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Observation of the Shrinkage Characteristics of the Machined Zirconia Abutment
by the full sintering process

Hocheol Lee*, Seongjun Park’, Jaeduk Kim'"

Abstract

The full sintering process of zirconia has some extent of shrinkage and the custom abutment design should consider the
pre-compensation volume of the shape. In this paper, we concentrated to reveal the asymmetric sintering characteristics.
The circular profile of all six samples were measured using the three dimensional coordinate machine. After the full sintering
process, the profiles were measured again. The roundness were compared to those of the original shapes and the percent
of shrinkage were calculated. On the other hand, surface roughness was also investigated after the full sintering process.

The final average surface roughness was improved by the sintering of the machined zirconia surface.
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Fig. 1 Zirconia circular block

Fig. 2 Machining center to cut the shape of the zirconia

Table 1 Specimen numbering by the machining conditions

Ball end mill(mm)

@3 26

Step 0.05 #1 #4
(mm) 0.15 # #5
0.3 # #6
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Fig. 3 The shape of the machined zirconia
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Table 2 Diameter and roundness of the zirconia before sintering

Diameter Roundness
(mm) (um)
#1 18.760 21
#2 18.982 22
#3 19.786 23
#4 19.557 21
#5 19.534 22
#6 18.760 25
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Fig. 4 Roundness plot of the zirconia before sintering
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Fig. 5 Roundness plot of the zirconia after sintering
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Table 3 Diameter and roundness of the specimen after sintering

Diameter Diameter | Shrinkage Roundness
(mm) change rate (um)
(mm) (o)

#1 14.668 4.092 21.8 34.1
#2 14.887 4.095 21.6 383
#3 15.510 4276 21.6 385
4 15.301 4.256 21.8 26.7
#5 15.379 4.155 213 40
#6 15.369 3.391 18.1 322

—%-— Before sintering

—o&— After sintering

2 3 4 5 5
Sample number

Roundness{um)

Fig. 6 Roundness plot of the machined zirconia
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Fig. 7 Surface roughness of the commercial abutments
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Table 4 Surface roughness of the three commercial abutments
using WSI mode

Surface roughness
(Ra, nm)
sample 1 321
sample 2 150
sample 3 131
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Surface Data

Mode: VSI Time: 15:47:26

Surface Statistics:

Ra 188.25 nm
Rq: 26455 0m
Rz 7.64un

{RE 11.26um

| Sot-up Parameters:
 Size 726 X 430
| Sampling. 410.16 am
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Title: No.4
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TFig. 8 Surface roughness of specimen #4 using WSI of 20x
magnification before sintering

Table 5 Surface roughness of specimens using WSI before

sintering
Surface roughness
(Ra, nm)

#1 246

#2 543

#3 1,160

#4 188

#5 286

#6 472

732

Mig 205X Date: 0810872011

Surface Data

Surface Statistics:
Ra 259701m
Rq 33435mm
Rz 4000

R 513um

itle: sampled
Note: 1

Fig. 9 Surface roughness of specimen #4 using WSI mode of
20x magnification after sintering

Table 6 Surface roughness of specimens using WSI after sintering

Surface roughness The change of the
(Ra, nm) surface roughness
(nm)
#1 251 -4
#2 324 219
#3 1,130 30
#4 243 -55
#5 247 39.3
#6 477 -52
A02 2ASGAY, A8 B 235 FUAY] o)
o AR A & 5 ok ol Ao s 2479 BHA
A7) ghol WAFT AR 24T g 88| AA ¢ot AA
3l SAEA Ze Aer ddEH

3.3 HE&A BHAMEY| Sd7|of 28t "It

224 FHAZ7) Z47)(Taylor Hopson Co., Formtalysurf
PGI-1240)Z o| g3l 22 A Z AH 7} THAZT]
£ 2% 39tk 232 74 AlE g F W o]Fojx oy I A3t
= oo 2o

200712011 17113
200712011 17:0956 &

AL 391 - 1 - Reanalysis Required
AL 391 - 12 immVAdTINF TS P61 1240

2

cromeires

B 1B
oiimstes

Fig. 10 Surface roughness of specimen #1 using Formtalysurf
before sintering
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Table 7 Surface roughness of specimens using PGI-1240 before

sintering

Measurement
value(Ra, nm)

#1 259

#2 418

#3 1,014

#4 180

#5 222

#6 611
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Fig. 11 Surface roughness of specimen #1 using Formtalysurf
after sintering
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Table 8 Surface roughness of specimens using PGI-1240 after

sintering

Measurement Improvements
value(Ra, nmy) (nm)

#1 184 75

#2 251 167

#3 1,117 -103

#4 159 21

#5 178 44

#6 409 202
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Fig. 12 Surface roughness plot of the machined zirconia
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