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ABSTRACT
Displacements of implant components from impressions to definitive

casts. A three dimensional analysis

Purpose: The aim of the present study was to assess the ramafu four possible
displacements of implant components from makingirapression to fabricate a definitive
cast.

Materials and Methods: A mandibular master model with 5 parallel implanigas
fabricated. Performing each of non-splinted andhtliguring resin splinted open tray
impression technique, 5 definitive casts were fatied per each technique. Using a
computerized coordinate measuring machine, 5 partdinate systems were established and 7
sets of data were obtained for each sample. Frendala, the amount of displacement while
connecting components, the linear and angular atigphent of component during impressions
and cast fabrications were calculated.

Results: The average displacements while connecting impressopings and abutment
replicas were 31.3 and 3@ each. Non-splinted group resulted smaller displaegm
compared to splinted group during impressions (28r6us 43.4m) but greater displacement
during cast fabrications (36.4 versus 20)7
Discussion: In contrast to previous studies, current study wetl the displacement resulted
from connecting an impression coping or an abutmeyplica and measured the displacement
solely resulted from the impression and the cabtidation to compare the accuracy of
impression techniques because the displacementdommecting components had no relation
to the impression technique used and could nobh&alled.

Conclusions. Connecting a component produced as great as thicksnent solely resulted
from an impression or a cast fabrication. Non-gptingroup was more accurate during
impressions but less accurate during cast faboieati

Key words: implant impression, displacement, CMM

_iV_



Displacements of implant components
from impressions to definitive casts:

A three dimensional analysis

Sunjai Kim DDS MS
Department of Dental Science, Graduate School, &ddsiversity

(Directed by Prof. Keun-Woo Lee, DDS, MSD, PhD)

I. INTRODUCTION

Recently, non-traditional methods have been intteduto fabricate passive fitting
implant framework§?*? However, these methods are only useful in refinihg fit to
the definitive cast. Consequently, the utility ofiet corrective measures is entirely
dependent upon the establishment of an accuraifeitief cast.

The accuracy of a definitive cast depends on theréssion technique, the type of
impression material used and the dimensional acguraf the material used to
fabricate the cast. Among those factors, impresseshnique has the major influence
on fabricating an accurate definitive cast.

Copious studies about the accuracy of implant isgiom have been published and
utilized various methods to assess the amount stordion. Microscope measurements
were used to get the distance between implant coenie or reference points in the

definitive casts:******% Strain gauges were utilized to compare the frequewalues



between the master model and the definitve &4st8*** Photogrammetry, Laser

videography, and computerized coordinate measunmaghines were used to calculate
the Cartesian coordinates and the amount of ro@tiodisplacements of implant

components in the definitive cast™*®+?%2’

Besides the impression techniques, another comdideraffecting the accuracy of the

definitive cast is the machining tolerances betweémplant components. Ma et al.

defined the machining tolerance as "the differerioe rest positions between the

components when these components are held in pbgceheir respective fastening

screws'?

Four kinds of displacement of implant componentsn dae introduced to get a

definitive cast. The first is the displacement afcle impression coping on the mating
surface of each abutment within the range of maegintolerance. The impression

technique or the material used results the secolsgladement of each impression

coping. The third is the displacement of abutmesplicas on the mating surface of

each impression coping in the impression tray wittie range of machining tolerance.

The fourth is the displacement of each abutmenticaepn the definitive cast due to

the dimensional change of dental stone. Most intplenpression studies just compared
the difference between the master model and thénitled cast and reported diverse

results. However, to compare the difference betwieepression techniques, the amount
of the first and the third displacement should beleed because these displacements
did not result from the difference between imprassitechniques and cannot be
controlled.

The purpose of current study was to assess the rammfu4 possible displacements

of components to fabricate an implant definitivestcavhile performing 2 impression

techniques.



1. MATERIALSAND METHODS
Master model fabrication
An acrylic resi®) model of an edentulous mandible was fabricatedingJsa dental
milling machin®), five 4.25mm diameter parallel holes, 13mm deeph wtenters
approximately 8mm apart were drilled within the eibramenal area. Five 4x13mm
dental implant® were secured in these holes using autopolymerizogylic resif).
The screw threads of each 3mm collar multi-unit tedan®) was luted with
autopolymerizing resin ceméhtand torqued to 35Ncm with a manual torque wrénhch
before cement set. The abutments were numberedougi 5, as shown in Fig 1 and
the sequence was used throughout the experiment.

