M Lava Ultimate

Power (W) 3

Image (x 20)

Width (um) 8.88 Unmeasurable Unmeasurable
Depth (um) 3.30 Unmeasurable Unmeasurable
Ratio (depth / width) 0.37 - -
4 et 2= astaIR 573 15, 20197 19
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Table 7. Processing and precise measurement of the line shape after picosecond laser (IPS e.max)

Classification IPS e.max

Power (W)

Image (x 20)

Width (um) 10.29 11.52
Depth (um) 4.10 6.50
Ratio (depth / width) 0.39 0.56

Table 8. Processing and precise measurement of the line shape after femtosecond laser (3M Lava Ultimate)

Classification

3M Lava Ultimate

Power (W) 0.6 1.8

Image (% 20)

3

Width (um) 62.90 10231 154.40 189.59 210.00
Depth (um) 79.21 132.49 166.92 192.85 214.90
Ratio (depth / width) 1.25 1.29 1.08 1.01 1.02

Table 9. Processing and precise measurement of the line shape after femtosecond laser (IPS e.max)

Classification IPS e.max

Power (W) 0.6 3

Image (x 20)

Width (um) 33.34 74.86 99.50 110.00 149.45

Depth (um) 20.52 30.19 3491 36.47 39.06

Ratio (depth / width) 0.61 0.40 0.35 0.33 0.26
npxjeto 2 AE X Ho|KE E8oto] F Al FH J4 e & 4 Uk

7}8-& Z193513ict. 41 3M Lava Ultimate2] 739 71E2] CO,
4 93 % olxehe th2A etaldito] WY R] oFgtom,
Table 83} Zo] o] &8 o] Z71ghol uket width 2 depth
T 37kt &3t Ratio®] 3¢ £3o] F7tslegt: 1.01 -
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O|A& A+-g-5te] 3M Lava Ultimate A|&< 7+ 3¢ &5 ¥
sto ukgt 7hg Zlo] =Ho| oot 7ha A FHANE S5

CHgHR[LE SIS [X] 578 15, 2019¢ 12

IPS e.max2] 73-¢- Table 92} Zo] Fo] Z713to] wt width
£ B7ISHAIE, depth 3¢ 3 W O RE: & Wt glon
Ratio 5+ £2o] Hlgsto] ZastE & 4~ et shxlgt 73
Z olXe} 0.6 W 5 £ 7| width: 10.99 pmoilA 33.90
pm, depthi= 4.21 pmof|A] 20.52 um2 oF 5uf = Z715193.0
o, o= FAx #oxet vlmelS v HEX ORI} v

=0 o o PN
FL7EE HY= & o ol

¢



X2 M 22E AR 2ilofx 7154 7t

Table 10. Summary of laser processing characteristics by dental ceramic
composites

Classification Lava Ultimate IPS e.max

Material components Resin + Ceramic Glass Ceramic

CO, X X
Processability Pico X A
Femto © @)

Note. ©: Excellent, O: Good, A: Fair, X: Unable to process.

HEZE Ho|AQ B¢ A7} 7HK|= AlZro] 10 seco]n =}
S AYRZE & FFEEEo] 7hsotal 7HEs EetRu A
B2 = HatA A 7hgo] 7Hssleh whEha I 43 ol
U &4 38 52 5438 4 Qlok o] 3M Lava Ultimate
AF 71% CO, H 7F X o[xoM HYH &3t 9! 32 i
ol HEX #Ho|KoM = MAEGen, 5Y £8 7|E 9EZX
glo|xe} vlustielets HEX g o|X 9] 7g/do] s -4
= & 4= A3ict (Table 10).
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