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Master Cast Accuracy in Single-Tooth Implant
Replacement Cases: An In Vitro Comparison.

A Technical Note
Paolo Vigolo, Dr Odont, MScD1/Fulvio Fonzi, CDT2/Zeina Majzoub, DCD, DMD, MScD3/

Giampiero Cordioli, MD, DDS4

Purpose: This in vitro study evaluated the accuracy of master casts obtained by using (1) copings mod-
ified by sandblasting and coating their roughened surfaces with impression adhesive before final
impression procedures and (2) gold machined UCLA abutments as impression copings in final impres-
sion procedures for single-tooth implant replacement cases. Materials and Methods: A polymeric
resin model with a standard single implant was used to simulate a clinical situation. A group of 20
impressions were made using square impression copings sandblasted to roughen their external sur-
faces at a supragingival level and then coated with Impregum polyether adhesive; a second group of
20 impressions were made using gold machined UCLA abutments as impression copings. The
castable part of the UCLA abutments was secured with resin to the gold machined section of the UCLA
abutment to prevent movement of the castable part itself on the gold machined portion during the
impression procedures; the castable portion of the UCLA was also coated with the Impregum polyether
adhesive to improve the stability of the gold machined UCLA abutment inside the impression material.
Master casts fabricated for both groups were analyzed to detect rotational position change of the
hexagon on the implant replicas in the master casts with reference to the resin model. Results: The
rotational position changes of the hexagon on implant replicas were significantly less variable in the
master casts obtained using gold machined UCLA abutments as impression copings than in the mas-
ter casts achieved with the roughened square impression copings. Discussion: Improved precision of
the impression was achieved when the gold machined UCLA abutments were used as impression cop-
ings. Conclusion: This report suggests that using gold machined UCLA abutments as impression cop-
ings in the final impression procedures can enable the clinician to achieve a more accurate orientation
of the implant replicas in the laboratory master casts for single-tooth implant replacement cases. INT J
ORAL MAXILLOFAC IMPLANTS 2005;20:455–460
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Transfer of the exact position and orientation of
implants to the working cast is particularly impor-

tant in implant restorative procedures.1–3 When a

multiple-abutment restoration is fabricated, the
pickup impression copings can be joined together
with acrylic resin or composite to stabilize them
within the impression material. Similar procedures
are not applicable for single-tooth replacement,
which may imply that minor movements of the
impression coping retained inside the impression
material can occur during all the procedural transfers
which lead to the master cast. As a result, transfer of
the exact position of the implant with its hexagonal
head to the working cast may be tri-dimensionally
inaccurate. This inaccuracy can lead to the fabrica-
tion of a definitive single-tooth crown that, clinically,
may present occlusal and/or interproximal contacts
dissimilar from those achieved by the technician on
the working casts.
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Numerous reports have evaluated the importance
of various factors and clinical and laboratory steps in
the elaboration of accurate master casts for regular
crown and fixed partial denture procedures, such as
impression materials,4–6 use of custom trays,7,8 and
use of adhesives in the impression tray.9 In multiple
abutment implant prosthodontics, many technical
variations have been suggested to improve the accu-
racy of the master casts. Carr10 compared a direct
and an indirect impression technique for a 5-implant
model and concluded that the direct transfer
method produced a more accurate cast. Others
reported that splinting pickup-type impression cop-
ings during the impression phase yielded better
results.11 Assif and coworkers12 reported that using
acrylic resin to splint transfer copings in the impression
material produced more accurate results than splinting
the transfer copings directly to the acrylic resin custom
tray or leaving the transfer copings unsplinted. Other
investigators did not find statistical differences
between splinting and nonsplinting techniques.13,14

Various studies of single-implant restorations
have reported on their predictability15–21; however,
few studies have evaluated impression procedures in
single-implant reconstruction. Schmitt and col-
leagues22 measured the accuracy of 2 impression
techniques recommended by Nobel Biocare (Göte-
borg, Sweden) to be used with their CeraOne single-
tooth implant restoration. The first technique
involved luting the impression transfer coping to the
impression tray with autopolymerizing acrylic resin.
The second technique left the transfer coping free-
standing in the impression material. The results of
this study indicated that the more accurate tech-
nique was to transfer the impression coping to the
impression tray without luting it. De La Cruz and
associates23 reported that the accuracy provided by

verification jigs was not significantly superior to stan-
dard impression procedures. Open-tray impressions
showed significantly greater inaccuracy in the verti-
cal plane. Daoudi and colleagues24 investigated the
accuracy of 4 impression procedures for single-tooth
implants using 2 impression techniques and 2 differ-
ent materials. The results showed greater variations
in analog position with the repositioning impression
technique than with the pickup technique. The rota-
tional errors were large enough to be of clinical con-
cern. No significant differences were found between
polyvinyl siloxane and polyether impression materi-
als for 2 tested types of impression techniques.