Preliminary cast fabrication
Five closed tray impression copiyswere hand screwed to the abutments in the

master model. An alginate impresslbf the master model was made. After complete
set, the impression was removed from the master emodach impression coping
unscrewed and an abutment replical®Phand screwed to each impression coping.
Each of the coping/replica assemblies was thenrtedento the alginate impression to
its most stable position. Type Ill dental stbhewas mixed as the manufacturer's

direction and poured into the impression to faliecthe preliminary cast.

1) Lucitone Clear, Dentsply International Inc., YORA
2) K9, KaVo Elektrotechnisches Werk GmbH, Germany
3) 28922, Nobel Biocare, Yorba Linda, CA

4) Pattern resin, GC International, Scottsdale, AZ

5) 29181, Nobel Biocare, Yorba Linda, CA

6) Panavia 21, Kuraray America Inc., New York, NY
7) 29165, Nobel Biocare, Yorba Linda, CA

8) 29090, Nobel Biocare, Yorba Linda, CA

9) Jeltrate, Dentsply International Inc., York, PA

10) 29110, Nobel Biocare, Yorba Linda, CA

11) Quickstone, WhipMix, Louisville, KY



Non-splinted impression coping group
To make a custom tray, five open tray impressiopirgsl) were hand tightened to

the abutment replicas in the preliminary cast. TVeyers of baseplate wax were
placed over the impression copings and two laydrdight curing tray resi® were
adapted, trimmed and light polymerized on the priglary cast. A visible light curing
unit¥) was used for the polymerization. A window was duatthe tray exposing the
guide pins. The tray was made at least 3 days éefioal impressions. For the final
impression, 5 open tray impression copings wereveed onto the abutments in the
master model. Each guide pin was torqued to 10 Ngth a manual torque wrench
(Fig 2).

Light curing resin splinted impression coping group
An impression technique introduced by Ivanhoe et atas slightly modified for this

group. A high viscosity silicone impression mat®iavas used to fabricate a mold to
standardize the dimension of resin splints. Forheeesin splint, the mold was placed
on the preliminary cast, five open tray impressicopings were hand tightened onto
the abutment replicas in the preliminary cast. ghtli curing resif was packed around
the impression copings and light polymerized usinglight curing uni®. Using the
silicone mold, 5 identical resin splints were fahted. For each resin splint, cuts were
made between impression copings using an ultrat@rborundum dige. Each resin
splint was segmented into 5 resin blocks. Eachviddal resin block was marked to

identify its corresponding position. The same mdthas used for the non-splinted

1) 29089, Nobel Biocare, Yorba Linda, CA

2) Truwax, Dentsply Trubyte, York, PA

3) Triad TruTray, Dentslpy International Inc., YofRA

4) Triad 2000TM, Dentslpy International Inc., YorkA P

5) Express STD Putty, 3M ESPE, St. Paul, MN

6) Triad, Dentslpy International Inc., York, PA

7) Demetron Optilux 501, Kerr corporation, Romulus, Ml

8) 25 Jel-thin 9', Jelenko,Heraeus Kulzer Inc., NY
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group was used to fabricate a custom tray. For fthal impression, the individual
resin blocks were secured on the correspondingnanit on the master model. Each
guide pin was torqued to 10 Ncm (Fig 3). An adhesresid) was applied to wet
each cut surface, a low viscosity light curing m&siwas filled in the cut space. Two
curing lights were simultaneously exposed to boticchl and lingual sides of the
splinted area for 60 seconds. A high viscosity tligluring resid was applied and
light polymerized over each splinted area for r@icément.

Final impression and cast fabrication
Polyether impression matealwas used for final impressions. Polyether adhékive

was applied to the customized tray 15 minutes kefmaking a final impression. Five
final impressions were made for each group. Onedtath fifty grams of typelV
dental ston® was used to fabricate each definitive cast.

