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Purpose:Comparehe wear of the experimaitAvaDent FMdenture tooth material to the wear
of Ivoclar DCLdenture ooth materialin a simulatedral environment.

Executive Summary:

There were no significant differences in the wear ofitbelar DCLand AvaDent denturee¢h

for any of the wear parametds>0.05) however, the volume loss of the AvaDent teeth was
consistently lower than that of tiheoclar DCLteeth. There were no significant differences in

the wear rates of thHegoclar DCLand AvaDent denture teeth;wever, the wear rate for the

AvaDent teet{0.056 mni/Year)was less than that of tteoclar DCLteeth(0.079 mni/Year)

There were no significant differences in the wear between the upper and lower teeth of the same
material(p > 0.05) The wear in the study was greater than that in the previous study because

the lateral excursion was increased from 1 mm to 2 mm, which effectively increased the contact
sliding distance by nearly a factor of three.

Method and Materials

Materials:
A Two different plastianaterials were usedvaDent FMandIvoclar DCL
A The AvaDent FM materiakas milled to tooth shapes using CAD/CAM.
A Thelvoclar DCLteeth were standard plastic denture teeth currently available.

Test Samples:
A Each test sample consisted of a second preraathfirst molar in clinical alignment.
A Upper and lower samples were made using maxillary and mandibular teeth, respectively.
A The upper and lower teeth were aligned to produce the correct occlusion.
A Test samples were opposed by samples of the sameanhateri

Wear Simulation:

Material weamwas done using the University of Minnesota ART 1 wear simu(&ektong R,
Douglas WH. An artificial oral environment for testing dental materild&E Trans Biomed
Eng 1991 Apr;38(4):33945), Figure 1 The simulato reproduces the motion and forces of
human chewing using serltydraulic actuators. The closing velocity, tooth contact time, and
occlusal force profile are designedmatch those of human chewing.vertical force is applied
to the sample by the vettl actuator following a force profile thagsembles half a sine wave
Figure2. The applied force, which is measured by a load issilbmpared to thprogrammed
force, and any deviations from the program are corrected through-tbagedontrol

Lateral forces are normally, not monitored in the simulatiors quite possible that the
horizontal force is significantly tger than the vertical forceptv large depends on cusp argyle
and friction. To minimize effecs related to lateral forcesanples with similar anatomy and
similar contact locations are recommended

A previous study measuririgction between opposing natural teeth using sedfidrent
lubricants which includeddeionized water, spun salivand artificialsaliva found no synificant
differences between lubricanBBduglas WH, Sakaguchi RL, DeLong R. Frictional effects
between natural teeth in an artificial mouient Mater 1985 Jun;1(3):119). As a
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resultof this study 37 °C deionized wateis used as the lubrintibecause it is readily available
in our latoratory.

Calibration of the lsewing system by correlating
clinical and simulated weaf a dental composite
found that 300,008imulatedcycles was
approximately equal to one yeafrclinical wear
(DeLong R, Pintado MR, Douglas WH, Fok AS,
Wilder AD Jr, Swift EJ Jr, Bayne SC. Wearaf
dental composite in an artificial oral environment:
A clinical correlation. J Bomed Mater Res B Appl
Biomater 2012 Nov; 100(8):229806. Epub 2012
Sep 2). Atone cycle per second, it would take  Figure 1: ART 1 Environmental Chamber. LMR
nearly three and a hal léwercicanyngringt WMR oppenmpuntiegting o0 n e
equivalent wear. To reduce machine time, the g_f";% 't(s) ?hug"lf;:‘; Eé'”thﬁh‘ij;sihse% S'?“\‘jrs fi‘;eU;\:”;] iSt

: R IX , {
Che\.ng path was truncated by removing tha.t of the image, and does not mc]Jve. The LMR go
portion of _the path Wh_ere the teeth Were_ notin laterally and vertically to produce the chewil
contact, Figure 2. This enabled a chewing rate ofnotion. J7 Lubricating jets. Four adjustableets
four cycles per second, or one day to complete oispaced uniformly around the sample direct
year 0s e qru Tooth doracparameters lubricating media onto the samples.
(force, velocity, and contact timejere not altered.