Jacobson and coworkers25 advocated the use of a
positioning jig to detect any eventual misplacement
of the implant analog hexagon in the master cast
and correct its position. However, this method would
ultimately require complex and time-consuming
intraoral adjustments. Daoudi and colleagues26

investigated the accuracy of the repositioning
impression technique at the implant level using vinyl
polysiloxane impression material. Three groups each
of 10 senior dentists, postgraduate students, and
technicians were asked to use this technique to
record the position of a single implant in a master
model. The Reflex microscope (Reflex, Somerset,
United Kingdom) was used to measure variations
between the resulting casts and the master model. A
significant difference between the casts and the
master model in the x and y axes (P < .01) was
recorded. Alarming inclinational and rotational errors
for the implant analog position were measured with
all groups of operators. Similar distortion in the z axis
was recorded.

The purpose of this in vitro study was to evaluate
the positional differences between a polymeric resin
model simulating the clinical situation of a maxillary

Fig 1 Representation of resin model showing reference
molar and premolar planes, the angle formed by the molar
plane and the distopalatal side of the implant hexagon,
(MIA) and the angle formed by the premolar plane and the
mesiopalatal side of the implant hexagon (PIA).
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single-tooth implant and 2 groups of master casts
replicating the reference model: 1 group using UCLA-
type square impression copings (pickup type) sand-
blasted and coated with impression adhesive, and
the other using gold machined UCLA abutments
(3i/Implant Innovations, Palm Beach Gardens, FL) as
impression copings.

MATERIALS AND METHODS

A polymeric resin model (Blue Star Type E, Breit-
schmid, Kriens, Switzerland) of a maxillary arch with a
standard threaded 3.75 � 10-mm implant (3i/
Implant Innovations), positioned in the right second
premolar site with a 3-mm-deep transmucosal canal,
was used to simulate a clinical situation. The first
molar distal to the implant and the first premolar
mesial to the implant were cut in a buccopalatal
direction, using a diamond disk 22 mm in diameter
(Komet 911 H; Gebr Brasseler, Lemgo, Germany) and
mounted on a Girrbach Cutman 100 machine (Gir-
rbach Dental, Pforzheim, Germany) to obtain 2 refer-
ence planes (Fig 1).

Forty identical 2-mm-thick custom impression
trays were made with Palatray LC resin (Kulzer Her-
aeus, Wehrheim, Germany). Impression material was
mixed according to the manufacturer’s instructions.
The impression trays had a window to allow access
for the coping screws and had been coated with the
Impregum polyether adhesive (ESPE Dental, Seefeld,
Germany). Two groups of 20 impressions each were
made: for group A, square impression copings
(3i/Implant Innovations) with roughened surfaces
were used, and for group B, gold machined UCLA
abutments were used (3i/Implant Innovations). The
square impression copings used for group A were
sandblasted with a Dentalfarm Base 3 machine (Den-

talfarm, Turin, Italy) using a clean 50-µm aluminum
oxide abrasive powder at 2.5 atm to roughen their
external surfaces at a supragingival level and then
coated with the Impregum polyether adhesive as
described in a previous article.27 The castable part of
the UCLA abutments was secured with resin (Pattern
Resin LS, GC Corporation, Tokyo, Japan) to the gold
machined portion of the UCLA 24 hours before
impressions were made to prevent any movement of
the castable part itself on the gold machined portion
during the impression procedures. The castable por-
tion of the UCLA was also coated with the Impregum
polyether adhesive to improve the stability of the
gold machined UCLA abutment inside the impres-
sion material (Figs 2a and 2b). Both square impres-
sion copings and gold machined UCLA abutments
were secured to the implant in the resin model using
long laboratory screws (3i/Implant Innovations) fas-
tened with a torque wrench calibrated at 10 Ncm
(Torqometer, Snap-on Tools, Kenosha, WI).

All 40 impressions were made using an equal
amount of polyether material (Impregum Penta, ESPE
Dental). The impression material was machine-mixed
(Pentamix, ESPE Dental), and part of it was meticu-
lously syringed around the impression coping to
ensure complete coverage of the coping itself.
The remaining impression material was used to load
the impression tray. Five minutes were allowed 
for the setting of the impression material, after which
the screws were released and the impressions
removed from the resin model. An implant replica
(3i/Implant Innovations) was screwed on top of the
impression coping and of the gold machined UCLA
abutments; the impressions were poured with a type
IV stone (New Fujirock, GC Corporation), following
manufacturer’s instructions. All clinical and laboratory
procedures were performed by the same operator.

Fig 2a Square impression copings sandblasted and then
coated with Impregum polyether adhesive (group A).

Fig 2b Gold machined UCLA abutments modified as described
(group B).
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Measurements and Statistical Analysis 
The angle formed by the molar plane and the
distopalatal side of the implant hexagon (MIA) in the
resin model, the angle formed by the premolar plane
and the mesiopalatal side of the implant hexagon
(PIA), and the 40 master casts (Fig 1) were measured
with a Nikon Profile projector (magnification �10,
Nikon, Nippon Kogaku, Japan). The angles measured
on the reference resin model were equal to 39
degrees 22 minutes and 29 degrees 46 minutes. The
profile projector, equipped with a screen with hori-
zontal and vertical reference lines, has a movable
table that allows one to position the object being
studied. A light source allows the projection of a
magnified image of the object onto the screen in the
form of a shadow so that the sharp edges of the pro-
jected silhouetted form become the reference points
of measurement. All measurements were recorded
by the same blinded operator. Intraoperator variabil-
ity was assessed using 10 repeated measurements of
the angles MIA and PIA in 1 randomly selected mas-
ter cast in each of the groups A and B.