Measurements
A computerized coordinate measuring macRhineas used for all the measurements

(Fig 4). Every measurement was made by the sameatope The accuracy of the
CMM is 0.005mm for X, Y and Z axes. The REFLEX saite8) was used for
geometric transformation and data processing. Rnasurement phases were proceeded
for each sample (Fig 5).

Five different part coordinate systems were esthbll and 7 sets of data were
obtained for each sample. The measuring objects,ntleasuring points, part coordinate

systems established, and the meanings of datanebtavere described in table 1. The

1) Palavit G LC, Heraeus Kulzer, NY

2) Palavit G LC K |, Heraeus Kulzer, NY

3) Palavit G LC K Il, Heraeus Kulzer, NY

4) Impregum Penta, 3M ESPE, St. Paul, MN

5) 3M ESPE, St. Paul, MN

6) FujiRock EP, GC International, Scottsdale, AZ

7) Gage 2000, Brown & Sharpe, North Kingston, RI
8) Brown & Sharpe, North Kingston, RI



whole sequences of measurements were illustrated ffig 6a though Fig 6e.

In Fig 6a, the first part coordinate system wasaldisthed, the coordinates of the
centroids and the angles of tilt of the multi-uaibutments on the master model were
calculated (the first set of data). The centroidstlee multi-unit abutment 1 and 2
were (0, 0, 0) and (x21, y21, z21) respectively.

In Fig 6b, the coordinates of the centroids and #mgles of tilt of the impression
copings on the master model were calculated (theorngk set of data). The centroids
of the impression coping 1 and 2 were (x12, yl22)zhnd (x22, y22, z22)
respectively. The angles of tilt of the impressicopings were equal to the angles of
tilt of the multi-unit abutments because each irapi@n coping mated its corresponding
abutment. Then, the second part coordinate systeas wstablished using the
impression copings in the master model and the newrdinates of the centroids and
the angles of tilt of the impression copings weedcualated (the third set of data). The
centroids of the impression coping 1 and 2 were (0,0) and (x22* y22* 2z22%)
respectively. Even though, there was no movementao§ impression coping, the
coordinates of the centroids and the angles of dfitthe impression copings were
changed because of the new part coordinate system.

Fig 6¢c showed the establishment of the third pardinate system after impression.
The coordinates of the centroids and the angledilbfof the impression copings in
the impression tray were calculated (the fourth «dt data). The centroids of
impression coping 1 and 2 were (0, 0, 0) and (%23, z23) respectively.

In Fig 6d, using the third part coordinate systeéhe coordinates of the centroids and
the angles of tilt of the abutment replicas in tingpression tray were calculated (the
fifth set of data). The centroids of the abutmesplica 1 and 2 were (x14, yl4, z14)
and (x24, y24, z24) respectively. The angles of ¢f the abutment replicas were
equal to the angles of tilt of the impression cgpin Then, fourth part coordinate
system was established and the coordinates of émtraids and the angles of tilt of

the abutment replicas were calculated (the sixth ofe data). The centroids of the
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abutment replica 1 and 2 were (0, 0, 0) and (x2#24*, z24*) respectively. Even
though, there was no movement of any abutment caplihe coordinates of the
centroids and the angles of tilt of the abutmernilicas were changed because of the
new part coordinate system.

After fabricating a definitive cast, the fifth pacbordinate system was established and
the coordinates of the centroids and the anglediltofof the abutment replicas in the
definitive cast were calculated (the seventh sedatia). The centroids of the abutment
replica 1 and 2 were (0, 0, 0) and (x25, y25, z&5pectively.

Satigtical analysis
The Kolmogorov-Smirnov test confirmed that eachadaet did not show normal

distribution. The Mann-Whitney test at a confidenéevel of 95% was used to

determine the significance between groups.