A No preconditioning of the samples was done; samples were used as delivered.
A Each molar, premolar sample was placed in a mounting block for positioning in the oral
simulator Figure 3a.
A A test couplewhich consistedf upper and lower sets of tegtitasmountedn ART 1,
Figure 3b
o When mounted in the test system thevald be one or two contact points
o No occlusal adjustment was done to
increase the number of contact
points. Attempts were made to keep
contacts in similar locations.

ART 1 Chewing Parameters:
o Force profile:  half a sine wave

0 Maximum force: 30N

o Cycle rate 4 Hz

o Lateral slide: 2mm

0 Lubricant Deionized water

0 Temperature 37 °C
Note: The lateral slide iswice that used in the Figure 2: Cathode Ray Display of ART 1. Tw
previous tests. This equatesatsliding contact profiles are displayedprce vs. time (upper profile

distance nearly three times that used in the previo@gfv g'S;tsa”é::n‘éfétg?ebgo";’neorvmgﬂ'fh)é E\]fercot';t(‘

work, which explains the_ increase wear for the  |aterally against the upper tooth under a cons
same number of cycles in this work. force.
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Scanning of Test Samples:
Digital models ofall samples were cread at baseline, 300K00K, 900K, 1200K and 1500K
cycles.All samples were digitized usirggcustom contact profiling systemrigure 4

Profiler Parameters:
1 Accuracy: <0.010 mmfor surface angke< 55 degrees to the horizontal ptan
1 Precision<0.0® mm for surface angke< 55 degrees to the horizontal plane.
1 Step Size: X: 0.100 mm; Y: 0.050 mm
0 X s the distance between profiles
0 Y is the horizontal distance between points in a surface profile

Figure 3a Test samplewith mounting rings Figure 3b: Example of denturteeth mounted in
AvaDent FM samples have a white bas®clar ART 1
DCL sampledhave a pink base

Moveable Arm —» I

Stylus —»

g Extensometer
o 2t

Figure 4: MDRCBB Contact Profiling System. This system uses a unique method to profile surface
stylus is mounted on an extensometer, which is very sensitive to vertical movement. The stylus is
into contact with the surface and deflected upwards a fixed amount. As the surface moves under t
horizontally, the stylus wants to move up omaiodepending on the anatomy of the surfaCdosed loop
circuitry moves the surface in the directioppositeto the deflection of the stylushus, keeping the stylu
tip at the fixed offset. Theertical movement of the stylus and the surface are coetbio determine thi
height of the surface. The final shape of the surface is corrected for the shape of the stylus tip.
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Analysis:

Wear wagneasuredising Cumulus Alpha Build V 0.84-20150130 Cumulus is a custom
software program developed in thenvesota Dental Research Center for Biomaterials and
Biomechanics. The program aligns two or more digital models using an optimization algorithm
to minimize the absolute distances betw#denpoints in the digitahodels. Regions kere the
models differsignificantly are excluded from the alignment proceSsrface changes are
characterized using volume loss, maximum depth, and mean depth.

1 Volume LossCalculated athe volumetric difference between the two aligned surfaces
over a defined region. Thegion is normally defined as the area where the differences
between the two surfacasegreaterthan themean of the absolute differences for the
aligned surfaces; s&guality of Digital Model Alignment Cumulus uses two different
methods to calculategéhvolume. Both methods give similar but not always identical
results; therefore the final reported volume is the average of the two methods.

Volume is the preferred parameter for comparisons because it is independent of the shape
of the wear facefDeLong R. Intraoral Restorative Materials Wear: Rethinking the

Current Approacheddow to Measure Wear. Dent Mater. 2006 22(8):-IQR

Dentistry has historically used depth to measure wear because it was the only parameter
that they could measure, andetates to vertical dimensiori.he problem with depth is

that for the same volume of material removed you can have an infinite number of

depths. Depth also depends on the direction it is measured: vertically or normal to the
surface.Finally, theoreticdy, volume loss is linear with time whereas depth is

not. Depth shows an initial rapid increase, which decreases with time.

1 Maximum Depth: This is the maximum difference between the two surfaces within the
defined wear region. It is measumarmal tothe unworn surface.

1 Mean Depth: Calculated as the average of all depths within the defined régian.
also be calculated as the volume divided by the projected area.

