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Abstract Implant-supported prosthodontics requires pre-
cise impressions to achieve a passive fit. Since the early
1990s, in vitro studies comparing different implant impres-
sion techniques were performed, capturing the data mostly
mechanically. The purpose of this study was to evaluate the
accuracy of three different impression techniques digitally.
Dental implants were inserted bilaterally in ten polymer
lower-arch models at the positions of the first molars and
canines. From each original model, three different impres-
sions (A, transfer; B, pick-up; and C, splinted pick-up) were
taken. Scan-bodies were mounted on the implants of the
polymer and on the lab analogues of the stone models and
digitized. The scan-body in position 36 (FDI) of the
digitized original and master casts were each superimposed,
and the deviations of the remaining three scan-bodies were
measured three-dimensionally. The systematic error of
digitizing the models was 13 μm for the polymer and
5 μm for the stone model. The mean discrepancies of the
original model to the stone casts were 124 μm (±34)μm for
the transfer technique, 116 (±46)μm for the pick-up
technique, and 80 (±25)μm for the splinted pick-up

technique. There were statistically significant discrepancies
between the evaluated impression techniques (p≤0.025;
ANOVA test). The splinted pick-up impression showed the
least deviation between original and stone model; transfer
and pick-up techniques showed similar results. For better
accuracy of implant-supported prosthodontics, the splinted
pick-up technique should be used for impressions of four
implants evenly spread in edentulous jaws.
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Introduction

Achieving an absolute passive fit of prosthetic restorations
is, due to various error sources, almost impossible [1–3].
Particularly in the case of implant-supported prosthodontics
in completely or partially edentulous patients, inaccurate fit
of the supra-reconstruction can have negative effects, due to
the rigid osseointegration of the dental implants [3–5]. The
position and the angulation of the implants have a major
importance on a precise fit [6–9]. One of the most
important factors for a precise fit is the accuracy of the
intra-oral impression [10]. Both different impression tech-
niques [11] as well as the impression material have an effect
on the accuracy of the intra-oral transfer [9, 12, 13].
Besides the use of various casting techniques can be
decisive for the precision [14].

Since the early 1990s, in vitro studies have analyzed
different impression techniques (indirect technique with
closed tray, direct technique with open tray, direct technique
splinted with acrylic resin), whereby the results were
extremely non-homogeneous [11]. Earlier studies have
investigated impressions of implants with external hexag-
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onal implant-abutment configurations. More recent implant
systems have internal configurations with a cone or butt-
join connection. The cone connection was stated to show
favorable seal and stability between implant and abutment;
however, this was refuted by several authors [15–17]. A
more precise, reproducible positioning of abutments or
impression posts is, however, obtained as a result of a butt-
join abutment connection [18]. Recent studies have inves-
tigated the accuracy of impressions with implants exhibit-
ing internal implant-abutment connections [6, 19–21].

To date, the discrepancies of different implant impres-
sion techniques were mostly measured mechanically [11].
As a result of the introduction of computer-aided design/
computer-aided manufacturing or CAD/CAM technology
into dentistry, the preliminary digitized models can be
compared and superimposed, and the deviations recorded
digitally.

The goal of this study was to compare three different
impression techniques (transfer-, pick-up-, and splinted pick-
up-technique) of four implants with an internal butt-join
abutment connection inserted in an edentulous lower-jaw
model. Both the stone casts resulting from the impressions and
the original model were recorded digitally and compared.

It was hypothesized that different impression techniques
will influence the accuracy of the resulting master models.