Table 1. Five measurement phases

Phase| Measuring points* The part coordinate systeéablkshed Obtained data distortion
Platform and axial wall of X, ¥, z coordinates of the centroids and the anofies
1  |multi-unit abutments on the tilt of the multi-unit abutments on the master made
master model The centroid of No.1 abutment as the origin (the first set of data) The first
The planar surface of No. 1 abutment as the XYelan
) ) displacement
The centroid of No. 5 abutment was laid on the Zatp X, ¥,  coardinates of the centroids and the angips
o tilt of the impression copings on the master model
Platform of multi-unit
) (the second set of data)
abutment and outer axial wal
2 fi . . inth The centroid of No.1 impression coping as the arigi
ofimpression copings in the X, Y, z coordinates of the centroids and the angfes
master model The planar surface of No. 1 abutment as the XYelan
tilt of the impression copings on the master model
The centroid of No. 5 impression coping was laidhos
(the third set of data)
ZX plane The second
displacement
Bottom ledge and inner axial X . . . .. |x,y, z coordinates of the centroids and the angies
The centroid of No.1 impression coping as the arigi
3 |wall of impression copings in tilt of the impression copings in the impressiaaytr
P ping The planar surface of No. 1 impression coping asx# P ping P el
the impression tray (the fourth set of data)
plane
The centroid of No. 5 impression coping was laidton
ZX plane
X, ¥, z coordinates of the centroids and the anofles
tilt of the abutment replicas in the impressiorytra
Bottom ledge of impression (the fifth set of data) The third
coping and axial wall of The centroid of No.1 abutment replica as the origin displacement
4
abutment replicas in the The planar surface of No. 1 abutment replica aste |x, y, z coordinates of the centroids and the angfies
impression tray plane tilt of the abutment replicas in the impressiorytrg
The centroid of No. 5 abutment replica was laidlen  |(the sixth set of data)
The fourth
ZX plane e four
The centroid of No.1 abutment replica as the origin displacement
Platform and axial wall of The planar surface of No. 1 abutment replica aXthe |x, y, z coordinates of the centroids and the angies
5 |abutment replicas on the plane tilt of the abutment replicas on the definitivetcas
definitive cast The centroid of No. 5 abutment replica was laidlen  |(the seventh set of data)
ZX plane

*. ten points were measured with a 0.5mm diametgtus on each planar surface

and sixteen points were measured with a 2.0mm d&mstylus on each cylindrical

wall.




1. RESULTS

The means and standard deviations of the amoundisgflacement while connecting
impression copings and abutment replicas were shdwntable 2. The difference
between the third and the fourth set of data represl the displacement of each
impression coping while making impression (actuaeloant of distortion resulted from
the impression proper). The difference between dh¢h and the seventh set of data
represented the displacement of abutment replicdle wiabricating the definitive cast
(the actual amount of distortion resulted from thast fabrication proper). Table 3
showed the means, standard deviations pnalues for linear and angular distortions
for making impressions, fabricating definitive @asand both impression and cast
fabrication procedures. Thax, Ay, and Az values are the amounts of displacement of
components in the direction of the axis. The was calculated from the equatian®=
Ax2+Ay2+Az2 and represent the three dimensional linear dispi@nt of each
component. TheA©x, ABy and A©z are the amount of the rotation about each X, Y
and Z axis. The amount of displacement while cotingca paired component was as
great as the amount of a three dimensional line@tordion while making an
impression or fabricating a definitive cast. Durinthe impression procedure,
non-splinted group showed statistically smaller whereas light curing resin splinted
group showed significantly smallerAr during the cast fabrication procedure.
Considering the total distortion introduced from king an impression to fabricate a

definitive cast, there was no significant differenin Ar between 2 groups.



Table 2. The amount of displacement of a paired pmmant on its mating surface

during connecting procedures

difference Meaning Mean = SD
Difference between the first set The displacement of an impression coping on
31.3+15.5
and the second set of data the mating surface of its corresponding multi-@ititment
Difference between the fourth and The displacement of an abutment replica on
30.4+£15.6
the fifth set of data the mating surface of its corresponding impressiping