Statistics:
The two materials were compared usiigds (Microsoft Excel 2010)

Resultsand Discussion

Quiality of the alignments
The quality of the alignment was determined using two methods: Absolute Mean Difference and

the Two Sigma (&) value of the absolute distances between the aligned images. For more detail,
seeAppendix: Quality of Digital Model Alignment

For all alignments, thaverageabsolute distance was 0.005+0.0004 mm. Thedtues ranged

from 0.012 mm to 0.017 mm; thudl alignments fell in the very good category. The quality of
the alignments allowed difference plots to be done with a range of £0.050 mm, with intervals of
0.010 mm, Figure 5.
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Figure 5. AvaDent Sample 5 Difference Plot. A color plot of the differences between the baseline and
the 300 to 1500 Kcycle images. The scale is provided in A. Differences less than +0.010 mm are shown as the
gray scaled image. Regions in black have differences greater than £0.050 mm. The red arrows indicate the
regions of wear. The upper arch is A and the lower arch is B. Progression of the wear is easily monitored with
increasing cycles. .
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Accuracy of Measurementgqcalculated from test measurements):

T Volume: +0.006 mm® per cubic millimeter of material logscalculaed as the average
absolute distancef all alignments times 1 mhprojected areaVolume loss values less
than this may not be meaningful.

1 Maximum Depth andMean Depth: 0.005 + 0.004 mm1 calculated as the average
absolute mean distance for alignmerts.

With the exception of AvaDent sample 1, all of the samples had multiple wear regions at the end
of the 1500K cycles, Figure @-or samples with multiple wear facetse volums of the wear

facets were summed to get the total volume remémetthe sample. he maximum depth is the
largestmaximum deptlof the wear facets in the sampleheélmean depth is the weighted

average of the meatepths for the multiple wear facets on the selected samApéawasused

as the weighting factoMean depth caalso be calculated as the volume divided by the

projected aredor all tables, @lumes arein cubic millimeters, depths are in millimeters, and

areas are in square millimeters. Area is the projectedatedhe horizontal planevalues for

the indivdual samples are provided in Tablethrough 4 Average values are shownTable 5

and displayed ifrigures 7, 9 and 11

Upper and lower wear values were combined for the different parameters. This is a better
representation of the wear. Volume lesss combined by adding the upper and lower volumes.

The maximum depths for the upper and lower wear areas were added as were those for the mean
depths.Values are provided in Tabteand displayed in Figuss$3, 10 and 12

There were no significant diffences between wear parameters fortbelar DCLand
AvaDentdenture teeth; however, the volume loss for AvaDent teeth was consistently lower than
that for thelvoclar DCLteeth. P-values ranged from 0.09 to 0.41 for the different cycle values.
The lackof any significant differences is due to the large standard deviations and the small
number of samplesWear is a statistical phenomenon; therefore, one expects varistiear.

also depends on the anatomy of the samesall variations in anatomy caause large

variations in wear.This amount of variation is seen in all of our tests, and is not unuSuah

using flat discs with opposing spherical abraders we see a lot of variation, although the variation
with flat samples is significantly lessaih when anatomical forms are used.

There were no significant differences between the wear on the upper and lower teeth for both the
Ivoclar DCLand AvaDent teeth. -Ralues ranged from 0.11 to 0.65, Figures 7, 9 and 11.

Using the combined wear data, iaihis the better representation of wear, ltteelar DCLwear

rate for volume loss (0.079 nifyear) was slightly greater than that of AvaDent (0.056

mm°/year)), Table 6. Wear rates for the maximum depth and mean depths were similar for both
materials. War rates were calculated from the slope of the linear regression lines equating 300K
cycles to one year of simulated clinical wear.
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Conclusions:

Under the conditions of this work:

1. There were no significant differences in the wear ofitbelar DCLand AvaDent
denture teeth for any of the wear parameters; however, the volume loss of the AvaDent
teeth was consistently lower than that of laclar DCLteeth.

2. There were no significant differences in the wear rates dizdatar DCLand AvaDent
dentureteeth; however, the wear rate for the AvaDent teeth was less than that of the
Ivoclar DCLteeth.