Materials and methods

Four two-piece dental implants (Screwline Promote ø4.3/
13 mm; Camlog Biotechnologies, Wimsheim, Germany)
were placed at the sites of the first molars and canines
bilaterally in ten edentulous mandibular models (B-3 NM J
UK; Frasaco, Tettnang, Germany). The implants were
placed non-parallel free-handed with a lingual angulation
in FDI-positions 36 and 46, simulating a common clinical
situation. Subsequently, three different impression techni-
ques were performed:

Technique 1: Transfer impression posts with plastic
caps (Camlog) were screwed in the implants, and an
impression was taken with an individualized custom
tray (Master Impression Tray, Water Pik, Ft. Collins,
CO, USA) (Fig. 1). Following the removal of the
impression from the original model, the transfer
impression caps were unscrewed from the original
model; lab analogues (Camlog) were screwed thereto,
and they were repositioned into the plastic caps fixed
in the impression.
Technique 2: Screw-fixed pick-up impression posts
(Camlog) were screwed in the implants, and an
impression was taken with an open-bite custom tray
(Fig. 2). After setting-time of the impression material,

the trans-occlusal screws were loosened and the
impression removed from the original model. The lab
analogues (Camlog) were screwed to the impression
posts fixed in the impression, thereby the lab analogues
were held with a hemostatic forceps, to minimize the
chance of accidental displacement [22].
Technique 3: On the stone casts produced by impres-
sion technique 2, pick-up impression posts were
screwed in the lab analogues and splinted with acrylic
resin bars (anaxAcryl RS, anaxdent GmbH, Stuttgart,
Germany) with an edge length of 4×4 mm. The bars
were sectioned in center between the impression posts
with a cutting wheel (width, 0.5 mm). The impression
posts with the resin bars were screwed in the respective
implant of the respective model (Fig. 3). The separa-
tions were examined for patency and reconnected with
acrylic resin (anaxAcryl RS) in two sequences: first,
the bar between the implants in areas 36, 33 and 43,
46; following 5-min hardening of the resin; second, the
bar between the implants in areas 33, and 43. After
polymerization of the resin (5 min), the impression was
made with an open-bite custom tray. The trans-
occlusal screws were loosened after setting of the
impression material, and the impression was re-
moved from the original model. The lab analogues
(Camlog) were screwed to the impression posts
fixed in the impression.

Fig. 1 Original polymer model with transfer impression copings

Fig. 2 Original polymer model with pick-up impression copings
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All impressions were made with regular-body polyether
impression material (Impregum, 3 M-Espe, Seefeld, Ger-
many). Impressions remained on the model for 8 min,
counted from the start of mixing [23]. Four hours after
taking the impression [23], the casts were fabricated (Rocky
Mountain Sahara; Klasse IV Dental GmbH, Augsburg-
Germany). All casts were stored at room temperature for
2 weeks before measurement [22].

Cover screws (Camlog) were seated on the dental
implants in the Frasaco model (original model), which
was matted by applying contrast spray (Met-L-Check
Cleaner; Met-L-Check, Santa Monica, USA). The applied
contrast spray was used because of its control and better
measurability. In unpublished pilot studies, the authors
determined that Met-L-Check Cleaner made uniform layers
of approximately 10 μm while other tested sprays produced
layers of up to 100 μm. The cover screws were removed,
and scan-bodies (Camlog) were seated on the implants
clockwise with a defined torque of 5 Ncm (torque control;
Camlog) (personal communication with Camlog Biotech-
nologies). The original model was placed in a white-light
scanner (Everest Scan Pro; KaVo, Biberach, Germany) for
scanning the entire lower arch (Fig. 4).

When the first scan was completed, the object support
was taken out of the scanner and the original model was
removed from the object support. Each scan-body was

detached from the implants one by one and reattached
exactly into the same region on the lab analogues of the
stone cast, produced pursuant to impression technique 1,
clockwise at a defined torque of 5 Ncm. The stone cast was
inserted into the object support and scanned again with data
storage. Following this scan, the stone casts produced by
means of impression techniques 2 und 3 were processed in
the same manner. As the dental stone used for the cast was
specifically developed for the scanning technique, opaque-
ing with scan powder was not required. This was repeated
with the original model nos. 2–10 and the corresponding
casts, hence the STL data (standard tesselation language) of
40 scans (original model nos. 1–10 and respectively three
stone casts produced by means of impression techniques 1,
2, und 3) were available.

In a previous study, the systematic error of digitizing the
polymer and the stone model was calculated. Results of 13
(±3 μm) for the original model and 5 (±2 μm) for the lab
casts were found [24].