Rotational movements of the impression copings
inside the impression material in groups A and B
were assumed to result in angular variations be-
tween the resin model and the stone master casts.
Therefore, the differences in minutes between the
angles MIA and PIA, measured on the reference resin
model and the equivalent angles measured on the

40 master casts, were analyzed using the Shapiro-
Wilk test, the F test and 1-way analysis of variance
(ANOVA) weighted for unequal variances (P � .05
was considered statistically significant).

RESULTS

For the master cast selected in group A (square
impression copings sandblasted and then coated
with the Impregum polyether adhesive), standard
deviations (SDs) of the 10 repeated measurements
were 3.90 minutes and 4.27 minutes for angles MIA
and PIA, respectively; for the master cast selected in
group B (gold machined UCLA abutments) the corre-
sponding values were 1.51 minutes and 0.97 minutes.

These SDs were rather small and indicated that
intraoperator variability was limited, especially in group
B. Indeed, the reliability of the measurement method
had already been accepted in a previous article.27

The Shapiro-Wilk test was used to check the nor-
mality of variation of angles MIA and PIA in groups A
and B; normality was accepted. The smallest P value
was .19. In group A, the mean values were 0.6 min-
utes for MIA and 0.1 minutes for PIA; in group B, the
corresponding figures were –0.1 minutes for MIA and
1.1 minutes for PIA.

In group A, the SDs were 36.34 minutes for MIA
and 34.39 minutes for PIA; in group B, they were 4.36

Fig 3 Box whiskers plot comparing variation of angle MIA
between groups A and B. Top and bottom of boxes indicate 25th
and 75th percentiles; the tops and bottoms of the whiskers
depict maximum and minimum values. The horizontal line in
each box represents the median value. A large interquartile range
was seen in group A.

Fig 4 Box whiskers plot comparing variation of angle PIA
between groups A and B. The limited spread of data around the
median value of angle PIA in group B reflects the superior preci-
sion of master casts obtained using gold machined UCLA abut-
ments as impression copings.
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minutes for MIA and 5.56 minutes for PIA. In group A,
the resulting confidence limits (95% level) were
–16.40 and 17.60 for MIA and –15.99 and 16.19 for
PIA; in group B, they were –2.14 and 1.94 for MIA and
–1.50 and 3.70 for PIA.

Figures 3 and 4 show that variability was much
higher in group A for both MIA and PIA. Therefore,
the F test was used to compare variances between
group A and B. For both MIA and PIA, variances were
statistically significant (P < .001). The classical 1-way
ANOVA is known to be misleading when the normal
populations have different variances. To overcome
this, the 1-way ANOVA was weighted for unequal vari-
ances. It revealed no significant differences between
the 2 methods for either MIA or PIA (P = .93 and P =
.89, respectively). In any case, group B exhibited a sig-
nificantly better precision compared with group A.

DISCUSSION

The purpose of this study was to evaluate the useful-
ness of using gold machined UCLA abutments as
impression copings in the final impression procedure
for single-tooth replacements. Although the angular
variations of the angles MIA and PIA were not signifi-
cantly different between groups A and B, comparison
of the variances revealed that using gold machined
UCLA abutments as impression copings yielded
more precise master casts, in which the spatial orien-
tation of the hexagon head of the implant replica
corresponded closely to the hypothetical intraoral
spatial position of the implant head.

This study suggests the use of zero rotation gold
machined UCLA abutments as impression copings in
the impression phase for single-implant restorations
may improve the accuracy of the final master casts.
The gold standard zero rotation features of the gold
machined UCLA abutments seems to reduce the risk
of rotational movement of the UCLA abutment used
as impression copings on the implant hexagon
inside the impression material during the clinical and
laboratory phases. As a consequence, the laboratory
technician is able to fabricate a restoration that will
ultimately require fewer intraoral modifications,
especially adjustments of interproximal contacts and
occlusal adjustments. It is reasonable to suggest that
the results of the study, applied to situations of sin-
gle-tooth implant replacement, may be extended to
include multiple abutment implant restorations.

Both groups included in this report yielded small
mean angular variations. The significance of such dis-
crepancies may not be substantial in clinical situa-
tions. However, it is the authors’ clinical experience
that fewer intraoral adjustments of interproximal

contacts and occlusal modifications are needed
when the impression is obtained using gold
machined UCLA abutments as impression copings.

CONCLUSION

Within the limitation of this in vitro study, the follow-
ing conclusion was drawn: The master casts obtained
with the gold machined UCLA abutments as impres-
sion copings, as described herein, showed less vari-
able rotational position changes of the hexagon on
implant replicas than the master casts achieved with
the roughened and adhesive-coated impression cop-
ings relative to the position of the hexagon head of
the implant on the reference resin model.
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