3. There were no significant differences in the wear between the upper and lower teeth of
the same material.

Figure 6: Wear regions of the upper teeth. The colored regions
indicate the wear regions after 1500K cycles. The wear regions on the lower
teeth correspond to those of the upper.
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Sample KCycles
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200

1500

[N
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Table 1: Ivoclar DCL Lower Teeth

Volume (mm?)
0.038
0.048
0.072
0.085
0.128
0.073
0.093
0.111
0.180
0.246
0.089
0.130
0.165
0.192
0.243
0.128
0.172
0.212
0.258
0.304
0.054
0.088
0.140
0.181

0.234

Depth (mm)
Maximum Mean
0.070 0.028
0.072 0.030
0.084 0.036
0.089 0.039
0.110 0.045
0.081 0.036
0.087 0.039
0.092 0.041
0.104 0.050
0.125 0.060
0.116 0.051
0.137 0.056
0.149 0.061
0.161 0.056
0.176 0.061
0.132 0.064
0.147 0.072
0.164 0.072
0.179 0.073
0.193 0.077
0.067 0.029
0.082 0.036
0.099 0.045
0.113 0.052
0.130 0.056

Area (mm?)
1.338
1.558
1.947
2.137
2.723
1.953
2.346
2.597
3.481
3.938
1.714
2.242
2.598
3.366
3.891
1.957
2.339
2.838
3.415
3.824
1.810
2.421
3.070
3.455

4.043
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Sample KCycles
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
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Table 2: Ivoclar DCL Upper Teeth

Volume (mm?)
0.037
0.038
0.064
0.077
0.110
0.088
0.091

0.203
0.255
0.105
0.137
0.182
0.219
0.270
0.126
0.169
0.215
0.262
0.325
0.052
0.097
0.136
0.217
0.250

Depth (mm)
Maximum Mean
0.063 0.026
0.067 0.026
0.074 0.032
0.084 0.036
0.091 0.042
0.107 0.053
0.104 0.045
No Data
0.155 0.061
0.173 0.068
0.125 0.054
0.141 0.059
0.157 0.055
0.170 0.060
0.186 0.066
0.129 0.057
0.149 0.065
0.162 0.070
0.178 0.074
0.195 0.072
0.052 0.021
0.065 0.030
0.077 0.037
0.099 0.046
0.108 0.050

Area (mm?)
1.407
1.438
1.887
2.102
2.537
1.609
1.975

3.232
3.640
1.902
2.255
3.188
3.525
3.953
2.147
2.537
3.000
3.441
4.369
2.469
3.136
3.639
4.555
4.872
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Sample
1

o oot oo B DSBS D OOWWWWDNDNDDNDNDNMNDNDERERPRPREPR

Minnesota Dental Research Center for Biomaterials and Biomechanics

KCycles
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500

Table 3: AvaDent Lower Teeth

Volume (mm3)
0.053
0.066
0.077

0.105
0.051
0.089
0.167
0.193
0.209
0.054
0.083
0.105
0.131
0.150
0.043
0.098
0.120
0.179
0.221
0.016
0.033
0.038
0.055
0.064

Depth (mm)
Maximum Mean
0.088 0.035
0.104 0.040
0.106 0.043
No Data
0.114 0.047
0.097 0.034
0.113 0.046
0.146 0.054
0.149 0.057
0.157 0.059
0.105 0.037
0.120 0.042
0.131 0.041
0.141 0.042
0.156 0.043
0.069 0.030
0.100 0.048
0.113 0.056
0.137 0.060
0.153 0.067
0.052 0.020
0.062 0.026
0.065 0.030
0.079 0.030
0.080 0.032

Area (mmz)
1.432
1.591
1.773

2.181
1.457
1.872
2.971
3.216
3.415
1.414
1.897
2.459
3.007
3.401
1.396
1.970
2.099
2.892
3.178
0.765
1.188
1.260
1.768
1.894
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Sample
1
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KCycles
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500
300
600
900
1200
1500

Table 4: AvaDent Upper Teeth

Volume (mm?)
0.062
0.085
0.105
0.134
0.148
0.056
0.116
0.177
0.205
0.219
0.050
0.110
0.165
0.211
0.257
0.048
0.069
0.074
0.091
0.111
0.016
0.033
0.044
0.055
0.063