Evaluating the positions of the scan-bodies and
accordingly of the implants the STL data were imported
and processed with an inspection software (COMETInspect®
plus 4.5; Steinbichler Optotechnik, Neubeuern, Ger-
many) for data comparison. The scan of the original
model (control) was used as reference and compared
with the three stone cast models produced by impres-
sion techniques 1, 2, und 3. To avoid errors caused by
the jaw and the gingiva, all parts of the jaw were
blanked out for superimposition of the three digital cast
models (target models 1–3). Only the scan-body of the
control and the target models in region 36 were
superimposed by the software (Fig. 5). The surface of
each scan-body was defined by about 40.250 triangles.
For the best fit, a three-run iterative approach (search
radius, 1, 0.5, and 0.1 mm, and 5° search angle) was used.
Additionally, the software calculated the mean discrepan-
cy of the scan-body of the control model and the target
model for each superimposition. This can be expected as
the systematic error of the superimposition. When the best
fit of region 36 was found, the discrepancies of the three
scan-bodies in regions 33, 43, and 46 were calculated and
the STL data were saved. For the calculation of the
deviations, the STL data from the inspection software

Fig. 4 Digitized original model with scan-bodies

Fig. 3 Original polymer model with splinted pick-up impression
copings (before splinting)

Fig. 5 Scan-body in region 36 superimposed using the inspection
software
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were imported into a program developed by the LMU
Munich. With this software, the surface of each digitized
model (equivalent to the four scan-bodies in regions 36,
33, 43, and 46) was defined by 45.000 measurement
points. The software calculated the deviation of every
measurement point between the original model and the
stone models produced by impression techniques 1, 2, and
3 and calculated the mean discrepancy for each model
three-dimensionally. This procedure was done with ten
original models.

The calculated discrepancies of each 45.000 point per
group were imported into a statistics program (SPSS 17.0,
SPSS Inc., Chicago, USA). Data were compared by the
ANOVA test and the Tamhane post hoc test. The level of
statistical significance was set at 5%.

Results

Superimposition of the scan-bodies in position 36 exhibited
discrepancies of 12 (±3 μm). The calculated pooled mean
discrepancies of the scan-bodies in regions 33, 43, and 46
were 124 (±34 μm) for the transfer technique, 116
(±46 μm) for the pick-up technique, and 80 (±25 μm) for
the splinted pick-up technique.

The pooled mean discrepancies of the scan-bodies in
regions 33, 43, and 46 of the original models 1–10 and the
stone casts, fabricated by the different impression techni-
ques, are shown in Table 1.

The three techniques showed statistically significant
results concerning accuracy. The discrepancies of the
transfer technique differed significantly from that of the
splinted pick-up technique (p≤0.014; Tamhane test). There
were no significant discrepancies of the splinted to the non-
splinted pick-up technique (p≤0.120; Tamhane test) and

from the transfer to the non-splinted pick-up technique
(p≤0.981; Tamhane test; Fig. 6).

Discussion

The most accurate impression was the splinted pick-up
technique; the non-splinted pick-up technique was more
precise than the transfer technique, so the working
hypothesis can be accepted. However, there were only
statistically significant differences between the splinted
pick-up and the transfer technique.

The results correspond to most available literature. There
are studies which compare the transfer with the pick-up
technique [6, 7, 21, 25–34]. Two of these studies showed
more accurate impressions with the transfer; five showed
better results with the pick-up technique. Seven of these
studies found none of the two techniques to be superior.
Also comparing the splinted and non-splinted pick-up
techniques, some authors prefer the non-splinted impression
posts [35, 36], while others showed that impressions that
use splinted posts produce better results [6, 19, 21, 29, 37–
39]. However, this is a controversial issue, as various
studies found neither of the two techniques to be superior
[14, 20, 25–28, 40].