SD; standard deviation

Table 3. The amount of displacement

during eaclcquhore

Linear distortion {m) Angular distortion (degree)
Ax Ay Az Ar AOX ABy AOz
The difference between the third and the folirtf>1 -32+13.9 6.5+ 21.4  10.3#100 23.6x14.2 -04%6071| 0.015+0.134 -0.380 +0.334
set of data (the amount of displacement of eacB2 -26.0 +£32.2 0.6 + 25.2 10.4+98 43.7+20.3 -04®062| -0.015+0.046 -0.272 +0.330
impression coping while making impression pvalue 0.01* 0.237 0.67 0.001* 0.946 0.645 0.588
The difference between the sixth and the | G1 15.0+9.5 40+11.3 -16.8+322 36.4x1D2 0384164 0.085+0.110 0.078 +0.216
seventh set of data (displacement of abutmentG2 9.5+10.2 1.9+17.6 4.1+8.4 20.7+83 0.396G76. -0.047 £0.03¢ 0.290 + 0.398
replica while fabricating the definitive cast) pvalue 0.16 0.852 0.22 0.015* 0.579 0.85 0.303
G1 119+16.5 10.5+22)0 -6.5+294 36.8 +18.5 -0.8TR141] 0.100 £0.294 -0.301 + 0.334
The amount of total displacement form an
G2 -16.5+24.4 2.5+26.2 145+121 37.6+16.5 -0.8@B065 -0.062+0.080 0.018 +0.293
impression and cast fabrication
p value 0.0007* 0.229 0.609 0.597 0.218 0.002* 0.017*

G1; non-splinted impression coping group

G2; light curing resin splinted impression copingup

*: statistically significant
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V. DISCUSSION

Various methods have been utilized to measure tmuracy of implant impression
techniques. The unique advantage of a coordinayssera is that it is possible to
measure the amount of the displacement of a paimdponent on its mating surface
while connecting components. A frequently used pawbrdinate system in accuracy
studies is as follows; the centroid of cylinder & designated as the origin, the
centroid of cylinder 5 is laid on the X axis, thentroid of cylinder 3 is laid on the
XY planel®®?®# Mulcahy et al. criticized that this part coordimasystem could not

detect any y-axis distortion, z-axis distortion foylinder 5 or z-axis distortion for

cylinder 3% In current study, the planar surface of cylinderwhs designated as the
XY plane and the centroid of cylinder 5 was laid X plane. The main

disadvantage of current part coordinate systemhad &very coordinate is influenced by
the planar surface of cylinder 1. A little anguldistortion of cylinder 1 could produce
the exaggerated linear and angular distortion dfeotcylinders. However, current part
coordinate system can detect any distortion exdbpt y-axis distortion of cylinder 5

and most of all, current part coordinate systemresponds to the "one screw test" in
clinical situation.

Five measurements were performed and 7 sets of datee obtained for each
sample. The difference between the third and therttio set of data represented the
amount of the displacement of each impression cppiesulted from the impression
technique or the impression material used. For tl@-splinted group, the distortion
mainly resulted from the polymerization shrinkagk tbe impression material. Current
study used 5 parallel implants and non-splintedugrehowed smalleir compared to

splinted group. However, Phillips et al. used a terasmodel with 5 non-parallel

implants and concluded that the amount of the dégghent of impression copings was
not statistically different between non-splinted darautopolymerizing resin splinted

impression coping group while making impressiths.



Feilzer et al. defined the configuration factor thg ratio of the bonded to unbonded
surface of the restoratibh and concluded that if the bonded walls were styong
restrained, it would cause greater tensile stressthe systeni. The relatively great
configuration factor and the restrained resin bdockight cause large tensile strain in
the resin splint. Once the guide pins were unsalewed the impression tray was
removed from the master model, the strain mightseasome amount of distortion of
the entire resin splint.

The difference between the sixth and the seventh afe data represented the
displacement of each abutment replica while falinga a definitive cast. Type IV
dental stone has maximum .10% of linear settingaax'p)nz. The setting expansion of
dental stone can displace impression coping/abutmeplica assemblies. There is very
little chance of the displacement of impression ingfabutment replica assemblies due
to the setting expansion of dental stone in splinigroup. The position of each
impression coping/abutment replica assembly wasntaiaed only by the impression
material in non-splinted impression coping groupert though the polyether impression
material is very rigid after set, the impressionpiog/abutment replica assemblies can
be displaced due to the setting expansion of desttaie.