Depth (mm)
Maximum Mean
0.089 0.039
0.103 0.043
0.117 0.049
0.128 0.059
0.129 0.060
0.089 0.040
0.124 0.053
0.148 0.061
0.156 0.063
0.159 0.063
0.090 0.035
0.131 0.056
0.162 0.060
0.184 0.066
0.208 0.073
0.094 0.041
0.101 0.042
0.103 0.044
0.102 0.042
0.107 0.046
0.037 0.019
0.055 0.027
0.061 0.029
0.068 0.029
0.070 0.029

Area (mm?)
1.526
1.912
2.060
2.220
2.394
1.343
2.073
2.738
3.125
3.280
1.353
1.887
2.625
3.035
3.376
1.121
1.579
1.633
2.081
2.353
0.782
1.160
1.435
1.833
2.056
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Table 5: Average of five samples (Mean £ Standard Deviation)

Mean Volume (mm3)

Maximum Depth (mm)

Material Cycles Lower Upper Lower Upper
Ivoclar DCL 300 0.076 £ 0.035 0.081 + 0.037 0.093+0.029 0.095 £ 0.036
600 0.106 £ 0.047 0.106 £ 0.049 0.105+0.035 0.105 £ 0.039
900 0.140£0.053 0.149+0.066 0.117+0.036 0.117 £ 0.049
1200 0.179+£0.062 0.195+0.070 0.129+0.039 0.137 £0.043
1500 0.230 £ 0.064 0.242 +0.080 0.147 +£0.036 0.150 £ 0.048
Avadent 300 0.043+0.016 0.046 +0.018 0.082 +0.022 0.080 + 0.024
600 0.074 £+ 0.026 0.082 +0.033 0.100+0.023 0.103 + 0.030
900 0.102 + 0.048 0.113+0.057 0.112+0.031 0.118 + 0.040
1200 0.139 + 0.062 0.139+0.069 0.126+0.032 0.127 + 0.045
1500 0.150 + 0.067 0.159+0.079 0.132+0.034 0.134 + 0.052
Table 6: Averaged Combined Upper and Lower
Depth (mm)

Material Cycles Volume (mm3) Maximum Mean
Ivoclar DCL 300 0.158 + 0.071  0.188 + 0.063 0.083 + 0.031
600 0.213+0.096  0.210+ 0.073 0.091 £ 0.034
900 0.296 £ 0.124  0.241 £+ 0.087 0.102 + 0.034
1200 0.375+0.131  0.266 £ 0.078 0.109 £ 0.026
1500 0.473+0.143  0.297 £ 0.079 0.120 £ 0.024
AvaDent 300 0.089 + 0.033  0.162 + 0.042 0.066 + 0.015
600 0.156 + 0.055  0.202 + 0.052 0.084 + 0.019
900 0.214 + 0.098  0.230 + 0.069 0.093 + 0.021
1200 0.280+0.125 0.254+ 0.080  0.097 + 0.027
1500 0.309 £ 0.123  0.266 + 0.081 0.103 £ 0.024

* Calculated as the slope of the regression line through the five cycle periods. Estimate that

one year is equivalent to 300K cycles

Minnesota Dental Research Center for Biomaterials and Biomechanics

Mean Depth (mm)

Lower
0.041 + 0.015
0.046 + 0.017
0.051 + 0.015
0.054 + 0.013
0.060 + 0.012
0.031 + 0.006
0.040 + 0.008
0.045 + 0.011
0.047 + 0.014
0.049 + 0.014

Data

Wear Rate*
(mm/Year)
0.079

0.056

Upper
0.042 £ 0.017
0.045 £ 0.017
0.048 £ 0.018
0.055 £ 0.015
0.060 £ 0.013
0.035 £ 0.009
0.044 £ 0.011
0.049 £ 0.013
0.052 £ 0.016
0.054 £ 0.017
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Volume Loss
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Figure 7: Upper and Lower Volume Loss Error bars
represent one standard deviation

Figure 8: Combined Upper and Lower Volume Loss Error
bars represent one standard deviation. Black lines are linear
regression lines
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Figure 12: Combined Upper and Lower Volume Loss Error
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