In a review, Lee reported the pick-up or transfer
technique to produce useful results for three implants at
the most. For more than three implants, the impression
technique with splinted impression posts and open-bite
trays should be used to ensure a precise transfer of the
implant position to the stone cast [11]. Also, the accuracy of
the impression of intra-oral implants depends on, besides
the number, the angulation of the implants to each other

Table 1 Calculated mean discrepancies of the scan-bodies in regions
33, 43, and 46 of the original models 1–10 and the stone casts,
fabricated by the different impression techniques

Model Transfer, μm Pick-up, μm Pick-up splinted, μm

1 114 57 82

2 117 88 109

3 79 158 46

4 149 135 74

5 153 96 98

6 160 170 76

7 161 159 55

8 88 54 54

9 80 173 109

10 146 97 114

Mean 124 116 80 Fig. 6 Mean discrepancies of the different impression transfer
techniques (bars representing 95% of calculated data)
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[6–8]. The implants in this study were not placed parallel
but free-handedly and correlated to the anatomic con-
ditions of a lower jaw. Therefore, the ten original models
were not identical. However, the study design of this in
vitro study was very close to the clinical situation.

The scans with the white-light scanner, described above,
with a systematic error of 13 μm for the original model and
5 μm for the stone model were sufficiently precise. KaVo
states a systematic error for the Everest Scan Pro, scanning
a complete jaw of 8–20 μm (personal communication). Del
Corso reported a systematic error between 14 and 21 μm,
simulating an intra-oral data capturing in an in vitro
simulation [41]. Mehl described the systematic error of
extra-oral optical measurement systems for scanning stone
casts to be 20 μm or less [42].

For the superimposition of the control and the target
models, the scan-bodies in regions 33, 43, and 46 and all
parts of the alveolar crest of the control were blanked out.
Only the scan-bodies in region 36 were superimposed. The
scan-bodies have been designed for digitizing of the inner
configuration of dental implants, and their shape is
designed for precise superimposition of the space coordi-
nates X, Y, and Z [24]. However, a small error by the
superimposition of the scan-bodies in region 36 would have
a tremendous effect on the position of the other scan-
bodies, especially on the scan-body with the longest
distance. Therefore, the authors pooled the discrepancies
and calculated the mean instead of calculation the discrep-
ancy of every scan-body. Hence, the measured results
cannot be transferred directly into the clinical situation, but
the measured data make different impression techniques
evaluated in this study comparable.

Comparing three techniques of intra-oral implant impres-
sions, there will be a question: Is the impression technique
the only crucial factor for accurate transfer or are there
other possibilities for misfit? Ma described tolerances
between the implant and the impression copings, abutment
replicas, and abutments from 22–100 μm [43]. These
discrepancies are not only caused by machining tolerances
but also by the different designs of the positional indexes
[44]. The positional index is dependent on the internal and
external implant-abutment connection [45]. Semper de-
scribed the rotational freedom of abutments showing three
different geometric patterns from 1.4° to 3.7° [46]. Based
on these data, an implant with an internal connection
showing rotational freedom of 1.4° was used in this study.

If multiple implants are parallel-inserted, there will be no
horizontal shift in the transfer; if the implants are positioned
angled, the rotational misfit leads to a horizontal discrep-
ancy. An angulation of 20° and a rotational freedom of 1.5°
can result in a horizontal misfit of up to 127 μm [47].
Comparing the misfit of the three techniques (124 μm
transfer technique, 116 μm pick-up technique, and 80 μm

splinted pick-up technique), the results of the mentioned
study are in the same range as the results of this study. The
angulations of the four implants in this investigation were
not measured, but the implants were not inserted parallel.
Lee described in his review the discrepancies at the
connection level from 0.11 to 136 μm [11]. The data of
the presented study are means from the complete scan-body
misfit, beginning at the connection level up to the top. The
discrepancy will increase as more coronal measurements
are performed.

Conclusions

Within the limitations of this study, the following conclusions
can be drawn:

1. Impression technique influences the accuracy of implant
transfer.

2. Splinted pick-up technique showed significantly more
accurate results than transfer technique, whereas no
statistical difference between the splinted and non-
splinted pick-up techniques was observed.
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