Considering both the impression and cast fabrinatiprocedure, there was no
significant difference of three dimensional linedisplacement between 2 impression
techniques. The smaller linear displacement of sgimted group during the impression
procedure was attenuated by the greater linearadisment during the cast fabrication
and the greater linear displacement of splintedugrauring the impression procedure
was compensated by the smaller linear displacendunting the cast fabrication.
However, based on the result of Phillips et al.cdin be inferred that splinted group
may produce smaller amount of total displacementthié# alignment of the implants
was not parallel.

Ma et al. reported that the machining toleranceswden Branemark standard

abutment components ranged from 22 to /408 Binon reported the amount of the



rotational freedom between selected hexagonal mmpleomponents. The rotational
freedom between a Branemark 3.75mm implant and amdatd abutment was 6.7
degrees and the average flat to flat width was 7nhi#t0® The amount of gap between
the outer axial surface of an external hex and thernal axial surface of an
abutment can be calculated by the equation gap=s(80@)% (w; flat to flat width of

external hex,O; rotational freedom between componelitsBased on the equation, the
amount of the gap between a Branemark 3.75mm irhpéamd a standard abutment
was 82m per each side. While connecting implant componersisme amount of
displacement of a paired component can be intratiugghin the range of the gap or
the machining tolerance. Table 2 showed that justnecting an impression coping or
an abutment replicas could introduce more thapm36f displacement. This amount is
greater than some afr during impressions or cast fabrications and fbgsmisled the

result of previous studies about the accuracy €femint implant impression techniques.
Until now, most of implant accuracy studies justmpared the definitive cast to the
master model and reported diverse results evengthdbhe experimental designs were
similar. The diverse results came from the ignoeawnt the possible displacement of a
paired component on its mating surface during cotimg procedures. In contrast to
previous studies, current study compared the amooht the displacement of
components solely resulted from the impression riegle itself excluding the amount
of displacement produced while connecting a pairesmponent. Future implant
impression studies should consider the displacemestlted from connecting a paired

component to compare the accuracy of different riegles.



V. CONCLUSIONS

Within the limitations of current study, the amounit the displacement of impression
copings or abutment replicas on its correspondiraging surface while connecting the
component was as great as the amount of three dioma linear displacement
introduced while making impressions or fabricatidgfinitive casts. Non-splinted open
tray impression technique group showed smalleretidinensional linear distortion than
light curing resin splinted open tray impressionchi@que group while making
impressions. However, while fabricating definitivaasts, the result was the opposite.
Considering the whole displacement from making anpréession to fabricating a

definitive cast, no significant difference was rbteetween impression techniques used.
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Figure Legends

Figure 1. The master model and the part coordinate systesd.us

A; an imaginary line constructed between the cédtaf cylinder 5 and the origin.
A was laid on the ZX plane.

C5 is the centroid of cylinder 5.

X; x axis Y; Y axis, X; Z axis.

Figure 2. Non-splinted impression coping group.

Figure 3. Light curing resin splinted impression coping grou

Figure 4. Gage 2000 Computerized Coordinate Machine

Figure 5. Schematic drawing of five measurement phases.

Figure 6a. Measurement phase 1.

The green circles represented the multiunit abutniemnd 2 in the master model.

Figure 6b. Measurement phase 2.
The dotted blue circles represented the impressioping 1 and 2 in the master

model.

Figure 6c. Measurement phase 3.
The dotted blue circles represented the positionngiression coping 1 and 2 before
impression and the blue circles represented thétiggosof impression coping 1 and 2

after impression.



Figure 6d. Measurement phase 4.
The dotted red circles represented the abutmepiicael and 2 in the impression

tray.

Figure 6e. Measurement phase 5.
The dotted red circles represented the positionalofitment replica 1 and 2 before
cast fabrication and the red circles represented pbsition of abutment replica 1 and

2 after cast fabrication.
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Figure 1. The master model and the part coordinate systesd.us

Figure 2. Non-splinted impression coping group



Figure 3. Light curing resin splinted impression coping grou

Fig 4. Gage 2000 Computerized Coordinate Measuring Machin
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Figure 5. Schematic drawing of five measurement phases.
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Figure 6a. Measurement phase 1.
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